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Project Description

The development of agriculture, the distribution
of food, the provision of health services, and the
access to information through educational ser-
vices and other forms of communication in rural
regions of developing countries all heavily de-
pend on transport facilities. Although rail and
water facilities may play important roles in cer-
tain areas, a dominant and universal need is for
road systems that provide an assured and yet
relatively inexpensive means for the movement
of people and goods. The bulk of this need is for
low-volume roads that generally carry only 5 to
10 vehicles a day and that seldom carry as many
as 400 vehicles a day.

The planning, design, construction, and
maintenance of low-volume roads for rural re-
gions of developing countries can be greafly en-
hanced with respect to economics, qualrty, and
performance by the use of low-volume road
technology that is available in many parts of the
world. Much of this technology has been pro-
duced during the developmental phases of what
are now the more developed countries, and
some is continually produced in both the less
and the more developed countries. Some of the
technology has been documented in papers, ar-
ticles, and reports that have been written by ex-
perts in the field. But much of the technology is

Descripción del proyecto

En las regiones rurales de países en desarrollo,
el desarrollo de la agricultura, la distribución de
víveres, la provisión de servicios de sanidad, y
el acceso a información por medio de servicios
educacionales y otras formas de comunicación,
dependen en gran parte de los medios de trans-
porte. Aunque en ciertas áreas los medios de fe-
rrocarril y agua desempeñan un papel impor-
tante, existe una necesidad universal y domi-
nante de crear sistemas viales que provean un
medio asegurado pero relativamente poco cos-
toso para el movimiento de gente y mercancías.
La mayor parte de esta necesidad se soluciona-
ría con la construcción de caminos de bajo vo-
lúmen que generalmente moverían únicamente
de 5 a 10 vehículos por día y que pocas veces
moverían tanto como 400 vehículos por día.

El planeamiento, diseño, construcción y man-
tenimiento de caminos de bajo volúmen para
regiones rurales de países en desarrollo pueden
ser mejorados, con respecto al costo, calidad, y
rendimiento, por el uso de la tecnología de ca-
minos de bajo volúmen que se encuentra dispo-
nible en muchas partes del mundo. Mucha de
esta tecnología ha sido producida durante las
épocas de desarrollo de lo que ahora son los
países más desarrollados, y alguna se produce
contínuamente en estos países asícomo en los
países menos desarrollados. Parte de la tecno-
logia se ha documentado en disertaciones, artí-
culos, e rnformes que han sido escritos por ex-
pertos en el campo. Pero mucha de la tecnolo-
gía no está documentada y existe principal-
mente en la memoria de aquellos que han desa-

Description du prolet

Dans les régions rurales des pays en voie de
développement, I'exploitation agricole, la distri-
bution des produits alimentaires, I'accès aux
services médicaux, I'accès aux matériaux et aux
marchandises, à l'information et aux autres ser-
vices, dépendent en grande partie des moyens
de transport. Bien que les transports par voie
ferrée et par voie navigable jouent un rôle impor-
tant dans certaines régions, un besoin dom¡nant
et universel éxiste d'un réseau routier qui puisse

assurer avec certitude et d'une façon relative-
ment bon marché, le déplacement des habi-
tants, et le transport des marchandises. La plus
grande partie de ce besoin peut être satisfaite
par la construction de routes à faible capacité,
capables d'accommoder un trafic de 5 a 10 vé-
hicules par jour, ou plus rarement, jusqu'à 400
véhicules par jour.

L'utilisation des connaissances actuelles en
technologie, qui sont accéssibles dans beau-



undocumented and exists mainly in the minds of
those who have developed and applied the
technology through necessity. ln either case,
existing knowledge about low-volume road
technology is widely dispersed geographically,
is quite vâried in the language and the form of its
existence, and is not readily available for appli-
cation to the needs of developing countries.

ln October 1977 ïhe Transportation Research
Board (TRB) began this 3-year special project
under the sponsorship of the U.S. Agency for ln-

ternational Development (AlD) to enhance rural

transportation in developing countries by provid-
ing improved access to existing information on

the planning, design, construction, and mainte-
nance of low-volume roads. With advice and
guidance from a project steering commiltee,
iRB defines, produces, and transmits information
products through a network of correspondents in

developing countries. Broad goals for the ulti-
mate impact of the project work are to promote
effective use of existing information in the
economic development of transportation infra-
structure and thereby to enhance other aspects
of rural development throughout the world.

ln addition to the packaging and distribution
of technical information, personal interactions
with users are provided through field visits, con-

rrollado y aplìcado la tecnología por necesidad.
En cualquier caso, los conocimientos en exis-
tencia sobre Ia tecnología de caminos de bajo
volúmen están grandemente esparcidos geográ-
ficamente, varian bastante con respecto al idio-
ma y su forma, y no se encuentran fácilmente
disponibles para su aplicaciÓn a las necesida-
des de los países en desarrollo.

En octubre de 1977 el Transportation Re-

search Board (TRB) comenzÓ este proyecto es-
pecial de tres años de duracrÓn bajo el patroci-
nio de la U.S. Agency for lnternational Develop-
ment (AlD) para mejorar el transporte rural en
los países en desarrollo acrecentando la dispo-

nibilidad de la informaciÓn en existencia sobre
el planeamiento, diseño, construcciÓn, y man-
tenimiento de caminos de bajo volÚmen. Con el

consejo y direcciÓn de un comité de iniciativas
para el proyecto, el TRB define, produce, y
transmite productos informativos a través de una
red de corresponsales en países en desarrollo.
Las metas generales para el impacto final del
trabajo del proyecto son la promociÓn del uso
efectivo de la informaciÓn en existencia en el
desarrollo económico de la infraestructura de
transporte y de esta forma mejorar otros aspec-
tos del desarrollo rural a través del mundo.

Además de la recolecciÓn y distribuciÓn de la

coup de pays, peut faciliter l'étude des projets
de construction, tracé et entretien, de routes à

faible capacité dans les régions rurales des
pays en voie de développement, surtout en ce
quiconcerne l'économie, la qualité, et la perfor-
mance de ces routes. La majeure partie de cette
technologie a été produite durant la phase de
développement des pays que I'on appelle maìn-
tenant développés, et elle continue à être pro-
duite à la fois dans ces pays et dans les pays en
voie de développement. Certains aspects de
cette technologie ont été documentés dans des
articles ou rapports écrits par des experts. Mais
une grande partie des connaissances n'existe
que ðans l'esprit de ceux qui ont eu besoin de
développer et appliquer cette technologie. De

plus, dans ces deux cas, les écrits et connais-
sances sur la technologie des routes à faible
capacité, sont dispersés géographiquement,
sont écrits dans des langues dlfférentes, et ne
sont pas assez aisément accessibles pour être

appliqués aux besoins des pays en voie de dé-
veloppement.

En octobre 1977 ,le Transportation Research
Board (TRB) initia ce projet, d'une duré de 3 ans,

sous le patronage de l'U.S. Agency for lnterna-
tional Development (AlD), pour améliorer le tran-
sport rural dans les pays en voie de dévelop-
pement, en rendant plus accessible la docu-
mentation existante sur la conception, le tracé,
la construction, et I'entretìen des routes à faible
capacité. Avec le cdnseil, et sous la conduite
d'un comité de direction, TRB définit, produit, et
transmet cette documentation à l'alde d'un ré-
seau de correspondants dans les pays en voie
de développement. Nous espérons que le résul-
tat final de ce projet sera de favoriser I'utilisation
de cette documentation, pour aider au dévelop-
pement économique de I'infrastructure des tran-
sports, et de cette façon mettre en valeur d'au-
tres aspects d'exploitation rurale à travers le
monde.



ferences in the United States and abroad, and
other forms of communication.

Steering Committee
The Steering Committee is composed 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 transporta-
tion 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 in-
formatibnal and human resources for develop-
ment of the information products. Through its

membership the committee provides liaison with
project-related activities and provides guidance
for interactions with users. f n general the Steer-
ing Committee gives overview advice and direc-
tion for all aspects of the project work.

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

lnformation Products
Three types of information products are pre-
pared: compendiums of documented informa-
tion on relatively narrow topícs, syntheses of
knowledge and practice on somewhat broader

información técnica, se provee acciones recí-
procas personales con los usuarios por medio
de visitas de campo, conferencias en los Esta-
dos Unidos de Norte América y en el extranjero,
y otras formas de comunicación.

Comité de iniciativas
El comité de iniciativas se compone de exper-
tos que tienen conocimiento de las característi-
cas físicas y sociales de los países en desarro-
llo, conocimiento de las necesidades de trans-
porte de los países en desarrollo, conocimiento
de la tecnología de transporte en existencia, y
experiencia en su uso.

Las funciones importantes del comité de ini-
ciativas son las de ayudar en la definición de
usuarios y sus necesidades, de productos in-
formativos que se asemejan a las necesidades
del usuario, y la identificación de recursos de

conocimientos y humanos para el desarrollo de
los productos informativos. A través de sus
miembros el comité provee vínculos con activi-
dades relacionadas con el proyecto y también
una guía para la interacción con los usuarios, En
general el comité de iniciativas proporciona
consejos y dirección general para todos los as-
pectos del trabajo de proyecto.

El personal de proyecto es responsable de la
preparación y transmisión de los productos in-
formativos, el desarrollo de una red de corres-
ponsales a través de la comunidad de usuarios,
y la interacción con los usuarios.

Productos i nformativos
Se preparan tres tipos de productos informati-
vos: los compendios de la información docu-
mentada sobre temas relativamente limitados, la
síntesis del conocimiento y práctica sobre temas

En plus de la dissémination de cette docu-
mentation technique, des visites, des conféren-
ces aux Etats Unis et à l'étranger, et d'autres
formes de communication permettront une inte-
raction constante avec les usagers,

Comité de direction
Le comité de direction est composé d'experts
qui ont à la fois des connaissances sur les ca-
ractéristiques physiques et sociales des pays en
voie de développement, sur leurs besoins au
point de vue transports, sur la technologie ac-
tuelle des transports, et ont aussi de I'expé-
rience quant à I'utilisation pratique de cette
technologie.

Les fonctions majeures de ce comité sont
d'abord d'aider à définir les usagers et leurs be-
soins, puis de définir leurs besoins en matière

de documentation, et d'identifier les ressources
documentaires et humaines nécessaires pour le
développement de cette documentation. Par I'in-
termédiaire des ses membres, le comité pourvoit
à la liaison entre les différentes fonctions relati-
ves au projet, et dirige l'interaction avec les
usagers. En général, Ie comité de direction
conseille et dirige toutes les phases du projet.

Notre personnel est responsable de la prépa-
ration et de la dissémination des documents, du
développement d'un réseau de correspondants
pris dans la communauté d'usagers, et de l'inte-
raction avec les usagers.

La documentat¡on
Trois genres de documents sont preparés: des
recueils dont le sujet est relativement limité, des



subjects, and proceedings of low-volume road
conferences that are totally or partially sup-
ported by the project. Compendiums are pre-
pared by project staff at the rate of about 6 per
year; consultants are employed to prepare
syntheses at the rate of 2 per year. At least one
conference proceedings will be published dur-
ing the 3-year period. ln summary, this project
aims to produce and distribute between 20 and
30 publications that cover much of what is
known about low-voìume road technology.

lnteractions W¡th Users
A number of mechanisms are used to provide in-

teractions between the project and the user

community. Project news is published in each
issue of Transportation Research News. Feed-
back forms are transmìtted with the information
products so that recipients have an opportunity
to say how the products are benefìcial and how
they may be improved. Through semiannual vis-
its to developing countries, the project staff ac-
quires first-hand suggestions for the project
work and can assist directly in specific technical
problems. Additional opportunitres for interaction
with users arise through international and in-
country conferences in which there is project
participation. Finally, annual colloquiums are
held for students from developing countries who
are enrolled at U.S. universities.

vill

un poco más amplios, y los expedientes de
conferencias de caminos de bajo volúmen que
están totalmente o parcialmente amparados por
el proyecto. El personal de proyecto prepara los
compendios a razón de unos 6 por año; se utili-
zan consultores para preparar las síntesis a
razón de 2 por año. Se publicará por lo menos
un expediente de conferencia durante el pe-
ríodo de tres años. En breve, este proyecto pre-
tende producir y distribuir entre 20 y 30 publica-
ciones que cubren mucho de lo que se conoce
de la tecnología de caminos de bajo volúmen.

lnteracción con los usuarios
Se utilizan varios mecanismos para proveer las
interacciones entre el proyecto y la comunidad
de usuarios. Se publican las noticias del pro-

yecto en cada edición de la Iransportation Re-
search News. Se transmiten, con los productos
informatìvos, formularios de retroacciÓn para
que los recipientes tengan oportunidad de decir
cómo benefician los productos y cómo pueden
ser mejorados, A través de visitas semianuales a

los países en desarrollo, el personal del pro-
yecto adquiere directamente de fuentes origina-
les sugerencias para el trabajo del proyecto y
puede asistir directamente en problemas técni-
cos específicos. Surgen oportunidades adicio-
nales para la interacciÓn con los usuarios a tra-
vés de conferencias internacionales y naclona-
les en donde participa el proyecto. Finalmente,
se organizan diálogos con estudiantes de paí-

ses en desarrollo que están inscriptos en uni-
versidades norteamericanas.

synthèses de connaissances et de pratique sur
des sujets beaucoup plus généraux, et finale-
ment des comptes-rendus de conférences sur
les routes à faible capacrté, qui seront organr-
sées complètement ou en partie par notre projet.
Environ 6 recueils par an sont preparés par no-
tre personnel. Deux synthèses par an sont écri-
tes par des experts pris à I'extérìeur. Les
comptes-rendus d'au moins une conférence se-
ront écrits dans une période de 3 ans. En ré-
sumé, I'objet de ce projet est de produire et dis-
séminer entre 20 et 30 documents qui couvriront
I'essentiel des connaissances sur la technologie
des routes à faible capacité.

lnteraction avec les usagers

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

projet et la communauté d'usagers. Un bulletin
d'iniormatlon est publié dans chaque numéro de
Transportation Research News. Des formulaìres
sont joints aux documents, afin que les usagers
aient I'opportunité de juger de la valeur de ces
documents et de donner leur avis sur les

moyens de les améliorer. Au cours de visites
semi-annuelles dans les pays en voie de déve-
loppement notre personnel obtient de première
main des suggestions sur le bon fonctionnement
du projet et peut alder à résoudre sur place cer-
tains problèmes techniques spécifiques. En ou-
tre, des conférences tenues soit aux Etats Unis,
soit à l'étranger, sont I'occasion d'un échange
d'idées entre notre personnel et les usagers.
Finalement, des colloques annuels sont or-
ganisés pour les étudiants des pays en voie de
développement qui étudient dans les universités
américaines.
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Overuiew

Background and Scope

Low-volume roads are constructed mostly of
soils. Some are surfaced with coarse granular
soils that include gravel and crushed stone.
Gravel has two meanings to the engineer. ln the
context of soil-fraction size limits, it is the
material that passes through a 3-in sieve
(particle size-76 mm) and is retained on a No. 4
sieve (particle size-S mm). ln the broader
context, the Unified Soil Classification System
defines gravel as a coarse-grained soil in which
more than half of the material is larger than a No.
200 sieve (particle size-0.08 mm) and more than

half of the coarse fraction-i.e., the material
larger than 0.08 mm - is larger than a No. 4
sieve. This compendium deals with gravel in the
latter context of a blend of particles.

The proper blend of particle sizes produces
an interlocking effect known as mechanical
strength. The mechanical strength, or
load-carrying capacity of gravel, is a function of
several properties. Basically, the more dense the
material is, the stronger it will be. Density is a
function of proper gradation. When compacted
properly at optimum moisture content, a

Vista General
Antecedentes y alcance

Los caminos de bajo volúmen se construyen
mayormente de tierra. Algunos se revisten con
suelos granulares toscas, que incluyen grava y
piedra triturada. Para el ingeniero la palabra
"grava" tiene dos significados. Cuando se re-
fiere a las limitaciones de tamaños de partícula
del suelo, es aquel material que pasa por un
tamiz de 3 pulgadas (tamaño de partícula-76
mm), y es retenido por un lamiz N0 4 (tamaño de
partícula-5 mm). En el sentido más amplio, el

Sistema de Clasificación de Tierras "Unified" de-
fine la grava como un suelo de grano tosco en el

cual más de la mitad del material es mayor que

el tamiz N0 200 (tamaño de partícula - 0,08
mm), y más de la mitad de la porción tosca, es
decir, ef material más grande que 0,08 mm, es
mayor que el iamiz N0 4. Este compendio se re-
fiere a la grava en el sentido más amplio, es de-
cir, una mezcla de tamaños de partícula,

La mezcla correcta de tamaños de partícula
desarrolla un efecto de engranaje, que se co-
noce como resistencia mecánica. La resistencia
mecánica o capacidad de soporte de cargas de
la grava es una función de varias propiedades.
Se podría decir que cuanto más denso es el ma-
terial, más fuerte será. La densidad es una fun-

Exposé
Historique et description
Les routes économiques sont, pour la plus
grande partie, des routes de terre. ll y en a
quelques unes dont la couche de surface est
faite de matériau granuleux grossier qui
comprend du gravier et de la pierre broyée.
Pour l'ingénieur routier, le mot "gravier" peut
avoir deux définitions. La première, définit le
gravier comme étant un matériau qui passe I'ou-
verture de maille d'un tamis de 3 in (dimension
des grains-76 mm), et est retenu par un tamis
no. 4 (dimension des grains - 5 mm). La se-

conde, celle employée par le système de "clas-
sification unifiée" des sols, dèfinit le gravier
comme étant un sol grossier, dont plus de la
moitié du matériau est de dimension supérieure
à I'ouverture de maille du tamis no. 200 (dimen-
sion des grains 0,08 mm), et plus de la moitié de
la fraction grossiére, c'est á dire le matériau dont
les grains sont plus grands que 0,08 mm, est de
dimension plus grande que le tamis no. 4 (di-
mension des grains 5 mm). Nous allons retenir
et examiner cette seconde définition du gravier.



well-graded mixture has a minimum of voids.
The spaces between the gravel particles are
keyed with sand. The voids between the sand
particles are partially filled with silt and clay. The
quantity of silt and clay in a road gravel is of
special importance because these materials
tend to soften when wet. A certain amount of silt
and clay is desirable for a gravel road surface to
minimize ravelling and to seal the surface. For
gravel bases that will have a bituminous surface,
a smaller quantity of silt and clay is allowable.
This is critical because the moisture retention
characteristics of these fine materials can cause

the base to soften and fail when the moisture is
trapped below an impervious layer of pavement.

Well-graded gravel seldom occurs in nature. lt
can be manufactured by blending different
materials from different sources or by screening
and washing material from a single source and
recombining the screenings in the proper
proportions. lt can also be made by using a rock
crusher and properly blending the screened
crushed material. Properly compacted crushed
gravel normally will have more strength because
the angular shapes of the crushed portions have
more resistance to movement than the rounded
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ción de una graduación correcta. Cuando una
mezcla bien graduada se compacta correcta-
mente con la humedad óptima, contiene una
mínima cantidad de huecos. Los espacios entre
las partículas de grava se llenan de arena, y
entre las partículas de arena, se llenan de sedi-
mentos y arcilla. La cantidad de sedimentos y
arcrlla que se encuentra en la grava es muy im-
portante, ya que estos materiales tienden a
ablandarse cuando se mojan. Una cierta canti-
dad de sedimentos y arcilla es deseable en una
superficie de grava para reducir la desintegra-
ción y sellar la superficie. En las bases de grava
donde se colocará una superficie bituminosa, se
puede permitir una menor cantidad de sedimen-
tos y arcilla porque la característica de retención
de humedad que éstas poseen puede hacer
que la base se ablande y se quiebre cuando la

humedad se atrapa bajo una capa impermeable
de pavimento.

Es poco común encontrar una grava natural
bien graduada. Se puede manufacturar mez-
clando distintos materiales de distintas fuentes,
o tamizando y lavando el material de una sola
fuente y recombinándolo en las proporciones
correctas. También se puede ulilizar un tritura-
dor de rocas y luego mezclar correctamente el
material triturado y tamizado. Normalmente la
grava triturada correctamente compactada ten-
drá más resistencia porque las formas angula-
res se mueven menos que las formas redon-
deadas que se encuentran en la grava de
ribera. El tema de este compendio es la estabili-
zación mecánica o granular, que significa la
mezcla de varios tamaños de material para for-
mar una mezcla densa bien graduada.

Un mélange adéquat de grains de dimensions
différentes, résulte en un phénomène d'accro-
chage connu sous le nom de résistance méca-
nique. La résistance mécanique, ou la capacité
portante d'un gravier, est fonction de plusieurs
caractéristiques. Fondamentalement, plus Ie
poids volumétrique, du matériau est élevé, plus
ce matériau est résistant. La densité, ou poids
volumétrique, est fonction de la granulométrie.
Un mélange ayant une courbe granulométrique
convenable, compacté à la teneur en eau opti-
mum, aura un minimum de vides, parce que
l'espace entre les grains de gravier est calé par
le sable, et les vides entre les grains de sable,
sont partiellement remplis d'argile et de silt. La
quantité de particules fines, c'est à dire d'argile
et de silt, a une très grosse importance, quand il

s'agit de gravier routier, car ces matériaux ont
tendance à se ramollir quand ils sont mouillés.
Pour une couche de surface en gravier, une cer-
taine quantité d'argile et de silt est désirable,

pour amoindrir les chances de désintégration, et
sceller la surface. Pour une couche de base en
gravier, qui sera revêtue d'un tapis hydrocar-
boné, on doit avoir une plus petite quantité de
silt et d'argile, car la teneur en eau de ces fines
peut être la cause du ramollissement, et de la
rupture de la base, quand l'humidité est bloquée
par un revêtement imperméable.

On trouve rarement, à l'état naturel, un gravier
ayant une bonne granulométrie. On peut le fa-
briquer en mélangeant des sols en provenance
de différents gîtes, ou en passant au tamis, et en
lavant, le matériau d'un gisement, et en reconsti-
tuant les proportions de ce matériau de façon ce
qu'il ait une bonne granulométrie. On peut aussi
améliorer la qualité de ce gravier, en le concas-
sant, et en le remélangeant de façon adéquate,
après qu'il ait été passé au tamis. Un gravier
concassé, compacté de façon convenable, sera
normalement plus résistant, car les arêtes vives
des éléments concassés, résistent plus au dé-



shapes found in bank gravel. The blending of
various sizes of material into a well-graded
dense mix is called mechanical or granular
stabilization and is the subject of this
compendium.

Rationale for This Compendium
The following definition of a low-volume rural
road has been adopted for use throughout this
compendium series:

Two levels of traffic volume can be
identified: less than 50 ADT (class 1) and
50 to 400 ADT (class 2). Class 1 roads are
generally unsurfaced or are graded in situ.
Class 2 roads generally have granular

surfaces, such as gravel, crushed stone,
laterite, or stabilized soil; they generally do
not have a high type of paved surface but,
at the upper traffic volumes, may be
primed, have single surface treatments, or
be chip sealed.
This compendium contains information about

grading (shaping) in situ material, i.e., class 1

roads. Very little can be done with in situ
materal except to try to locate the road
alignment on the more granular soils in
well-drained areas, avoiding saturated and
low-lying areas prone to flooding. As these
roads become rutted and reshaping is needed,
the material should be bladed inward from

Exposición razonada
para este compend¡o
Se ha adoptado la siguiente definición de un
camino rural de bajo volúmen para utilizarse en
esta serie de publicaciones:

Se pueden identificar dos niveles de volú-
men de tránsito: un TMDA de menos de 50
(clase 1), y un TMDA de entre 50 y 400
(clase 2). Los caminos de clase 1 general-
mente tienen una superficie de tierra natu-
ral o son nivelados en situ. Los caminos de
clase 2 generalmente tienen superficies
granulares, tales como grava, piedra tritu-
rada, laterita, o suelo estabilizado; por lo

general no tienen un tipo superior de super-
ficie pavimentada, pero en los niveles
mayores de volúmen de tránsito, pueden ser
imprimados, tener un solo tratamiento superfi-
cial, o ser sellados con rezagas.

Este compendìo contiene información sobre la
nivelación de material en situ, es decir, caminos
de clase 1. Se puede hacer muy poco con el
matenal en situ, excepto tratar de situar la ali-
neación del camino sobre los terrenos más gra-
nulares en las áreas bien drenadas, y evitar.las
áreas saturadas, propensas a inundarse. A me-
dida que se forman roderas en el camino se
puede cuchillar el material hacia el centro. De
esta forma se eleva la superficie y se forma un
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placement, que les formes arrondies des élé-
ments du gravier naturel. Le mélange intime des
grains de dimensions variables, qui résulte en
un matériau de bonne qualité granulometrique,
et de densité correcte, est appellé stabilisation
mécanique, ou granulaire. Cette stabilisation
mécanique est le thème de ce recueil.

Objet de ce recue¡l

La définition d'une route à faible capacité que
nous avons adoptée pour cette serié de publica-
tions est la suivante :

Deux niveaux de volume de trafic peuvent
être identifiés: moins de 50 ADT (classe 1) et
de 50 à 400 ADT (classe 2). Les routes de la
classe 1 sont généralement non-revêtues, ou
sont nivelées sans apport de matériaux. Les
routes de la classe 2, ont des revêtements,
soit graveleux, soit roche concassée, soit laté-

rite ou sol stabilisé; en général, elles n'ont
pas un revêtement de qualité supérieure, mais
pour les limites maximales de volume de
trafic, elles peuvent être imprégnées, avoir un
enduit superficiel monocouche, ou être gravil-
lonnées.

Ce recueil donne des informations, sur les opé-
rations de nivellement in-situ, des routes de la
classe 1. On ne peut pas faire grand chose sans
matériaux d'apport, sauf essayer, dans la me-
sure du possible, de tracer la route sur des sols
graveleux, dans des zones bien drainées, en
évitant les terrains saturés et en contrebas, qui
seraient facilement inondés. Quand il se forme
des ornières, et qu'un reprofilage est néces-
saire, le sol doit être nivelé en partant des bords
de la route vers le centre. De cette façon le ni-
veau de la route est relevé, le bombement de sa
surface est assuré, et cela permet au drainage
de se faire.



outside the road edges. This serves to raise the
roadbed, provide a crowned surface, and initiate
a drainage system.

Soil may be mechanically or chemically
stabilized. Compendium 7 discusses
mechanically stabilized granular surfaces but
excludes chemically stabilized soil. The process
of soil modification with cement, lime, asphalt, or
other materials is a possible subject for a future
compendium.

When a granular roadway surface is
resurfaced with asphalt, the initial granular
surface becomes a base course under the
pavement. By definition this consists of only a
thin surface dressing. Although the asphaltic

surface treatment_provides an almost waterproof
surface and requires less maintenance, it adds
little strength to the pavement structure itself. lt
does present certain problems in the selection of
the granular material that is to be the
load-distri buting base.

The most important problem relates to the
amount of fines (silts or clays) in the gravel
material. Thus, the specifications presented in
this compendium for road-surface gravel and
road-base gravel differ. The base-course
requirements call for a much cleaner gravel, i.e.,
a gravel with a lower percentage of fines having
a lower liquid limit and a lower plasticity index.

Natural or blended gravel never retains a cons-
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bombeo que permite el desagüe superficial.
La tierra puede ser estabilizada mecánica-

mente o químicamente. Ef Compendio 7 exa-
mina la estabilización mecánica de superficies
granulares, pero no el suelo químicamente es-
tabilizado. El proceso de modificación del suelo
con cemento, cal, asfalto u otros materiales está
identificado como posible tema de un futuro
compendio.

Cuando la superficie granular de un camino
se reviste con asfalto, aquélla se convierte en la
capa de base bajo el pavimento. Según la defi-
nición supracitada, éste consiste únicamente en
un fino riego superficial. Aunque eltratamiento
superficial asfáltico provee impermeabilidad y
requiere menos mantenimiento, agrega poca re-
sistencia a la estructura del firme misma. Ade-
más, presenta ciertos problemas en la selección
del material granular que formará la base de dis-
tribución de carga.

El problema más importante es la cantidad de
finos (sedimentos y arcillas) en la grava. Por
esta razón las especificaciones presentadas en
este compendio para la grava de superficie y la
de base difieren. La capa de base requiere una
grava más limpia, es decir, con un porcentaje
más bajo de finos, con un límite líquido y un ín-
dice de plasticidad más bajos.

Después de manipularse, la grava, natural o
mezclada, nunca mantiene una graduación
constante. Por esta razon hay husos granulomé-
tricos para todas las especificaciones. Un huso
granulométrico consiste en una serie de desig-
naciones de tamaño de tamiz y un porcentaje
aceptable mínimo y máximo del material que
puede pasar por cada tamaño de tamiz. El huso
granulométrico toma en consideración las varia-
ciones introducidas en las operaciones de mez-
clado y esparcido. Normalmente el huso granu-
lométrico de grava de capa de base y el de

Les sols peuvent être stabilisés de façon mé-
canique ou chimique. Ce recueil traite de la sta-
bilisation mécanique des matériaux granuleux,
et exclut la stabilisation chimique des sols. Les
procédés de modification des sols par I'addition
de ciment, de chaux, de bitume, ou d'autres ma-
tériaux ont été choisis comme sujets d'un pro-
chain recueil.

Quand on met un revêtement bitumé, sur une
route dont la couche de roulement est en maté-
riaux granuleux, cette couche de roulement de-
vient la couche de base sous ce revêtement, qui
d'après la définition que nous avons donné,
consiste seulement d'une mince couche
d'usure. Bien que ce revêtement hydrocarboné
assure une surface à peu près imperméable, et
nécessite moins d'entretien, il n'ajoute guère à la
capacité portante de la route elle même, et pré-

sente des problèmes dans la sélection des ma-
tériaux granuleux appellés à répartir les charges
imposées par la circulation.

Le problème le plus important est celui de la
quantité d'éléments fins, (argile ou silts) conte-
nus dans les matériaux graveleux. C'est pour-
quoi les spécifications, qui sont présentées dans
ce recueil, sont différentes, quand il s'agit de
gravier pour la surface de roulement, ou pour la
couche de base. La couche de base nécessite
un gravier beaucoup plus propre, c'est à dire un
gravier avec un moindre pourcentage de fines,
une limite de liquidité plus basse, et un indice
de plasticité moins élevé.

Le gravier, soit à l'état naturel, soit quand il est
mélangé, ne garde jamais une granulométrie
constante, une fois qu'on commence à le ma-
nier. A cause de ceci, il y a des fuseaux de réfé-



tant gradation after handling. Therefore, grading
envelopes are given in all specifications. A gra-
ding envelope consists of a series of sieve-size
designations and a range of minimum and max-
imum percentages of the material that can pass
each sieve size and still be considered accep-
table. Thrs envelope allows for variations intro-
duced in the mixing and spreading operations.
Usually the envelopes for base-course gravel
and surface gravel overlap.

One solution to the surface-course and base-
course gradation problem ìs to use gravel that
falls in the overlapping envelope area. Thìs ma-
terial is acceptable as both a surface and a
base. This requires much more careful control of
the mixing and spreading operations because
the range of acceptable passing percentages is

reduced considerably. lf there is no probability
that the material will be repaved with an asphal-
tic surface before it requires additional replace-
ment gravel due to loss, wear, or strength consi-
derations, it should not be attempted. lf it is
known that the gravel is to be surfaced in the
near future (e.9., as in stage construction), it is
possible to use a base-course gravel and main-
tain the surface (i.e., keep the moisture in to pre-
vent the surface from ravelling) by periodic addi-
tion of calcium chloride or sodium chloride until
the bituminous wearing course is added. Hìgh
traffic volumes or heavy rainfall will increase the
frequency of the addition of either chloride.

A second consideration in gravel used for
road surfaces and for base courses under an
asphaltic surface treatment is the maximum size

grava de superficie se sobreponen un poco.
Una solución para el problema de la gradua-

ción de la superficie y la capa de base es la uti-
lizacion de la grava que cae en el área de su-
perposición de los husos granulométricos. El

material asíobtenido es aceptable como super-
ficie y como base. Se requiere un control mucho
más estricto en las operaciones de mezclado y
esparcido porque los porcentajes aceptables de
material que pasa por el tamiz son considera-
blemente más limitados. No debe intentarse si
no hay ninguna probabilidad de repavimenta-
ción con asfalto, antes de que se requiera grava
adicional debido a pérdida, desgaste, o por ra-
zones de refuerzo. Si hay intención de revestir la
grava en un futuro cercano, tal como en la cons-

trucción por etapas, es posible ulilizar una grava
de base y mantener la superficie (retener la hu-
medad para evitar desintegración de la superfi-
cie) con una aplicación periódica de cloruro de
calcio o cloruro de sodio, hasta que se agregue
la capa superficial bituminosa. Si hay gran vo-
lúmen de tránsìto o una gran cantidad de lluvia
se deberá aumentar las aplicaciones de cual-
quiera de los cloruros.

Una segunda consideración en la grava a uti-
lizarse en las superficies de camino y en las
capas de base con tratamiento superficial de
asfalto, es el tamaño máximo del agregado. La
superficie superior de la grava de superficie o
base deberá ser lisa y nivelada para ofrecer una
buena superficie de rodadura. Por esta razÓn el

rence pour toutes les specifications. Un fuseau
de référence consiste en une série de tamis de
tailles différentes, et un pourcentage maximum
et minimum du matériau qui peut passer chaque
taille de tamis, et être considéré comme accep-
table. Ce fuseau tient compte des variations ap-
portées par le mélange et l'épandage. D'ordi-
naire, les fuseaux des graviers utilisés pour la
couche de base, et de ceux utilisés pour la cou-
che de roulement, empiètent l'un sur l'autre.

Une des solutions du problème surface de
roulement/couche de base, est d'utiliser le gra-
vier compris dans lazone chevauchante. Ce
matériau est alors acceptable à la fois pour la
couche de base, et pour la surface de roule-
ment. Ceci demande un contrÔle très soigné des
operations de mélange et d'épandage, parce
que l'éventail des pourcentages passants est
considérablement réduit. S'il est improbable que
le matériau soit revêtu d'une couche hydrocar-
bonée avant qu'il ne nécessite une addition de

gravier pour pallier aux pertes et à I'usure, ou
pour le renforcer, cette opération ne doit pas
être entreprise. Si I'on sait que le gravier sera
revêtu dans un proche avenir, comme c'est le
cas dans l'aménagement progressif, on peut uti-
liser le gravier comme couche de base, et entre-
tenir la surface (assurer l'humidité, de la couche
inférieure pour éviter la désintegration) en ajou-
tant périodiquement du chlorure de calcium ou
du chlorure de sodium, jusqu'a ce qu'on ajoute
une couche de roulement hydrocarbonée. En

cas de grosse circulation, ou de fortes pluies, il
faudra augmenter la fréquence de ces traite-
ments.

Quand on utilise du gravier pour la couche
de base, et pour la surface de roulement
et que ce gravier est revêtu par une couche hy-
drocarbonée, les dimensions maximales des
agrégats, sont à prendre en considération. La
surface supérieure, soit de roulement, soit de
base, doit être lisse et vraie pour fournir une



of the aggregate. The upper surface of either the
surface or base gravel must be smooth and true
to provrde a good riding surface. For this reason
the maximum size of aggregate used should not
exceed s/+ in (20 mm).

The gravels found in temperate climates and
in the tropics are sometimes different because of
the conditions under which they were develo-
ped. Compendium 7 recognizes these differen-
ces. The various ways in which gravel was deve-
loped are the subjects of some of the selected
texts. Sample specifications for both temperate
zone gravels and tropical lateritic gravels are
presented. The recommendations for gravel in
both climatic zones vary slightly from text to text
but are much more consistent for gravels in the
temperate zone for two reasons. First, the coun-
tries in the temperate zones have had more ex-
perience building gravel roads. Second, some

tropical gravels may be of inferior quality when
measured by temperate criteria, but may still
perform satisfactorily in the countries where they
are found. Lateritic gravels present additional
gradation problems due to their unique mecha-
nical properties. Excess corrugations will form
during the dry season, if a large percentage of a
lateritic surface material is gravelly-i.e., is re-
tained on a No. 10 sieve (particle size-Z mm). lf,
on the other hand, a large percentage of the la-
teritic surface material is sand and fines-i.e.,
is passed by the No. 10 sieve - it will show lack
of stability or excessive slipperiness during the
rainy season.

The problems of maintaining a gravel road are
universal, however. Corrugations appear as the
road surface dries out. Corrugations appear on
all gravel-surfaced roads. The exact cause of
corrugations has been the subject of many in-
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tamaño máximo de agregado no deberà exce-
der s/q de pulgada (20 mm).

Las gravas que se encuentran en los climas
templados y trópicos son a veces distintas
según las condiciones en que se desarrollaron.
El compendio toma nota de la diferencia. Las
varias formas en que se ha desarrollado la
grava son el tema de algunos de los textos se-
leccionados. Se presentan especificaciones de
muestra para las gravas de zonas templadas y
las gravas lateríticas de los trópicos. Las reco-
mendaciones para las gravas de ambas zonas
climáticas varían de texto a texto, pero son más
consistentes para las de lazona templada por
dos razones: (a) los países de las zonas tem-
pladas tienen más experiencia en la construc-
ción de caminos de grava, y (b) algunas de las
gravas del trópico son de calidad inferior según
los criterios de la zona templada, pero son satis-

factorias para los países en donde se encuen-
tran. Las gravas lateríticas presentan problemas
de graduación adicionales por sus propiedades
mecánicas únicas en su género. Si un gran por-
centaje del material laterítico de superficie es de
grava, es decir, es retenido en un tamiz N0 10
(tamaño de partícula: 2 mm), durante la época
de sequía se formarán excesivas corrugaciones.
Si por otro lado un gran porcentaje del material
laterítico de superficie es de arena y finos, es
decir, que pasa por el Iamiz N0 10, se notará
una falta de estabilidad o un carácter excesiva-
mente resbaladizo durante la época de lluvia.

Sin embargo, los problemas de manteni-
miento de caminos de grava son universales.
Las corrugaciones aparecen cuando se reseca
la superficie del camino. Aparecen en todos los
caminos con superficies de grava. La causa de
corrugaciones ha sido el tema de muchas inves-

bonne surface de roulement. Pour assurer ceci,
les dimensions maximales des agrégats ne de-
vraient pas excéder 3/+ inch (20 mm).

Les graviers que l'on trouve dans les climats
tempérés, et dans les tropiques, sont quelques
fois différents, à cause des conditions sous les-
quelles ils se sont formés. Nous reconnaissons
cette différence dans ce recueil. Les différentes
façons dont le gravier a été formé, sont traitées
dans certains textes choisis. Des exemples de
spécifications pour les graviers des régions
tempérées, et pour les graviers latéritiques des
tropiques, sont présentés. Les spécifications du
gravier dans les deux zones climatiques varient
quelque peu d'un texte à l'autre, mais sont
beaucoup plus consistantes pour les graviers de

climat tempéré, ceci pour deux ralsons :

d'abord, les pays de climat tempéré ont eu
beaucoup plus d'expérience dans la construc-
tion des routes en terre, ensuite, quelques gra-
viers tropicaux peuvent sembler être de qualité
inférieure, si on les juge par les critères utilisés
dans les pays tempérés, mais en fait, ils peuvent
jouer un rôle tout à fait satisfaisant dans leurs
pays d'origine. Les graviers latéritiques présen-
tent, en outre, des problèmes de gradation,
causés par leurs singulières caractéristiques
mécaniques. Si un gros pourcentage d'un maté-
riau latéritique de surface est graveleux, s'est à
dire retenu par un tamis no. 10 (particules de 2
mm), on aura formatìon de tôle ondulée à la sai-
son sèche. Si, par contre, il y a une grosse pro-



vestigations. Corrugations are now thought to be
the result of an interaction between the vehicles
using the road and the material making up the
wearing surface. They are created by the rhyth-
mical bouncing of vehicle wheels. The vehicle
weight, suspension, and tire pressure affect the
formation of corrugations. The rate of formation
of corrugations is influenced by (a) traffic speed,
(b) type of surface material, (c) road crown con-
dition, and (d) traffic volume.

Therç is no known design method to eliminate
corrugations from gravel road surfaces. There-
fore, corrugations must be removed as they ap-
pear. This can be accomplished by (a) hand
labor with brooms; (b) drags consisting of
chains, tires chained together, weighted frames
with blades, or mechanical brooms; and (c) road
graders. The frequency of such maintenance
procedures can only be determined by observa-
tion. The gravel road surface corrugations must

tigaciones. Se ha concluído que son el resultado
de una acción recÍproca entre los vehículos que
utilizan el camino y el material que compone ia
superficie de rodadura. Se forman con el rebote
rítmico de las ruedas de los vehículos. El peso,
suspensión, y presión del neumático del vehí-
culo afectan la formación de estas corrugacio-
nes. La velocidad de formación de las corruga-
ciones es influenciada por (a) la velocidad del
tránsito, (b) el tipo de material de superficie, (c)
la condición del bombeo del camino, y (d) el vo-
lúmen del tránsito,

No se conoce ningún método de diseño que
elimine las corrugaciones de los caminos de
grava. Por esto las corrugaciones deberán eli-
minarse cuando aparecen. Se puede llevar a
cabo con (a) trabajo a mano con escobas, (b)
dragas de arrastre que consisten en cadenas,

neumáticos juntados con cadenas, armazones
con cuchillas y pesos, o escobas mecánicas; y
(c) niveladoras. Tales procedimientos de man-
tenimiento deberán repetirse cadavez que se
determine necesario. Se deben eliminar estas
corrugaciones antes de que se forme una capa
dura. Si no, será necesario el reperfilado de la
superficie del camino, una operación mucho
más difícil.

Los baches aparecen donde se ha utilizado
material inferior o donde la superficie no se de-
sagua. El hinchamiento por la helada ocurre en
los climas más fríos donde el material de la base
o subbase es susceptible a la helada. El Com-
pendio 7 toma nota de estos problemas y pre-
senta prácticas de diseño, construcción o man-
tenimiento para resolverlos. Se da importancia a
través de los textos seleccionados, a que los te-

portion de sable et d'éléments fins (passant le
tamis no. 10) dans le matériau latéritique de sur-
face, la surface sera instable, ou excessivement
glissante à la saison des pluies.

Les problèmes d'entretien d'une route en gravier
sont universels. La tôle ondulée apparaît dès que
la surface de roulement devient sèche. La tôle
ondulée apparaît sur toutes les routes en
gravier. La genèse de la tôle ondulée a été le
sujet de bien des recherches. On pense
maintenant qu'elle est causée, par une
interaction entre les véhicules qui circulent sur la
route, et le matériau dont est construite la
surface de roulement. Les ondulations sont
crées par le rebondissement rythmique des
roues des véhicules. Le poids, la suspension, la
pression des pneus d'un véhicule, sont
responsables de la formation des ondulations.
La vitesse de formation des ondulations est
influencée par: (a) la vitesse du trafic, (b) le
type de matériau de surface, (c) l'état du
bombement de la route et (d) le volume du
trafic.

On ne connait pas de procédé pour
empêcher I'apparition, sur les routes en
graviers, du phénomène de la tôle ondulée.
Donc les ondulations doivent être effacées dès
leur apparition. Ceci peut être accompli de
façons diverses: (a) manoeuvres armés d'un
balai, (b) traineaux à chaines ou à pneus,
gratte{ôle à lames, tôlards, balayeuses
mécaniques, et (c) niveleuses ou graders. La
fréquence d'entretien sera fixée par
I'observation directe. Sitôt que les ondulations
prennent corps, elles doivent être effacées de
façon systématique, avant qu'elles ne se
durcissent, autrement, I'emploi du profileur
devient indispensable, et cela résulte en une
opération beaucoup plus complexe.

Les nids de poule se forment là où I'on a
utilisé des matériaux de qualité inférieure, ou
aux endroits où I'eau ne s'écoule pas bien de la
surface de la route.Les soulèvements dûs au gel
apparaissent dans les climats plus froids, où les
matériaux de la couche de base ou de la
couche de fondation sont susceptibles au gel.



be systematically removed before a hard crust is

formed. Otherwise the road surface will have to
be reshaped. This is a much more difficult ope-
ration.

Potholes occur where inferior material has
been placed or where water does not run off the
road surface. Frost heaves occur in colder cli-
mates where the base or subgrade material is

frost susceptible. Compendium 7 recognizes
and discusses design, construction, or mainte-
nance practices to deal with them. The selected
texts stress the construction of both embank-
ments and granular pavements with layers of
material that are well compacted at or near op-
timum moisture content.

Discussion of Selected Texts

The first IexI, Low-Cosf Roads, is excerpted
from a paper published in Proceedings, Second

An nu al Vi rg i n i a Hi g hway Confe rence (November
1948). lt presents a general historical review of
road construction procedures. lt defines the true
cost of a road as the sum of its construction and
maintenance costs. Thus, there is no such thing
as a low-cost road but only roads that are the
least expensive. These low-volume roads are the
focus of this project.

It discusses the advances made in the useful
knowledge of the engineering properties of soils
as applied to highway construction. This knowl-
edge led to the development of soil classification
systems based on grading, liquid limit, and plas-
ticity index. For highway construction in general
the most important properties of a soil are its
size grading, plasticity, and optimum moisture
content.

This text presents some of the principles that
should be observed in the construction of low-
volume roads. These include (a) consideration of

rraplenes y pavimentos granulares se constru-
yan con capas de materìal bien compactadas y
con humedad ÓPtima.

Presentación de los textos seleccionados
El primer texto, Low-Cost Roads (Caminos de

xvi¡¡ bajo costo), es una porción de una disertaciÓn
publicada en Proceedings: Second AnnualVir-
ginia Conference (Actas de la segunda confe-
rencia vial anuaì de Virginia) (Noviembre de
1948). Presenta un resumen general histÓrico de
procedìmientos de construcciÓn vial. Define el

costo verdadero de un camino como la suma de
los costos de construcciÓn y mantenimiento. En

este sentido no existe tal cosa como un camino
de bajo costo, sino que hay caminos que son
los más económicos. Estos son los caminos de
bajo costo, tema de este ProYecto.

Este proyecto habla sobre los adelantos en
los conocimientos útiles de las propiedades in-
genieriles de suelos, apltcados en la construc-
ción vial. Estos conocimientos llevaron al desa-
rrollo de sistemas de clasificaciÓn de suelos ba-
sados en la graduación, límite líquido e índice
de plasticidad. Para la construcciÓn vial en ge-
neral las propiedades más importantes de los
suelos son su granulometría, su plasticidad, y su
humedad óptima.

Luego presenta algunos de los principios que
se deberán observar en la construcciÓn de ca-
minos de bajo volúmen. Estos incluyen (a) la
consideración de la resistencia de subrasante,
(b) la compactación correcta de rellenos, (c) el
uso correcto de los materiales excavados de los

cortes, (d) el tratamiento de las subrasantes en
tramos excavados, y (e) la divisiÓn de la estruc-

Dans ce recueil no.7, nous allons identifier et
discuter ces problèmes, ainsi que la façon de
les traiter, lors des dimensionnement,
construction et entretien de la route, Les textes
choisis mettent I'emphase sur l'utilisation de
couches de matériaux bien compactées, à une
teneur en eau optimum (ou le plus près
possible), lors de la construction soit de
remblais, soit de revêtements granuleux.

Discussion des textes choisis
Le premier texte, Low-Cost Foads (Routes

économiques) est extrait d'une communication
publiée dans les Proceedings: Second Annual
Virginia Highway Conference (Novembre 1948).

Un compte rendu historique des méthodes de
construction des routes est presenté. Le prix de
revient d'une route est défini comme étant la
somme du prix de la construction et du prix de
l'entretien. Ainsi, il n'éxiste pas de routes
vraiment économiques, mais plutÔt des routes
dont le prix de revient est moins élevé. Ces
dernières sont le thème de notre projet,

Les progrès qui ont été faits dans la science
des caractéristiques des sols, au point de vue
de la construction routière, sont discutés. Ces
connaissances ont mené au développement des
systèmes de classification des sols basés sur
I'analyse granulométrique, la limite de liquidité et
I'indice de plasticité. Pour la construction



subgrade strength, (b) proper compaction of
fills, (c) proper use of material excavated from
cuts, (d) treatment of subgrades in cut sections,
and (e) the division of the pavement structure
into a subbase, if required, a base, and a wear-
ing surface.

The concept of granular or mechanical stabili-
zation of pavement structures is introduced.
Granular-stabilized mixtures are used as base
courses for bituminous surfaces and for wearing
surfaces on low-volume roads. The characteris-
tics of the soil binder, which are determined by
the liquid limit and the plasticity index, differ for
surface gravel and base-course gravel.

ln road surfaces exposed to the abrasive ac-
tion of traffic the soil binder should have a great-
er cementing power than is required in base
courses. ln surface courses, as compared to

base courses, a higher clay content and a high-
er liquid limit may be permitted, A higher plastic-
ity index of the soil binder is generally desirable.
lf such a granular-stabilized mixture is covered
with a bituminous surface, the moisture content
that helped to hold it together as a surface
course is increased. This occurs because evap-
oration losses are reduced or eliminated. The in-
crease in moisture content frequently causes
complete structural failure of this material as a
base course. Therefore, specifications for
granular-stabilized gravel-base courses differ
from those for surface courses. They permit less
fine binder material and require that this material
have a lower liquid limit and a lower plastic in-
dex.

The specification requirements for granular-
stabilized base courses and surface courses

tura del firme en una subbase, si se necesita,
una base, y una superficie de rodadura.

Se presenta el concepto de estabilización
granular o mecánica de estructuras de firme.
Las mezclas granularmente estabilizadas se uti-
lizan como capas de base para superficies bi-
tuminosas y también para superficies de roda-
dura en caminos de bajo volúmen. Las caracte-
rísticas del aglutinante de suelo, determinadas
por el límite líquido y el índice de plasticidad,
son distintas para la grava de superficie y la
grava de capa de base.

En las superficies de camino, afectadas por la
acción desgastadora del tránsito, el aglutinante
de suelo deberá tener más habilidad de cemen-

tación que el aglutinante en las capas de base.
En las superficies se puede permitir un mayor
porcentaje de arcilla y un límite líquido más alto
que en las capas de base. Asimismo, es desea-
ble un mayor índice de plasticidad en el agluti-
nante. Si tal mezcla con estabilización granular
se tapa con una superficie bituminosa, el conte-
nido líquido que ayudó a mantenerla como su-
perficie de rodadura ha de aumentar. Esto ocu-
rre porque las pérdidas por evaporación son re-
ducidas o eliminadas. Seguidas veces hay una
falla estructural total de este material como capa
de base a causa del aumento del contenido de
humedad. Por esta razon las especificaciones
para capas de base de grava granularmente es-
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routière, les caractéristíques les plus
importantes d'un sol sont sa granulométrie, sa
plasticité et sa teneur en eau optimum.

Ce texte présente quelques principes qui
devraient être observés dans la construction de
routes à faible capacité. Ceux-ci comprennent
(a) étude de la résistance du terrain de
fondation, (b) compactage correct des remblais,
(c) bonne utilisation des matériaux de déblai, (d)
traitement du terrain de fondation dans les
sections de déblai et (e) la division de la
structure de la chaussée en couche de
fondation si c'est nécessaire, en couche de
base, et en enduit d'usure.

Le concept de la stabilisation granulaire, ou
mécanique, des structures de la chaussée, est
introduit. Dans la construction de routes
économiques, des mélanges stabilisés

mécaniquement, sont utilisés comme couche de
base pour les revêtements hydrocarbonés, et
aussi comme couche de surface. Les
caractéristiques du liant naturel, qui sont
determinées par la limite de liquidité et l'indice
de plasticité, sont différentes pour les graviers
utilisés comme couche de surface, et pour les
graviers utilisés comme couche de base.

Pour la couche de surface, exposée à I'action
abrasive de la circulation, le liant naturel devrait
avoir une plus grande puissance d'agglutination
que celui de la couche de base. Donc, pour
cette couche de surface, à I'opposé de la
couche de base, une teneur en argile plus
élevée, et une plus haute limite de liquidité,
peuvent être admises. ll est généralement
désirable que le liant naturel ait un indice de
plasticité plus èlevè. Si un mélange, stabilisé



overlap. Thus, it is possible to design a base-
course mixture that will also be satisfactory for a
surface course. This is desirable for stage con-
struction (when the mixture is to be used as a
surface) until some later time when increased
traffic warrants a bituminous surface treatment.
The mixing and placing of such a material are
critical. lf the material lacks uniformity, it will not
function properly either as a base course or as a
surface course.

Granular-stabilized base courses must be
compacted to maximum density at optimum
moisture content. Otherwise the base course is
likely to consolidate under traffic and disrupt or
destroy the bituminous wearing course.

The second IexI, Chapter 4- Roadmaking
Materials and Pavement Design, is adapted
from Low Cost Roads: Design, Construction and
Maintenance (UNESCO ,1971).lt traces the de-
velopment of a road from a simple earth track to
a surfaced all-weather road. An "unimproved
road" is defined as a rudimentary track with a
minimum of earthwork done by hand or with
bulldozers. The surface consists of the soils
found on the line of the road and immediately
adjacent to it. Many natural soils are poorly
drained and thus are too weak to carry traffic
when very wet. Unimproved roads may be
closed at times during the rainy season.

An "improved road" is defined as the first
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Iabilizada se distinguen de las especificaciones
para las superficies de rodadura, Permiten que
el aglutinante sea de un material menos fino y
requieren que este material tenga un límite lí-
quido y un índice de plasticidad más bajos.

Los requisitos para las especificaciones de
superficies y de capas de base granularmente
estabilizadas se sobreponen. Por esta razón se
puede diseñar une mezcla para la capa de
base, que también es satisfactoria para una su-
perficie de rodadura. Esto es útil en la construc-
ción por etapas donde lamezcla a utilizarse
como superficie será cubierta por un tratamiento
bituminoso cuando el aumento de tránsito lo jus-
tifica. La mezcla y colocación de tal material son
muy importantes. Si el material no posee unifor-
midad, no funcionará correctamente como capa
de base ni capa de superficie.

Las capas de base granularmente estabiliza-
das deberán ser compactadas a su densidad
máxima y con humedad óptima. De otra forma

es probable que la capa de base se endurezca
bajo el tránsito y rompa o destruya la superficie
bituminosa.

El segundo texto, una porción de Chapter 4-
Roadmaking Materials and Pavement Design
(Capítulo 4 - Materiales de construcción vial y
diseño de pavimento) fué extraído de Lou¡ Cosf
Roads: Design, Construction and Maintenance
(Caminos de bajo costo: diseño, construcción y
mantenimiento) (UNESCO, 1971). Habla del de-
sarrollo de un camino, desde un simple sendero
de tierra hasta un camino con superficie para
toda temporada. Un "Camino sin Mejora" es un
sendero rudimentario con un mínimo de terra-
plenado, realizado a mano o con un "bulldozer",
o la rasadora utilizada para el movimiento de tie-
rras. La superficie consiste en las tierras encon-
tradas sobre lalraza del camino o inmediata-
mente adyacente a ella. Muchos de los suelos
nativos están mal desaguados, y por esto no
tienen la resistencia necesaria para soportar el

mécaniquement de cette façon, est recouvert
d'une surface hydrocarbonée, la teneur en eau
qui I'a rendu cohésif en temps que couche de
surface, s'accroît, parce que les pertes dûes à
l'évaporation sont réduites ou même éliminées.
Cette augmentation de la teneur en eau cause
fréquemment la rupture complète de ce
matériau, quand on I'emploit comme couche de
base. Donc, les spécifications pour une couche
de base en matériau graveleux stabilisé
mécaniquement, diffèrent des spécifications
pour le même matériau employé en couche de
surface. Ces spécifications permettent moins
d'éléments fins dans le liant, et éxigent une
limite de liquidité plus basse et un indice de
plasticité moins élevé.

Les spécifications requises pour les couches
de base et de surface stabilisées mécanique-
ment, se chevauchent. Par conséquent, il est
possible de calculer un mélange qui sera à la
fois satisfaisant pour la couche de base, et pour
celle de surface. Ceci est désirable dans le ca-
dre d'une politique d'aménagement progressif 

,

quand le mélange doit servir de couche de sur-
face pendant un certain temps, jusqu'au mo-
ment où I'augmentation de la circulation justifie
un revêtement hydrocarboné. Le mélange et la
pose de ce matériau sont critiques, car si ce-
lui-ci manque d'uniformité, il ne fonctionnera cor-
rectement ni comme couche de base ni comme
couche de surface.

Les couches de base stabilisées mécanique-



stage in the improvement of an earth track. lt
generally involves (a) earthworks to provide or
raise embankments in poorly drained areas, (b)
the construction of permanent bridges over river
crossings, (c) vertical and horizontal alignment
corrections to some design standard, and (d) an
attempt to provide an all-weather running sur-
face. Normally, it is necessary to rmprove the
stability of the running surface either by mixing
imported materials with the local soil (i.e.,
mechanical or granular stabilization) or by super-
imposing a layer of more stable material, The
text presents typical specifications for the grada-
tions used in mechanìcal stabilization of gravel
running surfaces and the plasticity characteris-
tics preferred for gravel surfacings in three
climatic ranges: moist temperate-wet tropical,
seasonal wet tropical, and arid.

This text also describes roads with permanent
surfaces. Although pavement design is beyond

the scope of this compendium, the characteris-
tics of gravel used as a base under flexible
pavements is an important part of this topic. The
principle function of the base and subbase is to
distribute the stresses imposed by traffic. On
low-volume roads the bituminous surfacing con-
sists only of a thin surface dressing. The base it-
self must therefore be resistant to the weakening
effects of water. The upper surface of the base
must be sufficiently smooth and true to provide a
good riding surface.

The text outlines the characteristics of natural
soils and gravels commonly used in making
bases and subbases. lt also offers typical
specifications for the mechanical stabilization of
gravel base material.

The third text is excerpted from Location and
Evaluation of GravelSources for Highway Use
(Department of Agricultural Engineering, Cornell
University, 1956). The first part describes the lo-

tránsito cuando están muy mojados. Durante la
época de lluvia es común clausurar los caminos
no mejorados después de tormentas.

Un "Camino Mejorado" se refiere a la primera
etapa en la mejora de un camino de tierra. Ge-
neralmente signrfica (a) el movimiento de tierras
para proveer o mejorar terraplenes en áreas de
desague insufrciente, (b) la construcción de
puentes permanentes sobre vados de ríos, (c)
correcciones de alineamiento vertical y hori-
zontal de acuerdo con alguna norma de diseño
y (d) un esfuerzo para proveer una superficie
de rodadura paa toda temporada. Normal-
mente es necesario mejorar la estabilidad de
la superficie de rodadura por la mezcla de
materiales importados con el suelo nativo
(es decir, estabilización mecánica o granular) o

por la superposición de una capa de un material
más estable. El texto presenta las especrfica-
ciones típicas parala graduación utilizada en
la estabilización mecánica de superficies de
rodadura de grava y las características de
plasticidad que se prefieren para los revesti-
mientos de grava en tres variaciones climáticas:
templado húmedo 

-tropical 
lluvioso, tropical

lluvioso por temporada y árido.
El texto también describe los caminos con

superficie permanente. Aunque el diseño de pa-
vrmento está fuera del alcance de este com-
pendio, las caracierísticas de la grava que se
utiliza como base de los pavimentos flexibles es
una parte importante de este tema. La función
más importante de la base y subbase es la dis-
tribución de la tensión creada por el tránsito. En

ment doivent être compactées à une teneur en
eau optimum. Autrement, la couche de base est
susceptible de se consolider sous la circulation,
et de causer la rupture ou même la destruction
de la couche de roulement hydrocarbonée.

La deuxième texte consiste en des extraits du
Chapter 4, Roadmaking Materials and Pave-
ment Design du livre Low Cost Roads; Design,
Construction and Maintenance (Routes dans les
pays en voie de développement; Conception,
construction, entretien) (UNESCO, 1967 ; traduc-
tion anglaise,197l). Dans ce texte, le dévelop-
pement d'une route, depuis la simple prste en
terre jusqu'à la route tous temps dôtée d'un re-
vêtement, est retracé. Une route "non aména-
gée" est définie comme une piste rudimentaire,

réalisée avec des terrassements élémentaires
faits à la main ou au bulldozer. La surface de
cette piste consiste en matériaux trouvés sur son
tracé ou aux abords immediats. L'eau s'écoule
plus ou moins bien de beaucoup de ces maté-
riaux naturels et, de ce fait, leur portance est in-
suffisante pendant la saison des pluies. Par
conséquent, les routes non aménagées ont des
chances d'être complétement fermées à la circu-
lation pendant cette saison.

Une route aménagée est définie comme le
premier stade de l'aménagement d'une piste en
terre. Ce stade comprend, en général ; (a) des
terrassements pour remblayer les zones mal
draìnées, ou pour surélever les remblais éxis-
tants, (b) la construction d'ouvrages permanents



cat¡on of possible gravel sources. lt describes
the formation of gravel deposits by glaciers and
by present-day streams. lt also describes the
profìle development of gravel deposits, i.e., the
formation of overburden, and discusses the im-
portance of that overburden. lt describes meth-
ods of locating possible gravel deposits.
Rounded stones are noted as a good indication
that a gravel has been deposited and sorted by
running water.

The second part describes the evaluation of
possible gravel sources. This evaluation in-
cludes the information to be considered before a
possible source is opened. This includes (a) the
nearness to current and future needs, (b) ac-
cess to an existing roadway, and (c) extent and
depth of the deposit. lt also includes the charac-
teristics to be evaluated after an exploratory pit
is dug: (a) depth of overburden, (b) character of
gravel particles, (c) maximum gravel sizes ex-

los caminos de bajo volúmen el revestimiento bi-
tuminoso consiste solamente en un fino riego
superficial. Por lo tanto, la base deberá ser re-
sistente a los efectos debilitantes del agua. La
superficie superior de la base debe ser lo sufi-
cientemente lisa y nivelada para ofrecer una
buena superficie de rodadura.

El texto describe las características de suelos
y gravas nativas que comunmente se utilizan
para las bases y subbases. Asimismo, provee
especificaciones típicas para la estabilización
mecánica de la grava de base.

El tercer texto fué extraído de Location and
Evaluation of GravelSources for Highway Use

(Ubicación y evaluación de fuentes de grava
para uso vial) (Departamento de lngeniería
Agrícola, Cornell University, 1956). La primera
parte describe la ubicación de posibles fuentes
de grava. Describe la formación de depÓsitos
de grava por la acción de glaciares y de arroyos
actuales. Describe el desarrollo en perfil de los
depósitos de grava, es decir, la formaciÓn de
sobrecarga, y la importancia de ésta. Describe
métodos de localizar posibles depÓsìtos de
grava. Explica que las piedras redondeadas son
una buena indicación de que se ha formado un
depósito por la acción de agua.

La segunda par"te describe la evaluaclÓn de

xxii sur les rivières, (c) l'amélioration du tracé et du
profil en long et (d) I'essai de réalisation d'une
couche de surface utilisable par tous les temps.
ll sera en général nécessaire d'améliorer la sta-
bilité de la couche de surface en mélangeant
des matériaux d'apport au sol naturel, (stabilisa-
tion mécanique) ou en le recouvrant d'une cou-
che d'un matériau plus stable. Dans ce texte on
trouvera un tableau de fuseaux granulométri-
ques pour couches de roulement, et un autre
tableau qui indique la plasticité recommandée
pour les revêtements graveleux pour trois sortes
de clrmat: chaud et tropical humide, tropical
humide saisonnier, et aride.

Ce chapitre comprend aussi une section sur
les routes revêtues. Bien que l'étude des chaus-
sées dépasse I'envergure de notre projet, les
caractéristiques des graviers utilisés comme
base sous les chaussées souples, constituent,
par contre, un élément très important de ce re-
cueil. La fonction principale des couches de
base et de fondation consiste à répartir les
charges imposées par la circulation. Le revête-
ment hydrocarboné des routes économiques ne
se compose que d'un mince enduit d'usure.
Donc, la base elle même doit résister aux effets
affaiblissants de l'eau. De plus, la surface supé-
rieure de la couche de base doit être assez lisse
et homogène pour permettre d'obtenir un bon
uni de surface.

Ce texte esquisse les propriétés générales
requises par les sols naturels et les graves útili-
sés comme couches de base et de fondation. ll

donne aussi les fuseaux granulométriques typi-
ques pour la stabilisation mécanique des maté-
riaux graveleux utilisés pour les couches de
base.

Le troisième texte est extrait de Location and
Evaluation of GravelSources for Highway Use
(Localisation et évaluation des gisements de
graviers routiers) (Department of Agricultural
Engineering, Cornell University, 1956), La pre-
mière partie décrit la localisation des gisements
éventuels de matériau graveleux. Elle décrit la
formation des gisements par les glaciers et les
rivières. Le développement des gisements de
gravier, c'est à dire la formation de surcharge ou
mort-terrain, ainsi que l'importance de cette sur-
charge sont discutés. Les méthodes de locallsa-
tion de ces gìsements sont passées en revue, et
il est noté que la présence de pierres arrondies
ou de galets, est souvent une bonne indication
que du gravier a été deposé par I'eau courante,

La seconde partie explique comment on éva-
lue les gisements éventueis de gravier, et énu-
mère les informations que I'on doit rassembler
pour décider de l'exploitation d'un gîte éventuel :

(a) la proximité, pour les besoins immédiats et
futurs ; (b) I'accès par une route exìstante et (c)
la cubature et la profondeur de l'emprunt. Le



pected, (d) gradation of granular material, (e)
plasticity of the fines, (f) position of the water ta-
ble, and (g) degree of cementation.

Evaluation techniques used to determine all of
the characteristics listed here are described. ln-
cluded in the evaluation of the gradations of a
possible gravel source is a description of a
quick wash test that, because of its simplicity
and the wide availability of the equipment need-
ed, is sometimes used in place of the standard
sieve analysis.

This text also includes a graphical solution to
the problem of combining materials from diffe-

rent sources into a blend with a satisfactory gra-
dation. lf the gradation of two available materials
is known, this technique can be used to deter-
mine what, if any, combinations of these sources
will produce a suitable gradation for surface
gravel, base gravel, or both.

The fourth text is excerpted Írom Standard
Specifications for Construction of Roads and
Bridges on Federal Highway Projects: FP-61 , as
reprinted in March 1968 by the Bureau of Public
Roads, U.S. Federal Highway Administration.
Excerpted are Section 200-Aggregate Base
and Secfio n 300 - Agg regate Surtacing.

posibles fuentes de grava. Esta evaluación in-
cluye la información a considerarse antes de
abrir una posible fuente. Esto incluye (a) su pro-
ximidad a futuras y corrientes necesidades, (b)
acceso a un camino en existencia, y (c) la ex-
tensión y profundidad del depósito. Asimismo,
incluye las características a evaluarse después
de llevar a cabo un hoyo exploratorio, inclu-
yendo (a) la profundidad de Ia sobrecarga, (b)
las características de las partículas de grava, (c)
el tamaño máximo de grava anticipado, (d) la
graduación del material granular, (e) la plastici-
dad de los finos, (f) la posición del nivel freático,
y (g)el grado de aglutinación.

Se describen las técnicas de evaluación que
se utilizan para determinar todas las caracterís-
ticas supracitadas. Se incluye en la evaluación
de las graduaciones de una posible fuente de
grava una descripción de un ensayo de lavado
rápido que a veces se utiliza en lugar del análi-
sis granulométrico por tamìzado porque es sim-
ple y el equipo necesario es fácil de obtener.

El texto también incluye una solución gráfica
para la combinación de materiales de distintas
fuentes en una mezcla con graduación satisfac-
toria. Si se conoce la graduación de dos mate-
riales disponibles, esta técnica puede utilizarse
para determinar qué combinaciones de estos
materiales produci rían u na g raduación satisfac-
toria para grava de superficie y/o base, si es
que existen.

El cuarto texto fué extraído de Standard Spec-
ifications for Construction of Roads and Bridges
on Federal Highway Projects: FP67 (Especifica-
ciones generales para la construcción de cami- ----!!!
nos y puentes en proyectos federales de carre- xxrrr

teras: FP61) de la reimprimición de marzo de
1968, por el Bureau of Public Roads, U.S. Fede-
ral Highway Administration. Las secciones ex-
traídas son Section 200 -Aggregate Base
(Sección 200-Base de agregado) y Section
300 -Aggregate Surtacing (Sección 300- Re-
vestimiento con agregado).

Cada especificación incluye (a) una descrip-

texte indique aussi les caractéristiques à évaluer
aprè le sondage : l'épaisseur de la surcharge,
(b) la nature du gravier, (c) les dimensions ma-
ximales des grains, (d) la gradation du matériau
granulé, (e) la plasticité des fines, (f) la position
de la nappe phréatique et (g) le degré de ci-
mentation.

Les méthodes d'évaluation utilisées pour la
détermination des caractéristiques que nous ve-
nons d'indiquer, sont présentées. Pour effectuer
cette gradation des graviers des gîtes éventuels,
on décrit un essai, le "quick wash test", qui est
parfois utilisé à la place de l'analyse granulomé-
trique, car il est très simple à conduire et on a
toujours sous la main l'équipement nécessaire.

Ce texte comprend aussi une solution graphi-
que au problème du mélange de matériaux pro-

venant de gîtes différents. Si on connait la gra-
dation de deux matériaux, ce procédé peut être
utilisé pour determiner, s'il est possible, et dans
quelles proportions, on devra les mélanger pour
obtenir une granulométrie adéquate pour le gra-
vier de surface ou celui de base, ou les deux.

Le quatrième texte choisi est extrait de Sfan-
dard Specifications for Construction of Roads
and Bridges on Federal Highway Projects: FP
67 (Normes pour la construction des routes et
des ponts des projets routiers fédéraux) (réim-
pression de Mars '1968, Bureau of Public Roads,
U.S. Federal Highway Administration). Les ex-
traits comprennent la section 200, Base en ag-
gregats et la section 200, Surface en aggrégats.

Chaque norme comprend (a) une description
de I'ouvrage à exécuter, (b) les matériaux à utili-



Each specification includes (a) a description
of the work, (b) the materials to be used includ-
ing acceptable grading envelopes, (c) require-
ments for construction methods, (d) measure-
ment methods, and (e) payment criteria. These
specifications show the difference in plasticity
requirements for surface and base gravels, They
can be used as a basis for the development of
gravel specifications in countries that do not
have formal specifications.

The previous text addressed road gravels in
general. Gravel is scarce in many tropical coun-
tries. Some tropical gravels, such as lateritic

gravel, do not always fìt into the gradìng enve-
lopes that are specified for gravels found in

temperate zones. These gravels have been used
successfully for the construction of low-volume
roads. The next three selected texts consider
tropical gravels.

The fifth text is excerpted from Roadmaking
Gravels and So/s in Central Africa (U.K. De-
partment of Scientific and lndustrial Research,
Road Research Laboratory, 1960). lt reviews the
soils, and particularly the gravels, available in

Central Africa. Similar soils are found throughout
the tropics.

ción del trabajo (b) los materiales a utilizarse,
incluyendo husos g ranu lométricos aceptables,
(c) requisitos para métodos de construcción, (d)
métodos de medición, y (e) criterios de pago.
Estas especificaciones indican la diferencia
entre los requisitos de plasticidad para gravas
de superficie y de base. Pueden utilizarse como
base para el desarrollo de especificaciones
para gravas en los países donde no existen es-
pecif icaciones formales.

El texto anterior habla sobre gravas para ca-
minos en general. En muchos países troptcales
la grava es escasa. Algunas gravas tropicales,
como por ejemplo la laterítica, no conforman
con los husos granulométricos estipulados para
las de las zonas templadas, pero son adecua-
das para la construcción de caminos de bajo vo-
lúmen. Los tres textos siguientes examinan las
gravas tropicales.

El quinto texto fué extraído de Roadmaking
Gravels and So/s in Central Africa (Gravas y
suelos para la construcción de caminos en
Africa Central) (Departamento de lnvesttgaciÓn
Científica e Industrial de Gran Bretaña, Road

Research Laboratory, 1960). Repasa los suelos,
y particularmente las gravas, disponibles en
Africa Central. Se pueden encontrar suelos simi-
lares en todos los países tropicales.

El texto incluye (a) las gravas y arenas detríti-
cas que se encuentran en las áreas de poca llu-
via (menos de 30 pulgadas o 760 mm por año),
(b) gravas cuarcíticas y arena-ardlla en las
áreas de lluvia normal y de mucha lluvìa (más
de 760 mm por año) y (c) gravas nodulares late-
ríticas y gravas calcáreas en las áreas de
mucha lluvìa (más de 40 pulgadas o 1020 mm
por año). El primer grupo, gravas y arenas detrÊ
ticas, se divide en los siguientes sub-grupos
según la petrología de la rocamaTriz: (a) mate-
riales graníticos, gnéisicos y cuarcíticos, (b)
gravas y arenas de piedra arenisca, (c) materia-
les deleríticos (término inglés) o dlabásicos
(término americano) y basálticos, (d) gravas mi-
cáceas y esquistosas, (e) materiales derivados
de la lutita, y (f) gravas de piedra caliza.

Se describe cada material. Se defìnen los cri-
terios y la conveniencia de su utìlizaciÓn como
materìal de superficie o base. También se eva-

ser ainsi que les fuseaux granulométriques ad-
missibles, (c) les conditions requises pour les
méthodes de construction, (d) les unités de me-
sure et (e) les critères de paiement par unité de
mesure. Ces spécifications indiquent les diffé-
rents taux de plasticité requis par les graviers de
base et les graviers de surface. Ces spécifica-
tions peuvent servir de point de départ pour le
développement de normes officlelles.

Le texte précédent s'adresse aux graviers rou-
tiers en général. Dans beaucoup de pays tropi-
caux le gravier est plutôt rare. Certains graviers
tropicaux, comme le gravier latéritique, ne
concordent pas avec les fuseaux granulométri-
ques des graviers de zones tempérées. Cepen-
dant ces graviers ont été utilisés avec succès

dans Ia construction de routes à faible capacité.
Les trois textes qui suivent examinent les gra-
viers tropicaux.

Le cinquième texte est extrait de Roadmaking
Gravels and Soi/s in Central Africa (Graviers et
sols routiers en Afrique Centrale) (U.K. Depart-
ment of Scientific and lndustrial Research, Road
Research Laboratory, 1960). Ce texte passe en
revue les sols, et les graviers en particulier, que
l'on trouve en Afrique Centrale. Les mêmes ty-
pes de sols se trouvent d'ailleurs dans toutes les
régions tropicales,

Ce texte considère (a) les graviers et sables
détritiques que I'on trouve dans les endroits où
la quantité de pluie annuelle est moins de 760
mm (30 inches), (b) les graviers quartzifères et



The text discusses (a) detrital gravels and
sands found in low-rainfall areas, i.e., less than
30 in (760 mm)/year, (b) quartzitic gravels and
sand-clays in intermediate and high-rainfall
areas (more than 760 mm/year), and (c) nodular
lateritic and calcareous gravels in high-rainfall
areas, i.e., more than 40 in (1020 mm)/year. The
first group, detrital gravels and sands, is further
divided into the following subgroups on the
basis of the petrology of the parent rock: (a)
granite, gneissic, and quartzitic materials; (b)
sandstone gravels and sands; (c) doleritic (U.K.
term) or diabasic (U.S. term) and basaltic mate-
rials; (d) micaceous and schistose gravels; (e)

materials derived from shale; and (f) l¡mestone
gravels.

Each material is described. The suitability and
criteria for its use as a surface or base material
are defined. The materials are also evaluated for
subbase and imported subgrade usage based on
evaluation of existing roads throughout the area.
The possibility of economically stabilizing some
of the materials is discussed. A short section on
methods of locating gravel deposits is also in-
cluded.

The sixth text is a paper entitled Lateritic
Gravel Evaluation for Road Construction (Journal
of the Soil Mechanics and Foundations Division,

lúan los materiales para utilizarse en la subbase
y subrasante importada, de acuerdo con la eva-
luación de caminos existentes en el área. Se
habla sobre la posibilidad de estabilizar algunos
de los materiales económicamente. Se incluye
una breve sección sobre los métodos de locali-
zar depósitos de grava.

El sexto texto es un artículo titulado Lateritic
Gravel Evaluation for Road Construction (Eva-
luación de la grava laterítica parala construc-
ción de caminos), (Journal of the Soil Mechanics
and Foundations Division, Proceedings of the
American Society of Civil Engineers) (Publica-
ción de la División de Mecánica del Suelo y de
Cimentación, Actas de la Sociedad Americana
de lngenieros Civiles) (Noviembre de 1972).
Presenta los resultados de estudios hechos

sobre las gravas lateríticas de Ghana. Aunque
no todos los países tropicales poseen laterita en
todas sus formas, el estudio evalúa la laterita de
varias formaciones geológicas en cuatro regio-
nes climáticas. Estas lateritas son típicas de casi
todas las lateritas que comunmente se encuen-
tran en el trópico.

En Ghana las formaciones geológicas más
comunes asociadas con depósitos de grava
fueron divididas en cuatro grupos: (a) igneo
ácido-granito, gneis, cuarcita; (b) igneo bá-
sico-basalto, "gabro"; (c) metamórfico-lu-
tita, filita, esquisto; y (d) sedimentario-piedra
arenisca, piedra caliza. Las cuatro regiones cli-
máticas incluyen (a) pradera costera con 25-30
pulgadas (635-760 mm) de lluvia por año, (2)
zona arbolada de mucha lluvia, con 70-120 pul-
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les bétons d'argile des régions ou la chûte de
pluie annuelle est de plus de 760 mm et (c) les
graviers calcaires et latéritiques noduleux des
régions où les chûtes de pluie annuelles sont de
plus de 1020 mm (40 inches). Le premier
groupe-graviers et sables détritiques -estsubdivisé selon la lithologie de la roche-mère:
(a) matériau granitique, quartzifère, gneiss, (b)
graviers et sables gréseux, (c) dolérites et maté-
riaux basaltiques, (d) graviers micacés et schis-
teux, (e) matériaux schisteux, et (f) les graviers
calcaires.

La description de chaque matériau est don-
nées ainsi que leurs critères d'emploi pour cou-
che de base ou couche de surface. On donne
aussi une évaluation de l'emploi de ces maté-
riaux comme couche de fondation ou couche de
forme d'apport, basée sur un examen des routes
de la région. La possibilité de stabiliser mécani-
quement certains de ces matériaux de façon
économique est discutée. Une courte section

sur les méthodes de prospection des gisements
de gravier est incluse.

Le sixième écrit est une communication : Late-
ritic Gravel Evaluation for Road Construction
(Evaluation des graviers latéritiques pour la
construction routière) (Journal of the Soil Me-
chanics and Foundations Division, Proceedings,
American Society of Civil Engineers, Novembre
1972). Les résultats d'une étude des graviers la-
téritiques au Ghana sont donnés. Bien que dans
tous les pays tropicaux on ne trouve pas la laté-
rite sous toutes ses formes, cette étude éxamine
les latérites provenant de plusieurs formations
géologiques, sous quatre régimes climatiques.
Ces latérites sont typiques de la plupart de cel-
les qu'on trouve dans les tropiques.

Les formatìons géologiques qui sont le plus
souvent associées à la formation de gravier au
Ghana, sont divisées en quatre groupes: (a)
granit igné à reaction acide, gneiss, quartzite;
(b) basalte basique igné, gabbro; (c) schiste



Proceedings of the American Society of Civil
Engineers, November 1972).lt reports the re-
sults of studies made on lateritic gravels in
Ghana. Although all tropical countrìes do not
have laterite in all forms, this study evaluates lat-
erite from several geological formations in four
climatic regions. These laterites are typical of
most laterites commonly found in the tropics.

The more common geological formations as-
sociated with gravel formations in Ghana were
divided into four groups: (a) acid igneous-
granite, gneiss, quartzite; (b) basic igneous-
basalt, gabro; (c) metamorphic 

-shale, 
phyllite,

schist; and (d) sedimentary-sandstone, lime-
stone. The four climatic regions include (a) coas-

tal savannah with 25-30 in/year (635-760 mm/
year) rainfall, (b) rain forest zone with 70-120inl
year (1780-3050 mm/year) rainfall, (c) forest
zone with 50-70 inlyear (1270-1780 mm/year)
rainfall, and (d) interior savannah with 40-50 in/
year (1020-127 O mm/year) rainfall.

Samples of typical gravelly material from dif-
ferent locations were sieved to one size, passing
1/z-tn (12.7-mm) and restrained on 3/e-in (9.5-mm)
sieves, and were given various physìcal, chemi-
cal, mechanical strength, weathering, and dura-
bility tests, which the text describes. From earlier
studies and these investigations supported by
field data on road pavement performance, a re-
lative rating of lateritic gravels is suggested,

gadas (1780-3050 mm) de lluvia por año, (c)
zona arbolada, con 50-70 pulgadas (1270-7080
mm) de lluvia por año, y (d) pradera del interior
con 40-50 pulgadas (1020-1270 mm) de lluvia
por año.

Se tamizaron muestras de material cascajoso
típico de varas localidades, hasta quedar sola-
mente el material que pasó por el Iamiz de 112

pulgada (12,7 mm) y que fue retenido en el
Iamiz de 3/B pulgada (9,5 mm), A éste se le hi-
cieron varios ensayos físicos, químicos, de
resistencia mecánica, de meteorización y de du-
rabilidad, que se descrìben en el texto. Se re-
comienda una calificación relativa de las gravas
lateríticas. Esta recomendación se basa en los
estudios anteriores, estas investigaciones, y los
datos recogidos en el campo sobre el rendi-
miento del pavimento. Las calificaciones fueron
compiladas en el texto en la Tabla 1-"Range

of Various Properties of Four Groups on Basis of
Performance". Las calificaciones del rendi-
mrento de la grava en pavimentos son exce-
lente, buena, regular, y pobre. Los resultados de
ensayo utilizados en la tabla para calificar las
varias gravas lateríticas son (a) aggregate im-
pact value (valor de impacto sobre el agregado)
(modificado de la norma británica), (b) aggre-
gate impact value (valor de impacto sobre el
agregado) (norma británica), (c) Los Angeles
abrasion value (valor de abrasión), (d) absorción
de agua (24 horas) y (e) peso específico.

El séptimo lexto Chapter 6- Material and
Construction Specification (CapíIulo 6 - Especi-
ficación de material y construcción) fué extraído
de Laterite and Lateritic Sol/s and Other Prob-
/em Soi/s of the Tropics-Volume ll, lnstruction
Manual (La laterita y suelos lateríticos y otros
suelos problemáticos del trópico-Tomo ll, Ma-

métamorphique, phyllade, schiste ; et (d) grès
sédimentaire. Les quatre régimes climattques
sont: la savane côtière avec 635-760 mm de
pluie par an (25-30 inches), la forêt humide avec
1780-3050 mm de pluie (70-120 inches), (c) la
forêt avec 1270-1780 mm de pluie (50-70 in-
ches) et (d) la savane intérieure avec 1020-1270
mm de précipitatìon annuelle (40-50 inches).

Des échantillons typrques de matériaux grave-
leux provenant de différents gîtes ont été passé
au tamis, passant une ouverture de maille de
12.7 mm (112 in) et étant retenus par une maille
de 9.5 mm (3iB in). Ces échantillons ont été en-
suite soumis à des essais divers de résistance
mécanique, chimique et physique, ainsi que des
essais de durabilité, et de résistance aux altéra-
tions atmosphériques. Ces essais sont expliqués
dans le texte. En combinant le résultat de ces

essais de recherches antérieures, corroboré par
des données sur la durabilité des chaussées, un
classement relatif des graviers latéritiques est
proposé. Ces catégories sont illustrées dans le
tableau no. 1 de la communication : Range of
Various Properties of Four Groups on Basis of
Performance (Portée des caractéristiques de
quatre groupes d'après leur performance). Les
valeurs attribuées au gravier comme chaussée
vont de excellent à mauvais, en passant par bon
et adéquat. Les essars qui ont été faits pour en
arriver Òe classement des graviers latéritiques
sont (a) essai de réslstance mécanique des
agrégats (modifié du British Standard), (b) essai
de résistance mécanique des agrégats (Britìsh
Standard), (c) essai Los Angeles (abrasion), (d)
essai d'absorption d'eau (24 heures) et (e) essai
de poids spécifique.



These ratings are compiled in the text in Table 1

- Range of Various Properties of Four Groups
on Basis of Performance. The gravel's perfor-
mance ratings in pavements are excellent, good,
fair, and poor. The test results used in the table
to rate the various lateritic gravels are (a) aggre-
gate impact value (modified from the British
standard), (b) aggregate impact value (British
standard), (c) Los Angeles abrasion value, (d)
water-absorption (24 hours), and (e) specific
gravity.

The seventh text, Chapter 6- Material and
Construction Specificafion, is excerpted from
Laterite and Lateritic So/s and Other Problem
So/s of the Tropics-Volume Il, lnstruction Man-
ual (USAID, 1975). lt provides information about

acceptable specifications for pavement and
base-course construction using lateritic gravels.
These specifications allow the use of materials
that would be unacceptable, if the standard
specifications given in Selected Text No. 4 were
enforced.

A method of determining a design California
Bearing Ratio (CBR) for material taken from a
specific borrow pit is illustrated. A method for
modifying CBR values to reflect actual rainfall
conditions is presented. Borrow-pit excavation
methods are discussed. Special compaction
techniques required for lateritic gravel are de-
scribed. The same information is given in much
more detail in Chapter 12, Volume l, of the same
publication (see bibliography, Ref. 14).

nual de instrucciones) (USAID, 1975). Provee in-
formación sobre las especificaciones acepta-
bles para la construcción de pavimento y capa
de base, utilizando gravas lateríticas. Estas es-
pecificaciones permiten la utilización de matería-
les que serían inaceptables según las especifi-
caciones presentadas en el texto seleccionado
N0 4.

Se ilustra un método para determinar un CBR
(California Bearing Ratio) de diseño, para el ma-
terial extraído de una cantera de préstamo es-
pecífica. Se presenta un método para modificar
las tasas CBR para indicar las condiciones efec-
tivas de caída de lluvia. Se habla sobre métodos
de excavación de canteras de préstamo. Se
describen técnicas especiales de compactación
que se requieren para la grava laterítica. Se

presenta la misma información en mucho más
detalle en el Capítulo 12 del Tomo I de la misma
publicación (ver Ref. N0 14 de la bibliografía).

El octavo texto, Blading Aggregate Surfaces
(Conformación a cuchilla de superficies de
agregado), es una guía de entrenamiento publi-
cada por la Asociación Nacional de lngenieros
de Condad o (1974). Este texto también se pu-
blicó en español (USAID) (ver Ref. N0 1B de la
bibliografía).

Los agregados son suelos gruesos o partícu-
las minerales. Todas las gravas mencionadas
anteriormente en este compendio caen en esta
clasificación, Se pueden utilizar distintos tipos
de equipo para mantener los caminos de grava.
Los caminos de muy bajo volúmen pueden ser y
son mantenidos por trabajo a mano con picos,

Le septième texte, Chapter 6, Material and
Construction Specificafion (Spécification pour
les matériaux et la construction) est extrait du li-
vre Laterite and Lateritic So/s and Other Prob-
lem Soils of the Tropics-Volume ll-lnstruction
Manual (Latérites, sols latéritiques, et autres sols
difficiles des tropiques-Volume ll- Manuel
d'instruction) (USAID 1975). Ce livre donne des
informations sur des spécifications acceptables
pour la construction de chaussées et de cou-
ches de base en graviers latéritiques. Ces spé-
cifications permettent d'utiliser des matériaux
qui seraient inacceptables si on appliquait les
normes du texte choisi no.4.

Une méthode pour déterminer I'indice portant
californien CBR d'un matériau extrait d'un lieu
d'emprunt spécifique, est illustrée. Une méthode
qui permet de modifier I'indice CBR pour repro-

duire les conditions de pluviosité réelle, est pré-
sentée. Des méthodes d'excavation de lieux
d'emprunt sont discutées. Les procédés de
compaction qui doivent être utilisés pour les
graviers latéritiques sont representés. Cette
question est d'ailleurs traitée en détail dans le
chapitre 12, volume '1 du même livre (voir biblio-
graphie, référence'14).

Le huitième texte, Blading Aggregate Surfa-
ces (Le nivellement des chaussées en agrégats)
est un livret d'instruction publié par le National
Association of County Engineers en '1974. Ce
même texte est traduit en espagnol par USAID
(voir bibliographie, référence'1 B).

Les agrégats sont des sols grossiers, ou
grains minéraux. Toutes les sortes de gravier
dont nous avons parlé dans ce recueil tombent
dans cette catégorie. Différentes sortes d'engins



The eighth IexI, Blading Aggregafe Surfaces,
is a training guide published by the National As-
sociation of County Engineers (1974). This same
text is also published in Spanish by USAID (see
bibliography, Ref. 18)

Aggregates are coarse soils or mineral parti-
cles. All of the gravels previously discussed in
this compendium fall into this classification. Dif-
ferent kinds of equipment can be used to main-
tain gravel roads. Very low-volume roads can
and are being maintained by hand labor using
picks, shovels, baskets, and brooms. The most
common equipment used, however, is the motor-
ized road grader.

Smoothing or reshaping activities may be re-
quired to maintain gravel road surfaces and
shoulders. Smoothing the surface is done by
dragging. The moldboard of the motor grader is
tipped forward to produce a dragging rather
than a cutting action. lf the smoothing is to be
done when the road is dry, care must be taken
not to cut too deeply or the hard crust will be dis-
turbed.

Reshaping involves remixing the aggregate
base to get a proper blend of fines and different
size aggregates and blading this blended mate-
rial into a properly crowned road surface. Addi-
tional aggregates or fines may have to be added
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palas, cestones y escobas. Sin embargo, el
equipo más utilizado es la motoniveladora.

Las operaciones de alisado y reperfilado
pueden ser necesarias en el mantenimiento de
superficies y arcenes de grava. El alisado de la
superficie se realiza por arrastre. La orejera de
la niveladora se inclina hacia adelante para
arrastrar envez de cortar. Si el alisado se realiza
cuando el camino está seco, se debe tener cui-
dado de no alterar la capa dura con un corte
demasiado profundo.

El reperfilado consiste en remezclar la base
de agregado para obtener una combinación co-
rrecta de finos y distintos tamaños de agrega-
dos y cuchillar este material combinado para
formar una superficie con un bombeo correcto.
Puede resultar necesario añadir agregados o
finos adicionales en los lugares fragosos y áreas

erosionadas por el agua. Las áreas de capa
dura que siguen intactas deberán ser quebra-
das durante el remezclado con la cuchilla o los
dientes del escarificador de la niveladora. El re-
perfilado de un camino seco requiere la adición
de agua.

Este texto conslste en un manual de instruc-
ciones que incluye el trabajo con cuchilla, bajo
condiciones especiales tales como (a) en la in-
tersección de caminos con superficies de ag-
regado, (b) en la intersección de un camino con
superficie de agregado y un camino pavimen-
tado, (c) donde el camino cruza vías de fer-
rocarril, (d) donde cruza puentes, (e) en la inter-
sección de un camino y una vía de acceso, (f)
en la cumbre de una colina (cresta), (g) en el
fondo de valles (combas), y (h) en caminos con
curvas. Se puede obtener un conocimiento

peuvent être utilisés pour entretenir les routes en
gravier. Les routes à très basse circulation peu-
vent être entretenues manuellement avec des
pics, des pelles, des paniers et des balais. La
plupart du temps on utilise des niveleuses au-
tomotrices.

L'entretien des surfaces gravelées peut de-
mander leur aplanissement ou leur reprofilage.
L'aplanissement de la surface se fait en baissant
le versoir de la niveleuse en avant, pour produire
une action de balayage plutot que d'entaille. Si
l'aplanissement est fait quand la route est sèche,
il faut faire très attention de ne pas racler trop
profondément pour ne pas endommager la
croûte dure.

Le reprofilage consiste à remélanger la base
d'agrégats, pour obtenir un mélange satisfaisant
de fines et d'agrégats de tailles différentes, et
ensuite à répandre ce mélange en prenant soin

de rétablir un bombement précis. ll se peut que
I'on ait à ajouter soit des agrégats, soit des fines,
aux endroits où la chaussée est raboteuse ou a
été érodée par l'eau. La croûte qui reste devra
être écrasée pendant les opérations de mé-
lange, soit avec la lame de la niveleuse, soìt
avec le scarificateur. Quand la route de terre est
sèche, le travail de reprofilage doit se faire avec
addition d'eau,

Ce texte est un manuel qui explique comment
se servir de la niveleuse pour exécuter des ma-
noeuvres spécialisées : (a) au croisement de
deux routes en agrégats, (b) au croisement
d'une route en agrégats et une route pavée, (c)
à un passage à niveau, (d) au croisement d'une
route et d'un pont, (e) au croisement d'une route
et d'une voie d'accès, (f) sur les crêtes, (g) au
fond des vallées, et (h) dans les routes à vira-
ges. En lisant ce manuel en même temps que le



to the road surface in rough spots or washed-out
areas. The crust that still remains must be bro-
ken up during remixing, either with the grader
blade or the scarifier teeth on the grader. A dry
road cannot be reshaped without adding water.

This text is a how{o-do-it manual that includes
blading under special road conditions, such as
(a) the intersection of aggregate surface roads,
(b) the intersection of aggregate surfaced and
paved roads, (c) roads crossing railroad tracks,
(d) roads crossing bridges, (e) at driveways, (f)
on hilltops (crests), (g) at the bottom of valleys
(sags), and (h) curved roads. A comprehensive
knowledge of motor-grader operation can be
gained by reading this manual in conjunction
with Selected Text No. 4, Grading lllustrated, in
Compendium 5, Æoadside Drainage.

The ninth IexI, Crown on Soil-Aggregate
,9oads, is a report that was published in High-
way Research Record 97 (Highway Research
Board, 1965). lt discusses the problem of pot-
holes on gravel roads.

Potholes are more likely to appear on gravel
roads with flatter crown slopes than on those
with steeper cross slopes. They are usually more
severe on flat, longitudinal grades. This study
explored the relationships between (a)the sever-
ity of potholing and crown slope and (b) pothol-
ing severity and the resultant of the crown slope
and longitudinal grade, lt concludes that pothol-
ing is a function of the resultant of the crown
slope and the longitudinal grade. The maximum
resultant slope, though less than an ideal design
characteristic, may be useful as a guide in
selecting the minimum tolerable crown. Figures
are presented that provide a guide to (a) the
selection of the lowest maximum resultant slope
for an acceptable risk of potholing and (b) the
determination of the minimum crown to produce
this resultant slope for various longitudinal
grades.

This study also indicates that grader operators
shaping roads by eye in sidehill terrain tend to
tilt the crown in a downhill direction. This

completo de la operación de motonivelación
leyendo este manual junto con el texto selec-
cionado N0 4. Grading lllustrated (Nivelación,
llustrada), del Compendio 5, Roadside Drainage
(Drenaje del borde de la carretera).

El noveno texlo, Crown on Soil-Aggregate
Roads (El bombeo en caminos de suelo-
agregado), es un informe que fué publicado en
Highway Research Record 97 (Archivo de ln-
vestigaciones Viales 91, HRB, 1965). Habla
sobre el problema de baches en los camtnos de
grava.

Es más probable que los baches aparezcan
en los caminos de grava con poca pendiente en
el bombeo, que en aquellos con pendientes

transversales más empinadas. Generalmente
son peores en las pendientes longitudinales
chatas o casi chatas. Este estudio explora la re-
Iación entre (a) la formación de baches y la
pendiente del bombeo y (b) la formación de ba-
ches y el resultante de la pendiente del bombeo
y la pendiente longitudinal. Se llega a la conclu-
sión de que la formación de baches es una fun-
ción del resultante de la pendiente del bom-
beo y la pendiente longitudinal. La "pendiente
resultante máxima" puede ser útll como guía en
la selección del bombeo mínimo aceptable aún
cuando no es una característica ideal de diseño.
Se presentan figuras que proporcionan una guía
para (a) la selección de la "pendiente resultante
máxima" más baja para un riesgo aceptable de
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texte choisi no. 4, Grading lllustrated, Recueìl
no. 5, on obtiendra une solide connaissance de
la manoeuvre de la niveleuse automotrice.

Le neuvième texte s'intitule . Crown on Soil-
Aggregate Roads (Le bombement des routes en
agrégats) et a été publié dans le Highway Re-
search Record 97, (Highway Research Board
1965). Le problème des nids de poules dans les
routes de graveleux en forme le thème.

Les nids de poule ont tendance à apparaître
plus souvent sur les routes de graveleux dont le
bombement est moins accentué, que sur celles
dont la pente transversale est de forte inclinai-
son. lls sont d'ordinaire, beaucoup plus impor-

tants, quand la pente longitudinale est plate, ou
presque plate. Ce texte de recherches explore
le rapport entre (a) I'importance des nids de
poule et Ie profil en travers et (b) la sévérité des
nids de poule et la résultante du profil en travers
et de la pente longitudinale. En conclusion, il est
déterminé que le phénomène de la formation
des nids de poule est fonction de la résultante
du profil en travers et de la pente longitudinale.
Le calcul de la pente maximale résultante, bien
que n'étant pas l'outil idéal, peut être utile quand
on doit décider le bombement minimum toléra-
ble. Des figures, qui indiquent (a) le choix de la
plus basse pente maximale résultante par rap-



phenomenon ¡s probably due to the driver's
misconception of the true vertical plane. A prac-
tical implication of this misconception is a less-
than-desired crown slope on the uphill side of
the road that increases the chances of potholing
on that side. Sidehill locations should be
checked for proper crown slope during grading
and shaping operations.

Bibliography
The selected texts are followed by a brief bib-

liography containing reference data and

abstracts for 19 publications. The first nine de-
scribe the selected texts. The other 10 describe
publications related to the selected texts. Al-
though there are many articles, reports, and
books that could be listed, it is not the purpose
of this bibliography to contain all possible refer-
ences related to the subject of this compendium.
The 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 lìmit for this
compendium.

formación de baches, y (b) la determinación del
bombeo mínimo para producir esta pendiente
resultante para varias pendientes longitudinales.

El estudio también indica que los operadores
de niveladoras que hacen la conformación de
los caminos a ojo en las laderas de colinas tien-
den a inclinar el bombeo cuesta abajo. Este
fenómeno se debe probablemente a un con-
cepto erróneo del plano vertical verdadero por
parte del que maneja. Un resultado de este
concepto erróneo es una pendiente de bombeo
más empinada de la deseada sobre el costado
ascendente del camino, que aumenta las
posibilidades de baches sobre ese lado. El

trabajo en las laderas de colinas deberá re-
visarse para producir una pendiente de bombeo
correcta durante las operaciones de nivelaciÓn y
conformación.

Bibliografía
Se sigue a los textos seleccionados con una
breve bibliografía que contiene datos de re-
ferencia y abstractos para 19 publicaciones. Los
primeros nueve describen los textos selec-
cionados. Los otros diez describen las pub-
licaciones que se relacionan con los textos
seleccionados, Aunque hay muchos artículos,
informes, y libros que podrían ser nombrados,
no es el propósito de esta bibliografía contener
todas las posibles referencias que se relacionen
con el tema de este compendio. La bibliografía
contiene únicamente aquellas publicaciones
básicas que hubieran sido seleccionadas si no
hubiera un límite al número de páginas en este
compendio,

port à un risque acceptable de formation de
nids de poule et (b) la détermination du bom-
bement minimum qui produira cette pente résul-
tante pour des pentes longitudinales variées,
sont incluses.

Il est aussi remarqué que les conducteurs de
niveleuses, quand ils font le reprofilage "à I'oeil",
sur un terrain à flanc de colline, ont tendance à
bomber la route vers le bas. Ce phénomène est
probablement causé par le fait que la topogra-
phie influence la conception de la verticale et de
l'horizontale du conducteur. Le résultat pratique
de cette conception erronée, est un bombement
moins que désirable du côté colline, qui entraine
à sa suite le risque de formation de nids de
poule. Dans ce cas particulier, on devra donc
vérifier le profil en travers durant les opérations
de nivelage et de reprofilage.

Bibliographie
Les textes choisis sont suivis d'une brève biblio-
graphie, contenant des données de références
et des analyses de 19 publications. Les neuf
premières décrivent les textes choisis. Les au-
tres dix décrivent des publications apparentées
au thème des textes choisis. Bien qu'il y ait
beaucoup d'autres articles, rapports et Iivres,
qui pourraient être inclus, l'objectifs de cette bi-
bliographie n'est pas d'énumérer toutes les réfé-
rences possibles ayant rapport au sujet de ce
recueil, Donc, cette bibliographie, telle qu'elle,
se rapporte seulement aux publications dont
nous avons choisi des extraits, ou aux textes de
base que nous aurions choisis aussi, s'il n'y avait
pas de limites quant au nombre de pages de ce
recueil.



Selected Texts
This section of the compendium contains
selected pages from each text that is listed in
the table of contents. Rectangular frames are
used to enclose pages that have been
reproduced from the original publication. Some
of the original pages have been reduced in size
to fit inside the frames. No other changes have
been made in the original material except for the
insertion of occasional explanatory notes. Thus,
any errors that existed in the selected text have
been reproduced in the compendium itself.

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

compendium are outside the frames and appear
in the middle left or middle right outside margins
of the pages. Page numbers that are given in the
table of contents and in the index refer to the
compendium page numbers.

Each text begins with one or more pages of
introductory 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 the original document appear in the

Textos selecc¡onados
Esta seccìón del compendio contiene páginas
seleccionadas de los textos catalogados en la
tabla de materias. Se utilizan recuadros rectan-
gulares para encerrar las páginas que han srdo
reproducidas de la publicación original, Algunas
de las páginas originales han sido reducidas
para entrar en los recuadros. No se han hecho
ningunos otros cambios en el material original
exceptuando algunas notas aclaradoras que de
vez en cuando han sido agregadas. De esta
forma, cualquier error que hubiera existido en el
texto seleccionado ha sido reproducido en el
compendio mismo,

Los números de página del texto original apa-

recen dentro de los recuadros. Los números de
página para el compendio están fuera de los re-
cuadros y aparecen en el centro del márg en iz-
quierdo o derecho de cada página. Los núme-
ros de página que se dan en el índice del com-
pendio se refieren a los del compendio.

Cada texto comienza con una o más páginas
de material de introducción que contenía la pu-
blicación orìginal. Este material generalmente
incluye una página título, un índice, o ambos.
Los asteriscos que han sido agregados al índice
original significan lo siguiente:

*Algunas páginas (o partes de página) en
esta parte del documento original aparecen

Textes choisis
Cette partie du recueil contient les sections ex-
traites des publications indiquées à la table des
matières. Les pages du texte original qui sont
reproduites, sont entourées d'un encadrement
rectangulaire. Certaines pages ont dû être rédui-
tes pour pouvoir être placées dans l'encadre-
ment. Le texte original n'a pas été changé
sauf pour quelques explications qui ont été
insérées. Donc, si le texte original contient des
erreurs, elles sont reproduites dans le recueil.

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

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

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

"Certaines pages, ou portions des pages,
dans cet extrait du document original sont



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

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

The selected texts therefore include only those
parts of the original documents that are

preceded by asterisks in the tables of contents
of the respective publications.

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

en el texto seleccionado, pero otras páginas
(o partes de página) en esta parte de la pu-
blicación original han sido omrtidas,

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

Por lo tanto, los textos seleccionados única-
mente incluyen aquellas partes de los documen-
tos originales que están precedidas por asteris-

cos en el índice de las publicaciones respecti-
VAS.

Líneas de guiones cruzando cualquier página
del texto seleccionado significan que en ese
lugar se ha omitido texto original. En varios luga-
res el texto seleccionado contiene notas aclara-
doras que han sido introducidas por el personal
del proyecto. Tales notas están insertadas en
recuadros de guiones y comienzan con la pala-
bra NOTE.

incluses dans les textes choisis, mais d'au-
tres pages (ou portion de pages) de l'édi-
tion originale ont été omises.

**Toutes les pages dans cet extrait du docu-
ment original sont incluses dans les textes
choisis.

Les textes choisis, donc, incluent seulement
ces extraits des documents originaux qui sont

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

Les lignes brisées sur les pages des textes
choisis indiquent les endroits où le texte original
a été omis. A certains endroits, les textes choisis
contiennent des explications qui ont été
insérées par notre personnel. Ces explications
sont entourées d'un encadrement en pointillé, et
commencent toujours par le mot NOTE.
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Lot{-cosT no.',Ds

By E. F" Keil.ey!/

Fcr present:tion at Second ¿innuaL Highway Conference
Virglnia l{ilit,ary Instlture

llc¡vember I3, 19/.8

Lcw-ccst roads have been dÍscussed so exh¡ustfvely durin¿3

recent yelrs thlt it is difficult to apprcach the subjact from

a new anglc and to say anythin¿ that is essentiatly different
fron what alre:Cy has been saiC repcatedly. So much has been

sald, and so convincin6ly, thrt nany people interested in hlgh-

ray construcÈiCIn believe that there actually are such things

as low-cosÈ roacis,

Tt¡e cost of a road Lnclurles ncre than the nere cost cf con-

str'uction. rt incLudes alsc the cost of maintenance. uhen wc

adC th¿ twc tcgether we get the true ccsÈ of the roacl. Costs

are relatlvc and no one has given any adequeüe idca cf the ¡¡ax-

lnur¡ number of dol-lars which c¿n be spent for a road which is
in the Iow-ccst c1ess. tie have high-type expensive roacls; we

have intermediate-type ruads which ¡re less expensive; and we

h¡ve low-type rosds which arù thù 1cast expensive. But, in
terms cf thc dc¡Ìrrrs which n:u:ìt be sFcnt for thc construction
and n'lintenance cf roeds r.¡hich v¿ill scrve the traffic adequatery

under aII r¡eather c¡¡¡dit,ions, r*e have hc lorv-cost roads.

V Chicf, Divlsicn of Physicrl Rescuch, public Rcads ,.dm.
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Excludcd fror:r this discussion r.rc the rosds which cost lÍtlle

to bulld but rvhich are very cxpenslvc to ¡¡aintrln Ín .1 setlsfac-

tory condlticn if, in f:rc!, lt is cvcn Possiblc to givc thcn srt-
isfactory n¡int¿nancc. Such ro¡ds frcqucntly rrc irnpassrble 1n

thc early spring, cspacially if the winter hrs bccn sevcrc, and

thc annual naintcn¡ncc ¡::y involvc whlt .rnounÈs alnost t<¡ annusl

reeonstruction. Such ro¡.ds ere cherp ro.:ds in tcr:ns of lnitl¡I
cost but thcy ere not lou-cost roads ln ùc¡r¡s of total cost, which

fncludes n1Íntcnancc.

If, ln f,rct, thcre .1rle no low-cost rolds, wh¡t do ¡te mean

lhen we use' that tr3r'nr llost of us :¡re guilty, aù onc tine or

another, of using a loosu tenrineLogy which convoys our iders to

those who think in thc sano terns but which 1s not clcar, or nay

even be unintelliglble, to those who lre not so f¡.r¡ilfar with tha

subject. Evcry tr¡io :nd evory profession has its Jergon which

f.s undcrstood perfcctly by the inithtc but which ls ncaningless,

er convcys thc ¡¡rong nc:nÍng, Èo othcrs. Highway ongS.nocré aro

no exception and whcn thcy spcnk of low-cost rords ¡nost of them

are really thinlclng of ror.ds for light tr.:ffic. Roeds for ltght
traffic, sonct,i::r¡.rs c:Ilcd sccondr.ry ro'rds or fsm-to-n:rrket roads,

are the subjcct of tiris Ciscussion.

these ro:ds :rre of gr\,¡1t inportrnce 1n our trsnsportsÈion

system and thcy tirr! bo uxpccÈ'rd to incrsasc in inportrncc in the

futurc. Grclto'r service will bc denandcd of thor¡ :¡s thc consoli-

datlon of rural schools continu¿s and a furthcr load will be

placcd on thc¡n by thc dccentralized industrializetion of rural
aroas whtch will rc,2rrirs Èhc workcr to usc thc;r for his dri).y

travel to and fron thc nlII or f.rctory.
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It, has bcen srld rcpcatcdly, but lt cannot be s.rld too often,

that soll is thc found:tion of thc road nnd as such Ls thc nost

lnportsnt constiiuunt of thc ro¡d structurc. rf thc found:.,ion

falls ths ro:d f.rirs. ¡rso soil is th: most connonry uscrl of
roed-bullding nraterials. soil rnaterilrs such as gr:vcr, sand and

the finc-gr:inrd silts:nd cr:rys erc used ln o¡irb,rnkncnts, ln basc

coursos and, in tho lowcst-typc roads, in surflco courses. Tt¡ere-

fore, e knov;Lecgc o.1 soil cl¡:ractcrÍstics, md thc apprication of
this knowlcdge ln highvray construction, is csscntial.

Thç developncnt of cur knowledge of soirs to thc point rhere
It has a practic¡:I value in its ap¡rlic:rtion to highl*ay construe-

tion ls of conplrativery rccent dato. rt is intcresting to re-
caLr that onry twenty ycers ago highway cngineers kncw prrcticarry
nothing of t,he erq¡ineering properties of sofrs and, noreover, ver?

few evidenced any great concern about this ¡rost lmportant ro¡d-
bulrding naterial. The gc'ncrlr attituclc at that tine was.that we

must take vrhlt nrture has given us, whether good or bad, and that
any cffort to inprovo b:d, conditions r,r.f,s hopelcss. Now it shourd

be rccognlzed ¿hat thc situltion h:s ch:rngod coiapletery. Highway

engineers have avair¡.brc a fund of infomation concerning solls
uhlch, lf utilized, wir). gre:ry 5.raprove the quality of highwey

construction and lowir the urtir.:atc cost. Thcrc ¡re stiLl those

ln tho highway cnginccring profession who rcfuso to concorn them-

sorves seriousry with the ¡¡ost effcctlve utlriz..tion of soils
gnd who apFear to bc lndiffer¿nt to th¿ adv:ntages to bo gaincd by
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pu¡tlng lnto pr-..ctlcc tho knowl,dgo rhich has bcon drvclopcd.

thcsc engl.nccrs ar¿ norr ln ths ninorlty and thoir nunbcrs are

dwindlfng rlpidly ¡.s thc knowlcdge of soll.s beeorncs nrorc wltlely

dlsseminrtcd. It is noü toc nuch to say thrt tod:y thc highway

cnginccr who attcnpts to build roads wfthout -cutting into practice

the cxistlng knowleCgc of soils is inviting f:ilures which could

be avoidcd. Such f¡ilurcs incro:se ultinste costs by lncre'rsing

the c.xpenditurcs requircd for ¡¡ainLcfií¡rrcc or roconstructÍon.

In this conncciion it is intcrcstl.ng to rcca1l an cxpcrJ.-

mental road which was constructl,d ¡bout 20 yclrs ego by onc of
the State highla¡' depr.rtncnts in coopcration with thr¡ Public Roads

¡idminis¿ration. l\vo typcs of bcse-coursc naterial wcre obtaini:d

fron locrl dcposits ancì v;crc placed on ths cxisting roa.d bcd.

Onc of then provcd to bc good ¡,nd the othur ono poor. Àt the tl¡¡c

of this consÈruction we kncw pru.ctically nothinü about soils and

how their characteristlcs affect thulr pcrforn.lnca in ro:rd bascs.

Howcver, during thc ncxt fcr* yc:.rs a grelt dcal of inforr,rrtÍon on

this subjcct w1s dcvclopcrl. Beforc thc cxpcrincnt wrs concludod

It h:ld bccn d.¡tcrnin¿d th:t thc inportcd b:se-coursc naterial
uhich Eavc pcor servicc w;rs :ctu:rlly infcrior to thc natcrial
which cxist:d in thc ori6in:I ro.rC bsd. Bcc¡-rusc of ignorrnce of
thc facts th:t rsc h:ve now¡ th- cxpcnditur,: for this base-coürse

eatùrial h:d buun 1 ùrestc of noncy.
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ns has becn srfd, c. useful knowlcdge of the engincurJ.ng pro-

pertlús of solls ;s .:p.:Il;d to highwîy consgructfon hes becn de-

volopud durtng thc p.ls¿ twcnty !ûâDSr Thc Public Roads ¿idninls-

tration takcs priCc in h:ving bc¿n I pionocr ln this Ccvelopnrcnt

rork. Uhen it w4s sÈ¡.rt.td thcrc wûro nany who werc crltlcal or

contsnptuous of srrch rcscrch ¡vork on thc ground that it w1s a

r3stc of gine ud noney tc cngl:c ln :.n undert¡klng from which lt
was hopclcss to .Jxpùct useful rcsults. as thc work progrcssed

ard lt becane ap::..i¡rsnt th.rt there was something ln this new J.dea,

Ít was trkon up, first by onc Stetc hlghway dcpartmcnt, and thon

by anothcr ,:¡rd another ln rapid succcsslon. /lnd cvery St¡te
which unciertook to ap¡>Iy the principlcs of soiL scicncc to blgh-

ray construction rdd¡d to our storù of infornation bce.:usc, aftcr
all, solls cnglnccring ts not an cxact sclonce .?ny norc than is
eny oth...r br.rnch of cnglnecrihg. ft is an art ln which certain

scientlfic prlnciples erc epplÍccl to practical cnglncering pro-

blens end the tinnits of appLication arc dctcrnincd by e*perionco.

thc norc thcre is of cx-:criencc, thc'nore infornn:rtion we h:rve re-

6arding thc practical appllc:.tlon of uhe scicntific principlcs
¡nd thc linit,s within which thcy nay bc .ap¡:Iicd.

Today overï Str¡e highv;ay dep:rtnen¿ in the United Staues,

to a greatcr or lesser Cegro'c, is making some usc of soils engi-

noering in lts construction work and is obsorvlng the results.
Every road th¡t ls bultÈ to cmbody cerÈain principlos of deslgn

ts, in cffect, an expcrioental road if thu facrs c.re observed

tnd recorded for fuÈurc usc.
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From thls vÍ:wpoint, ghû Unitcd Strtcs h:rs bcconc a v3sÙ labora-

tory ln which res¿erch work on soils 1s const'.nt}y in Progressr

thc conbln:d :.nj coopcretlvc t':ffort cf thc St-.te highlay

Ceprtn.:nts rnd th+ Pr¡blic Ro rds ^*ninistre¿lon hss dovclopcd

our presenb kno.¿¿l:cig:c of soiJs. .rs Ccnplrod with the siturtÍon

wlriCh .jxist.td cnly i fctr yu:lrs :5o, r grc:t :¡Cvtncemcnt has bcen

urde but lt shcuiC not ba inferrecl fron whet h:rs been said thet

we hlvc rolchccl or ËvÊn approrchcd th¿ ultinrte go:1. Fifty yelrs

fron now our succossors, fronn the v.rntage polnt of thcir superior

knowledger tr1y look b:c!i with wondcr at our groplngs fn thc dark.

Thc ressarch r.¡ork which h¡.s resultcd in such phcnoncnal Progress

Dust be continucj rnC sxtenclcd tf vtc .lrc to rnekc the ¡nost' cffec-

tive use of the noncT cxpcncicd for rold construction. Tl¡c VÍr-

ginie Dep.rrlnenÈ of äighlrys Ís ¿o bc corgr':tulrted on lts for-

¡rard-looking aotitucl¿ in naking prcvision for Lhc continution of

this resesrch.

SoiL nrterirls inclucìc, in thc duscending orcier of prrticle

size, grrvcl, s:.:rd, silt .rncl cI:ry. ¿1I ¡nlberials which vrill pass

the No. 2OO si.:vc (with si¿vc opcnings cf approrirnately 0.003

lnch) ney bc clrsso'J::s silÈ and cI:y. l.l::turi¡.ls rct^.incd on the

l{o. 200 si.¡ve ,¡re clrss¿d es send :¡nd ;rlvcL. Soils r:ngc in

cherrcter frcm gr^.nu.L.:,r :;¡ttcri.:ls, i.n which grrvel and s¡.nd pre-

Conin:Èe, to Èh; finc-¿rrined ¡rirsLic solls in v.'hich silt rnC

elay predoninrtc. Thc Brrnul.lr t,tntcrÍr.ls rrc the bcst for rord-

buildin.g purposcs. thc finc-graincC silt-clry soils 3rü Icss de-

eirabl.e :,nd sc¡rc of thc hec,vy cl.ays 'rrs so poor th:rt thcir
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use should bc :rvoided if posslblc. Frequently thcir usc cannot

be rvoLdcd rnd dcpunci..rrcú musù bu plrccd on the rcsults of pesi

rescarch to Ínsurc th':Ë th; b-st results possibLc wlII be ob-

tainod.

Early in its rcscLrch work on soils the'Public Roacls ..cl¡nin-

istraü1on duvclop.d r clnssificltion of soils .¡hich h.rs b.rsn

rrtdcly uscC by thc Starc highway dcprrtments. In this clrssifi-
cation the soÍIs wcre diviCud, on thc b...sis cf thcir physicel

propertÍcs, into the ¡lore important groups. I.forc rseently thc

llighway Reserch Bæ. rd hrs adoptccl r simplificd and i.mprovcd

classification which, cssi:ntially, is a rcvision of thc origÍnel
Public Ro.rds classlfication. In the ncw classificetion thc soils
aro divided up lntc ¡ nunber of groups cntirery on thc brsis of
grr.ding, liquid limit enc plasuicity indcx. Tt¡c crassifÍcetlon
of a soll by this or eny other mcthod rlocs not givc thc final
answer by any ;'leans but Ít is a vcry uscfur toor for the higl¡way

engineer.

For highwlJ' constructii¡n in general th; most inpcrtnnt pro-

Perüles of a soil:¡rc ius sizu- grlciing, its plasiiclty lnd its
optimun moisturc contc¡lt.

Thc conplctu size gr.:ding of a soil may bc dcter:ninccl by

sieve anaJ.ysis of th.; co::rscr frrction i'.nd hycrorîcter analysis of
thi¡ finer frrcticn. Tliv hydroxxûÈer en.rlysis is a sedinentation
test by ncans of rhich it, 1s possibre to deterninc thc gr:in size
of t'he soil particles down ¿o Èhosc of microscopic sizs, r¿s

value lles 1n rhc f.rcr that by Lrs use lt ls possiblo to extcnd

thc grldlng anerysis through th., fi ns sizus and detominc the
pcrcentage of slrt and the pcrccntego of clay. Therg are tines

11
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when this lnf¡nr¡.ticn ts irnporÈ.:nt. lJhen thu seplÌrtlon of

thu sllt and cl:y fr.:ctions ts not lnporÈ'rnt, thc grrdlng nay

bc Ceter¡nined ;¡rtir:ly by sieve an:J.ysis' In thls crsc the

chlrlcter.¡f th* finc frrction is Jud6ud by thc results cf the

pl:rsuicity ttsts.
the plastic pr:peruics of "- soiJ.:ìre ¡¡ùasurcd by the llguid

Ilmit, the plastic linit and tÌ¡¡; pto"t,i.\rindêx. ilithous bccom-

lng too technic:l vrc ¡Ì!iì.y dufine thc lf;uid llmit :s th¡.t mols-

ture contcnù at which thc soil i.s on the dividing line bctween

the J.lgutd and the scn¡l-solid st3te. t{hen lt ls ln the semi-

solld state lt is pJ.lstic. Thc plastlc llnit is the moisture

contsnt at Ìrhich the scil is on the divlding linc betr*Een the

scnri-solicl and thc scl-id st?tc. thc pf""ay'Indcx is thu dif-
fercnce bctwecn thesJ twc ¡tols;urc contents lnd dofines the

noisturc rangc within which th¿ soil is in thc sirrni-solid st¡te

and ls ln a plastic condition.

¿ knowledge of thc optinur¿ ¡ltoisture conÈcnt is impcrtsnt

ln aII types of construction which involvc the consolidrtion

or dcnsification of soll rneteriels. Tlris is becausc the sta-

blllt,y ¡f a scil n?.s¡s, or lts:rbility to support lords, is
depcndent ln l grcrü degrcc on Lts dcnsÍty. For a ¿iven anount

cf conplcÈive cffcrt thc dcnsity cf a cons¡.rlid.rted soil is dc-

pondcnt on j.Ès n¡cisture cont'lnt. .is the nolsture cont¿nt 1s

lncrcased the density lncrcasrjs to 'r nrxinu¡n nncl thcn docrcascs

ulth fur¡hor increascs ln nois¿urc. the nofsture conten0 at
oaxfunu¡n density ls eaLleC the optlnun ¡noLsturc rnd tt ls htghly
luportarrt to ccnprct enbenkscnts rnd b¡se courses 1¿ ,r nolsturc
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ccn¿ent wlrich is 'rt or nclr this o¡timum. .'. scil mrss of high

density fs nuch nor¿ r;slst,1nt to the action of wntcr than is
one of low densiüy rnd f:llure to cbtaÍn the ¡naximun d.rnsity

that is pr:'.ctic'¡blc with the type of conprctlng equipraent used

ney tnean the dif¡'*r.;ncc between succëss or faflure of thc con-

ttruction. The optlmrrn molst'¡re of .a givcn soil is dcpendent

on thc anount of coinpectivc effort cx;'cnded ln its consolldation.

.r high ccnpactive cfforù rüsults in a highcr d..¡nsity and a

lower optinum mcisturc conçent than docs a lcsser compactive

efforÈ. therefore, on e glvcn Job the optfunun ¡noisiure end

naximu¡n density ar.i dc-'andent on th¿ soil itsclf :nd on the

type of compacting cqriiprncnt and the nanner or anount of its
usc.

ÎÌre pcrf.rr¡ance of the ra¿hcr slritple iests bhat have been

described Ís nct sFJct3culer and the soils engineors who con-

duct then trc sometincs accused, facetious).y or othemisc, óf

playing wítþ mudpies. Ncv,:rtht¡less, they are important sÍnce

the success of the work nry be de¡cndent on thc¡n.

Thc for':going discussion hls b¡cn preliminary to a consid-

eraÈion of sc¡nc of thc.rrinci¡l¡:s which should bc obscrvcd in

the construction of ro.rds for llght tr-.ffic. Except as they

purtain psrticui¡rly to low-type surf¿ces, Èhcsc principlos

are equrlly lpplicrbic tr the construction of roads for heavy

traffic. H,¡wever, they are s;ocially importe.nt, ln the case of
lfght-tr.rffic roads sincc th¿ lower types of consÈruction, such

as surface-trertcd 5rrvel ro:ids, do rrot h¡rve as grcat an abil.ity
to resist tha dctrirn;nt:l and destructlve effocts of ¡'oor

13
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eubgradc or found¡ti:n conCitions rs do concrc¡e pavorncnts.

concr¡¡te plvindng wiüi¡ lts hÍgh bean strength, nay function

in a rersonably srtisf'rctJry nlnnÈr on an unst,rble subSrede

wherc¿s on th; srnu subgrede I grtvel surfnce vhÍch is lacking

ln br;'un strengÈh, woulC f.ril ccmpletcly.

The n¡turrl undisturbcd soils upon wlrich fills 1F€ con-

structcd rcquirc somc cùnsldcr¡tlon although thÍs is :r fect
whlch ls sometincs ovcrlockcd. If the foundabion soil under

the fill ls too weak tc support thc load ft wilt be dlspleced

by the supt:rinposed wclght and thc enbs,nknent wlll f ail by sub-

sidence. llith ordin::ry soiLs :nd fiils that :re not €ixcessively

htgh this is nr¡t guncrelly a problem of grclt inportLnce. llow-

eycr, when filis are to be built across peat bogs or through

Ew¡npy areils ¡r when th¿ fill is to be ¡f unusual ireight lt docs

presant a prcblem which should be given c¡rcful sturly. ¡r de-

teiled considernticn :f this subject is beyound the scope of
this discussion. rt is sufficicnt here to point, out that uncler

certafn r¡th:r sSecia]. conditions fills shculd not be built
rlthout a car¿fuL ¡rellninuy invcstigatlon of th,; fourdatlon upon

which th, fill wiLL r-st.
rn thc ecnstructicn of t'h.¡ firr itsel.f tho tmportrnco of

ComP€ìctin¿ th,: s.ril to ;'¡.1x1¡¡r¡¡ densit,¡' 'rt o¡r¡i¡¡¡rn ucisturc con-

tent has llruady beon ncntlon;d. .ldoqurbc ccmFrction is irnpor-

tant in rll fllls but iL is n:re importrnt, in high fills th.rn

ln low onos because th.: fsiluros which rrry oÈh:rwisc result are

ltkcry to be m,Jrc s.,lvirc and nore costry to repalr. Thc prccc-

dure, oncc prcvrlent, of but).dln6 filts by cnd dumping is no



Compendium 7 Text 1

-u-
lorç.cr considered ¿:od practice. Inst,e¡d of this the soil

shculd bc sprerrl ln rclrtively thin layers which will give a

compacÈed thickness '.rf thc generel order of ó inches :rnd erch

layer should bc thorcu¡hl¡r comp¡cted before the succeeding

layer is pl:ced. the type of roller used for complcticn is

not Lnpor0:rnt if the deslred density is obtained. Depending

on clrcumst:,nces, sheepsfoot t3Í¡pin6 rolJ.ers, rubber-tired

robble-wheel rol¡ers, or s¡¡ccth-face s¿eel rollers nay be used.

Satisfictory densities nay also be obtaincd with the earth-

haultng equipnent usecl on the Job. Hbweverr it is dlfftcult to

control the unifor:nity of oper.rtion of such equiPnent over the

area to be ccmpacted end the rcsult rnay be a I'ack of unlformity

in the density ,.¡f the finished enbankr,¡ent.

In adCition to ühe improved emb.ankmcnt structure whlch re-

sults fro¡¡ the compection of filis, there is an lr¡mediate Practi-
cal benefit tc tho c¡ntnctor. Compacted soils sre resist.'.nt

to the rbsorpticn ¡f wr¿er with the resuLt th.rL there is less

delay ln constructicn opûrations bccauge of nuddy ccnCitlons

following nins.
The grldinß of l hi¡hway usually involves the construcÈion

of a succession cf cuts '¡d fills. If it wcre not for the cuts

through hills or alon¡. hillsides r,rany cf our tr.¡ubles with solls

uould not develop. Howevcr, in a cu¿ of any depth the grede

Iinc nay inÈersect a nunbcr of layers of the soil proflle and

the lower laycrs of soil, beln6: less weathered than the uPper

leyers, r¡rÊ frequently loss suitrble as road-buildlng nrterials.
Sonetlncs thc soll trk,ln from the bot¿on of a cut is so poor

that 1t sh':uld be w.:sted. In other e3ses the pooror natcriaL

15
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fron the bottom of tht¡ cug fs suit,¡b1e for use Ín the lower

portion rf ¡ flli but not fn the top porticn. In still other

cases all of ths mr0¿rial taken fron a cut 1s of good qu.rltty

and nay be used in fill ccnstruction wiih.rut any special pre-

cautlons. t,'hen filis are construcLed of the meterirls taken

fron cuts which very in quellty from top to bottom, nornrl con-

Etruction operaticns n,.ry resuLb in the placernent of the best

naterlal in the bctt,¡n ¡f th¿ filr nnd the poorest materia.I on

top, whlch is the revÉrse of the order of placement which is
desirabre. Ttris sh:uld be avoided to thc extent, necessary and

practicable and thc better naüerials t.tken from the top of the

cut stored ln stockpiles for subsequent pllcenent in the upper

portion ¡f tl¡e fill-. The extent to which this is necessary is,
of course, dependent on ¡he charecter of the soil.

The naturll soil in its undisturbcd s¿a¿e in .: cut may have

less densfty than tl¡e slnilar soir which hrs been compected.in

the e.djacent fill. Iihcn this condition occurs the undisturbcd

soil ln Lhe cut wirl hrve lcss ability to support 1o¡ds than

dces the connprcted scil in the fiLr. This deficiency is fre-
quently corrcct¿d by rocseninq ùhu subgrade soir in the cut to
a dcpth of a f¡c¿ x r0)rr anrl reccnpacting it by ro).ring tJ nax-

lnum density :t Jptin,.m ncisture.
rn crirn:tes whcre Írcezin.". ternpcrrtures 3rc prevarent dur-

lng the r-int.jr selson, the so-carLcd frost bclrs ¡re a constant-
Iy rccurrln¡', source of troubLe anii cxpense unlcss positfve nelns

are taken to corrùct t:lù concliticms which prcduce the¡n. Dcpend-

lrçq upcn soll .-¡nd crimatic conditions, detrimcnbal frost ection
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nay result ln I diffcrentirl heaving of thc pavernent, sometimes

as nuch ss a fJrc, cr it nay result fn llttle noticeable change

in eLev.:tion cf t!ìrl pavcnenü. Thc dtfferential heaving may be

sJ severe as tc damÌ¡c thc pavement or rcsuit in a hazard tc

traffic. r.ihr,th.:r th¡rc is heavlng or not, the cnd result of

dctrimental frcst 3ct,i.rn is thc frost boil and this docs not

dcvelop until thc wcrther ¡ncCerates and the ground thaws. lt¡en

the sc¡il bcccnes såturabed with free uater whÍch ca¡¡¡rot escape

rapidly and th¿ resu1t.ls e soft ¡nud which cannot support

traffic, Frequcntly the road surf¡ce brerks up and the road

bccones impassrbl-e. It is r rnxtter of connon obscrvation that

these fr¡st boils are most llkely to dcveLop in cut scctions

although fill sectÍcns are n)t neccssarily lrunune to them. the

lnpassable sections cf rced which develop nay bc short but they

nay be sufficient t¡ rcndar tho entire highway unsuitable for
treffic for a pericd of several v¡eeks during the spring.

Dctrimental. fr¡si ecticn is usually associated with fine

sand and silt, 3lth)u6h lt rna¡¡ occur 1n the ccarser sands if
these 3rs nct dr:in¿C. thc h;,rrv¡' clays, cthertrise the poorest

¡naberiels f.:.r rold ccnsLructicn, arc not a cource of this type

of trouble.

In s ro¿d undcr ccnstruc¿ion, the danger of future frcst
boils mry b' ¡voiCoC by pru¡cr rt'".)ntion t¡ thu results of the

colI survey. Thc r¿curr.?nce of frost boils that develop ln roads

Ln servicc nay be 3ruvcntcd by rscrnstructi¡.rn :f thc offenCing

soction. For unCrllncd sand pockets which wouid oth.;¡'nise be

Satursted the rin¡cdy nry be dreine¡1e. H,lwcver, this eondition

ls thc oxception raÈher th.rn thr: rule enrl drainegc is gcnerally

17
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lneffectlve ln the very fine sands and sl).ty naterlalg. Her¡

the remedy ls cc remove the questlonable naterlaÌ and replace

lt wtth selected granular naterial or sandy soLl or to blanket

It with such rnaterial to a depth of at least two feet. lferely

to repair the surface of a road which has been damaged by frost
bolls i.s a wasie of ¡¡roney since the sane trouble is llkely to

recur the next year. The cause of the frost bolls should be

elfninated. the Virginia Departnent of ilighways ls alfve to
the importance of ghis problem and is engaged 1n an intensfve

ltudy of frost dannage and means for fr,s preventlon.

lhe subgrade of a highway na)' be deflned as the soll nater-

lal in the cut or fill that is beLow the level of the bottom

of the pavement structure. the pave¡nent on a light-traffic
road ls usualþ of the nonrigid type as, for exanple, a gravel

base course with a low-type bituninous wearing course such as

a surface treatrïent. For a pavenenü of thÍs character the

pavenent structure nay be considered t,o include the subbase,

lf one is used, the base course and the wearing ocürsê. The

preceding discussion has been concerned with subgrades. Atten-

tlon wlll now be given to the pavenent structure.
Tt¡e subbase Ís a foundation cowse piaced on the subgrade

to support the base course. Îl¡e need for this foundation snd

lts thickness are dependent on the r,ragnltude of the traffic
loads to be carried and on the character of the subgrade. Fre-

çrently a subbase ls not required. When required, it is con-

posed of selected soil naterial, preferably granular, which

ls superlor in supporting strength to the underrying subgrade

soil. rt serves to dlstrlbute the weight of traffic to the
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weaker soil which supports tt.

As has been said, the Jayenent on a low-traffic road us-

ually conslsts of a nonrigld base course and a bltuminous wear-

lng course. the base course for such a pavenent 1s built aI-
nost fnvariably of soil uuterials. 0n seconciary roads of the

least lnportance the bltr¡ninous surfaclng may be onltted, Ín

uhich case the base course does duty also as a surface or ì{êâr-

J.ng course. In some areas, nobably ln the southeastern States,

some of the natural top solls are sultable for use fn road bases

or gurfaces withouÈ ar¡y change in thelr conposltlon but thls
sltuatlon is the exce;otÍon rather ühan the rule. Generaily

speaking, even the best naÈerials tnat are availabla, suctr as

sands and gra{els, are lacking fn certain characteristlcs which

wllL insure thelr suability when used fn the road structure.

Frequently such naterials may be made suitable for use by blend-

lng other soil ¡naterials w'ith them. The process of productÉg a

Etab1e ¡nixture by co.¡bining in the proper proporgions coarse

and fÍne soil fracÈions of suitable quallty, without Èhe adr¿lx-

ture of any foreign Ðeterials, such as cement, asphalt or tar,
ls known as granular stabilization.

The pioneer investigations of the effect of the grading of
soil ¡¡aterials on tire performance of graveÌ, sand-clay and top-

soll roads were made nany years ago by Dr. C. l.f, Strahan of the

University of Georgia. the terrn rtstabilizationrr yras not applled

to road constructlon at that tir¡e.but the roads studied by

Dr. Strahan were actualLy of the granular-stabilized t¡rye and

as early as 1.917 he reconmended a size grading of soll naterlals
for tt¡e best roads of this class. 0f necessity, Dr. Strahants

19
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studles ¡rere confined to the effect of gradlng because other

algnlflcanÈ tests had not been developed. In 1922, he called

attentfon to the need for additlonal tests that would lndlcate

the phystcal properuies of the fine-grained binder material.

Now these tests are available and play an inportant part 1n

the selection of naterials for use in granular stabillzaÈion.

The years of research and practicaÌ experience that have

followed Dr. Strahanrs pioneer lnvestlgatlons have given us

the additionaL infornation that ls needed to insure auccess

with granul.ar stabilÍzation. To the requirements for necbanl-

cal gradlng have been added those which control the characüer-

lstics of the binder maLerLal. the quality of the soil binder

ls now determined b,y the tests for liquid llmlt and plastlcity
index. Âs a resul-t ¡'e may noy, wri";e specifications for granu-

lar-stablllzed nixtures with assurance that they will function

ln the desired Eanner.

Granular-stabil-ized nixtures are used as base courses for
bituminous surfaces and also bhey are useci as road surfaces.

t{hen they are used as road surfaces it is frequenbly rith the

lntentlon of covering them with a brtuninous surface at a later
date and thus converÈing the:r to base zourses. It is irlportant,

ùo recognize that the requirenents of grar.ular stabilization
are not the sa:i¡e .for a base course as Èney are for a surface

course. In road surfaces exposed to the abraslve action of
traffic the soil binder should have a greater cenentin6 power

tùan ls required in base coursesr Ând so ln surface æurses,
It compared with base courses, a higher clay content and a htgh-
cr llqutd llntt nay be permitted and a htgher plasricity tndex



Compendium 7 Text 1

-ld-
of the sotr bfnder Ls generally desirabre. Tt¡e del.eterious

effect of r,roisture on t,he stabirity of this ¡¡ore active soil
blnder fs ¡ninimlzed or overcone in a road surface by evapora-

ùion which tends to :¡uintain the ¡noisture content at a safe

level. But 1f the stabilized nixture that has functioned sat-
lsfacüoriry as a wearing course is covered with a bftunrinous
gurface, cveporetion losses are reduced or ellninated, the
noisture content increases ancl cornprete faÍlure nay, and fre-
quently does, result. Ît¡erefore the specifications for granu-

lar-stabllized gravel base courses dlffer from those for sur-
faee courses in that they permib less fine binder nateriar and

require that this nateriar have a rower rlquid lir¡it and a

lower prasüic index. These facts are welr known but lt seems

desirabre to glve them einphasis becar¡se they are someti¡nes

Ígnored. The specification reguirements for granurar-stabfrlzed
base courses and surface courses overrap eufficiently so that,
wlth care, 1t ls possible to design a base-course ¡¡ixture which

riII arso be satisfactory for a surface course. rt ts desir-
able to do this if tt ls the intention to use the nateriaL ini-
tlarry ln a surface course and ur-tinatery as a base course for
a biturninous surface. Base-course nixtures used for surfacing
frequentJ.y lack resistance ro the abrasive action of traffic
and tend Èo dust and raver. rf the nixture has been properry
deslgned this defect nay be overcome by naintaining the surface
wlth calciurn chloride untir tlre bi¿r¡¡linous wearing course is
added.

The requlrenents of a granular-stablrlzed base course are
two; a properly deslgned nlxture a¡rd tt,s adequete conpactron

21
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durlng constructlon. The rnlxture should eonslst of granular

naterlals ranging 1n size fro¡n coarse to fine, so graded as

to produce a high degree of density and strength, and flne-

grained sofl binder havlng the binding ProPerties and volume-

change characteristlcs requlred ta prevent displacement or

Beparatlon of the coarser partlcles. the binder raaterjaL nust

be of such character and in such amount that it will perforut

lts function through a wide range 1n noisture content. It nust

not lose its binding properties within this range of noisture

content and it ¡rnust not swell sufficiently when wet to unseat

the granular naterials and destroy the structure. The inpor-

tance of fiLl consolldation has already been discussed. It
1s egually lnportant go conpact granular-stabilized base courses

to naxinr¡¡n denslty at optlmum noisture content. 0thertrise the

base course is llkely to consolidate under traffic and disrupt

or destroy the bituninous wearfng course.

Glven granular naterials of satisfactory grading and soil
blnder of sultable quality it ls possible to constmct satis-

factory base courses of the granular-stabillzed type. 0n account

of cost considerations the granular naterLals most comnonLy used

are the natural santls and gravels but crushed stone or slag or

stone screenings are egually suitable. Uhen these nateriale

are econonlcally avallable this type of construction ls tÌ¡e

leagt expensive that can be used for llght-traffic roads.

NOTB: The rest of tnís paper deals with
other types of sodls stabilization.

-l

I



Compendium 7 Text 2

LOVT COST
ROADS
DESIGN, CONSTRUCTION
AND MAINTENANCE

Drafted by a group of international experts
L. ODIER, R. S. MILLARD,
PIMENTEL dos SANTOS, S. R. MEHRA
uniler the responsíbility oJ' UNESCO

LONDON

BUTTERWORTHS

NOTE: Thds te¡t has been reproduced wíth the
permfssfon of Butterworth & Co. (pubtishers)
Limited, London.

I

I

I

I

I

I

23



Compendium 7 Text 2

24

THE BUTTERWORTH GROUP

ENGL,{ND
Butterworth & Co (Publisher$ Ltd
London:88 Kingsway, WC2 B 6A,8

AUSTRALIA
Butterworth & Co (Âustralia) Ltd
Sydney: 20 Loftus Street
Melboume: 343 Lirle Collins St¡eet
Brisbane: 240 Queen Street

CANADA
Burterworth & co (canada) Ltd
Toronto: 14 Curity ,\venue, 374

NEW ZE,{LAND
Bufterworth & Co (New Zealand) Ltd
Wellington: 49/51 Ballance Street
Äuckland: 35 High Street

SOUTH AFRIC,\
Butterworth & Co (South Africa) (Pty) Ltd
Durban: 33/35 Beach Grove

c) UNESCO, 1%7
English translation @ UNESCO, 1971

rsBN 0 ß8 7ú79 3

Filmset by Filmtypc Services Ltd, Scarborough

Printed in England by Camelot Press Ltd, Southampton



Compendium 7 Text 2

CONTENTS

1 Introduction

2 Road Planning

3 Geometric Design

x 4 Roadmaking Materials and Pavement Design

5 Road Drainage

6 Construction Operations and Plant

7 Road Maintenance

Index

I

3

36

55

88

lt4

135

155 25



Compendium 7 Text 2

26

4

ROADMAKING MATERIALS
AND PAVEMENT DESIGN

4.t scoPE

There is an enormous renge in design requirements between the
simple earth track and the multi-lane main highway. In most
devéloping countries many of the roads consist of simple tracks on
which the main work done is the clearing of vegetation. At this
stage there is no call for quantitative structural design, but there are
principles of design which, if followed, will produce a-reasonable
ieturn for the small investmcnt that thesc roads justify; the first
part of this chapter contains an outline of these principles. Th91e
ioads, designetèd as 'unimproved roads', are generally suitable
solely for liþht traffic, up to a dozen or so vehicles per day, and they
usually become impassable in rainy weather.

As trafiìc increasei the road layout is improved, Permânent river
crossings are provided and the roads are given an all-weather run-
ning surface, usually of natural gravel or other stable material dug
from deposits near the line of the road, or a mixture of such
meterials-. Section 4.3 outlines the design of these 'improved'
roads.

Finally, with further increases in traffic it becomes worthwhile
to provide a permÍrnent road with a surfacing of bituminous
material or concrete. It is at this stage that the surfacing and road
base are first designed as a structure adequate to cerry traffic loads
without deformiñg or breaking. Section 4.4 contains a description
of the differeïrt components of the road structure, their properties
and functions are indicated and the factors influencing the choice
of materials and thickness of construction are discussed.

tn this chapter, the only espects of drainage considered are those
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concerning the removal of surface water from the road. However,
road drainage is of such importance that Chapter 5 has beeir
devoted to this subject.

4.2 UNTMPROVED ROADS

At its inception the unimproved road is a rudimentary track formcd
by clearing vegetation from the natural soil surface and subse-
quent improvement depends on the volume of trafFc attracted.
The funds of such low-cost roads permit only of rudimentary
earthworks such as can be done by hand and by the bulldozers
uscd in clearing vegetation; generally the only surfacing materials
that can be afforded are the soils found on the line of the road and
immediately adjacent to it. The traflic-bearing caprcity of these
roads depends on the type of soil forming the running surface and
on prevailing moisture conditions. In all but arid areas, the aim at
every stage of development is to keep the road and its environs as

dry as possible. When saturated, most soils are too weak to carry
trafñc and often the roads are closed during the rainy season at
least for periods after rain has fallen. However, correct locarion
and attention to detail can greatly assist in extending the periods
of the year during which these roads can carry traffic.

'Where possible, roads should be located on the more sandy and
granular soils in well-drained situations, avoiding waterlogged and
low-lying ereas prone to flooding. lVhere it is not possible to
avoid such areas, low embankments must be built at this stage.
Trees and scrub should be cleared well back from the running
surface so that the drþg effects of wind and sun can have full
play in dtyrtrg the road surface. In heavily-wooded country it is
desirable for trees to be cleared for a distance from the road equal
to the everage height of the tree cover. In the tropics, on roads
with a north-south orientation, it is an advantage to increase the
clearance distance up to 1| times the height of the trees.

Under traffic the roads become rutted and reshaping is needed.
This should consist of blading soil inwards from outside the road
edges and serves to raise the road bed, provide a cambered surface
and initiate a drainage system (Fig. a.1). The simpler expedient of
digging out the rutted soil and throwing it to the road edges to
expose a fresh soil surface will result in a sunken road prone to
waterlogging and impassable to trafñc in the rainy season. The
establishment of grass up to the road edges assists in preventing

27
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Woter from ditch ond
surrounding country
droining on to rood

Typicol sunken rood

Property mointoined eorth trock

F¡c. 4.1. Concctly øil inconcctly maintaincd ca¡th t¡a¡k.

erosion. Simple turnout drains should be opened to discharge
water collected from the roadway.

4.3 IMPROVED ROADS

The first stage in improvement from the earth track generally in-
volves earthworks to provide or raise embankments in poorly-
drained areas and the construction of permanent bridges over the
river crossings. At the same time the verticel and horizontal align-
ment will be generally improved. Desirable standards of align-
ment and cross-section have been indicated in Chapter 3 and the
aim will be to work towards these.

At the same time attempts should be made to provide an all-
weather running surface. Many soils can be compacted to form a
running surface that will carry light traffic and even e limited
number of fairly heavy vehicles in dry weather. Soils of clay and

Right
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silt rapidly lose strength when they become wet and are quite un-
suitable as running surfaces in wet weather. In general, ii will be
necessary to improve the stability of the running surface either by
mixing imported materials with the in-sirl soil, a process known
as 'mechanical stabilisation', or by superimposing a layer of
15-20 cm (ffi in) of more stable material.

4.3.t MECH,{NIc.{L srÄBrlrsÄTroN

Natural soils consisting mainly of gravel or coarse sand, with finer
particles to fill the voids and a small proportion of clay to function
as a binder, may be compacted to form quite strong running sur-
faces. These soils may be as-dug or mixtures from different sources
to provide a stable material.

In dry weather a fairly high proportion of clay binder is desirable
to prevent the surface from ravelling and becoming corrugated.
In wet weather the presence of clay in the mixture is a disadvantage
since it makes the surface slippery and prone to soften and to rut
under trafñc. Thus specificetions for mechanical stabilisation usually
reflect a compromise between the ideal requirements for wet and
dry weather. These trends are illustrated in the typical specifications
given in Tables 4.1 nd 4.2.

To obtain a reasonable finish and for ease in working or reshap-
ing with motor graders, it is desirable to restrict the maximum size

T¡blc 4.1 L¡Mrrs oF pART¡cLE-s¡zE D¡srnraurroN ron sunr,rc¡xcsr

BS- sicv¿ sìz¿

Pcrcentagc passìng*

Nomi¡al maximum size

19mm ft in) 9'5 mm (f in)t 4'75 mm (fr in)f

19 mm (f in)
9'5 mm (f in)
4.75 mm (fr in)
2.3ó mm (No. 7)

425 ¡m (No. 3ó)
75 pm (No. 200)

100

8H00
60 -85
45-70
25-45
10-25

tt
80-100
50 -80
25 -45
t0-25

*
80-100
30 -60
ro -25

r Nd 16 tho 1@/o ùould bc rct¿ind bctwo c¡ch pair of such succdivc ¡¡.v6 spcciñcd for uc, cxccpting rhc
largar peir.

t Thcr mry havc up to 35% ofson6 nd l:rga thu 38 mm (11 in), providcd thrr rhc m:tcriel pessing thc 4.75 mm
(¡| in) ricvc ¡ wirhin ¡h. lim¡E rpcci6cd.
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Trble 4.2 pl¡srrcrry cHAR,tcr¡nlsrrcs pREFERRED FoR cRAvEL suRF¡tcrNcs

59

Climate
Liqtid limit
not to excced

(o/")*

Plastitity
index runge

(o/")l

Linearz
shrinkage

(%)T

Moist temperate and wet
tropical

Seesonal wet tropical
Ärid

35
40
55

4-9
ó-15

l5-30

24
T7
7-14

t Thca ¡æ omc rcils ther por*s a ¡tructurc whidr i¡ nd esily brokø dom by raffiq c.g. ¡omc l¡rc¡itic ¡nd cor-
mionery øift. Wi¡h rhæ, higha limir may bc ecæpteblc. Thcn ¿æ otha pib with ¡ ¡¡ructurc tht È b¡okcn
dom by trefic. ThE ¡ny v¡¡i¿rioß f¡om ¡hc limis úould bc b¡¡cd only m orcfu.lly coll¡tcd lc¡l cxpcricncc.

I Thc linc* shrinhgc !d hs th. ¡dv¿nt¿gc ofrcquiring only vêry dñpL Équipûcnr. 
^no¡h6 

!iûpl. ¡.r rcquiring
vcry litlc rtill and cquipmcnt is thc S¿nd Equiv¡lcnt Tct!. Expcrimcc i¡ no ¡v¡il¿blc to pr*ribc limis in thc
ahtc clim¿tc lirtcd ¡nd iÈ is ruggctcd ¡h¡t t6 dit6¡ bc dcvclopcd from læd.xpcricncc-

of eggregate to 19 mm (f in). In practice, choice is limited by what
is available. Those regions of the world in which lateritic grevels
are available, ere fortunate in having this material which c¿n
generally provide e surfacing of good mechanical stability. Other
regions often have suiteble deposits of alluvial gravels or decom-
posing rocks. In India a specid form of mechanically stable sur-
f".irg has been developed in which broken brick is mixed with
soil of medium plasticity.a Elsewhere, although natural materials
of ideal characteristics mey not be available, the stability of the
i¿-sitr soil may often be improved by the incorporation of im-
ported meteriel. In dry desert areas, much cen be done to improve
the running surface of sand roads if deposits of clay soil can be
found to mix with the sand. In wet erees where clayey soils pre-
dominate, it máy be possible to obtein suitable surfacing material
by seeking deposits of decomposing rock or other material which
contains a substantial proportion of angular particles.

The material used for the running surface may be used through-
out the whole depth of the road pavement. Altematively, material
of lower plasticity, conforming to the requirements for road bases
given in the section dealing with natural soils and gravels, can be
used in the lower layers. This is.particularly desirable if further
improvement to provide a bituminous surfacing is foreseen.

4.3.2 DR,trNAcE

The running surface must be sufñciently cambered to shed surface
water quickly but not so steeply cambered es to cause vehicles to
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slide off the road in wet weather or to encourage erosion (see
Table 5.1).

4.4 ROADS WITH PERMANENT SURFACES

4.4.1 rERMrNoLocy

pro1d.ly, there are two types of construction,'flexible'pavements
in which the running surfãce is made of bituminous maìerials and
'rigidl pavements where the running surface is of concrete. There
may be intermediate types, as for instance where lean concrete
bases are used with bituminous surfacings on heavily-trafñcked
roads in some developed countries. It-may be thâught that
stabilised-soil bases with bituminous surfaces represent ãr ittr.t-
mediate type, bur cemenr- and lime-stabilised sóils in the tropics
a-re designed on the presumption that they will crack; their loìd-
distributing properries are then little, if'any, bemer than other
gra¡ut1- m-aterials in present use, and they aie thus best regarded
as flexible for design purposes.

Flexible pavements comprise the bituminous surfacing, the base
and.the rub-base, supporrèd on rhe subgrade (Fig. 4.2)IThe sub-
grade is the term used ro describe the upper layeis ofnatural soil,

Concrctc surfocing

Bosc
(if requircdl

Subgrodc of notuml scil

Rigid povcmcnt

Ftc. 4.2. Stryctwal clemcnts of jcxíble aw! rígíd pavcments.

either iz-sirr 9r in fill, which is compacted to give it added stability.
The baæ and sub-basc may be mide from ã variety of materiais
including natural gravels, pertially disintegrated rocks, sand-clays,

Ftexiblc pqvemcflt
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crushed rock and soils stabilised with small proportions of cement,
lime or bitumen. Similar terminology is used for rigid pavements.

Bitumen (known as asphalt in American terminology) is usually
derived from the distillation of crude mineral oil. Another
bituminous binder, tar, is derived from the destructive distillation
of coal. Bitumen may be rendered more fluid and convenient to
use either by blending it with lighter oils to produce cut-back
bitumens or by emulsifying it in water.

4.4.2 BAsEs 
^ND 

suB-BAsEs FoR FLEXIBLE P'tvEMENTs

The principal function of the base and sub-base is to distribute the
stresses imposed by trafiìc. A guiding principle in pavement
design is that their total thickness should be sufficient to reduce the
stresses on the subgrade below the limit that the soil will accept
repeatedly without excessive deformation deriving either from
shear failure or from compaction under trafüc. It follows that on
strong soils a suþbese may not be necessery whereas on very weak
soils two or even more layers of sub-base may Þe needed. On such
soils the sub-base also provides a working platform on which
construction can proceed in wet weather.

To prevent surface water from entering and reducing the bearing
capacity it is desirable that the base be effectively impermeable and
itself resistant to the weakening effects of water. Since, in most
developing countries, the bituminous surfacing consists only of a

thin surface dressing, the upper surface of the base must be
sufüciently smooth ãnd true to provide a good riding surface.
With most of the materials used it is possible to produce a surface
with depressions of less than 10 mm ($ in) under a 3 m (10 ft)
straight-edges and with this criterion, roads of quite good riding
quality are obtained. Some difüculty may be experienced in
obtaining a smooth surface when the maximum size of aggregate
used exceeds 19 mm (t i").

Thus the general properties required in base and sub-base
materials are as follows:

(a) they should possess sufficient strength to sustain without
failure the imposed trafñc stresses, and

(b) they should be of uniform and consistent quality so that
they can be spread and compacted without difüculty, to
provide a road surface that will not be impaired by the com-
pacting effects of traflic.
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The characteristics of materials commonly used in making bases
and sub-bases are outlined below.

4.4.2.1 Natural soils and gravels

This group comprises a wide range ofnaturally occurring materials
such as lateritic and quartzitic gravels, partially decompôsed rock,
river gravels, sand-clays, coral, etc. For use as bases under bitum-
inous surfacings they should have a grading that is mechanically
stable and contain sufücient fines to provide a dense material oflow
permeability.

The materials may be 'as-dug' or mey be prepared by blending
soils from different sources. The gradings arè similar to those
specified for mechanically stable surfacings but the limits of
plasticity ere more stringent.

- The clay, necessary es e binder in gravels used as a running sur-
face, is most undesirable in a road base as it is a source of weakness
should weter enter the material. The plasticity index, linear
shrinkage and liquid limit of the materiãl passing rhe 425 ¡tm
(Bq. 36) sieve should not exceed 6o/o, 4o/o and 25o/o respectively
and the material should preferably be non-plasric.

Tablc 4.3 LtMrrs oF paRT¡cLE-srzE DrsrnrBUTtoN Fon BÂsE u,rr¡n¡Alsr'

BS. sievc sizc

Percentage pusing

Nominal øøcimum sizc

75 mm
(J in)

J8 mm
(r* i")

19m
e in)

9.5mm
(t i")

4'75 mm
(1}i'i)

75 mm (3 in)
38 mm (1| in)
19 mm (f in)
9.5 mm (f in)
4.75 mm (ft in)
2'3ó mm (No. 7)
425 pm (No. 3ó)
75 pm (No. 200)

100

80-100
60 -80
30-ó5
25-55
20- 45
l0-30
5-15

100

80-100
q-75
30-60
25-fi
15 -30
5-15

*
80-{00
50-85
35 -70
1s -35
5- 15

-80-100
50- 80
25- 50
to-2s

-8Ò-1m
25-55
10 -25

Grading and stability may be improved by crushing material
which conteins large particles. Even with this expedient it is not
eåsy to find naturally occurring materials that cõnsistently meet
the requirements of a base for use under bituminous surfacings.
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This dlñculty can sometimes be overcome by judicious blcnding
of different soils. Most commonly the material found in narural
dcposits is too variable and hes too high a clay content. Where
supervision is strict, it may bc possible by suitable working to
eliminate undesirable material, to sccure a material within the
specified limits. Thus the practice of using untreated natural
materials es bases is decreasing except in very dry areas where the
clayey soil they contain is not a source of weakness.

Parricular care is needed in using gravels derived from decom-
posing igneous rocks; large fragments though superficially sound,
may contain minerals that are already decomposcd. Such particles
will rapidly break down to clay when uscd in the road. Gravels
from the more basic rocks of the basalt tlpe ere paniculerly prone
to this weakness.T

The grading and plasticity requirements for sub-bases are not so
stringent as for bases and some widening of the limits for the base
materials shown in Table 4.3 czn be dlowed. Limitations on the
plasticity index may be relaxed in thc light of local experience,
particularly under impervious basc materials (sce Chapter 5).
Natural gravels or even 6ner textured soils of low plasticity may
be used to make satisfactory suÞbases.

A uscful additional criterion for sub-b¿scs is that they should have
a California bearing ratio (C.B.R.) of not less than 25lo when
tested at the critical density and moisrure content that will occur in
the fields. A common and useful way of employing netural gravels
in road building is to build up the total thickness of base and sub-
base with layers of the compacted material and then stabilise the
top 150 mm (6 in) with Portland cement or hydrated lime to provide
a strong base that is both impervious and resistant to the weakening
effect of water.

I

I

I

I

I

-l
NOIE: The rematnder of the chapter is beyond
the scope of thfs compendí.um.
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FOREWORD

This short course has been prepared aa a practical guide for town and county
bighway superintendents in New York State. Although these notea were designed to
aupplement oral presentation and digcussion in groups of l0-20 persona, we hopc
that they are sufficiently complete to serve ae a lasting reference on thie important
subject of gravel sourcea.

These notes may be criticized by experts becauee of an apparently haety treat-
rnent of such b¡oad subjects as glacial geology, pedology, airphoto interpretation
and soils engineering. This course is not intended to produce a geologist, pedolo-
gist, airphoto interpreter or soils engineer. Instead, it hopee to skirn from tbese
areas of knowledge only those baeic concepts which will help a practical road man
to locate and evaluate the gravel sources so important to the economical conetruct-
tion and maintenance of local rural roads.
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INTRODUCTION

Gravel deposite should be considered as valuable natural resources änd, as
wit} most natural renouces, we are faced q.ith a depleting supply. Our Erwin
roads built in the years 1952 through 1955 have consurned an estimated IZ LIZ
million cubic yards of gravel. If this graveliing had been confined to an area the
size of. a football field, the compacted gravel would reach upward about 1.3 miles.
By the time werve completed our proposed E¡win const¡uction, we will have used
the equivalent of the football field piled 4. I miles high.

Ae our supply diminishes, it see¡ns thatwetre going to have to do some pros-
pecting or detective wo¡k to rruncover'r all of the possible sources of granular ma-
terial in our area. Just as geiger counters are used in prospecting for uraniurn,
there are sorne sirnple tools that we can use in becorning good gravel prospectors.
Of course, we could forget tle prospecting techniques and scatter the countryside
with 50 foot drill holes but this would be a pretty e>rpensive endeavor.

Donrt forget one important detail. If Mother Nature didn't leave any gravel
io vorrt atu., 

"rren 
th. b""t p"orpu"tirrg t,

if rrshert did leave any gravel deposits, we should consider it our responsibility to
find thern.

This short course is divided into two parts. In Part I, we will consider the
va¡ious techniques for the location of potential gravel sources; and in Pa¡t II, we
will briefly consider how we should evaluate the suitability of these sources for
highway use,

PART I LOCATION OF POSSIBLE GRAVEL SOURCES

A. Formation Of Gravel Deposits

Before we talk about finding possible gravel sources, wefll have to study
what they look like. (You have to know what a man looks like before you can recog-
¡rize hirn in a crowded hotel lobby.) But even befo¡e we talk about the recognition
of gravel sources, ¡¡rs shoulddevelop a general idea of how gravel deposits were
formed.

We can generally classify our gravel deposits as those left frorn glacial tirnes
and those formed by present-day strearns. Letrs conside¡ these two t¡tes of de-
poeite separately.

l. Glacial Gravel Deposits

Living in Canada 12,000 yeare ago would not have been an enjoyable experi-
cnce. In 10,000 B. C., the climate was much different than today. Because of
much colder temperatures, snow did not melt even during the surnrner months
and accumulated into a great rnaes of ice. The weight of this great ûrass of ice,
thousands of feet thick, caused tJre edges to flow southward over New york state.

-5- -
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Geologiets call thi¡ great rna!8 of moving i"u "_gl"Ð The result of the
¡dvance and retreat of a glacier (reehaping the land) is called glaciation. Vigua-
Iize how a glacier waa able to ilbulldozetr the aoil and hard rock - puahing and
dragging theee materiale across New York State. Realize, also, thatmillionq of
gallone of glacial melt water formed many temporary lakes and rivers in New
York. Thie glaciation ie estimated to have taken place about 14,000 yea¡s ago in
the southern part of the atate, about 10r 000 years ago in the central Portionoftbe
state, and sornewhat more recently in the North country.

Fig. I 'tPresent-dayr' 'Woodworth Glacier in Alaska (Pbotograph courteay of
Bradford Washburn).

Recognizing the danger of oversimplifying the very complex Process of gla-
ciation, letts look briefly at how the various gravel landforms were built. The
action of a glacier formed rnanytypes of deposits, but we will consider onlytboee
deposits whicb arelikely to contain eandg and gravels. As we discuss tb.eprocess
of glaciation, IgÞer tbat a glacier waa not pure ice; but in its formation and
during its travels, it had picked up and retained large guantitiee of rock, cobbles,
soils, treee, EturnPs, etc.

The glacial landforme which will intereet ug rnostare eskerg, kames, beacb
ridges, deltas, outwash, and terraceg. Each of theee aix landforme arelikely to
contain eande and gravela andwe should underetand how tbey were built.

a. Eekers. During extrernely cold weather, very little melt wate¡ flswed
frortt theflac-ier. But, during perioda of thawing temperaturea, the ice at the
surface melted and, like any water, flowed downhill. Thie flowing water tended
to concentrate into Etrearna at the top, within, and beneath the ice. Remember

-6-
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t}tat the flowing water wag not clear but lknuddyr, carryíng or dragging soil
materials ranging in size frorn clay to cobbles. rrllhen temperatures dropped and
the quantity of melt water decreased, the epeed of the flowing water was ;duced.
As the speed of the fì.owing water wag reduced but slightly, the larger cobbles were
droppedand the smaller particles remained in suspension. As temperatures drop-
ped further, the speed of tåe flow'ing waterdecreased moreyet and graveland sand
particles began to settle out. As long as these rrstreamsrrcontinued to flow at all ,
however, the smaller silt and clay particles ¡emained. in suspension and flowed on
as muddy water. (In order for silt and clay particles to.setfle out, thewater must
be nearly still as in a pond or lake. )

So, in a period df time, melt waters flouring on top of, wíthin, or beneath tåe
glacier dropped sand, gravel and cobbles in stream beds. As this process con-
tinued, deep beds of stratified or layered ¡naterials were built up. These layers
or et¡atifications in many of our gravel deposits are the reeult of variations in
the speed of the flowing water.

As the f¡ont of the glacier moved backward,the gravelly strearn bedwas left
as a remnant - along, stream-like ridge of sand and gravel which the geologists
call ¿n eskçr. Figure I illustrates a recently forrned eskerinfront of a retreatingglacier. The eskers in New York State range from a few hund¡ed. feet to several
milee in lengtå. The height of the eskers is va¡iable ZO.-40 feet rnay be

îig. 2 Formation of ari esker. Fig. 3 Formation of kameg.

b. @". The top and front ss¡faces of the gracier were not smooth; there
were often large depressions or plunge basins in the ice. As rnelt water flowed
intooroverone of these depressions, its speed was reduced and the coarser sand,
gravel and cobbles settled out. Over a period of time, these depressions becamefilled with granular mate¡ials and, when the glacier melted, these materials were
left as gravel hills. These rounded hills, containing sand and gravel, a¡e called
kames.

-7-
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c. Beach ridges. We havc ell noticed that the beachee of most present-day
lakes are covered w'ith sand and gravel. Wave action deposits these granular
materials along the ahorelinc.

Thousands of yeara ago, portione of the statewere coveredby lakes of glacial
melt water. These glacial lakce, in most cases, were enlargements of present-
day lakes. Althoughlarge areaa of these old lakee may be rrdryrr today, we find
beach ridges marking the receding shorelines.

Fig. 4 Formation of a beach ridge. Fig. 5 Formation of a delta.

d. Deltas. Granular deltas are deposits of eand and gravel formed when a
rapidly Oowing stream., carrying or dragging coarse materials, suddenly entere
a bodyof'still r¡¡ater" The speed of the flowing water is immediately reduced and
the coarse rnaterials are dropped. We see rnany deltas being built today where
rapidly flowing streame enter a body of relatively still water.

In discussing the formation of beach ridges, we pointed out that in glacial
times, r¡rany areas of the state were covered with lakes of glacial rnelt wate¡.
Some of these were relatively small lakes, 'rtrapped" in valleys by the glacier.
Deltas formed at the edge of t]¡ese lakes; today, the melt water is gone and theee
old deltas are left high and dry.

Deltas are alightly sloping to steep deposits - usually, but not always, found
adjacent to present-day streams. The underlying topography is usually eloping.

e. Outwaeh. Keep in rnind that tJre glacier was not clear ice but contained
rnuch debris, including gravel and sand. As the glacier melted, large volumes of
rnelt water flowed frornthe glacier, carrying and dragging the debris along with it.
As this rushing melt water emerged frorn the face of the glacier, its speed wae
reduced and the coaraer sand and gravel particles were deposited. The silt and
clay particles rernainedineuspension and flowed awaywith themeltwater, leaving
relatively clean depoaits of sand and gravel.

AE this process continucd, rtoverloadedrr streams of glacial melt water con-

-8-
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rit¡uted more and more to the depoait of eand and gravel. Geologists define euch
granulardeposita as outwaeh. Ae might beexpeeted, outwash depoeits areueuall;
quite flat and cover a relatively large area in cont¡ast to eakers, karnes, beach ridges
or deltas. There are usually remnants of oldet¡eams which contributed to the deposit.

A good example of recently formed outwash can be seen in the lower left of
Figure l.

Fig. 6 Formation of outwagh. Fig. 7 Formation of terraces.

f. Terraces. Terraces are sirnilar to outwash except that theywe¡e formed
between:ñIlÇîãlls and, subseguently, have beenmodifiedbygt¡earnaction. The
top sketch in Figure 7 illuetrates the deposit of sands and gravels between valley
walls. At gorne later tirne (lower eketch), rnore water rrpoured'r down the valley
and cut a trench in the surface of the granular outwash. Subsequent erosive flows
of water cut the trench deeper and several steps or terraces were left in the o¡i-
ginal outwaeh. These flat terraces, containing sand-ããÇavel arefound. "high
and dry'r near many of ou¡ larger present-day streame.

z.

Fig. 8 Gravel in a present-
day stream.

From our discussion of gravel deposits
left by the glaciers, we have seen that depo-
aits of sand and gravel have resulted frorn the
slowingdownof rapidly flowing water. Donrt
gome of our p¡esent-day strearns follow this
aame pattern? Of course. Many highwayde-
partments are making good use of whatthey
call ttc¡eek gravelrr.

Some of our faster flowing present-day
Btrearns leave their bottomg covered with
cobbles, gravel and sand. Build-ups ofthese
granular materials are usually concentrated
wherever particular obetructions or'r81ow
downErr are preoent. The four most tikety

-9-
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areas to find sand and gravel, in and near present-day streams, are pointed out in
the following sketches. Remember, though, if any stream is to deposit eand and
gravel it must, during aorne season of the year, flow with sufficient speed to erode
and then carry or drag sand and gravel particles. In short, if a stream can't pick
up or roll these larger particles, it surely cantt transport them. If you expect to
find gravel, then, you first choose a stream that flows rapidly (at leastoccasionally)
and tÌ¡en look for condi.tions ¡vhich rnight cause an irnrnediate decrease in the speed
of the rapidly flowing strearn.

Conditions causing a rrslow downrr of flowing water are:

Cnoss-Secrro¡rd.

Fig. 9 Favorable condiüions
for deposition of granu-
lar rnaterials in strearns .

d. In areas where a stream is known to overflow its banl<s, deposite of granu-
lar material are likely to occu¡. As the fast flow'ingstream spills over its bank,
the speed of the overflow is irnmediately reduced and the deposition rnay form a
natural levee. In these overflow areas, tJre coarsest rnaterials are usually found
closest to the strearn bar¡ks although such deposits often consist largely of sands
and silts.

3. Sumrnary - Formation Of G¡avel Depoeits

1{'e have seen that the forrnationof gravel deposits, eithertåousands of years
ago or today, has depended on flowing water. Flowing water is capable of trans-
porting gravel. sand, gilt and clay partidles. As the speed of flow is decreased,
the gravel and eand particlee are dropped. Fortunately, the finer eilt and clay

- l0-

\E- lX a. When a rushing stream levele out
W (point x in sketch), its speed is decreased

i p"ort,.. \ ;;;:;;.".r rnareriars are tikety ro se*te
out. Such changes in grade are liketyplaces
to find sand and gravel.

b. When a fast rnoving strearn in rela-
tively narrow confines suddenly spreads out
(point x), its speed is decreasedandcoarser
particles are dopped. .A'ry widening in a
strearn channel is a likely spot for gravel
deposition.

c. The inside of streambends is a likely
spot to look for granular materials. The
movement of waterarounda bendin astrearn
is similar to the ¡novement of a car a¡ound a
bend in a road. Cars havea differential be-
cause the ttinsiderr wheels travel rnore slowly
than the rroutsiderrwheels. By the same rea-
soning, it is quite obvious that flow.ingwater
tends to slow down on the inside of a bend and
may deposit sand and gravel i-a this area.
I'igure 8 illustrates this conditioa.
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particlee are held in auepension until flow ig aknost etill.

Potential gravel deposits laid down by glacial rnelt waters can be generally
claeaed as eskers, karnes, beach ridges, delt¿s, outwash, and te¡races. Pre-
ecnt-day streams are possible sources of gravel, though the volume of such
deposits is usually relatively small.

B. Profile Developrnent On Gravel Landforrns

rfl'hen glaciat gravel deposits were originally forrned, they consisted of
rclatively clean sand and gravel throughout their depth. Yet today, they are
covered with a variable thickness of topsoil or overburden. How did this ove¡-
burden get there? Ï/hy is tåe thickness of overburden irnportant?

t. Profile Development (forrnation of overburden)

a. When the gravel deposit was originatly laid down, granular material ex-
tended all the way to the ground surface.

b. Under the influence of tirne, climate, topography and other factors, things
began to happen in the upper profile.
As water soaked into the ground, silt
and clay particles were calried down-
ward. Of course, clirnate and topo-
graphy infl.uenced the arnount of water
available for infiltration. Weathering
caused sorne breakdown ofgravel par-
ticles and these finerrnaterials were
leached downward. So, in the upper
area of the profile we have an rr.A'rr hori-
zon, which has been generally leached
of fines. We also have a rtBrr horizon
where these fine -textu¡ed particles have
accumulated. The underlying 't6't ho¡i-
zon, the original parent rnateri.al, has
been little affected by the weathering
process. Although sornewhat leached
of clayey rnaterials , the rtAtr horizon
has usually developed sorne organic
matter from the decayof vegetation.

JðoA.r

c. Over the yea¡s, this profile development has continued. Both the rrAtr and
rrBrr horizons are deeper and more fully developed. The rrArr and rrBrr horizons,
considered together, are the overburden which usually should be rernoved before
a gravel deposit is developed. In some instances, when higher arnounts of binder
soil are desired in a gravel rnixture, the overburden may be used'

On gome gravel deposits, especially deltas, a relativelydeep overburden ûray
be due to an overwash of fine¡ sands and silts. In such cases, etripping must ex-

-ll-
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tend deeper ttran the zone of profile development.

Z. knportance Of Thicknese Of Ove¡burden

The thickness of overbu¡den to be stripped influences the cost of developrnent and
operation of any gravel deposit. In sarnpling a gravel deposit, we are obwiouely in-
terested in digging where the overbu¡den is likely to be thinnest.

The average thickness of ove¡burden on a gravel deposit depends largely on:

a. how long weathering has been taking place. Older
deposits generally have thicker overbu¡den.

b. topography, or slope. Steeper slopes are likely to
have thinner overburden since runoff has reduced -

the arnount of water infiltration. perhaps Írore
irnportant, erosion on slopes has slowly, but defi-
nitely, reduced the thickness of the surface soil.

On the r¡lore hilly deposits, it will be
the top or crest. At this point, rninirnurn
will have resulted in a rninirnurn depth to

easiest to sarnple a possible source near
leaching coupled with maxirnum erosion

the parent material.

C. Methods Of Locating possible Gravel Ðeposits

So far, werve discussed how graveL deposits have been formed by Nature. Now,
how are we going to locate al1 of the deposits thatMother Nature decid.ed to leave
in our particular town or county? Let's keep in rnind that some deposits rnay be
good ones but others rnay be of poor quality and unsuitable for highway use. Never-
theless,itrs to our interest to locate all of the possible deposits so that we can later
evaluate their suitability for road use.

How should we go about it? How can we spot these eskers, kames, deltas,
et'c.? There are four general rules we should follow in locating possible gravel
deposits. These rules, and a discussion of their use and limitations are srun-
rnarized here.

l.

Now that we generally understand how the gravel landforrns were built, we
should be on the lookout to see if we can recognize thern as we travel around our
town or county. since our view frorn the ground is always limited in scope, we
can quite easily be fooled. Nevertheless, it should be worthwhile to study a
ground photograph of each of these gravel landforms and point out several of the
distínguishing characteristics. Understandably, not all of these distinguishing
characteristics are visible in the one photograph.

-12-
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l*rrs jt:'¡-

-ridge with fairly eteep side slopes
-both aide elopee have about equal
ateepnes e

-not straight but zig-zag like a
strearn(that'e what ituaedto be!)

-ueually notuniform in height; ave!-
age height Z0-4O îeet

-no strearns and few, if any, gullies
on ridge

-sparse vegetation, especially near
toP

-often wet or rnarshy at bas e of ridge

Fig. 1l Eske¡ near Malloryville, N.Y.

-rounded, conical hill, or knob,
either isolated or in grouPs

-fairly steep side slopes
-average height 50 feet
-nogtreams and few, if anY, gulliea
on knob

-sparse vegetation, eepeciallynear
toP

-oftenwet or marshy at base of knob

Fig. f Z Ka¡ne near Freeville, N.Y.

-isolated ridge or series ofparallel
ridges

-top of ridge approxirnately level
-slope toward rrlakerr is steeper
-eharp break in slope at base of
ridge

Fig. 13 BcachridgeinMonroe County, N.Y.

-l 3-
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-uaually located on side of a hill
-usually fairly eteep alope (outer elope,
bench on top - rnay be bieected byglen
or gully

-no gtreama and few, if any, gulliee on
delta

-fairly spa!Ee vegetation
-oftenwetor marshy atbaee of delta

Fig. 14 Delta near lthaca,

-usually flat topography
-often bordering pree ent -day stream
-few, if any, tributarieg to main
gtrearn

-rnany rounded stones in cultivated
fields

-may be abandoned muck filled chan-
nels in outwaeh

-hilleidee riee abruptly from plain

Fig. f 5 Outwagh near Cortland, N.y.

-usually as sociated with preeent-day
atrea¡n

-eteep alopes at edge of terrace¡
-gulliee, if any, are short and V-ahaped
at edge of terracea

-few, if any, tributarieg across terrace
to main stream

-bounded by high land on one eide, low
on the other

Fig. 16 Terrace nea¡ Harford, N.y.

-t4-
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While werre practicing the recognition of gravel landforms, here are some
other practical 'poinlers whicb may be of some value:

a. lf a landowne¡ tells you about some gravel on his property, find out how
much he knows about it and then i¡dicate this ir¡formation on your map a6 a possi-
bility to be investigated.

b. If in riding or walking around you¡ alea, you notice a cultivated field con-
taining a predominance of rocks or stones, Dote it as a possiblity if t]¡e stones are
rounded. If there are many stones and the stones are wel.l-rounded or waterwo¡n,
Ït i"JGiy that the d,eposit has been placed and, assorted by running water. ìrVater
assortrnent is less likely if the stones are predorninantly flat.

c. Some superintendents are enthused when they find a ç'oodchuck hole bor-
dored by a pile of gravelly material . This enthusiasm must be ternpered by the
realization that much of the finer soil tbat may have been brought out of the bole
bag been washed away by ¡ain. The evidence of a piie of gravel near woodchuck
holes should be considered in tight of the shape of the gravel particles; round
gravel usually indicates v/ater assorbnent.

NOIE'i Rule 2 - Check Available Agrtcultttrol Sofl rVfops
Rule 3 - Check Available Ceologic Informatí.on
Rule 4 - Rely On Aeri.al Photographs As The Most

Complete Inventory Of possibl e Gravel
Deposrts

The tert concerntng the above rules hos been deleted s¿nce
it deols speciftco,Uy wí.th'New York Stcte.

_l

- l5-
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PART II EVALUATION OF POSSIBLE GRAVEL SOURCES

A. What Should l4e Know About A Gravel Deposit?

The evaluation of an already opened and partially used gravel depoeit ie a rela-
tively sirnple task. Sornetimes we need only to ask ourselves how it worked out on
the road we built last year. Evaluating an unopened but possible source, before
spending the rnoney to develop a pit, is more of a challenge. As we plan to evaluate
a likely gravel source, letrs resolve not to classify it arbitrarily as rrgoodtr or rbadr.
instead, we should look quite specifically at several irnportant characterietice.

Before opening a possible source for evaluation, we should consider:

-nearness to current and future needa
-access to public highway
-extent and depth of deposit

Once a pit or test hole has been opened, we are interested in these character-
istics:

1., Depth of overburden - This is an irnportant characteristic which may
affect rnethods of developrnent as well as the econornic feaeibility of de-
veloprnent.

z. character of gravel particles - we should know if a gravel source ie
shaley or consists of harder particles of lirnestone, sandstone, etc.

3. Maxirnurn gravel sizes expected - The presence of rnany large cobblee
rrray necessitate crushing or screening at the bank or raking and cleanup
on the roadway.

4. Gradation of granular rnaterial - The perforrnance of any gravel rnix-
to". proportion of gravel, sand, silt and
c1ay. The arnount of silt and clay (dirt) is an especially critical factor.

5. P-].¿rsticity of fines - To evaluate the suitability of a gravel rnixture for
highuzay use, we should know how it u¡ill act when it is wet. Two gravel
rnixt'ures, having identical gradation, rnay behave quite differently in the
presence of water.

6. Position of water table - Methods of development, loading, and accesg
a.p@l source is dry or saiurated.

7.- Qggrge of cernentation - working a gravel depositrnay be very d.iffi-
cult if individual sand and gravel particles are cernented togethu" io.
rock-like ûras I .
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B. Before Opening The Deposit

At this point' we have circled and trguestion rnarkedrr, on a map or the aerial
pbotographs, sorne landforrns likely to contain water assorted sands and gravels.
(ïre hope ! )

Now our job is to see if the poesible sources are real €¡ources of granular ryra-
terials suitable for highway use. Before we open the sourcewe should askourselves
these questions:

l. Is It NearEnoughTo CurrentAnd Future Needs To W'arrant Further Evaluation?

Our philosophy in evaluating possible gravel deposits should be 'rfirst things
firsttt. Werre interested in the quality of every possible source but we are pri-
rnarily concerned with ihe adequate sources nearest our work. A grade trArr soulce
one mile from the job rnay be a better bet than a grade rrA*tt source five rniles frorn
the job. In short, start your evaluation in areas where gravel is r¡tost needed.

Z. Ie Access To A Public Highwav Econornicallv Feasible?

Other things being equal, it is obvious that we are rnost interested in sources
reguiring a rninirnurn length of access road. If there is a worthy alternative, we
don't want to build a half -rnile of access road to get the gravel for a half-rniLe of
public road. In selecting likely sources fo¡ evaluation and possible developrnent,
keep in mind the irnportance of access. As well as rninirnurn length of access road,
minimurn grades are desirable.

3. Is There Likelv To Be Enough Gravel To tffarrant Evaluation And PossibLe De-
E¡oprnent?

The cost of evaluating a poesible gravel deposit, building an access road, and
opening a face is more or less fixed - regardless of the size o1 the deposilt. It is
reasonable, f,hen, that if two or more possible sources are withinreasonable haul-
ing distance to our jobs, we should first consider the largest source. Other things
being equal, we should select first the source having the least 'rove¡head costrrper
cubic yard of rnaterial rernoved.

Fig. 33

The extent of a possible gravel source can be
quite easily estimated frorn the aerial photographs .

If we can outline an esker on the photograph and if
we know the scale of the photograph, we can closely
estiûrate its length and wirl.th. The depth of a depo-
sit may best be estirnated in the field. Of course, a
few deep drill holes can give us a definite answer.
In the 'rflatrt deposits a drill hole rnay provide the
only specific answer. General inforrnation on depth
to bedrock rnay be available frorn the Ground \{'ater
Resources reports and rnaps described onpage 22.
In tåe trhillyrr deposits, we can, for estirrrating pur-
poses, assu¡rre tåat the depth of the gravel extends
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to the elevation of the adjacent terrain. Having estirnated tåe approxirnate di¡nen-
sions of a gravel eource, we can calculate the likely yield.

C. Opening The Deposit - l"Vhere And How?

One way to open a possible gravel source for evaluation is to rnove in a power
shovelor bulldozer and clearanopen face for inspection. This is afairly e:rpensive
operation which, considering the slight chances of success in sorne areag, rnay not
be justified. Before a face is opened, it seerns advisable to do sorne prelirninary
prospectinginorder to (l) see if the landforrn contains any water assorted sand and
gravel and (Z) evaluate its probable suitability for highway use.

l.

From a practical standpoint, werd like toopena source where the overburden is
thinnest. On the hi}ly deposits, it is usually advisable to make an opening at the top

(point a). In contrast to a location down the slope
(point b), the top is likely to present the thinnest
overburden and, once through the overbr¡¡den, a
greater depth of parent rnaterial should a deep in-
spection be desirable.

On the relatively fLat landforrns , it is best to
rnake an opening on the upland (a) rather thaninslight
depressions (b). Although the depressions rnay see¡Tt
Itcloser to the graveltr, actuaLly the overburden is
likely to be thicker at these points. Such depressions
serve as collectors of surface runoff and the concen-
tration of water is likely to have caused deeper pro-
file developrnent as well as a wash of surface soils
into the lowe¡ areaa.

The question rnight well be raised, rtls one test
hole enough?tt. The answer depends on how much you
want to know about a source before you developit for

use. One test hole will tell you if a pariicular landforrncontains waterassortedsand
anci gr:avel; it can also tell you the characteristics of the granular rnaterial at one
pgttk'gþf spot. Rernernber though, that gravel sources are, by nature, changeable.
\ü-e rnay find c.hanges in the quality of rnaterial if we dig deeper in a particular spot
or if we nncve over 50 feet and dig another test hole. To detect changes with depth
(a cl.ay layer for exarnple), deeper test.holes are needed. The only way to detect
possible changes in the rnaterial if we were to rnove over 50 feet is to dJ.g another
hole and find out.

Developing a gravel source is
and depth of test holes to be rnade
willing to take.

a ttcalculated risktt and deciding on the nurnbe¡
prior to developrnent depends on the risk we alie
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2. How Should A Poseible Source Be Opened?

a. Hand labor. The only advantage of the hand labor technigue for opening a
gravel aãpãffie availabiiityof required toole. The tecbnique is elow andunlese
the¡e ia nothing else for the rnen to do, the operation ig expenaive. Hand digging
might be used to strip the overburden in order to see if the materiale just below
aPPear water aagorted. Hand digging to greater deptha is usually imprattical.

.1. Ro-tary drtl-ling.-,If equiprnentie available, a scriew type rotary d.rill rnaybe
used to probe gravol landforrns. The greateet advantagee of thie technique are speed
of drilling and the depth to which sampling may be achieved. Disadvaniages include
the lack of mobility of larger drill rigs and the difficulty in drilling when-large cob-
blee are PreEent. In addition, rnaterials brought up by a 6crew auger are sufficiently
mixed so that it is difficult to determine the presence and, eepecially, the depth of
clay seame, fine sanda, etc.

c. Bulldozer or power shovel. This type of equlprnent, once at the site, rnayrapidly@¡burdenintothepa¡entrnaterial.Thedepthof
the trench is limited although a person rnay quite carefully inepect the parent rna-tefialthat is exposed. Moving euch equipmentto several possible"oo""u" is a rera-tively slow procees.

d. Tractor-mounted backhoe. A srnall tractor-mounted backhoe ie an excellent
tool for opening a poesible gravel source fo¡
preliminary evaluation. Ite main disadvantage
or limítation is that the depth of trench is limi-
ted to about I feet. Arnong ite advantages are:

l) quite widely available at rnoderate rental
rate

2) eaeily and quickly moved frorn place to
place

3) fast digging of inepection trench
4) trench wide enoughfor inspectionof face
5) if tractor ie equipped with blade, trench

may be rapidly backfilled

Fig. 35 Opening poeaible gravel
Source with tractor-
mounted backhoe.

D. Evaluation Techniques

Our evaluation of a possible gravel Bource will not be a final ana\Ã¡er. Instead.,we ghould congider it ae a good eatirnate at rninimum cost. I.or the purpoaeg of this
diacuggion, we will assÌune that a tractor-mounted backhoe hae been used to open atrench.
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Note: Care and judgement rnust be exercigedinentering the: trench and dieturbing ite sides. Don't take chances
since cave-ins are alwaye a poseibility.

l. Depth Of Overburden

..' We should obeerve and note the thick-
ness of overburden above the parent rna-
terial. Rernernber that thie thicknese is
variable and, if the location of our trench
has been properly selected, the overburden
here is likely to be at a rninirnurn. It may
be desirable to etrip one or more additional
srnallareas in order tobetter evaluatethe
average overburden thicknees.

Fig. 36 On hilly deposits, over-
burden is usually thinnest
at the crest.

Z. Characte¡ Of Gravel Particlee

As we exarnine the parent material in the trench or, even before, the pile of
rnaterial that was removed frorn the trench, we have to ask oureelves a very Prac-
tical question. Ie this rnaterial a relatively clean, water aeeorted sand and gravel?
If it looke .rery nãîi;
we rnight as well backfill the trench and rnove sorneplace else. If it doee appear tc)

be predorninantly sand and gravel, quite clean and with rounded, well-worn gravel
particles, we can continue our evaluation.

'We are obviously very interested as to wbether the gravel particles are predornin-
atelylirnestone, sandstone, shale, crystalline rocks, etc. Morepractically, we are
interested in whether the gravel particlee are hard and durable or eoft and likelyto
be eaeily cruehed beneath a roller or traffic loade.

We can get a prelirninary estirnate of the type of gravele likely to be encountered
by studying the bedrockrnap in Figure 37. The rnap is rnost helpful when consider-
ing relatively srnall deposits oflocal origin, Gravel particles in sorne ofthelarger
deposits, placed by glacial rnelt waters, originated far to the north and the bedrock
rnap is of leee value. The agricultural Soil Survey report, in describing aparticular
soil seriee in a particular county, ueually describes the cornposition of the gravel
particlea.

With a little e>rperience, we can. quite easily identify the compoeition of the
gravel particles. The first step in identifying a piece of gravel is to crack itopen
in order to expose a f¡esh face.
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LECEND

U - Domiilnlly lh.rlon.
3l - Doñr¡¡ady .bl.
t. - Doñln.ntly.¡ndtlon.

S.ùSh - ¡ñrc.b.dd.d ..nd..on. ¡n¡l .h.1.
l¡&Sh -^tt.m¡ttn8limêtton.¡nd.h¡¡c fotñ¡tion¡, m¡inlyc¡lc¡ttou.

3l - Doñi¡¡¡tly rl¡t. ¡nd.cN.l
C - Domh¡ntly gt¡nit¡c locb
U - D..p ucon.ol¡àt.d d.po.it.

Fig. 37 Generalized bedrock map of New Yo¡k. (frorn Cornell
Exteneion Bulletin No. 930)

Limeetone breaks into angular pieces. Usually gray color, l.izzea when
iõffiã'wlth a dilute acid. (Muriatic acid is available in drug atores.)
Good aggregate.

Sandstone breaks guite sharply when struck with a hammer. Color vari-
ãÏe, Fresh face shows d.efinite sand particles cemented together. Suit-
ability as aggregate depends on quality of cernentation.

Crystalline rocks break sharply when struck with a hann¡ne¡. Fresh face
ehows definite particles of various sizes and usually varioug colors. Suit-
ability as aggregate is indicated by eoundnese when et¡uck with a harnrner.

Shale breaka into flat, flaky piecee when struck with a harnme¡. Individual
fãffites in shale are too srnall to be seen with the naked eye. .A broken
face ueually shows sorne color banding. Shale is ueually a poor aggregate.
If it rg very easily broken with a hammer, it is definitely unauitable. The
harder shales may be euitable for gravel roads.

lrVhether we can or cannot identify a piece of gravel, a blow with a harnrner re-
¡naina our best practical index of quality. Always whackafew pieces to see how easy
they crack. A piece of gravel, reeistant to the impact of a ham¡ner, is likely to be
cuitable for highway use.
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3. Maxirnurn Gravel Sizeg Expected

'W'hen building gravel bases, it ie desirable that themaximurn eize of gravelbe
no larger than one-half the thickneeg of a cornpacted lift. If we compact ourbases
in six-inch lifte, the maximurn eize of gravel ia about 3 inches, etc. I.or gravel
eurfacee, ernooth ridabilityandeasy rnaintenancedictate thatthe top eizebe Limited
to about I inch.

'With theee points in rnind, we should inspect the rnaterial in order to evaluate
the arnount of processing which rnight be required. If large cobbles occur in dis-
tinct searns or layers, it rnay be possible to rnaneuver around thern - stockpiling
thern for other possible uses. l{-hen welldistributed through the depoeit, ecreening
or, ¡Trore desirably, crushing rnay be necessary.

4. Gradation Of Granular Material

a. Desirable specifications. The terrn gradation, as applied to gravel rnixtures,
referstoffigravel,sand,si1tandc1ay.Awe1l-gradedmix-
ture has a rninirnurn of air spaces to trap and hold water and, when compacted, a-
chieves a high density and good load supporting characteristic. In Figure 38, the

contents of the two tubes are identical. In
; the left tube, the rnaterials are not rnixed

but separated by grain size. In the right
tube, the well-graded rnixture is mixed.

: Note the lesser volurne in this right tube
' linct."sed density) resulting fromthe voids

between the gravel particles being chinked
with sand and the voids between eand parti-
cles being partially filled with silt and clay.

Of special irnportance is the quantity of
tbe veryfine rnaterials, silt and clay, which
tend to soften when wet. For gravel road
work, a certain arnount of síIt and clay is
deeirable in order to rninimize ravelling and
eeal the surface. For gravel bases which
will receive a biturninous su¡facing, a lower
guantity of silt and clay is necessary. First
of all, the surfacing seals the base and pre-
vents ¡avelling; moÌe irnportant, though, an
excessive arnount of silt and clay rrray cause
softening of the base when water is trapped
beneath the mat.

A definition of gravel, sand, silt and clay is based on the size ofthe individual
particles. Gravel is that part of the total sarnple that ie retained on a No. l0sieve
(10 squares to the inch). Sand paesee the No. 10 sieve but ie retained e¡1¿ No. 200
eieve (200 aquareg to the inch). The eilt and clay particlee are sufficiently fine to
pase through a No. 200 aieve.
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Fig. 38 The contente of these
cylinders are identi-
cal. The rnixture of
gravel, sand, silt and
clay(right tube)bae a
greater density than
any of its cornponents.



.Aeeurning good gradation through the gravel and sand ranges, a suitable gravel
mixture for use in gravel ¡oads should contain:

Gravel - 50-70%
Sand - 25-40%
Silt and clay - 8-15%

This is irnportant. If a gravel mixtureis to be usedas abase fo¡a bituminoue sur-
facingthe eilt and clay content should not exceed 10%. Materi.alused inthe topfew
inchee ofthe base ideally should contain even lesisili and clay - perhaps lesg than
5%.

b. SarnPling and preParation of aarnple for testing. One key word, represen-
tative, ehould describe anysarnple taken for tes-ing. f est resultg ¡eferõtoÏE;
ããñþie tested and, if the test reeulte are to be va1id, the aample rnust ad.equately
represent the material in the gravel sou¡ce. Many Bources like that shown in Fig-
ure 39 are layered or etratified. Dontt take rnaterial out of a searn of eand. o¡ a

Fig. 39 Stratified gravel deposit.

aearrÌ of gravel. Sarnple a rnixture sirnilar
to that which would be taken in an upward
aweep of a power shovel. Rernernber that
your teet resufts represent only the sarnple,
and the rnore cloeely your sarrrple repre-
a ente the rnaterial that wilt be hauted to the
road, the rnore valid will be your test re-
¡ults.

'When you have taken a representative
earnple (about 40 pounds), place it on a
plece of canvas and rnix it well. Rernove
any Etray cobbles larger than about 2-3
incheg. With a shovel handle you can quar -
ter the large earnple in order to get a s¡nal-
ler, yet repreeentative sarnple for testíng
purposes. This technique is illustrated in
Figure 40. Afterquartering, discardquat-

tere b and d and thoroughlymixquarters a and c. Thls iearepresentativesarnple

Fig. 40 Quartering the eample. f ig. 4l "Rolling't the quartered
aample.
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¡educed toaboutZ0 pounds. Repeatthe quarteringprocess, place quarters a and c
(about I 0 pounds total) in a bag and save this sarnple for testing the gradation. Either
quarter b or d should be saved if a plasticity estirnate is desired. (See page48)

The nextstep is toplace thebag(s) of rnaterial onafirrn surface anddriveover
thernseveral tirnes with either a loaded truck (Figure 41) or a roller to simulate
conditione during construction. If any breakdownig to occur, it should be accounted
for in the teet.

c. Testing the sample for gradation.

1)
set of

I.íg. 42 Using an automa-
tic ehaker for
sieve analysis.

Sieve analysie. Most highwayand soils laboratories are equippedwith a
gieves and a sieve shaker (see Figure 42). If you have access to such a

laboratory, the gradation can be dete¡rnined
quite readily. Generally speaking, the dryrna-
terial is placed in the top sieve and then agita-
ted untilthe srnaller sizes sift on downthrough
the nest of sieves. Then the rnaterial retained
on each of the sieves is weighed andexpressed
as a percentage of the weight of the total sarnple.

If you do this test yourself or have it done
by laboratory personnel, get the total sample
weight and then rnake s ur e that the total s arnpl e

is washed through the No. 200 sievebefore re-
drying and sieving. If the rnaterial is rnerely
sieved dry, the pelcent silt and clay willbe too
low since rnuch of the finer rnaterial will adhere
to the larger sand and gravel particles. A
recornrrÌended test procedure is available frorn
Highway Research and Extension, Departrnent
of Agricultural Engineering, Cornell University,
Ithaca, New York.

2) Quick-wash test, This test is recornrnended in preference to the stand-
ard sieve analysis because of its sirnplicity and the wide availability of the
equiprnent needed. The test rnethod is not as precise as a sieve analysis but,
frorn a practical standpoint, it is entirely adeguate.

Flerere the total list of equiprnent and supplies:

- a clean pail
- a flat pan or large cake tin
- a piece of hardware cloth with I squares to the inch
- a kitchen stove or a blowtorch
- a kitchen scale
- a source of water
- a sturdy stick or stirring rod

The teet rnethod is explained as follows:
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a) After getting the ernpty weights of the pail
and flat pan, placethe gravelsarnplein thepail
and dry it out cornpletely. A stove, oven, or
blowtorch may be used for drying the sarnple.
Do not overheat the sarnple; just dry it. lfleigh
the pail of dry rnaterial and subtract the ernpty
weight of the pail. This is -the dryweight of the
total sample.

b) Cover the sarnple with about 6 inches of
water. Sti¡ the earnple vigorously until the
water becomee rnuddy.

c) After waiting about 15 seconde for the sand
particlea to aettle, carefully pour off the rnud-
dy water. Donrt lose any of the sand. Repeat
thie washing procedure until the wash water is
no longer muddy.

d) The material left in the pail is wet sand and
gravel. Dry the rnaterialthoroughlyand get its
dry weight. This weight, subtracted frorn the
dry weight of the total sarnple gives theweight
of the silt and clay.

e) Pour the dry sand and gravel on the piece
of hardware cloth. Although the openings are
gomewhat larger than a No. 10 laboratorysieve,
the hardware cloth will roughly separate the
aand and the gravel. Material which can be
worked through thehardware cloth is sand; the
material retained ie gravel.

f) lVeigh the gandandweigh the gravel, r€rrt€ûr-
bering to eubtract the weight of the pan. We
can now compute the percentage of gravel, sand,
and eilt and clay in the total sarnple. The corn-
putation is illuetrated inthe following exarnple.

Fig. 43 Quick-wash test.
-45-
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Exarnple:

Assume we have learned from the quick-wash test that:

- total weight of dry sarnple (not including pail)
- weight of dry sand and gravel

(subtracting these we learn that:)
- weight of silt and clav

(weighing the rnaterial that was retained
on the screen and that which paseed the
scteen, we learn tåat¡)

= 9 lbs. 8 oz.
= 8lbg. 6 oz.

= I lb. 2oz.

= 5 lbe. 3 oz.
= 3 lbs. 3 oz.

- weight of gravel
weight of sand

Notice that the surn of tJle weights of the gravel, sand, and sil.t and clay
equals the weight of the total sarnple.

Unfortunately rnost kitchen scales are graduated in ounces. r.or cornputing
percentages, it is necessary to convert the ounces to tenths of pounds. The fol-
lowing conversion table rnay be helpful:

loz. =0.1 lbs.
2 oz. = 0.1 lbs .

3 oz. = 0.2 lbe.
4 oz. = 0.25 lbs.
5 oz. = 0.3 lbs.
6 oz. = 0.4 lbs .

7 oz. = 0.4 lbs .

8oz. =0.5 lbs.

9oz. =0.6 lbs.
I0 oz. = 0.6 lbs.
lIoz. =0.7 lbs.
12 oz. = 0.75 lbc.
13oz. =0.8 lbg.
14 oz. = 0.9 lba.
15 oz. =0.9 lbs.
16oz. = 1.0 lba.

F¡orn this table we can convert our weights as followe:

ïreight of gravel = 5. 2 lbs.
sand = 3.2 lbE.
silt and clay = !_!-!þ

Total weight 9. 5 lbs.

The percentage of gravel, sand, and silt and clay in the total eample may
now be cornputed.

G¡avel (5. 2 lbs . of the total 9. 5 lbs. )

Sand (3. 2 lbs. of the total 9. 5 lbs. )

Silt and Clay (t. I Ib.of thetotal 9.5 lbs. ) +* xtoo = -!&
Total . .. 100%
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On the basis of our general specification, the gradation of this rnaterial is
suited for uee as a gravel surface course but is somewhat too dirty (too rnuch
ailt and clay) for a base beneath a biturninous eurfacing.

3) Hand-feel evaluation. With experience, a highway superintendent rnay
cstimate the generalsuitabilityoÍ. a gravel rnixture by "fee1't. A suitable tech-
nique ie ae follows. Pick up two or three handfuls of the material and discard
Etones larger than about 1/4 inch. Add enough water so that you can packthe
material into a ball but not so much as to rnake it rnushy.

Pick up a handful of the moíst rnaterial and squeeze it into a balt. It should
containenough eand tolook and feelgritty. Look at your hand. For useingravel
roado, the mixture ehould contain enough silt and clay to havestained your hand
clightty butnot enough to leave it rnuddy. For use in base cou¡ses, the rnoist
materialshould not stainyour hand. If suitable forgravel roads, the ballshould
hold ite ehape while rnoiet. If dried, the ball will still ¡etain its shape. Mater-
ial withgrnall quantities of silt and clay(su.itabte for base courses)react sorne-
what differently. A moist ball of the rnaterial is eornewhat fragile and tends to
fall apartquite eaeily. Whendried, the ballrnaybebroken with veryelight force.

I.ig. 44 Thie mixture is suitable for gravel roads.

Another check is to cornpÌess ahandful of the rnaterial into a flat cake. Try
puehing the blunt end of a pencil into it. If the pencil does not penetrate easily,
there ieenough sandand gravel, as well as enoughbindersoil for agravel road.
If the pencil tends to split the cake, it may still be suitable as base courserna-
terial if it is evident that the splitting is due totoo tittle silt and clay rather
than too rnuch.

The value of the hand-feel evaluation increases with experience but, at best,
the test gives only a general idea as to gradation. It certainly does not give as
clear a picture of gradation as the guick-wash test but, if tirne is short, it is
better than nothing.
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5, Plasticity Of Finee

Suppoee that we have run a quick-wash test on two samples and find them to
have identical percentages of silt and clay. Does this m.ean that these two sam-
ples will behave in the sarrre ûranner when wet? Not necessarily. In the labora-
tory, the sieve analysis is usually accornpanied by two other tests to dete¡mine
the plasticitycharacteristics of the binder soil. These two tests, the liquidlirnit
and the plastic lirnit, are run on that part of the sarnple which passes a No. 40
sieve (40 squares to the inch).

'We wontt discuss these detailed tests, but there is a sirnple way toroughly
estirnate if the plasticitycharacteristics of a rnaterial are likely to be trouble-
sorrre. Letrs assurne that the quick-wash test indicates that our material is of
satisfactory gradation, having 10% silt and clay. Based on gradation alone, we
would say that this rnaterial could be used either for a gravel surface or bage
course, A sirnple hand test can tell us sornething about the plasticity character-
istics of the binder soil and indicate the advisability of using the rnaterial for
either or both purposes.

I.íg. 45 Separating fine ma-
terial by use of win-
dow screen.

Place sorne of the gravel rnixture (dried)
on a piece of window screen and rub the rna-
terial thoroughly so that no dirt adheres to
the gravel particles. On the rnaterial that
passes the window sc¡een, we can perform
the following test:

a. Place about a handful of the rnaterial
in a srnall bowl . Add water two or three drops
at a tirne, rnixing and kneading thoroughly with
your fingers. Donrt addtoo rnuchwater so that
it is sloppy wet. Do add the rnini:nurn amount
of water that will perrnit you to easilyrnoldthe
material into a " golf ball". If ttre wet rnaterial
clings to your hands, it is too wet.

b, Forrn the rnaterial in your hands until
you have a snake-like shape about I inch in

shape the rnaterial, it may be necessary to add
tirne.

diarneter. If you cannot readily
slightly rnore water, a drop at a

c. Lay the rnaterialonaflat surface(a cardboa¡d or concrete surface is good)
and with very slight finger pressure, begin to roll the rnaterial back and forth. The
snake-like shape will gradually becorne thinner and thinner under its own weight. If
the ca¡dboard or concrete surface becomes rnuddy or very wet, you have too much
water in the rnaterial.

d. Continue this rolling (at the proper rnoisture content) until the srnallest pos-
eible "snakeil is obtained, You will reach an end point where the soil will crurnble
rather than roll thinner.
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e. Meaeure the diarneter of the thinnest trsnaketl

If the rnaterial ie suitable for gravel roads, the thinnest snake should be thin-

îíg. 46 Estimating plasticity.

ner than 3/8 inch; about l/4 ir.cln is perhaps
optirnurn. If the diarneter of the snake is
l/8 inch or less, it is probably too plastic
and the roadway is likely to softenwhen wet.
If the rnaterial is suitable for base courses,
the snake shoutd not be thinner than about 1/4
inch. You will find that rnaterials with very
little silt and clay will be difficult to roll out
without crurnbling. These rnaterials, ifwell
graded, are suitable for base courses.

Figure 46 illustrates the rolling proced-
u¡e and shows the ¡esults of rolling materials
of different plasticity. Thi.s plasticity evalua-
tion supplernents but does not replace an esti_
rnate of gradation using the quick-wash test.

6. Position Of Water Table

When evaluating a hiliy gravel deposit, the wate¡ table is not often of rnuch
concern. Itrs a good idea though to inspect the base of the hili to see if the area
ig wet or marshy. If so, drainage of the floor of a gravel pit rnay be difficult.

In the flat gravel deposits, a high water table rnay present a problern. If the
water table is at considerable depth, the gravel rnay be rernoved.with a power shovel
If thewater tableis quite close to theground surface, ad.ragline rnaybenecessary.
Quite often,the depth to the water table rnay be inferred frorn. rru"iby strearn. In
eolne instances, nearby farrners can provide inforrnation base on thewater levelin
thei¡ wells.

7 . Degree Of Cernentation

Fig. 47 Cemented gravel .

In sorne gravel deposits, especially those
containing considerable lirnestone, we will
find cernentation of the sand and gravel parti-
clee. This is especially true at lower depths.
Lirneetone, consisting of calci.urn carbonate,
ia elightly eoluble and rainwater rnoving down-
ward through the gravel mass has, over the
yeara, diesolved sorrre of the calciurn carbon-
ate. This solution i.s carried downward and,
ag the water evaporates, the calciurn carbon-
ate re-hardene into a white crust surrounding
the eand and gravel particles, This cernenta-
tion can rnake rernoval with a power shovel
difficult. In eorne instances, rernoval is irrr-
poaaible without blasting.
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The preaence of cementation rnay not be evident ln a shallow trench. If tJrere
is considerable lirnestone gravel, though, it rnight be asgurned tÌ¡at cernented ma-
terials may be found at lower depths. Cementations are most likely to be encoun-
tered in deltas and terraces. These landforrns usually collect runoff from a large
watershed. Eskers and karnes, because of their relatively srnall watershed, are
not likely to be cernented.

Some euperintendents have felt that once on the road, this whÍte crusted rna-
terial tends to re-cernent. This is possible, although no real benefits have, to
our knowledge, been definitely established.

E. Cornbining Materials For Satisfactorv Gradation

We pointed out that gradation specifications for gravel surfaces are differ-
ent than for graveL baseg. 'We said, in surnrnary:

For g¡avel surfaces

lo gtzveL
% sand
ls síLt and clay

50-70T0
25-40T0
8-rs%

For gravel basee

lo gtavel - 50-70olo
/E sand - 25-40%
% síIt and clay - absolute rnax. - L01o

desirable max. - 5lo

Suppose a particular source has too little silt and clay (is too clean) for gravel
su¡faces. Ifa binder soil is readily available, itis possible to blend a satisfactory
gradation. Suppose a particular gravel source has too rnuch silt and clay (ip too
dirty) for use in gravel bases. It is often possible to tap a local source of sand in
order to decrease the silt and clay content in a blended rnixture.

It is possible to take two rnaterials, either one or both of them unsuitable alone
for highway use, and cornbinethem to produce agranular rnaterialof satisfactory
gradation. If we know thegradation of two available rnaterials, we can readily deter-
rnine what, if any, cornbinations of these sources will produce a suitable gradation.

The rnathematics of this calculation can be sornewhat cornplicated but a graphi-
cal solution is eimple. The foltowing triangular chart ig recornrnended (see tr'igure
48). Each of the three sides of the triangle is divided frorn 0-100%, one eide is
labeled gravel, one side is labeled sand, and the other side is labeled silt and clay.

As indicated in the legned of Figure 48, the dotted area contains all possible
cornbinations of gradations tåat satisfy the requirernents for gravel eurface coursee.
It was rnade by drawing two lines representing the allowable range oÍ.50-70lofor
gravels; two lines representing the 25-40% allowable range for s,and, etc. The dot-
ted area is enclosed by these lines . The cross -hatched area represents gradations
containing lees silt and clay and, hence, suitable for gravel baeec.

After a quick-wash test on a particular source, suppose we find a gradation of
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60lo gravel, 28% sand and L2%silt and clay. Plotting this on the chart(point A), we
see that the point falls within the dotted area and is suitable, as is, for gravel eur-
face courses. Amixture consisting of.65To gravel, 30% sand and 5% silt and clay
(point B) would be suitable fo¡ base courses.

Letf s asarune, though, that we have a source that tests 65To gravel 20To sand,
and L5% silt and clay. Plotting this on the chart (point C) we see that it does not
rneet the requirernents for either a base course or surface course. Letrs asgurne,
though, that about a mile frorn this source, we have a sand deposit that tests l0%
gravel, 85% sand, and5% silt and clay (point D). Alone, neither C nor D is suitable.
Can tJrey be cornbined to produce a satisfactory gradation? Herers how we can find
out:

Step l. Plot points C and D (neither falls within tfre a¡eas of satisfactory grada-
tion).

Step 2. Connect C and D with a straight line. If this tine passes through an area
of gatisfactory gradation, these two rnaterials may be successfully corn-
bined. In this case, we can produce a rnaterial suitable for a surface
course but, by no nileans, can these two rnaterials produce a blend suit-
able for a base course.

Step 3. If we want to produce a gradation suitable for a surface couree, chooee
a point on the line near the rniddle of the dotted area. (point E)

Step 4. \{'ith a ruler or scale, ûr.easure the total length of line CD. In this ex-
arnple the length ís 4.52 inches. .A.1so rreasure the length of:

ED. Length 3.73 inches
EC. Length 0. ?9 inches

Step 5. The percentage of source D to get gradation E is cornputed as followe:

1{-e could say that the needed percentage of material C to obtain grada-
tion E would be: 100.0 - I7.5 = 82.510

'W'e can check, though, as follows:

#*100=82.5T0
Step ó. W'e can generalize by saying that a rnixture consisting of about 83fe

source C and 17% source D will produce a gradation satisfactory for a
gravel surface coulse.

This technique is equally well suited to rrcleaning up" a too-dirty gravel Êource
or, conversely' adding binder soil to a too-clean gravel Eource. The materials rnay
be thoroughly mixed on the roadway with a grader or, preferably, a rotary mixer.
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Standard Specifications

for Construction of
Roads ancl Bridges on

Federal l{ighway projects PREFACE

Thls book, Stanrlnrd Spccilìeatlons for Construetlon of Roads
nnd lìritlgr.s on l¡erlt'ral llighrvty I'roJects, is Issued primaril¡
for r¡se ¡rì thc constn¡ctior¡ of roa<ls n¡rcl bridges ou Feder¿l
highs-n¡' ¡rroJcx:ts ulrtler the tlirett superÏision of the Bureau
of I'r¡lrlic llorrrls. \1'he¡t so tlesiß¡latcrl in tl¡e contraet of a
¡rroJect, it l¡cco¡r¡es n er'r¡¡tract tlocurrrerrt, lrinding rrpon the ¡rar-
ties sign¡rtolI to tlìe c(,rìtrrrct. F'or sirn¡rlilicâtion in rcference,
tl¡is book rta¡' be cite(l tts "l¡I'-01," iurlicating l¡e¡leral proJeets
s¡recilìcatiotr5 issrrerl in 1l)û1.

l)ivision I of tl¡is lx¡ok does not inclrrrle sorne of those pro-
rlsio¡ls rvhose corrrrter¡rûrts irre custournrily founrl ln the cor-
res¡rrrnrliDg rliÏisions of hielrrray eonstruction specification
books. All eonstruction eol¡tracts of the lìr¡reau of Publie Roads
are nrvartkd under Fetler:rl l)roeuren¡eut Ilegulations promul-
gatetl by tlrt Get'urnl St'rriees Å<l¡uinistrntion. Ltbor stnntl¡rrds
antl gt'nenrl ¡rrolisions that u¡rply to hlghrvny colstruetlon
coutrncts ¡r'e incorl¡orrte(l in st&n(ìnrrl for¡ns rvhich are ¡ugde a
lrnrt of e:rel¡ contraet nnd rvhich arc inclurlerl in each project
asserrrbl¡' issr¡ed to pros¡rcr:tile bitldtts. I¡r ortler to :rroitl ¡tos-
sible future co¡rflictirrg reqr¡ireuìents rìr¡e to chnnges ln.tlìese
for¡us, lhcir requin'rucuts are not tcl)ro(lu('o(l herein.

lhis llrx¡li r()¡rtiìirìs s¡rt'clllc¡rtlorrs ft¡r tl¡ose iterns of rrork,
nrtterilrls, ln<l cotrstructiot¡ methrxìs tllltt nre getrerallS n¡lpli-
cnt¡le to rlircct l'trlt'rrrl higl¡s'&S cotrtr:tcts, but it is tdr¡ptûble
for r¡se br other highrrly ageucies.
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200_2.3

Division II, part 2

CONSTRUCTION DETAILS: BASES

The n¡¡terinl sl¡nll l¡e free fronr vegetnble mntter nnd cln¡
brlls.

Conrse aggreg¡lte shnll hnve û pereentnFe of rve¡r of not nore
than û0 ¡¡t 5()tl rer.oh¡tions ns deternrlned b.v .t^tSlIO T gS.

- l¡or lll grnrlings. thnt ¡rorllon ptrssh¡g n lio. {0 sler.e, lnelnrt-
ing blenrling tiller. sìlnll lre rronpl¡rstlc or sh:rlt have n liqrrld
Ii¡¡¡it of not ntore thrn !.1 nnd n ¡rlastieit.r lntlex of not niore
th¡r¡¡ li as delernrir¡(¡rl tr¡-.tr\SIIO T tig aurt T 01, res¡rectir.etl.

The gr:rtling nercentâFes s¡reelfìetl In ttl¡te 30û_l shnll nppi¡,
to the ¡tìnteriril nfter it l¡ns bet¡r processtrl on the rond as r,:cù
as ¡r'hen tested of the pit or other source of supply.

Table 200-1.-Grading requirements for aggregate : percent ¡ so
Dy ìüerght passin!í square mesh sieves, r\tfSIIO T ll and T 2Z--

Section 200.-^GGIìEGATB BASE

Descriptíon

-.Articlc 200-1.1 This rvork sl¡all eonslst of n eor¡rse eonrposedof gravel or erushecl nsgreßate, rvhichever is c:rilecl for iu thetrid sc'hertule, plaeetl autl t,r,rrrpriet*l oi o-p.ln.."tl rontlbecl inaecortlnuee rvith thes-e sper.ificariors arrd in'conrorrrrit.y r,r-ith thelines, grntles, ilrickuess, anrl t¡¡rie:rl cross sec.tiorr shorvn o¡r theplaus.

lllateríals

-200-2.1 Gravel. Gr:rrel shall con-sist of hartl, durable parti_cles or frngrrrents of stone or grnrel, nncl n'nller of santl orother finel¡ rlivirlecl nrinernl nratter. ôvers¡ze nri¡loriÍrl eneouu_tered in tleposits fronr rvhieh s.aret is piniucetl shall be renrore.d b.r screeniug or slr¡rll trc err¡s¡od'to-ilre requirett size,whieheÏcr thc co¡¡tractor nrn¡ elect.
,2.00-?.? Crushed r\ggregate. Cr.ushed agtrrcgûte sha[ eon-slst of lurrrl, rluruble ¡r:rrtlctos o" r.,rsu,erìiïàt *tuun, slilg, orgrtrel enrsherl rr¡ ilre rer¡uirett size. nnä n filleiof san<l or oil¡erfìnel.r divitlctl ¡uinerll luntter. ,l\.ben protlueerl froln gravel,not- le-ss thrur ä0 ¡rt,rceut b¡- rreight uf t¡o-"unr*c ¡rggregutoshnll be ¡)rtrticl(,s haring ût lerst oue fr¡ultured fnce und, ifneerss:lr!' to 

'¡cet tlt¡s re(l'¡re't(,¡lt t)r to elirr¡i,ate nn excess offiller, the grlvt'l slurll [re st,rtt,rtr.rl f,eio.e-frirsrriug. Âlt suit_al¡le oçt'rsize ¡u*teri¿rl ¡ess il¡i* r0 irrcl¡es i' ri¡n¡reter shalr becrusherl.

- Crushed slrrg shnll be blast-frrrnnce shg. reasounbly r¡niformln tle'sit¡':rrrrl r¡rr:rrit¡'.:rrrtl sh¡rlr ¡rrte n".niùerr *-eigbt of att-"1:t j9 ¡rourrtts lrtr cr¡hie f(¡ot rïh(,¡r teste¿ iìi'nccor.tla'ce *.i¡¡.\ASIIO T IC.
200-2.3 

_Gencrat Requirenrents for Gravel and Crushed rtg-gregate. Ir¡ n(r(rition t. tlrt nx¡uirorut,'ts i' *r.t¡e¡cs :.Ì(x)-i.1 .r¡(rl(U-:1.:1, grirr.('l ltr(l r.¡'usl¡ul ngsrtslte *t*,iti,,ì'ui,¡nrr¡r¡lJ gr¡rrletlfr.rrr 1rr¡¡¡s1. tir tir¡e ¡trrrl sl¡:rll rr¡rrf.r.r t., tlit, ao,i,ri.,.,,,,,,,r1" girnoln_t:rbkr !{ttl-¡ ¡.t. tlre grrrrlirr:: c¡rllul for ìri 
-ti,u 

birl sr.htrlule.1'lrt'¡xrrti,rr.f ¡l¡1' ¡¡¡'¡¡,'r¡rrr r(.txir¡ùr,rn n N,i. -r si('ï1, shlrI r¡ek¡os'n- ¡ts ('(rlrse nßßrcsltc, un(l tlrrtt ¡r,rrtiórr ju,*.*ing n ì\o. {slt're shnll l¡c linorvn ¡rs liller.

Slere
deslgnrtlon

Oradlng

100
-t00

t00
-ìi:&r
3Ho
20.35
| õ-tsNo.

50-80
3rHs
25-50
r5-30
t 5-15

50-80
{0-;0
30-{0
20-50
¡0-30
| 5-15

60 -90
45-75
30-{o
20-50
t0-30
I 5-15

t f'or grorlln¡s D-l, C-1., D-t, 8n(l E-I, the frscilons ¡rnssin{ thc À-o. æ0 sler€ shsll
noß De Freater tbÀn ¿wo.thirds of tbê frÂctions pnssing ihe Nò. {0 sleçe.

204-2.4 Blending lTfaterials. If flne oggreßate or ûller tn
addition to that naturally present ln tho baseeourse m¡terlnt.
ls necessary in orrler to ¡neet tho gratling requirenrents, or lor
satlsfactory bonding df the rnnt.eriril, lt strall be r¡nlformlx
blenrlc<l with the bnse.eonrsc materinl tt the screenlng nrrrl
crusbing plant or on the road. The n¡¡rlerinl for such purl)osc
shall be ot¡talued frolu sr¡urces np¡rroretl l¡¡' the engineer and
shall be free fronr hârd lunìps.

200-2.5 Calcium Chloridc, C¡lclum ehlorirle shnll eonforn
to the reqrrlrements of 

^-\SIIO 
ìf 1.t.1.

Constructíon

200-3.1 Pits and ,Quarries, Borro¡r pitß ûnrt quarr¡es Dhûll bo
cle:lr{.(l anrl gr.ublled in l¡¡:cr¡rtllrreo $.llh tho rerlulro¡nents of
srction 100. Cletnu¡r sh¿ll l¡e ¡rerfornretl ns ¡rrovklcd ln ¡rllcle
8.3(f).

't27l

100 t__-_--
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200-3.6

200-3.2 Preparation of Roadberl. Roadbe<j, inclutllng shout-(le¡.\, sl¡.ll he rurrstrr¡etctl, ¡rre.¡rtrrxl, ,,u,f ì¡ì,¡"1,..1 ns frroÌ.idr(lr¡tller srttiorr I0T.
200-3.3 lrlacirrg. The- base shall bc plact,d on the preparert

ro:¡dlrt'rl-:rnrl errnrl¡ncted ln l;r¡.ers of tleìtr¡iìirress slrurvu o¡r thel,liìrs. \\'l¡e¡¡ lrr,re tha'orre luytr is ."q'ireit, tar.lr llyer slralllrt' slrllql rnd crru¡,it(.t(\l lx,fure tl,e sr¡ccicctlìl,s 1,,.*. ì"-lìâ,.J.Tlrt' ¡rlircirrg t,f ¡¡r:¡terial shrrll l¡osiu i f ìi* i",lììiil"ll'¡t,,,ìt".ib-v tlle orrgiuet'r. l,lacirrg sllall lre fio,n 
"j,r,r,,t,,r 

l¡oxes or fro¡urtltlcles es¡rciull.r tr¡ui¡4rcr! ür distribr¡tt,'ilre rrr:rterial i¡r a ur¡i-forru laycr or rvintlrol.. L'lta ll¡er oa ,r.¡r,¿.Ln. sl¡all be of suchsize tbat *.hen s¡rre*tl arrtl cor'¡racte¿, ur,rkl,,S rh¡c allo*.nncefnr nn¡.'lentting *ateri.l tt¡at ts," d;;1,¡ü orr the roatl, theInyer shnll h¡rve the rer¡rrirt tl tl¡icknþss.
\Tlren bauling ls rlolre or.er Irrer.iously plncetl runterial, hrulingequl¡rment sball l¡e routed {s uniforurþ rs po.ssiblo orer il¡ee¡rtlre ¡rea of ¡rrcr.iorrsly ß)nstruetc(l tayers
200-3.'l Adding lilending rlateriar. 

- 
rì:¡on nr-rrlrtionar frneBßßregata or fìller is reqtrirctl lrul it is to be l¡rendetl rvith lbeuratcrj:rl ou the roarl, the blenrlirrg ¡¡lnterinl shlll hc uuifornrljp¡lç9d-$'lth spre¿ì(ler brrxes (ìr otber np¡rroi.ed rlevices.200-3.5 i\Iixing and Spreading. .{fa;. ;;;i ta¡er of base_c'ourse mflterial has been ¡rl:r.ttl, and bleutlirrg r'aterial arkleds'herr rer¡uirerl, it shalt be ilroloughly ,r¡¡xe,i to its fr¡ll Oe¡rilr b!ult'ans of po\rcr grnd(,rs, l.r¡tï(.lil¡g nrixers, or other nrixingequipureut. I)urirrg üre rrrtxiug, ,,rìter sl¡aú be atrrle<t tu thãrìruount necesñrrr to ¡fovirle the optimnnr nrolsture conte¡rt foreompacting ns sl)celfled in nrtit.le 30O_g.(ì. \\,bsn r¡niforulyrltixed, tl¡e rlri¡iture shall be s¡rrcrrtl snrrxrthly to n uniforur

thlekr¡ess or, in crrse of ilre to¡r ln.vcr, to the cross stction sl¡orv¡ron the plnrrs.
'I'lro c¡rutrnctor slu¡ll so scllcrtule his o¡nrnilorr$ ûs to assuroetìmpl.t¡{)n rrf s¡rrenrli¡rg rçiilrill .lS lror¡rs ifttr ¡trocrssing.2.00-3,6 

-Compacting. In¡¡llerlinttl.v fotfon irrg tin:rl sprtndlrrg:trrtl sl¡¡rxrtl¡l¡rg, (.¡tcl¡ l:r¡,t,r slrnll bc trr'r¡*rctt,rl i. tl¡e f.ll rv!rtthb¡ ure:trrs 'f srrrot¡tl¡-r'l¡tt'r rxrr*er ruri.'a"'.*'-¡rrretrrrratic-tiretr
rollers nlrtti¡tS the r(\luir(,lrrt,rrls of set,tio¡r lOf). I.ìrrch I()O er¡bie
Jrtrds, c'nll¡nctt'r[ rrreûs.rtr't'rrt, .f nrrttcriar ¡rr*ccrr sharl reeeir.eüt leflst t hour of eorr.tinr¡r¡r¡s r.ollilrg. Rollilrg shrtll ¡rrogrossgrndrrnll.r frrrrrr thr. sitles t. tlre cc'tt,r, p:rr*llei *-iilr tl¡e cerrter-llue ol tlre ro:rrr. nnd srrnll <rrrrtirrue riltit ¡¡'rhe sr¡rfiree'ns
boen rollerl. .\n.r lrr¡grrllrritics or tle¡rr-cssions iltnt rlevcto¡r
sl¡nll l¡e t¡orrtx.tul l¡)- ltxrstlrilrli ilre lllfltorlltl nt ilresc ¡rllrtx,s nntlR(l(llnF or reu¡ovirrß r¡¡¡¡tt'rr¡rr ¡r¡lill tr¡o sr¡rf¡tce is s¡ucÐth nndr¡nlforn¡. ¡\lrrt¡ß n¡rbs. hr.¡¡rlors. ¡lnrl \r.,nlls. ¡rr¡¡l nt nll ¡rl:remnr¡t ûrrr¡ssitrlt to tho rolltr, lhe b¡rst, utr¡ler¡l¡ sh:¡ll tre tanr¡xd
thoroughly rrltl¡ nletlrnnicol tnnr¡rers. The lunterial shull lp

l¡oth blrderl anrl rorterl unt.u n snrooth, eren sr¡rfnc.e hns been
oht¡hled.

Tlto :rntou¡¡t of rolllrrg nnd tnnr¡rlrrg ns rt<¡rrlrtd abor.e l¡
esti¡rr:rtul rs tht' rnrl¡irrìr¡*¡ ne('essnr.r for ntleqttnre corr¡raetlon.
I)ttrilrg the ¡rror:rt'ss rrf tl¡e rçr¡rk. the cngirreer run¡ rrrnke der¡sltr
tests ir¡ n(\\)r(litnce rriill.,\.\SII() T 1.17, lr¡o<litìc<l to lr¡clr¡tte onlç
nlr¡leri¡rls ¡rnssing n :)i-irrch sit'e, nrrd rf he tirds the rrenstt¡-
is ltss lhlrn 1(Xl I)crcont of tlle nlnxirllunr rlerrsity ns rletenl¡l¡rnl
t¡.r ,\.\SII0 1' tl0, llctt¡od (-, tlle coutr¡ìctor shnll ¡*rfornr nrlrll_
tionnl rtilliug or t¡¡rupirrg ns t¡l:t]- be necessnr¡- to obt¡h¡ thnlrlerrsit¡. Otlrt'r t¡-¡'s of tìeld dt,nsity tests nrny be used fo¡
eontrol purfnses nfter (lensits rnlues corres¡nntliug to those
obtained b¡' r\ISIIO T 1.17 l¡nr.e been estnblishetl.

Tl¡e engiueer nrril nenìrit eorn¡rnet.ion \\.ith tlpes of equlpnrent
other thnn those specilìed nbore, providetl be rletennlnes thnt
rrse of the nlternatlçe equi¡lrrent s.ill crrnslstenily produce den-
sities of not less than l0O pereent, tleterullnetl ns prorided ûboîe..
Tho engineer's ¡rermisslorr for rrse of nlternntlre cÐnlpficilon
equil)nìent shall be giren in Nriting nnd sl¡all set fortb tbe con-
ditíons unrler n l¡ich the er¡rri¡lrDent is to bc used.

200-3,7 Thickness Requirements. The thlekne-ss of the eon-
pleterl base sl¡all not \-ory nlore than /1¡ irrch from the thlekbess
shorvn on the plans,

Inrnrediatel¡ after flnal eon:pnetion of the base, the thlekness
sl¡all be rneasured at one or nrore polnLs ln each B0O llnear f(rt
of l¡ase. I\Ieasurenrents sbrrll be nrade by nreans of test holes
or other a¡r¡rror-ed ¡¡rethods. The points for mensurement shrll
be selectrrl by the engine^er nt ranclom loeations rritbin ench
300-foot section in sr¡eh nìanner ss to Bro¡(l nny regulnr f¡ntterrr.
Ïnrious ¡xrints on tlìe cr(ñs scrtion slrall be cwered. *ls the
ryorli ¡rrrre.e<ìs n ithorrt <lor.iation ln thlckness beyond the nllorç.
able tolernnces, the lntenal between tests nrny be inereasetl at
the diserction of the eugineer to ¡ maxirnu¡n of 1,0100 feet rvlth
oceîsionnl tests nt clrxur interrrls. Tl'he¡¡er.er & tDeasurement
indicates a r'¡riation froln the thiekness shon-n on the plnus of
urore thnn the nllorvtllle toloranee, ntltlitionnl ¡Deasurements
slr¡rll lxl lnker¡ ût interv¡rls of n¡4rroxirnntelf Zj feet untll the
¡nensurer¡te¡lts indiente the thi<'kl¡ess is n.ithln the ¡llorrable
tolera¡lce. ,lny are:t l¡ot ¡çitl¡in ilre nllotrlble toleronee shnll
be eorrected b.t renrovilrg or ttltting nruterinl as necessrry nnd
shn¡ring nnd rnnr¡rneting as s¡reifierl.

the t'rrtling ¡¡f ttst holes arrrl refìlling rvith nlnlerlnls pro¡nrly
conr¡r:rct(\l sl¡lll be tlo¡le b.v llìe cr)ntr¡¡ctor r¡r¡rler the srtperrision
of tht'ongineer.

200-3.8 Surfnce Requirementr. \trhen tested by n crorrn
tenr¡rlate, conforrling to the tl.Jr¡ctrl eross sectlon sl¡orvn on the
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200-5.1

Jrlans, ftnd û lGfoot strnlghtedße npplied ût rifíht angles nnd

¡nrnllel, r{)sl)('ctivel}', to tl¡c cerìterliue'of tbc rr¡lttlbetl, thc varia-
Lion ol tltc st¡rfitcc fronr c':tt:lt testing etlßc bctlr'eetl anJ' tl't'o

eonlar:ts tlitl¡ the sllrface sll:rll at tto lxrittt exl'etrl lr''.r i¡rctl for
thc crrlvlt lrrn¡rlitte rtrrtl fi irtclr fot'tlte str¡tiKltterlge.

200-3.9 Calcium Chloride. lYhet¡ c:tllcd for irr the birl sched-
tule, <nlcium chlorirle, i¡t the ¡rlt¡ottrrt s¡iccifierl in the specinl
prorisiolrs or dt'signated by the t'trgílrt'er, shllll be s¡rrcttl uni-
fornrly ol'er the strrfnce of the ñuished bnse cot¡rse'

200-3.10 Stockpiling. When indic¿rtetl o¡r the ¡rlans, btrse'
eoursc t¡ì¡terial shall be stock¡riletl in tlle artlounts al¡d nt the
loentions so irrrlictted. Stockpiting shall L¡e ¡rerfortrted in ac-
cordance rvlth thc requirerrrents of sectio¡¡ 305. l'rior to stock-
piling tbe material, the sites shall be cleared, cleaned, atld
lereled.

If tl¡e contractor elects to ¡trotluce and stoekpile aggregates
prior to plneentetrt o¡r tlle roatllrctl, the aggregates shall be

stockpiled in accordance n'ith tbe requirerrrerrts of section 305.

Measurement

200-.4.1 The yartlnge or tonnage to be paitl for shnll be the
nuurber of cubic yards nreasuretl in the rcbicles, or to¡ls of
nraterial. inclutling all fìller, plaeed, boutlc'tl, nnrl accepted in
the completetl course or plnced in authorizetl stoek¡tiles.

\\'hen slag is eeonouicnlly arailable, the birl schedule $'ill
conttin nltern:rte ¡tay items for erusl¡ecl sggl'egate antl for slag'
l'he e*stirtrntc(l tonnage sho$'n untler elrclt ¡rny itenl $'ill be

base<l o¡r tn tssunretl fll'ernge bulk s¡rccitic grnYitl of avnilable
nggregates an<l no furlher lttljttstnrettt itt pn¡ttterrt $'ill be runtìe
duc to larirttir.¡n ln the sl)€^cifie grnvitl' of the ngßrt'F¡rle uscxl.

The qunnt.it¡ of calciurt chloritle to be ¡rnitl for sh¿rll be the
nuurber of tons ftrrnished. rvhetht'r or not ul)plied to the bnse'
anrl the nurulrcr of tons ncttulll.\: nl¡plic<ì.

Pagntent

20È5.1 Thc qunntities, deternìined as proritletl nboYe, slìnll
tre pnitl for at the contrnct priee lrcr rrnit of nleasurement, re'
s¡)octivcll. for en<'h of tltc ¡-rrtrtierrl:tr ¡rny itenrs listetl,trelorv thnt
ls sl¡orvn iu the bitl schtrlule, rvhich ¡rric't's tttltl ¡trt¡rrrettt shall
ba full coru¡x.ttsntiotr for ftrrnisl¡ing rtn<l ¡rlncirrg nll ¡lrnterinls.
lnelutling nll l¡¡txlr, cr¡tti¡rtttt'ttt. tr¡t¡ls, lttltl l¡lcirlt'¡¡t:tls Il(t'('ssilr.y
to cotu¡rleto tltc rvot'l< ¡rreserihatl in tl¡is st'ctilrtt, cxct'¡lt thnt lrherl
the t¡id scherlt¡le contttins nl¡ I'stilìtlltßl r¡urtrrtity for "\\'lterltrg,"
an¡ s'ntorlng rer¡ulrtrl slrûll bc ¡rrtltl for rrs ¡rnrlitled un<ler

section 103.

A ní t ol nre¿.tr¡rcrler¡l
300(1) Grnrel brse, grn<llng -- Cublc tar¡ì.
2(X)(:l) Grutel hlse, grntllrrg -- Ton.
200(3) Lln¡shetl rFßrcFntc bnse, grnrling- Crrblc ynrd.
1(n(.t) Crr¡shetì BFRre[nte trtst', Srnrliug- 'fo¡r.
3()O(5) l'urrr.ishin¡¡ crìlciunr chlorltle-------- Ton.
?00(6) :\pplying cûlciul¡¡ chloritle---------- Ton.

?00-5.1

Patt ítc¡¡t I'o. orrd ttnltc
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300-3.1

Division II, Part 3

COì{STRUCTION DETAILS :

SLiRFTICING ¡\ND PAVBIIIIINTS

Section 300.-ÄGGREGATE SURFACING

Descríptíon
¡lrticle 300-l.l This ¡çork sholl consist of a course cornposed

of gravel or cnrsllrt ng:rregate, l'hichever ls called for in the
bld schedule, coustnrcted on ¿t prel)ared rortdbed in aecordauce
¡vith these steeifieations and in confonuity u'ith the llnes,
grades, and t]'I)ical cross sectlous ou tbe plans.

lllateríals
300-2.1 llaterirrls shnll conform to thc reqnirerneuts of see'

tlon 200, except ns to grarling nnd plnsticity of aggregnte.
Grnrel and crushed nggrer¡rte sh¡tll I¡reet tl¡e requiren¡ents

giren in trtrle 300-1 for tbe ßradlng ctlletl for in the bid
scbedule.

I'or all gr:rdings, thnt portlon pnssing n ì{o. 40 sieve, lnclud'
lng blending fìller, slrnll hnve a liquid llntit of not ¡iìore tbûn
35 &ud n plûstic¡t]' i¡ttlt'x of tlot less thn¡r'l nor lnore thtt¡r I as
tleterurined t¡y ,IÅSUO I EO nnd 1'01 reslrcctively.

Constructíon
300J.1 Construetion methods shnll confor¡û to rill the re'

quirenìents for construction nrethods urìder sectlon 200.

Table 300.1.-Grading requiremcnts for aggregate surfacing

30Ft,l

IlIeøsurentent

300--1.1 Tlte Jnrtloge or tonnnge of surfncecourse msterlûl to
be F:rirl for.sball bt'lhc nuttll¡er of cubie ynrds, mensurcd lu
Ïehiclt's. or tolls, inclutting nll lìller' ¡rlacal' bondql' nnd ae'

cepterl llr the courpletcd course or plnced in authorlzed

stot'lipiles.
\Ihcn slng is econotllicalll' nvailal¡le and nrenst¡remeut ls by

rveight, the hi<l schetlule n'ill contain nlternnte f¡ay items for
stotÌc (or graTel) arltl for slng' The estinrnted tonnnge shon-n

rrntlt'r ench prI' itelìt rçill be bnsed ou au assntne<l nvcrngc bulk
spcc'itìc grûf itI of ¡vailable ¡¡ggregrtt's nnd no further ntljust-
merrt in pâIr¡rent rrill be ¡lra<ìe r]ue to vari¿tion ln the spcclllc
gral-itx of the nggregate used.

The toltnnges of calcit¡Iu ehloritle to l¡e pald for shall be tho

¡uuuber of tons furnished, \'betùer or not npplied to the surf¡ee'
and the ttuluber of tons actunlly applled.

Paynrcnt

300-5.1 The qnnntities, determined as prorided abore, shall

be p¡rid for at tbe co¡ttr¡rct price per uniL of nreåsuremenL

respectivcll' for eneh of the pnrtleular pay lterns listetl belos
tlìut is shorrn ilt the bi<i sche<Iule. n'hich priees and paynrent

shall be full conrlænsation for furnishing and placing all run'

tori:rls, incìutling tho lnbor, cquiplnenl, tools, nud incidentnls

necesslry to cont¡rlete the rçork ¡rreseribt'd in thls section, except

that rvhen tl¡e bid schedule co¡¡tains å¡l estluìated qllontlty for

"\\'¡tfering," nny s'uterittg rcquiretl shnll be paltl for &s prù
virìed untler section 108.

Pty item' No. flrLd, nanrc

300(1) Grnvel surface course'
Anit of nteasttrentent

gratling---_-
300(2) Gr¿vcl surface eourse

Cublc yard.

gratling- -- Ton'
300(3) Crushed ngßregate surf¡ree course'

gratlirrg_.-- -- Cublc Sartl'
300(4) Cmshetl oguregate snrfnce cotlrse'

grntling- -- Ton.
30O(tí) !'ttrltislting t'llcitlln t'hloride------- Ton'
300(0) Â¡¡rl.ring enlcitttn chloritle---------'l'on'

8{l

oo
3oo
fg
c
3
{

õtx.+
Þ



Compendium 7 Text 5

I

R
R

OAD
ESEARCH

Overseas Bulletin No. 12

ROADMAKING GRAVELS AND SOILS

IN CENTRAL AFRICA

D EPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH
ROAD RESEARCH LABORATORY

I 9ó0

¡

j NOTE': Thi.s text has been reproduced" with the permíssion
t-

i of the Transport ond Rood Research Laboratory.

¡

73



Compendium 7 Text 5

74

CONlENTS

.,(* Introductl on ._*--
Page
*_,1

**Fornatlon of Central Alrlcan solls

)rxDetrltal gravels ând sands .....$

Granl tl c, gnelsslc and quartzl te materlals.*.*---*--*-*......4
Sandstone gravels and sands.- .*.,--....*..*..'8
Basaltlc and dolerltlc gravels*-. -.-.-*.10
Mlcaceous and schlstose naterlals 72
Carþonaceous shale "......1.ï
Llnestone gravels- ---_---.-****'14

xxquartzltlc gravels and sand-clays 
-14*xNodular laberltlc and calcarcqrs gravels --._..---.......-...,17

xx Cmshed gra

xxNethods 01

z9

Iocatlng gravel deposl ts .To

g:<illne was te naterlals.*.---.-

Materlals avallaþIe for sËaÞlllzlng sol] s5

Cement
Bltmen

and llme 55
and t¿r..-.-* 37

Conclusl ons 38

Aclmo^rledgemen ...-............õ8

Àppendh: tjxamlnatlon of rcck and
Þasalt and Se1ectlon of

gravel derlved frlln weatlrered
sul table base naterlal---.*-.--.44

(17628) (11)



Compendium 7 Text 5

ROADMAK ING GRAVELS AI{D SO I LS I I{ CENTRAL AFR ICA

By I(. E. Cløre, .B. Sc. , A. R. LC.

TroþicøL Section, Rood Reseørch Løboratory

I NTRODUCT I ON

IN PLANNING the road system of a developlng terrltory lt ls essentlal to
sys[enatlze lmow]edge of the roadmaklng materlals that are avallable. The
present Bulletln revlews the solls, and parÈlcularly the gravelsr avallaþLe
ln Central Afrlca, the nucleus of fhe lnforrnatlon belng that obtalned durlng
a vlslt to Èhe Federatlon ln May and June, 1958, undertaken at the 1nvltat,1on
of the road authorltles there.

After a brlef dlscusslon of some of the factors lnfluenclng sol}-
fornatlon 1n Central Afrlca, thls Bulletln groups the gravels and solls
encountered there lnto three categorles dependlng on the ralnfall under whlch
they occur. In the low ralnfall area the pe[rologlcal characterlstlcs of
the underlylng rock have a great lnfluence on the propertles of the solls
derlved from 1f,, and sub-categorles can be recognlzed on thls basls. In ¿reas
0l lntenqeCi¿te or irlgh ralnfal1, altirotrgh t¡ìe paren[ rock ls stlll lnporÉrìt, the
large-scale geologlcat structure of the land affecËs soll forrnatlon to a
greater degree by lnfluenclng dralnage. Sub-categorles have yeI t0 be
dlstlngulshed here, but lt ls thought thai the catena concept - that of a
serles of solls forrned on the same parent rock but under dlfferen[ dralnage
condlllons - nay be useful.

Effort ln locatlng gråve1 Ceposlts can be greatly reduced by exanlnatlon
of geolog1cal, agrlcultural and forestry naps, and 01 landfoms revealed þy
aerlal photograÞhs. The occurrence of mlne waste macerlals useful for
bulldlng roads ln econonlcally lmportant areas 1s noted.

FORMAT IOIt OF CEIITRAL AFR ICAN SO I LS

8ot1s are formed by natural forces actlng on roclts over 10ng perlods of
tlme and, l1ke other products of evolutlon, thelr appearance and behavlour
are nuch lnfluenced by thelr hlsrory. The recognltlon of thls ln
agrlcultural research has led to a new branch of soll sclence - pedology -
ln whlch the Drocesses of sol] fonnaLlon are studled. Thls has perrnltted the

(77625)
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more fundanental classlflcatlon of soll and has lacllltated the appllcatlon
ln Ehe fleld of the results of laboratory research and of better nethods of
land ut1l1zat,1on. Pedologlcal technlques enaþIe large areas of solls to be
examlned systematlcally w1üh a llmlied effort and, slnce the road englneer ls
also concerned wlth the propertles of large, albelt elongaLed, areas of
ground, these technlques would also be expected to be useful þ hlm. Ttrls
has already been found lo þe the case 1n prellnlnary worl( ln Èìe Unlted Klngdon,
whlch has shown that solls ln sfinllar pedologlcal grouplngs behave slmllar1y
when subJecled to soll-cenent stablllza¿lon. (1)

Durlng the authorrs vlslf, ln 1958 1t was found posslble to classlfy
gravels occurrlng ln Central Afrlce on a pedologlcal basls ln broad terrns
havlng relevance to road englneerlng. To lllustrate thls cLasslflcatlon 1t
1s flrst necessary to dlscuss brlefly õhe neJor physlcal and chenlcaL factors
affectlng soll formatlon.

Flssures occur ln rocks both betvreen adJacent nlneral crystals, and on a
larger scal-e alue lo stratlflcatlon, coollng or earth novenents. CTaaks also arlse
by exÎo]1at,1on, due to solar heatlng (Ptate 1), and by rellef of overburden
load fol"lowlng denudatlon. Ralnwater percolatlng through these flssures
breaks up [he rock sLl]I turther by leachlng.out the more soluble
constltuents. Thls water dralns down to lower-Ìylng parts of the topography
where the dlssolved naterlal ls deposlted, loLlowlng evaporatlon durlng dry
perlods. l^Jater also eroiles materlaÌ from the surface of bhe ground and
deposlts 11 ln lower-lylng areas. The amount of annual ralnfall has there-
fore a fundanental lnfluence on soll formatlon, and ln Central Afrlca lt ls
probably the nost lnportant slngle factor. wlll1ans has drawn slmllar
ccncluslcns for the solls ln the Unlon of Souih atrlca. (2)

l^Ihere ralnfall 1s low, nasslve rocl( forÏnatlons weather Èo dlscrete,
lncerlocklng partlcLes or aggregates. Although sonef,lnes stâlned wlth red
lron oxlde on the surfaces, lndlvldual nlneraÌ crystals or crystal clusters
remaln lntact, as do structural pat[erns or stratlflcaÈlon. The petrologlca]
characterlstlcs of the parent rock tlerefore play a slgnlflcant part ln
oetermlnlng the nature of the soll foñned on lt. (õ)

In hlgher ralnfall areas, the more lntenslve dlslntegratlon produces
gravels and sclls rlch ln the more lnsoluþle nlnerals - quar¿z and, to â
lesser extent, rnlca. Stalnlng of the partlcles by red lron oxlde becomes
more marked, and lncreaslng prcportlons of clay are formed fron the decomÞosl-
tlon products of the roclL

In the areas of hlghest ralnfall conslderable quant,ltles of dlssolved
compounds of lron, alunlnlun and calclum nove 1n the ground-water to lower
strata, and where dralnage ls lnpeded these conpounds accumulate as a result
of evaporatlon, fomlng deposlts of nodular laterltlc and calcareous gravels.

(77625)
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Clay also acculTìulates ln areas of poor dralnage, whlch together wlth
evaDoratlon, 1s an addltlonal soll-forrnlng factor. Rel1ct solls are
forrned when naterlal accunulaf,ed under a cllnate of hlgh ralnfall ls
preserved lnto a succeeClng low-ra1nfal] perlod.

The effect of these factors can þe seen on the vertlcal prollle exÞosed
on the slde of a trlal plt dug ln t¡e gravel or solI. In pedologlcal
surveylng, prollles are descrlbed verbally, and those wlth slmllar character-
lstlcs are grouped together (norphologlcal classlflcatlon).

DETRITAL GRAVELS A}ID SAHDS
(low rainfal I area)

The þest examples of detrltal gravels are found 1n areas 01 the
Federatlon where che annual ralnfall ls below about 30 ln. (Fle. 1) and
weatherlng of the roclt ls }lght. These lnclude the naJor portlon 0f
Southern Rhodesla, wlth the -exceptlon of areas around Sal-lsbury and ihe
r¡ountalns on the Poriuguese East Afrlca border. They also lnclude a st'rlp
of Nor[hern Rhodesla runnlng paral].el to the zamþesl rlver.

S1x suþ-groups can be dlfferenllated on the basls 0f [he petrolory of
the parenl rock, and a more detalled exanlnatlon of the country mlght weLl
reveal more. The sub-groups are:

1. Granlte, gnelsslc and quartzltlc naterlals

2, Sandstone gravels and sands

6. Doler1tlc and þasaltlc rnaterlals

4, Mlcaceous and schlstose gravels

5. Materlals derlved Îrcrn shaLe

6. Llmestone gravels

(77625\
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F1e. 1. Ralnfa1l areas ln Central Afrlcan Federatlon.

Granitic, gneissic and quartzitic materials

Grøvels. These usualty retaln the colour and texcure of the orlglnal
roclr but coheslon ls often sllgnL. The largest parf,lcles, whlch nay be up to
several lnches ln slze, conslst elther of quartz Lu ps or crystal cLusters of
quarlz, felspar and, to a lesser extent, mlca 1n whlch weatherlng has not
destroyed the bondlng. Both lndlvldual lunps and crystal clusÈers are often
stalned red by lron oxlde, but 1n the rnass the predonlnant colours are whlte,
cream, buff 0r llght brown. CJ"ay ls elther absent or- ls present ln onl.y
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11m1ted proportlons. The larger quartzLtlc partlcles are 0f[en cuþlca]
or rhomboheciral, wllh sharp edges, glvlng a irarsh grllty feel.

The graveLs are easlly worked wlth bulldozers or dlggers, al-lhougn the
rate of wear of cuttlng edges may be hlgh owlng to the abraslveness anq
dryness of the materlal-. A number of cuttlng slopes were observed t0 be
stable wlth angles ln the nelghbourhood of g0o, suggestlng hlgh lnternal-
fficSion probably supplenrented by coheslon Õue [o dry c]ay. These steep
slopes occur ln areas where the tolal ra1nfall 1s low and the lntensl ty ls
h1gh. Cut-off dralns reduce penelratlon of water lnto the adJacent lorTratlon,
and the steepness of ühe slopes reduces eroslon. Locally' areas of roclt
occur thaL are more reslstant to d1s1n[egratlon lhan those surroundlng tìlen
and these have to be avolded 1n worlrlng the p1t. Gnelss ls sald to weather
ñÌore extenslvely than gran1t,e, ylel-d1ng deeper deposlts.

The volume of gravel avallable 1n a p1t ls relaled lo [he depth 01 d1s-
lntegrallon of the parent naterlal, whlch ls lnfluenceci by the land form, lhe
sub-surface water reglme and the suscepllblllty of the rock to weatherlng.
The latter depends on the spaclng and dlstrlbutlon of Jolnts and the
connexlons belween [hen. C]ose arrd vertlcal flssurlng allows deeper
weatherlng than w1de1y spaced and horlzontal Jolnts. l^Ieatherlng ls also
lnfluenced by poroslty, whlcn can reflect the granularlty of the roclt.

Gravels developed on granltlcr gnelsslc or quartzlllc parent rocks are
conmon ln the Federatlon and provlde excellenL naterlal lor subgrades, sub-
bases and bases, provlded that the proportlon of clay 1s l1mlted. Thls 1s
evaluated by the plas!1c1ty lndex(4) whlch, ln Southern Rhodesla, 1s llmlted
for dlfferent appIlcatlons, 1.e.

For bases 1n bltumen-surfaced roads - P. I. not more than 4 per cenl

For unsurfaced gravel roads

For sub-bases

For lmported subgrade

- P. I. not, more than 10 per cent

- P. I. not more than 12 per cent

- P. 1. not Íìore tllan 20 per cent

l^rlth a slmllar type of materlal (rdlslntegrated granlter) the
South Carollna State Hlghway Department requlres a plasglç1ty lndex 0f nol
nore than B when 1[ 1s used 1n unsurfaced grave] roaos. (b)

A granltlc gravel has been used successfuLly 1n the flexlble base of Ehe

maln runway at Kentucliy Alrport, Sallsbury, and a quartzltlc gravel ln t¡e
base of runway pavements at [he new l^loodvale Alrport, al Bulawayo. Al the
l-att,er slte the materlal contalned large boulders whlch were removed by
screenlng and crushed to a rnore convenlent maxlmurn slze, and then r€Èurned t0
the gravel to augment the proportlon of coarse slzes.
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Ml ca ls a com¡-non constltuen[ of granlte and gnelss and ls reslsta¡t to
\^re atllerlng, so that lt occurs ln gravels fonned on lhese rocks. It has Þeen
es[lmat,ed that, rnlca occurs as a slgnlfl"ant,lmpurlty ln half the granlt1c
and gnelsslc graveLs 01' Southern Rhodesla, and to an obJectlonable extent ln
about 10 per cent of them. The propert,les ol mlcaceous and schlstose
gravels wlI1 be dlscussed 1n nore detall suþsequently. The gnelsslc gravel.s
are sald t0 be more contamlnated wlth nlca f,han are the granltlc naterlal_s.

Sands. 'Gran1t1c sandvelril 1s the name gl.,ren to a coarse-gralned
sanrìy soll derlved lrom granlbes and gn,lsses and coverlng aþout 60 Þer cent
of the area of Southern Rhodesla,,lncludlng [he econonlcally lnportant
to-uacco-growlng areas. Mltchell(o, has revlewed 1ts fornatlon, dlstrlbutlon
and characlerlstlcs, one of whlch ls the presence, at a shallow depth beLow
the surface, of a s¡ratum oI clay fonned þy the weatherlng of the overLylng
o1sln[egrat,ed rock. It 1s sultable for f111, but not for base constructlon
1n 1[s natura] sf,ate, but tescs at the Road Research Laþoratory have shown
that 1t shouid be qulte sultåble for stablllzatlon wlth cement, (7) anO thls
has been conflrmed by Hotden at the CentraL Road Laborat,ory ln
southern Rhodesla. (8) Durlng the 19õ9-45 war the pavenents at the Royal
A1r Force s[atlons at Gulnea Fow] and Norton, ln Southern Rhoclesla, were lald
v/lth cement-stablllzed granltlc sandveld. when these were lnspected ln 1958,
nellher alrfleld had been used or nalntalned lor some tlme; some surface
flaklng and grass penetratlon had occurred owlng to the Lack of surface
protectlon, Þut the body of the soll-cement layers ln each case was ln a
satlsfact,ory condltlon. Slnllar hardsiandlngs were l-ald at the alrllelds at
Heany, ThornhlIl, Cranbourne, Belvedere and Kunalo. the state of these
16-year oId pavenent,s supports ¡he lndlcatlon fron laboratory wori( that thls
materlai should þe sufllclently durable for use ln road þases covered wlth
bllumlnous surfaclngs. fn ifre granltlc areas, supplles of gravet wlth a Low
clay c0ntentr sultable as-dug for base constructlon, are beconlng scarcer and
more expenslve lo obtaln. Cement-stablllzed granltlc sandveld should
provlde a satlsfactory alternatlve, and lhe use of hydrated 1lne as stablllzer
would a1s0 þe worthwhlle lnvestlgat,lng ln vlew of the abundant sources of
llneslone ln Sou[hern Rhodesla. The successful stabl]1zatlon of deconposed
granlte wlth hydrated llme has been reported from Natal ln the Unlon of
South Afrlca. (9)

Experlnents at the Road Research Laboratory(7) 
"nO 

by Van de Merwe ln
Sou[hern Rhodesla(10) nave shown that the granlülc sandveld should þe sultable
for certaln types of þltumlnous surfeclng. Such surfaclngs could well be
used 1n conJunctlon wlth staþlllzed bases of the type descrlbed, ln whlch case
there would be scope for the use of üraveÌ11n9 mlxlng-and-l.ay1ng plant
capable of nlxlng elther type of materlaL wlth resultlng economy ln the cost.

So¡/s. Thompson, revlewlng the granltlc so1ls 1n Southern Rhodesla from
the agrlcultural polnt of v1ew, classlfles then lnto flve rcategorlesr. (11)
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Table t has been drav,n up on ¿he Þasls of thls classlflcatlon and lndlcates
characterlstlcs reLevant lo road englneerlng. It should be noted that
Thonpsonrs classlflcatlon relates to the whore of southern Rhodesla, and ls
nol Llrnlted [o the areas wlth ralnfal] lower than 50 1n. per annum. As a
rule granltlc s01ls t,end to be deeper as [he annual ralnfa]-l lncreases.

the black clay of caregory v, belng sodllun-saturated, 1s of lnterest
slnce 1[ would be exp€cted to dlffer sornewhat ln 1ts propertles fron the other
blacK crays of the troplcs ('blaclr cotton soll') whlch tend to be cal_clum-
saturat,ed. For a glven texture, a rMopanlr clay of thls category woutd þe
expected to be more coheslve and less permeable lhan lhe correspondlng cotton
s011, ani to be more subJect t,o volume changes. However, practlcaL experl-
ence suggests that such clays are not dlfflcult, to deal wlth. (6)

Sandstone gravels and sands

GraueLs. Near chlplnga, southern Rhodesl¿, gravelly materlal 1s belng
won from decomposlng sandstone. The materlal ls l_lght red-brown ln coLour,
w1[h lhe rough surface texture of sandstone, and the rarger lunps are
rectangular and up to several lnches ln s1ze. The sandy overburden ls thln,
presurnably because 1t has been removed by eroslon of the steeply sloplngground. CJ.ay ls notlceably absent, and sand ls the naln constltuent of the
flnes. It has been used successfully ln an r¡nsurfaced g¡avel road on the
maln route to umtall, where, at the end of the wet season, lt provlded a
surface whlch was dense, hard and free lron corrugatlons.

Sandstone gravels would be expected to provlde, wlthout turther treaûnent,
very satlsfactory ma[erlals lor the bases crf bltumen-surfaced roads slnce the
absence of clay shoul_d much recluce the llabllltJ- t,o soften under wet
condltlons. The laclr of clay may arso nake for lncreased 11aþ111ty to
dusllng and corrugatlon on unsurfaced gravel roads, ln dry weather.
Experlence ln Southern Rhodesla suggests that some sandstone gravels can have
a hlgh flnes con[ent, however, and these may be stablllzed wlth cement to
provlde sultable base maIerla].s.

Sands. A mat,er1a1 of maJor lmportance 1n the Federatlon ls the
KaLaharl sand (Gusu sand) whlch occurs ln Barotseland ln Northern Rhodesla,
and [0 sone extent ln the west of southern Rhodesla. It 1s aeo]lan, the
partlcles Þelng of a much more Llnlted slze range than those of the granluc
sandveld (FLe. 2),

T\ro varletles were noted, a red and a wh1te. The whlte sand laclis
coheslon when dry and provldes a poor runnlng surface on an earth road. The
red varleLy, on the other hand, 1s mrch nore s[aþle, for example g1v1ng a
steep slope to a cuttlng sev€n mlLes south of Vlctorla Falls on ¿he road to
warlile, ln southern Rhodesla. In Llvlngslone, Northcrn Fhodesla, Èhe
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Flg. 2. Gradlng of sands lotrrtd ln Souûrern Fhodesla.

constructlon of a new munlclpal. road at a brldge aÞproach was seen aE whlcht¡e conpacted suþgrade of red I'ralaharl sand was carrylng urban trafflc very
saElsfactorlly. The stablrlr,y was not regarded as belng sufflclentry hlehfor the sand to be used as a base, however, and ihe Munlclpallty are planñlng
experlments at thls slte at whlch cemenü-staþlllzed sand wllt þe compared wlthgravel and crushed sione. Several earth roads ln the adJacent ltatombora
area were oþserved to have good runnlng surfaces when the recl sanci was
traversed, Þut ruts and lnstaþlll!y were encountered when the sanal was whlte.
The lower staþlllty of the whlte materlal relatlve to the red 1s belleved to
þe due to ¿he cementlng effect of a smal] proportlon of lron oxlde present ln
the latter. Clay 1s also present, however, and Mltchelt(12) tras shown ühat
the callfornla þearlng ratlo of sand conpacted to the Brltlsh gtandard
naxlmun denslty and soaked falls from ¿5 to 5 when the pLastlclty lndex rlses
from 0 [o 20 per cent.

Mlllard(13) nas revlewed road constructlon nethods ln IØLaharl sand areas
and other posslbLe base rnaterlal encount,ered there. These lnclude sand-clays
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sultable lor earth roads and noduLar laterlte (see p.17) as well as sheet
larerlre ('bog-lronr), concretlonary flmestone (tcheþ1-cheblt) (see p. 24) and
broken brlcli, atl of whlch should þe sulmþIe for gravel roads' or lor
bltrïnen-surfaced roads after sultable treatment.

work at the Road Research Laboratory(7) fras shown that Kalaharl sand
should þe sultable lor the þases of þltumen-surfaced roads afùer staÞll124-
tlon wlth cenent, and for the wet sand-mlx process uslng 5 per cent 0f cutback
þltunen and 2 per cent of hydrated llne. other tests also lndlcated that, 1[
nlght þe useful for naklng sand-asphalt.

In 1955 and 1957 the soulhern Rhodesla Roads Departnent IAld ti.¡O serles
of erperlmental pavements on the road fron Bulawayo to,Vlctorla Falls uslng
cenent, bltumen and lar for stab1llzlng Kalaharf ianO.(1a) At the tlme of
the vls1Ë the Ìengths stablllzed wlth þltunen were ln the best cond1t1on, and
lt ls felt that thls addltlve 1s the most promlslng of those avalLable. In
Èhls connexlon 1t nay þe of lnterest that fuÌL-scale trlals are ln hand wlth
sand-bltunen nlxes 1n Northern Nlgerla. These are belng ur¡dertaì(en by the
Road Fesearch Laboratory ln collaboratlon wlth the Federal Government and
consultlng englneers, and thelr obJect 1s Lo deterrnlne [he nlnlnun bltunen
content and thtckness necessary for bltumen-stablIlzed sand road Þases.

Ânother sand of lnterest, developed on the forest sandstone fonna[lon,
occurs ln the northern and nortÌþwestern parts of Souihern Rhodesla, partlcu-
larly ln the zambesl basln. A sample exanlned at the Road Research
Laboratory was rather llner than the Iøtaharl sand (Fle. 2), and non-plastlc.
Tests also lndlcated that 1t should be suliable for sEablllzatlon wlth
cenent. (15) The gradlng suggests that, 111çe the Kalaharl sand, lt should
þe sullable for sone forTn of bltumlnous sÈaþlllzatlon.

Easaltic and doleritic gravels

Gravels developed on baslc roclß such as basalt and dolerlte i{ere seen
ln the wes[ern part of Lhe Federatlon ln [he area of Vlctorla Falls and
Llvlngstone. The basaltlc gravels are grey or þrown ln proflle and occur ln
flattlsh country, whereas the dolerltlc dylres are encountered ln cuttlngs.
Both ¡end to be overlaln by a black, hlgh1y plastlc clay contalnlng rounded
þoulders of rock nore reslstant to weatherlng than thaË orlglnally surroundlng
lt. these boulders are often Þrought to the surface þy sone mechanlsm that
1s posslbly assoclated wlth the pronounced swelLlng and shrlnløge of the clay.

vleathered basaltlc gravels, lrrespectlve of thelr gradlng' are regarded
as suspect ln Northern Rhodesla, because 1t ls þelleved that fur[her
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deconposltlon nay take place on the roaO. (16) A slmlLar vlew was expressed
ln Southern Rhodesla. Fallures are known to have occurred at the followlng
s1 tes:

(1) Bulawayo to vlctorla Falls road, experlmental length of cement-
stablllzed þasa1t graveL þase, bltunlnous surfaclng.

1tr) vlctorla FalIs to Llvlngstone road, l-lme-s[ab1l.lzed þasalt grave]
base, bllumen surfaced.

0n the other hand, good results have so far þeen obtalned wlth basaltlc
naterlal at the followlng two alrflelds, whlch were lnspected:

(1) Runway at, Vlctorla FaIIs alrfleId, tar-stablIlzed basalt base,
Þltumlnous surfaclng.

(11) Runway at Llvlngstone alrfleld, crushed basalt sl-urrled wlth cLay
on top, þltumlnous surfaclng.

Fallures have also occurred on roads ln the Unlon of South Afrlca where
certaln dolerltlc gravels have been used, and Wll.11ams(2) has noted that
unsound materlals occur ln reglons where the annual ralnfaLl exceeds 2O 7n.,
and sound materlals where the ralnfall ls less. Wetnert(17) notes that, good
performance may be due elther io a low secondary nlneral content of the
dolerlte or to low ralnfall. If the South Afrlcan experlence can þe applled,
the basalt ln the naJor formatlon runnlng parallel to the south-eastern border
ln Southern Rhodesla nlght well be usthle for road constructlon, slnce the
ralnfall ln thls area ls below e0 ln. per year. At the two sltes ln
Southern Rhodesla where fallure was oþserved the annuaL ralnfaLl exceeded thls
value; ln thls connexlon 1t 1s lnterestlng that the successful staþlllzatlon
of deconposed doLerlte wl[h hydrated tlme ls c]almed 1n Natal(9) where the
ralnfal.l ls also h1gh, although the durablllty of the treaünent ls not yet
Inowr.

Basalts and dolerltes are Imown to be prone to rapld chemlcal weatherlng.
Secondary mlnerals such as zeolltes and llalry chlorlLe are often present lrr
the porous part,s of the groundnass (tamygdales'). Sone types of basalt and
doler1üe are beLleved to be unstable þecause they con¿aln rel.atlvely largè
pl'oportlons of clay and llmonlte produced hydroühennally ln Èhe lnterstlces of
the roci( after geologlcal fomatlon. These materlals are loc]rcd ln fhe
spâces between crystals of more staþle prlmary mlnerals, and are llberated when
a large area of rocii surface ls exposëd to nols[ure as, for exanple, when
crushen-run materlal or weathered rock gravel ls lncorporated ln the base of a
Þltumen-surfaced pavement. one posslbÏe explanatlon for the satlsfactory
perlormance noted ln the two Rhodeslan alrflelds may Þe that, by comparlson
wlth roads, runways are subJected Ëo less mechanlcal Þoundlng.
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In the Unlon of South Afrlca satlsfactory stone ls dlstlngulshed fron
materlaL. llabre to dlslntegrat,e by the sodlun sutpha[e crysta]llzat,lon
test. (rB) Another method, based on ¿he coefflclen[ of restl[u[lon, has been
deveJ.oped for separatlng, on a larger scal.e, sound slones 1n gravel from
those coniamlnated by clay but the vlew ln south Alrlca 1s that thls
lechnlque cannot be applled to the dolerltes slnce wlth them, the clay 1s
contalned lnside the st,ones rather lhan sumoundlng them. (19)

Fallures have been recorded on roads ln areas of the Sfate of Vlctorla
1n AustraLla, where gravel derlved from weathered basalt has been useO. (20)
In thls case external contamlnatlon by clay seens !o occur, e. g. fron the
over-burden. The materlal ls belleved to be sultabLe for suÞ-þase construc-
t10n, however, when the ÞroÞortlon of clay ls llmlted Þy controtllng the
extractlon of the gravel.

Basal-t rock, assoclated wlth road fallures ln the S[ate of oregon 1n the
U.S.A., when exaÍrined pelrologtcally has been found by Scott t,o contaln
secondary mlneraJ-s, such as clay and 1lmonlte, ln proportlons of 35 per cent
or rnore. (21) Roclr contalnlng less than ao per cent of such mlnerals glves
llttle lrouble. Met,hods used 1n oregon for recognlzlitg good rock and lnprov-
1ng poor naterlal are glven ln the Appendlx.

Micaceous and schistose materials

Grøuels. lllca 1s a connon constltuent of the graveLs ln Central Afrlca
derlved lrom granlte and gnelss. Gravels and Solls derl:ved from schlsüose
roclß also occur. Indlvldual partlcres have a llaky shape, a smooth soapy
feellng when handled and a varlable lexture. When excavated for use on lhe
road' the 0rlentatlon ol the flakes that has been lmposed by nature ls los!
and lhey assune a randon arrangenenl wllh a hlgh volds content. Such solLs
cannot easlly be compacted wlth normal rolLers. Il ls posslþte that vlbraLory
rollers would be more effectlve b'ut even so [he conpacted strength of the sotls
ls not llkelJ' to be very hlgh. They are genera]ly perrneable and when the
molsture content lncreases, a very large and rapld faIl ln strength occurs,
e. g. when raln falLs on earth or gravel_ roads. F\rrther, hydratlon durlng
weatherlng 1s known to cause blotlte inlca to sweÌ], an undeslrable
characterlstlc 1n a potentlal base materlal.

Schlst and mlca can aLso contamlnate other, apparently nore satlsfactory,
nalerlals. In one lnstance recorded 1n the Copperþe1t of Northern Rhodesla,
a sllehtly nlcaceous quartz gravel was used ln whlch the content of flairy
ma[erlal was vlsuar].y lns1gnl11cant. In servlce as a road surface, Ëhe
gravel became smooLh and sllppery when wet, and flnally ru[ted and falred
comple tel-y.

In SouEhern Rhodesla the plastlclty lndlces requlred wlth vlslbly mlcace-
ous gravels and solls are much 10wer than 10r granltlc materlals. The
upper 1lm1ts are:
(77625)
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For þases ln bltunen-surfaced roads - P.I. not more than z

For sub-bases - p.I. not more [han 6

per cent

Þer cent

For lmported subgrade - P.I. not more than 10 per cent.

Soi/s. Solls contalnlng nlca are poor founda[1ons for roads, and 1n
Northern Rhodesla the thlcliless of Þase lndlcated by the C.B.R. test ls
mult'lpLled þy a factor oî 2, as a rule-of-thì¡nb. The andeslte schlsts of
Southern Rhodesla are sald lo be potentlal sources of expanslve cÌay, and as
such are undeslrable ln roads even as flLl mat,erlal.

Mlcaceous solls tend to glve rather hlgher results ln the l1qu1d-¿and.
plastlc-11m1[ tescs [han v,rou]d be expected from the amount of clay present as
lndlcafed þy a partlcLe-slze analys1s. The presence of mlca ln such a soll
can be conflrmed by the llnear shrlnkage tesl slnce mlca does not lncrease the
susceptlblJ.lfy to volurne changé, as clay does.

Carbonaceous shal e

In the !Ùankle area of Southern Rhodesla, carbonaceous shale occurs next
to the coal measures worked by the nlne, and ls the source of 'flre-clàyt ¡ à
materlal produced by spontaneous combustlon of the shale. Thls ls slmlldr 1n
nature to the burnË' colllery shale often used ln roads ln the coalfleld areas
0f England and scotlancl, lhe propertles of whlch have þeen examlned at the
Road Research L¿þp¡¿¡o¡y, (22)

The flre-cLay ar tr.ianl<le, whlch ls a red or whl[e f]aþ naterlal ofgravelly texture, has þeen used successfuily on lhe runway as a þase protected
by a surface dresslng. Thls pavenent was lnspected and found to be ln very
good condltlon, apart from one or two very small areas of softenlng of theÞase. Thls ls thought, to Þe due to the presence of lnsufflclently-burnt
share. The naterlal has also been used as a þase 1n urban roads.

I[ ls regarded loca]ly as belng too varlable for use on maln roaals.
Thls ls a d1lflculty aLso encountered 1n the Unlted Klngdom, and lt 1s
avolded by lestlng, ln the laboratory, samples of naterlal fron the varlous
potenËlal sources, and by vlsual seLectlon when worklng the source chosen.
In Southern Rhodesla, as 1n the Unlted Klngdom, swelllng tests are made onflre-clay uslng t'he apparaÈus and technlque develoÞed ln Callfornj.a for use
wlËh the bearlng ratlo test.

vlsual selectlon at the plt ls usefuL and a hlgh degree of dlscrlmlna-tlon can þe reached by a tralned plant operator, þut lt ts 4ot alwaysposslþle io prevent unsound naterlal Þelng used. To lnprove the guallty of
Lhe naËerlaI, stablltzatlon wlth þltumen emulslon and wlth 1õo-1bo e.v.i.
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tar has been used by Ingle ln road constructlon ln the Mldlands coalfleldsj2ð)
A 50-150 e.v.t. tar 1s produced at the t{ankle Co}tlery and experlments are now
ln hand at the CentraL Road Laboratory, Sallsbury, to deveLop nethods for
emulslfylng tar for use 1n roadnaklng. Experlence ln the Unlted Klngdon
suggests that, elther of Èhese fwo þlnders could þe potent,la}ly useful addltlves
for lmprovlng the perforrnance of the Wankle flre-clay 1n road bases.

In vlew of the lnportance o1 the Wanl{le area as a cencre ln whlch
lndustrles þased 0n coal and coal chenlcals wl11 develop wlth the consequent
need lor nore roads, there would appear to be scope for an lnvestlgatlon lnto
the flræclays 0n the 1lnes of those made ln the Unl[ed Klngdom. The obJects
wouLd be to select naterlal that glves the best servlce when lald ln roads,
and to develop slmple vlsual or other methods for ldentlfylng such naterlal
durlng extractlon.

Limestone gravels

Llmesione, naln1y dolonltlc, outcrops a[ nunerous places 1n the
Federatlon, but detrltal gravet fonned on lt was only encountered on bhe
unsurfaced road from Blrchenough to Chlplngå ln Southern Rhodesla. Although
used [o on]y a llmlted extenc ln lhe terrltory, experlence wlth the naterlal
ls good, and Ms sald fo þe nore reslstant to corrugatlon than gfanltlc
gravel, posslþIy because of cementatlon due io solutlon and redeposltlon of
calclte. More clay can be tolerated ln tlnestone gravels for unsurfaced
roads, and the naxlmrnn plastlclty lndex allowed 1n Southern Rhodesla ls
¿0 per cent.

OUART IZ IT IC GRAVELS AND SAI{D.CLÂYS
( iñtermediate and high rainfal I areas)

In areas of the Federatlon where the annuaL ralnfall exceeds 50 ln.,
weatherlng of the roclr ls more lniense than 1n the low-ralnfall area, and the
nore soLuble constltuents are renoveal. The gravelly and sandy solls are
rlcher 1n the nost, reslsüant prlmary nlneral, quartz, than thelr detrltal
counterparts, and poorer ln the less reslstant, clay-formlng nlnerals, such as
felspar. These quartzltlc gravels and sand-clqys occur over the greater
pari,s of Northern Rhodesla and Nyasalanal, and constltute the most aþundant
group of gravels ln the areas where the annual ralnfall lles þetween õ0 and
40 ln. (F1e. 1).

Grøels. À typlcal resldual quartz gravel contalns dlscrete angular
Iumps of whole or shaEtered quartz whlch are opaque, sometlnes whlte, but nore
ofben red due to lron oxlde stalnlng. Slity and clayey flnes are present;
the clay content, ls usually hlgher than wlth the detrltal gravels. There ls
often llttle or no sysLemat,lc varlatlon ln the materlal wlth lts depth ln Èheplt and the better exanples of the glouÞ¡ developed on quartz-rlch parent
roclts, are among the besL na[erlals 1n the Federatlon for nalrlng þases for
bl tumen-surfaced roads.
(77625') 74
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where maJor seams or velns of quarËz have run through an otherwlse
la1rry Î1ne-gralned rock, Þourders of quartz nay be encountered 1n the
resldual- gravet (Plate ¿) and unless renovecl these nay present dlfflcu1t,les
1n gradlng or stablllzlng the naterlar for use ln a road Þase. In the
constructlon of the new i^foodvale AlrporÈ near Bulawayor the expedlent has
þeen adopted of screenlng out the þoulders and crushlng them to a naxlnun
slze convenlent for use 1n concrete Davements.
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Ftg. 5. (a) Physlcal and (Þ) chemlcal re-dlstrlþutlon of the consrltuents
of weatherlng roci( due to hydrþloglcal factors.
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Resldual quartz gravels form on quar[z-rlch reefs, whlch, þecause of
thelr reslstance to weaiherlng, siand out as hll]s 1n undulatlng country.
Alluvla1 quartz gravels are formed by the movenent and deposltlon at lower
levels of resldual quartzl[1c materlal. Charact,erlstlcally, the partlcles
are more rounde¿l thalì ln [he resldual gravels and ]arge boulders are absent,
malilng them more convenlent to handle. some stratlflcatlon can also be
expecled. Redlstrlþutlon follows the catenary pattern shown ln Fle. õ(a)
1n whlch a textural range of soll types are lound r^rlth, successlvely, gravel,
sand and clay predonlnatlng. These are formed by the weatherlng of rock on
hlgh ground' and are sorted as a result of Ehe gradual reduct,lon 1n lhe sÞeed
0f flow of surface water. PedoJ.oglcall_y-recent, gravels occur near the
surface on terraces ln the hlgher reaches of rlvers, whlte oLder deposlts
occur deep ln the anclent channers of the more nature rlvers, where water
currenis have þeen faster 1n Lhe Þast.

The resldual quartzltlc gravels are a good deal nore wldespread than
Ehelr alluvlal counterparts ln cen[ra] Afrlca, and the corunonest, varlety
apÞears t0 be developed on roclrs contalnlng a slgnlflcant proportlon of clay-
formlng constltuents. The clay content ls therelore often sufflclent to
provlde a well-bound surface on a gravel roacl. t¡hen the growth of trafflc
requlres a bltumen-surfaced road, however, the clay tends to soften, due to
accumulatlon of nolsture, and falÌure of the pavement may result. In
Northern Rhodesla lt has been found that the addltlon of aþout g Þer cent of
hydra[ed ]1me to lhe graveL overcomes thls dlfflculty, and provldes a strong
and durable base naterlal for road constructlon. (16)

In Southern Rhodesla, probably owlng to the lower lntenslty of chemlcal
weatherlng, lhe depth of quartz gravel formatlons ls seldon more than 2 feet,
and often varlabl.e o\¡er a short dlstance. The ptastlclty lndex ls sald to
vary bot'h vertlcally and horlzontally, necessltatlng close control and mlxlng
by bulldozer on the quarrj¡ floor.

Sand-cLays. ì,luch of the lgneous roclr 1n Nyasaland ls flne-gralned
syenlte, whlch contalns nuch Iess quarLz and nore clay-fornlng constltuents
than the lgneous roclrs fou¡d elsewhere ln the Federatlon.

For thls reason quartz gravels are less coÍmon than ln ¿he other
terrltorles, thelr Þ1ace belng taken by resldual sand-clays, generarry of a
deep red colour and a ttedlun texture. These solls provlde earth roads that
have good runnlng surfaces 1n the dry seasolì but are raiher weak when wet,.
lnJlth good dralnage, they provlde falr foundatlons for gravel and bltunen-
surlaced roads. In areas of Nyasaland where good base naterlals are scarce
the staþ1]lzalron of these reslduaL sand-clays has lnterestlng econonlc
posslbllltles and the PuþLlc Worlrs Department has begun to experlnent wllh
the process. For reasons of flnanc1al strlngency, some stablllzed bases
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have been made [oo thln l0 support the trafflc loâds t¡at they had to carry.
In some lnstances these bases were only õ ln. thlclr on coheslve soll and such
fallures as have occurred car)not þe any condemnatlon of so11 stablllzatlon.
Wlth bases of adequate ihlckness, so11 staþllTzallon should be able to contrl-
bute much to road constructlon 1n Nyasaland, partlcularly as there 1s now an
actlve Materlals LaÞoralory wlthln the Department capable of evalua[lng the
solls avall-able.

In one plt ln NorLhern Rhodesla, a qvarizltlc gravel was seen conLalnlng
what appeared to be boulders of 6 [o I 1n. ln slze. Close lnspectlon showed,
however, that these þoulders were nlnutely flssured and could easlly þe
þroken down lnto a pure whl te sand.

NODULAR LATERITIC AIID CALCAREOUS GRAVILS
(high rainfal I area)

Loteritic gravels. In nany areas, and partlcularLy where the annual
ralnfaLl ls greater than 40 ln, per annLim, a nodular ferruglnous gravel
occurs, known locall-y as rlaterlter, whlch ls wldely used ln roadmalçlng. The
reglons concerned are prlnclpally the two areas of Northern Rhodesla flanldng
the Congo Pedlcle, and lncludlng the econonlcally lnportant CopperbeLt. They
also lnclude a proportlon of the hlgher ground ln Nyasaland, and a smal1 area
near the Portuguese Easl Afrlcan border 1n Southern Rhodesla.

In Northern Rhodesla and Nyasaland the gravel eonslsf,s of spherlcal
nodules of lron oxlde or hydroxlde wlth_a conparailvely unlform range of
partlcle slzes 1n the nelghbourhood of É ln. ln dtameler, elübedderl ln a matrlx
of sand and clay. The nodules vary 1n hardnes's, some requlrlng a hanmer-
þlow to breal( then wh1le others may þe cn:mbled ln the hand. There ls often
a not,lceable reductlon 1n the hardness as the depth þe10w ground surface
lncreases. l^ihen broken open a nodule 1s someÈlmes found to þe harder on the
outslcle, progresslng lnwards to a softer core. The nodules nay constltute
the whole of the coarse fractlon of the gravel, but often there 1s an
admlxture of quartz pebbl-es, whlch inay predomlnate local}y ln sone areas of a
plt as the reÍìnants of a fomer quartz lntruslon. In plts contalnlng
mlxtures of quartz gravel and nodular 1aterlte, the nodules sonetlmes
overLle Lhe quartz pebbles and sonetlmes vlce versa.

The col-our of [he gravel 1s regarded as a good lndlcator of lts qua]1Ëy,
partlcularly ln respect of the hardness of the nodules. Thus, a prollle of
good gravel when wet ls usually dark þrown or red wh1le a yellow colour
lndlcaËes poor naterlal. Dlfferlng colour ln resldual so1ls has been
atürlbuüed by hlhlte @4) tu varlable spaclng of the Jolnts 1n underlylng
lgneou-s roclr" Close Jolntlng encourages deep weatherlng, Iow water-table,
Þenetratlon of alr and oxldatlon of lron salts to the redder ferrlc state,
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whlLe wlder spaclng of Jolnts resuLts ln less ox1d1zed, yel1ow mat,erlal.
The content of clay also lnfluences the quatlty; ln generaL the nodular
laterltlc gravels conlaln more than the quart,zltlc gravels (Flg. 4), and have
hlgher l1quld 11n1ts and pLastlclEy lnd1ces. The varlabll1ty of ühe clay
conten! 1s hlgh and ln a serles of tesls nade Þy ühe taþoratory of the Publlc
Worlis Departnent on che gravel from one plt used ln [he cons¡ructlon of the
new ilrne-stab11lzed road, fron Kafulafuta to Flsenge ln Northern Rhodesla,

FlA. 4. Llquld llnlt and plastlclty lndex values for the soll mortar of
roadnaklng grevels ln Nortnern Rhodesla (tests by the Publlc Works
Depa rünen I Laboratory).
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Ehe plastlclty lndex varled between 10 and 60 per cent. Sone of thls
varlablllty nay be assoclated wlth vertlcal varlatlons ln the clay content
ln the proflle, and to realuce lt 1n practlce plts are elther worked vertlcally
wllh face-shovels, or materlal ls blended on the floor of the plt wlth a
Þull-dozer. Scrapers are not often used.

In Northern Rhodesla, the ptastlclly lndex requlrements for unstaþll1zed
nodular Laterltlc gfaveLs are:

For bases ln þltunen-surfaced roads - p.I. not more than 10 per cent

For suÞ-bases - P. I. not more Ehan 2b per cent

ïn addltlon, f,he proportlon of the gravel passlng the B.S. No. ¿OO sleve
ls requlred t,o be not nore than ¿0 per cent.

In Southern Rhodesla nodular laËerltes tend to have colours ln the range
Þrown-purple-blac]ç and occur 1n beds of lrregular thlclmess vary'lng from
1 to 6 1[, wlth an average of 2 tE, They are par[lcular1y uselul when they
occur over baslc parent rocks slnce alternatlve hlgher quallty base naEerlals
are then serdon avallable. They can be dlrflcurt to rlp and þlast, and nay
even þe cemented strongLy enough to requlre crushlng. The plastlclty lndex
of the flnes varles from 0 to 90, and they are sald to possess the property
of re-cementatlon when lald on the roari. Thls cementatlon ls sald to þe
assoclated wlth the presence of sparlngLy soluble alumlnlun hydroxldes.
Laterlüe developed on parent materlals llke the Kalaharl sand, whlch ls
deflclent 1n alumlnlum compounds, do not exhlblt self-cenentatlon.

In many parts of Southern Rhodesla }ong, levet rldges of schlst occur,
capped wlt'h several leet of lronstone havlng characterlstlcally rounded edges.
these are probabj.y nodular later1t1c gravels, fonned under an oIder, wetter
cJ.lmate, and whlch have reslsted eroslon þetter bhan the overrylng and
surroundlng materlal. These caps weather to glve a ruþble, whlch llows down
the slopes' and an alÌuvlal red slÌt found on adJacent flat ground. The
plast'lc1t'y lndex of these materlals varles fron 6 to 60 4nd they can provlde
good sub-bases or stabt.llzed t-rases, allhough transport 1s sald to be expenslve.
No cenentatlon 1s exhlblted.
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The plastlclüy lndex requlrements ln Souihern Rhodesla lor solls that are
v1slÞly laterltlc are:

For bases ln blturen-surfaced roads - P.I. nob more than 6 per cent

For sub-bases

For lmported subgrade

- P.i. not more than 18 per cent

- P. I. not more than 50 per cenl,

Concrett.onary Løterite. Tlrls 1s a ferruglnous rock-tlke deposlt related
to the nodulá.r laterltlc graveì-s, occurrlng ln sorne lnstances wlth then
I'hus 1n some proflJ-es, the nurnbers of nodules lncrease wlth depth untll they
coalesce to produce a veslculated mass conlalnlng soll 1n the vo1ds, or wlth
the soll leached away. when thls naterlal ls exposed by eroslon and
subsequently deslccated, 1t has a dark brown or bleck appearance, 1s hard and
durable, and has t,o be excavated wlth exploslves and heavy rlppers. lhls
form ls sometlmes known as rcaprocirt. When concretlonary Ìaterlte occurs
under damp cond1t,lons, however, 1l ls a good deal sofr"er and can Þe readlly
excavated bJ'hand. It hardens on exposure to the atmosphere and 1s properly
ìüown as I Buchananr s lalerl te I af ter 1ts dls coverer. l"faterlal o f the caproclr
varlÈty has been noted 1n Nyasaland by SchofleÌ¿(2s) u. reefs narklng the l1ne
of emergence of ground-water on the slopes of h111s. The surrou¡dlng solI ls
belleved to have been eroded away exposlng a hard, blaclr laterlt,lc crust whlch
overl-1es yel-low and red laterlte of the sofLer concretlonary type. When
lumps of the crust break away, lhey are sald io harden further, yleldlng black
honeyconbed blocks. 0l thlrty such deposlts examlned by Schofleld, aL1 were
smaLl and 1solated, and about one-half contalned worl(able qua¡tltLes of pave-
menl materlaI, between 5000 and 15 000 cublc yards coverlng one or two acres.

Sor/ øssociattons. The ways 1n whlch nodular and concret,lonary
Ìalerltlc materlals are formed ls not yet fully understoocl so that 1t 1s
lrnposslble lo classlfy then completely. However, certaln of the naJor
lactors underlylng thelr formatlon are beglnnlng to be known, and some of
these are descrlberj brlefly below.

one baslc ldea ls that ol a catenary assoclatlon of solls, flrst
developed by l{llne (26) fn Tanganyl}e and later applled to troplcal sol}s ln
Inany otiìer countrles. It, conslsts of a sequence of solls formed orr the same

Þarent rock, the vertlcal sectlon of whlch has t,he form of a geometrlcal
caLena (Fle. 3). The sequence develops as the result of the physlcaL and
chemlcal redlstrlbutlon of the products of wealherlng of rocl< on hlgh ground.
Pityslcally, rock partlcles whlch are malnly of quartzl[1c na[e11a] or resldual
clay are washed down th€. slopes of hllls and deposlted at dlstances fron [he
crest lnversely proportlonal to thelr slzes, gravel belng ]ald on the hlgher
and clay on lhe i-ot^rer slopes. ChemlcalLy, the r¡ore soluble roclr constltuents
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such as the a]ka1les, caLclurn and magneslun' lron and alunlnlun move (ln
the order glven) from the hlgher to the lower levels dlssolved ln the
ground-water. Fo}lowlng evaporatlon of water from the surface of the
ground they are deposlted at the lower levels, the least soluble compounds -
those of lron and al-unlnlun - belng deposlted flrsE.

Tlrus, Halne notes ÈhaE laterltes useaþle ln road constructlon often
occur at the edges of rrvlelsrr or loi^r-lylng' level grounO. (?z) Calclum a¡d
nagneslun, and to some extent the alkalles, accunulate at the lowest levels:
Þe1ng extremely soluþIe, most of the alløIl llnds lts way through the rlvers
to the sea.

These physlcal and chemlcal effects proþably operate together' and 10cal
dlfferences ln [he redlstrlbutlon of sand and gravel offer one explanatlon
for the occurrence of quartz pebbles and/or guartz sand ln deposlts of nodular
Laterlilc gravel. As lt appears that the amounts of ralnfall and evapora-
tlon, ancl thelr varlatlon ln t,lne and over the dlfferent scales of rellef,
are lnportant fac¿ors ln gravel forrnatlon, thelr exanlnatlon ln detall ln
future work nlght be rewardlng. Thls nlght reveal local or reglonal
correlatlons þetween the occurrence of later1tlc naterlals and cllnatologlcal
lndlces that would be of servlce to englneers ln locatlng gravel.

Quartz pebbles are also þelleved lo nove down fron hlgn ground when the
resldual red clay fonned round theÍ¡ slldes slowly down sl.opes. Schofleld(28)
has noted tha! suchrcreep gravelsr occur ln Nyasaland' and can provlde use-
lul paver¡rent naterlal. ile also flnds that the þest-developed ca[enary
sequences occurred ln areas wlth over 45 lnches of ralnfall per year.

where ferruglnous naterlal accu¡ïu1ates, flrst ln nodular and later 1n
concretlonary form, the reslstance of the ground to eroslon lncreases. As
the roclr prollle weathers down, concretlonary rráterla1 ls exposed as a reef
and hardens on exposure lo alr glvlng the caproclr descrlbed earller (Fle. S);
thls can therefore be regarded as the nost mature of the gravels consldered.

Ballantyne, ln the recent reconnalssa¡lce solL survey of the Copperbelt
1n Northern Rhoalesla, (29) has noted that there are two characterlstlc
topographlcal fonns assoclated wlth laterltlc outcrops. He regards the
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laterlte as occurrlng ln a zone fol.Iowlng the surface contours of the ground
at a greater or lesser depth. Flgure 6(a) shows a gentle slope doh,n to a
strean, wlth the ]aterlte occurrlng at the sEream edge and at the top of the
slope wlth a poclret of s011 preserved ln þetween. $uch an assoclatlon ls
lound on the Basement lgneous rocl(s, whlch are predonlnantly of Èhe granltlc
type. 0n the younger, meta¡norphlc group of rocks o1 the Katanga serles,
Èhe assoclatlon 1s shown (Flg. 6(Þ)), where a flatter'topped h111 slopes
steeply down to the strean, and the sol] cover ls preserved over all except
the edge of [he laterlte.

(o) lgneour rocl

Flg. 6.
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Road þerforvnnce, I'lodular ]ater1tlc gravels are wldely used ln
Cent,ra1 Af¡Ica, as elsewhere, for gravel roads. In thls appllcatlon they
are superlor to the quart,zlt,lc and detrltaL gravels 1n that,, havlng more clay,
the sttrfaces are better bound ln the dry season and hence more free fron dust.
Tìle absence of large boulders makes them easler to handle and to shape wlth
blade graders and one rnay suspect that the rounalness of the nodules glves
Less tyre wear than do tlre gravels wlth sharper stones. The nodular gravels
are also useal successfully for surfaclng runways on alrflelds carrylng
scheduled se¡vlces. An example of thls was seen at Fort Jameson ln
Northern Rhodesla, where grass was belng encouraged to grow through a
relatlvely coarse-grâCled gravel to blnd 1t and reslst eroslon.

In the wet season, however, the noduLar gravels soften nore readlly than
thelr detrltal counterparts and, when aLl-weather servlce ls needed, practlce
1s to provlde a bltunlnous surfaclng whlch offers protectlon agalnst raln.
In such clrcunstances, the best of the nodular gravels, 1.e. those wlth the
lowest clay contents' can provlde satlsfactory þase materlals. Thus three-
quarters of the length of the base for the naln runway at Lusa]€ Alrport ln
Northern Rhodesla was constructed ln 1951 wlth nodular laterltlc gravel and ls
stlll 1n exceLlent condltlon. However, as has been noteal, the clay cont,ent
ln sorne plts can be varlaþle, and thls can result ln fallure of local areas
of base, slnce drylng of the gravel 1s prevented by the þltunlnous surfaclng.
In vlew of the proportlon of the cost of a road Ehat 1s lnvested 1n the
Þltunlnous surfaclng' lf has been found to be well worthwhlle addlng sone form
of stablllzer to the gravel to ralse the lower llnlt of the strength of the
mat,erlal- and lnsure agalnst base fallure. In Northern Rhodesla [hls has þeen
done very successfully wlth hydrated l.1me, as descrlbed ln overseas B.Jl.l.etln
No. 9, (16) about 4 per cent belng needed wlth the nodular laterltlc gravels.
I"lore than 300 nlles of bltunen-surfaced maln road have been constructed ln
thls way slnce 1950. Cenent has been used, but only on a restrlcLed scale,
the onLy lnstance imown belng that of the base for the naln runway a[ Ndola
Alrport, construct,ed ln 195õ.

Experlments ln Nyasaland have lndlcated that the technlque of 1lne
stablllzatlon can be appl.led successfully io the nodul.ar laterltes
encountered ¿here. (60)

0ccurrlng as they do In areas of comparatlvely hlgh ralnfa]l, the slËe
condltlons ì.nder whlch noduLar Iaterltlc graveLs are used are less advantageous
than those under whlch Èhe other types of gravel are employed. wl]Ilams (31)
has noLed three clrcutrìstances 1n whlch the advanEages of stablllzailon are
partlcularly app]lcable to the nodular naterlals. Flrst, bltumlnous
surfaclngs are sel.don conÞIetety lnpervlous so that water can, ln pract,lce,
penetraEe t0 the base, an observatlon thac ls supporled þy experlence ln
Northern Rhodesla. Secondl.y, water tends to erode the naterlal at the edge
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of [he bltumlnous surfaclng and enter the base from the slde and, thlrdly,
roads over undulatlng country nay lntersect seasonalLy hlgh perched wat'er-
tables, whlch can lead to wetLlng of the þase materlal fÌ'on below. The

sa[lsfactory perlofinance of Ehe llme-stablllzed nodular ].aterlte roacis 1n

Norihern Rhodesla suggests that the llme helps on aII three scores.

Calcareous grøveLs. Calcareous analogues of the nodular laterltlc
gravels were encouniered at, o4q^polnt ln the Shlre VaÌLey ln l'tryasaland.
Àccordlng to Mìllr and Stephen(õ2) ¡¡6s¿ are derlved from seepage water flowlng
from caLcareous rocks on the Lupata HlI1s on the south slde of Efle valley.
The gravel appeared to glve satlsfactory results on a gravel road ln T,he

dlstrlct, and to have most or ¿he advantages of laterltlc naterlal, but tile
nodules dld nol appear to have such a hlgh nechanlcal strength.

CRUSHED GRAVELS

It has recently been suggest'ed, partlcularly from the U.S.A., that
crushlng offers a neans of lnprovlng the quallLy of roadmaklng gravels. The

materlals to whlch thls ldea Þartlcularly appÌ1es are those wlth larger pro-
portlons (say more than 20 per cent) of Þoulders and stones retalned 0n the
1 - or 1þ1n. sleves. Sone of the quartz gravels of the Federatlon are of
thls type. The prlnclpal edvan¿ages of crushlng are:

(1) By Ìlmltlng:he maxlmun slze of stone' handLlng and spreadlnE' e.8.
by mechanlcal means, are made easler.

(11) The gradlng ls made to approach more cl.osel.y to the ilFìlllerf curve,
deslraþIe 1n nechanlcal stabll.1zat1on, þecause 1t lncreases the stabll-1ty
of the nlrture.

(111) The ratlo of the volume ol any clay present to lhe volune of the
volds ln the sand and sllt fractlon ls reduced, whlch should reduce the
lubrlcatlng effect of [he c]ay.

(1v) The angularlty of the larger par[lcles 1s lncreased, (partlcularly
of alluvlat ma¿crlals) thereby lncreaslng the strengt,h.

There ls no doubt that such crushlng w1l] lmprove the quarczltlc gravels,
naklng them easler to handle and lay wlthout, serlous segregatlon and lnprovlng
thelr streng¿h when compacLed. The anount of lmprovenent vr1I1 vary collslder-
abty. l.¡lth sone lt may be sufÎlclen[ io convert a rnarglnally sultable gravel
lnto an adequate base materlal. for bllunen-surfaced roads. Wlth others 1f,
may not' and ¡he only trlal of thls nust be ln fleld experlence.
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Stab11lzatlon of these gravels wlth cement or 1lme lnvolves chenlcal
processes whlch blnd the so11 par[1c].es together to Þroduce a new naterlal
wlth lnherenlly greater strength and reslstance to the vreakenlng effect of
water.

Crushlng produces no such radlca] changes ln the naterlal. It,s effects
are entlrely physlcal and thelr value ln terns of lncreased strenglh ls
1lke]y Ëo vary conslderabl-y from one sampLe to another. where, therefore,
the costs of stablllzatlon are slntlar to those of crushlng, the ad.ded
advantages of staþ1llzatlon nake 1t the nore attractlve.

}.IETIIODS OF LOCATII{G GRAVEL DEPOSITS

Most gravel deposlts 1n Central Afrlca are aÈ present located by teans,
whlch lncLude experlencetl surveyors who have developed by practlce renari€ble
sì(ltL ln flndlng good roadmaklng materlal. once the generar rlne of a road
has been declded, such graveL-prospectlng tea¡ns take to the fleld for Derlods
up to several nonths, llvlng ln te¡nporary houslng or caravans ln the area and
uslng slmpJ.e tesülng equlpment.

The experlence of these surveyors ls based on thelr personal and
unrecordecl knwledge of three naJor factors, 1.e. (1) tne petrology of the
rocks they encounter, (11) [he geonorpho]ogy (Iandform) of the count,ryslde,
and (111) vegetatlon assoclat,lons wlth so11. In au three terrltorles,
guldance ls avallable fron the large-scale maps prepared Þy the geologlcal
surveys and, as nlght Þe expected, these glve most lnfomatlon aþout the
areas where economlc nlnerals occur. pedologlcal. lnfonnatlon ls arso
beconlng avallable through the soll-survey actlvltles of the Federal Depart-
ment of Agrlcurture. Thus, a pedologlcal nap of southern Rhodesla ls 1n
t'he press; 1t recognlzes Èhlrty (agrlculturatry slgnlflcant) categorles of
soll' dllferentlated on the basls of the parent)roclc, In Northern Rhodesla,
a preÌlnlnary soll map of the copperbelt area has been prepared and has þeen
used þy t'he Roads Department lor gravet prospecllng. the classlflcatlon
used ls based on sol} assoclatlons. In Nyasaland Èhe $na1l arnount of solL-
survey wor¡( has been llm1ted to the examlnatlon of sÞeclflc problens, for
exanple ln the teæ and tung-growlng areas of the Shlre Hlehlands and ln the
Shlre vaLley. (33)
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Surveyors whon the author net durlng ühe vlslt observed ihat gravel
deposlts often carrled a partlcular type of vegetat,lon. Thus, ln
Matabeleland ln Southern Rhodesla a small un-naned bush ls sought, whlte
ln Northern Rhodesla the Muzu}ru tree Is used as a gravel lndlcator.
Trapnell and hls collaboraÈors(54) have prepared a nap of Northern Rhodesla
showlng areas carrylng slnllar types of vegetatlon, and the descrlptlons of
Ehe þroad textural types of soll assocla¿ed wlth them enaþles the slmple
englneerlng rnap, sho¡n ln Flg. 7, to þe drahm. More detalled mapplng of
soll type 0n the þasls of vegeÈatlon assoclatlon nay be posslble wlth further
research, although lt musi be recorded that Ballantyne found no such comela-
tlon posslble ln the Copperþel-t, area, owlng posslþly to the annual þush flres
and shlftlng cultlvatlon. These llnltat,lons would not Þe expected t,o apply
ln nore sparsely vegetated and populated areas.

Aerlal photogfaphy has Þeen used successfuuy ln the locatlon of gravel
and concretlonary laterlte ln Nyasaland, (28) and nore recen¿Iy, þefore the
reconstructlon of the Great East Ræd, ln Northern Fhodesla. A start has
al.so þeen made ln Southern RhoOesta. (27) The further utlÌlzatlon of thls
technlque wlll uldoubtedly pay conslderaþle dlvldends, slnce large areas can
þe examlned wlth 11nlted effort, yleldlng lnfornatlon of value ln road
locatlon, and the deslgn of earthworks, brldges and culvertsr ês wêII as
gravel Locatlon.

To sun up, 1t appears that lnfoflnatlon about the locatlon of gravel
supplles ls avallaþLe from several. sources, but that ln any one case all are
not explolted to thelr fullest extent 0r used ln a co-ordlnated fashlon.
At present thls ls conpensated to some extenü þy the very wlde personal
experlence of the personnel concerneal. Wlth the expanslon of the country,
whlch wlÌ1 undoubtedly contlnue, the sparslty of recorded Ìmowledge ls llkely
to restrlct the rate of dlscovery of new resources of road materlals. The
tlme would therefore appear to þe rlpe for the experlence of the graveL
surveyors to be recorded 1n rn3nual form, ancl for studles to be made to extend
the usefulness of geomorphologlcal, pedologlcal and botanlcal observatlons
ln graveL locatlon.
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JOURNAL OF THE
SOIL MECHANICS AND

FOUNDATIONS DIVISION

Lateritic Gravel Evaluation for Road Construction

By J. W. S. de GrafþJohnson,r Harbhajan S. Bhatia,2 Members, ASCE,
and A. A. Hammond3

INTRODUCTION

Laterites and lateritic soils are extensively used for road and airfield
construction in many countries in Asia and Africa. The presence of such
soils over vast areas in the tropics make their use very convenient and
economical. Lateritic soils are a product of tropical weathering and they
vary in their properties from very soft to extremely hard varieties. The hardness
of these materials changes with the continuous cycles of wetting and drying
in the profiles. In order to appreciate fully the f,actors contributing to the
hardness of lateritic gravels, some studies in the past had been conducted
by Akroyd (2), Novais Ferreira (l), de Graft-Johnson, et al. (8), Vallerga,
et al. (21) and Hammond (12). These studies provide some useful data on
the mechanical strenglh of lateritic aggregates and the factors likely to affect
their strength. On durability, very little work has so far been done to underline
the influence of chemical, thermal, and mechanical factors affecting the
disintegration processes in the aggregates. The present investigation is an
attempt to study systematically the pedologic and geologic factors responsible
for the formation of lateritic gravels in Ghana and to investigate thc physical
and chemical characteristics likely to affect the durability and mechanical
strength of such materials. Field observations are made to study the performance
of lateritic g¡avels in the road pavements, and a simple grouping system,

Note.-Discussion open until April I, 1973. To extend the closing date one month,
a written request must be filed with the Editor of Technical Publications, ASCE.
This paper is part of the copyrighted Journal of the Soil Mechanics and Foundations
Division, hoceedings of the American Society of Civil Engineers, Vol.98, No. SMll,
November, 1972. Manuscript was submitted for review for possible publication on
November 30, 1971,

rDir., Building and Road Research Inst., Kumasi, Ghana.
2Principal Research Engr., Building and Road Research Inst., Kumasi, Ghana.
3Chf. Tech. Officer, Building and Road Research Inst., Kumasi, Ghana.
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based on the physical and mechanical properties in relation to the field
performance, is suggested. This grouping will assist the field engineers in
selecting materials of appropriate quality, likely to be durable and mechanically
stable in the field, ensuring a better performance of the road pavements
under traffic.

FORMANON OF LATERITIC GRAVELS

Soils and gravels are the weathering product of rocks, the weathering being
influenced by a number of complex factors such as, climate, geology,
topography, age, relief etc. Pedology, which is the study of the combined
effect of these factors on the process of soil and gravel formations, is being
used more and more for the general classification of soils in the tropics.
It has now been established by many researchers that soil belonging to the
same pedological grouping have generally similar engineering properties.

The more common geological formations associated with gravel formations
in Ghana can be divided into the following four groups: (l) Acid lgneous
(Al)-Granite, Gneiss, Quartizite; (2) Basic lgneous (Bl)-Basalt, Gabro; (3)

Metamorphic (MetFShale, Phyllite, Schist; and (4) Sedimentary (SedFSand
Stone, Lime Stone. The distribution of these formations in Ghana is shown
in Fig. l.

Next to geology, the most important factor in the formation of lateritic
soil and gravel is rainfall. West Africa, generally, and Ghana, in particular,
can be divided into four climatic regions:

Region
Coastal Savannah
Rain Forest Zone
Forest Zone
Interior Savannah

Rainfall
25-30 in./yr
70-120 in.lyr
50-70 in. /yr
40-50 in. /yr

It has been observed that in areas of high rainfall the weathering of rocks
is deep seated and the soils produced are rich in more insoluble minerals
such as qua¡tz, mica, sesquioxide of iron and alumina. The properties of
such gravels are therefore dictated by the accumulative proportion of these
minerals and their state of dehydration in the profile. The effect of parent
rock on the nature of the soil formations in such cases is of a secondary
nature.

In areas of low rainfall, the rocks weather to relatively shallow depths.
The gravel formations in such cases are of detrital nature, maintaining the
basic mineral contents and sometimes the structure of the parent rocks. Such
gravel, though stained red due to the presence of iron in the profile, have
all the basic characteristics of the parent rock. Clare (7) explained the effect
of physiographic features on the redistribution of chemical constituents of
the weathering rocks due to hydrological factors. The work of Junner and
James (15) and Hamilton (l l) on Ghana lateritic profiles is also of a considerable
interest. Studies recently conducted in Ghana on typical lateritic soils profiles
by Gidigasu (10), Bhatia, Gidigasu and Hornsby-Odoi (5), help to appreciate
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better the factors influencing such formations. As a result of these studies
it was possible to propose a Pedogenic-Textural Classification of Ghana Lateritic
Soils (10). The present study is concerned only with materials falling in the
two main groups of the pedogenic-textural classification namely, laterite rock
and boulders and lateritic gravelly materials. The materials belonging to these
groups were either residual primary laterities or nonresidual secondary laterites.
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Fig. 1.-Geological Map of Ghana Showing Locations of Samples

The present profile studies in Ghana by the B.R.R.I., indicated the various
stages of weathering and formation of lateritic gravels. The two typical profiles
in the forest zone of Ghana and their various stages of formation, one over
granite and the other over phyllite are shown in Figs. 2 and 3. The first
stage in the development of such profiles is the mechanical weathering of
rocks, causing cracks in the rocks and producing detrital material. Rainwater
together with near-surface agents of weathering (oxygen, carbondioxide and
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organic acids) use joints and fissures to effect chemical weathering. The major
minerals weathering in granite rock are felspar, quartz and mica. Since quartz
and mica are very resistant to weathering, they remain virtually unchanged
except for the leaching of iron from biotite (mica). During the process of
hydrolysis of felspar, silica is dissociated from potash and alumina bases
in the presence of water, removed in solution and finally leached away.
In addition part of the iron oxide from weathering rock minerals is dissolved
in solution at favorable pH values, and deposited at lower slopes in the

l-- urp¡r sLortr -i+.- ¡ro SLot¿t Lorlr tLotr!---rl

1

3
I

o

i

Fig. 2.-Various Stages of Typical Laterit¡c Soil Profile Formation over Granits.
in Rain Forest Zone of Ghana

profile. In the case of phyllite, which is formed initially from clay and silt
deposits with secondary minerals such as mica and quartz, the weathering
produces fine textured materials with secondary minerals unaffected.

During the second stage of weathering, as a result of dry season, the
evaporation from the profile exceeds precipitation. As a result, the dissolved
oxides of iron and aluminium in water from the weathering minerals is brought
into the upper layers by means of upward capillary movement. These are
left behind in the profile as hydrated ferric oxides and alumina, due to the
presence of sufficient quantity of oxygen in the upper layers of the soils.

In the third stage, due to dehydration as a result of exposure and continuous
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dry weather, the residual materials on upper slopes and high grounds turn
into iron stone or what is known as cuirasse. Such formations are also termed
primary laterites. If the mid and lower slopes are enriched with iron, they
turn into hardpans after dehydration. The hardpan layers generally are cemented

detrital iron stone and rock particles or highly resistant unweathered minerals

like quartz and mica or pisolitic gravels, which have been formed due to
the deposition of iron and aluminium oxides over the nucleus of quartz particles.
The hardpans and iron stones tend to break down due to mechanical weathering

F_- Ur?ri llorrr ---J-¡tD .10?ti r{<- lor¡r tLorlt ----l

Fig. 3.-Various Stages of Typical Later¡tic Soil Profile Formation over Phyllite in
Rain Forest Zone of Ghana

with time. With changed drainage pattern and hydrological factors on a site,
the weathered materials are deposited on lower slopes.

In the case of interior and coastal savannah zones in Ghana, the same

stages of laterization in a profile take place, except that the effect of topography
and rainfall is less marked, and the weathering is not very deepseated, as

is the case in forest zone soils. Generally the laterite profiles are relatively
shallow in the interior and coastal savannah.

In the interior savannah, a number of lateritic profiles are developed in
sedimentary materials deposited recently, such as quartz river gravels and
boulders, sands, sandy clays, etc. The iron in such materials is concentrated
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by the capillary movement of iron rich water from the geological formations
below. Such laterized deposits are usually very suitable materials of construction
and are abundantly met in the inner savannah. The gravels in such profiles
are generally rounded quartz particles stained red due to the presence of
iron rich environments in the profile.

The field studies revealed that a large number of factors such as geology,
rainfall, topography, relief, etc,, were jointly responsible for the formation
and mechanical strength of lateritic gravels. It was, however, difficult to
assess the degree of influence of each factor in producing certain mechanical
properties in the gravels, though the predominant factors influencing the
formation of profiles could be clearly identified.

SCOPE OF WOFK

About 50 samples of typical gravelly nlaterial from four geomorphological
regions of Ghana representing various parent rocks were selected for the
study. The location of various samples is shown on the Geological Map
of Ghana, Fig. l. The samples selected for the study were sieved to one
size, passing l/2 in. and retained on 3/8-in. sieves. The sieved gravels were
washed to get rid of the adhering fine materials before subjecting them to
detailed testing. The samples were subjected to the following tests:

l. Physical Tests-Color; specific gravity; water-absorption; flakiness and
elongation indices; and angularity number.

2. Chemical Tests (Short silicate analysis!-I-oss of moisture 105. C and
90(f C; Silica Oxide SiOr; Ferric Oxide FerOr; Alumina Al203.

3. Mechanical StrengthTests-Aggregate Impact Test (Standard) (8.S. 812-
l!b0); and Los Angeles Abrasion Value (ASTM, C 13l-64Ð.

4. Weathering and Durability Tests-Heat treatment; wetting and drying
cycles in different pH media; and soundness (AASHO T 10-65).

All the physical tests were performed according to BS. 812-lf)60 specifications.
The test results obtained for the samples were analyzed to examine the
predominant factors contributing to the mechanical strength and durability
of lateritic aggregates. These are considered later.

PHYSICAT TESTS

Color.-The samples ranged in color, from dark brown through brown,
reddish brown to yellowish brown. Generally the hard and matured aggregates
were predominantly dark in color while the softer varieties were light in
color. The topography of a site had a definite influence on the color of
the soil and gravels, at various levels. Generally under humus top soil at
the upper slops, the color of the materials was dark brown to deep red.
The color changes from orange brown to redish brown at mid slopes and
yellowish brown to light red on lower slopes and valleys. The colors tend
to reflect the degree of hydration of iron and alumina in the profile, as
a result of hydrological factors.
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Flakiness, Elongation Indexes and Angularity NumÞr.-The shape of the
lateritic gravels studied were rounded, subrounded, angular, elongated and
flaky as shown in Fig. 4. Generally the flakiness index (6) was very low
in lateritic gravels, except for detrital material, produced from rocks having
high mica content, such as phyllites, schists, muscovite g¡anite, etc. There
were some sarnples of lateritic gravels which had high elongation index (6)

and these were only pseudo'lateritic gravels, the detrital product of rocks.
Such materials were not included in the present study.

Most of the typical lateritic gravel samples studied were either rounded
or subrounded, depending on the effect of hydrological factors on the material.
There was a small proportion of gravels which tended to be angular and
these seeemed to have been produced as detrital material from laterite hardpans.
Generally, the angularity number (6) of rock aggregates ranges from zero
for very highly rounded aggregates to more than one for freshly crushed
angular stones. The angularity number of mo$t of the typical lateritic gravels
varied between five and ten.

¡ E¡ fldy; E.lhgor.d;

Fig. 4.-Diagram Showing Shape of Laterite Aggregates

Specific Gravity ¡nd Water Absorption.-The specific gravity values of lateritic
gravels ranged between 2.6 and 3.10, though about 70 Vo of the samples
in the present study showed specific gravities above 2.75. It may be remarked
that all samples obtained from high grounds had specific gravity values not
less than 2.70, whereas the gravels from mid and lower slopes had wide
variation of these values, 2.6-3.0. The samples collected from rain forest
zone of Ghana (rainfall above 60 in.) generally showed specific gravity values
above 2.70, whereas samples from other regions had the values between
2.6 and 2.9. No clear conclusions could be drawn on the effect of parent
rock on the specific gravity of gravels, as the weathered products of any
single rock had specific gravity values varying between wide limits.

Twenty-four hour water absorption test was conducted on samples, at room
temperature. It was observed that the higher the specific gravity, the lower
was the absorption. This is shown in Fig. 5. The maximum absorption in
most porous gravel was about 8 Vo, whereas the minimum values were as

low as 1.2 %.
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MECHANICAL PROPERTIES

Aggregate Impact Value ¡nd Los Angeles Abrasion Test.-The mechanical
strength of aggegates can be assessed by means of several standard tests
such as: the Aggregate Impact test, the Aggregate Crushing test, the Ten
Per Cent Fines Test, (all BS-812) and the Los Angeles Abrasion Test ASTM-C
13l-64T). As the procedure for the Aggregate Impact test is fairly simple
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Fig. 5.-Relationship Between Water Absorpt¡on and Specific Gravity

and the quantity of sample required is small, the test was preferred over
the other tests. Holvever in addition, the Los Angeles Abrasion test was
performed on some selected samples for the purpose of comparison. The
values of the Aggregate Impact test for the gravels tested ranged between
16.0 Vo to 60.5 Vo, though generally matured samples from high elevations
gave AIV's well below 40 Vo.

The Los Angeles Abrasion test was carried out according to standard test
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procedures. Most of the matured gravels tested in the prcsent study gave

LAA values below 50 Vo. There was significant correlation btween agg¡egate
impact values and Los Angeles Abrasion values. This made it easy to interpret
the results of the Aggregate Impact values in terms of the Los Angeles
Abrasion test.

CHEMICAL ANALYSES

Chemical analysis on crushed samples of the aggregates were carried out
to determine the proportion of iron, alumina and silica contents in the material.
Loss in weight at 105" C and loss on ignition at 90ü C were also determined.

The chemical analysis of most of the gravels indicated that in fully matured
samples from high grounds the silica sesquioxide ratios were low, confirming
the concentration of iron and alumina in the profile, In the case of samples

obtained from mid slopes and lower slopes, the ratios were relatively higher.
In order to study the effect of geological formations on the chemical nature

of lateritic soils, a number of samples from various formations were studied.
It was seen that samples of gravel formed over sandstone, quartzite, and

in rare cases over phyllites and granite, showed relatively higher concentration
of silica (above 60 7o) and this indicated that the proportion of various minerals
in the parent rock had some influence on the chemical nature of the residual
lateritic materials.

As a result of this study it could be remarked that matured gravels with
dark brown or reddish brown color on very well drained sites (generally

high grounds) had silica sesquioxide ratios less than 2.5. In the case of mid
slope gravels, from reasonably drained sites, having reddish brown or yellowish
brown colors, the silica sesquioxide ratios werþ between 2.5 and ó.0' The
other gravels partially matured, and obtained from poorly drained areas, had

sesquioxide ratio's above 6.0. It was, however, difficult to draw any definite
conclusions on the range of ratios of silica to iron and silica to alumina
for gravels obtained from various elevations.

It may be pointed out that, due to the presence of free quartz as nucleus
in many hard nodular gravels, high silica sesquioxide ratios were recorded.
This was due to the crushing of quartz nuclei during the preparation of
the samples. Many such gravels were very matured and showed very high
mechanical strengths. The silica sesquioxide ratio in such samples Save a
false impression of lack of maturity.

WEATHERING AND DURABILITY

Effect of Heating on Strength.-As the process of dehydration of iron in
the profile plays a significant role in developing strength in lateritic gravels,

it was considered interesting to heat typical samples of gravel in the laboratory
to temperatures of 105'C to ll0'C, for periods varying between 2 days
to 60 days. After each period of heating the samples were tested for Aggregate
Impact values. The typical samples selected for the study were those which
were not very matured. The results of the study are shown in Fig. 6. It
would be seen in the figure that most of the samples from interior savannah
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showed a tendency to improve in strength as a result of heating. The improvement
in mechanical strength of such samples ranged between 14 Vo to 2l Vo.

Effect of Environment conditions.--To understand the effect of environmental
conditions on the strength of lateritic gravels, five typical samples from two
regions of Ghana were selected. These samples were subjected to three cycles
of wetting in solutions of varying pH media, and to drying in an oven at
105' C to ll0o C. The pH media selected were 5.5,7.0 and 9.5, and the
soaking period in each cycle was for 16 hr.
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The samples after the soaking period werc dried to constant weight in
an oven' before subjecting them to Aggregate Impact test. No conclusive
results were obtained in the study. Detailed work is in progress on the effect
of environments on the chemical weathering of laterites.

soundness.-In studying the durability of aggregates, the soundness test was
carried out according to AAsHo r 10-65 standards. The samples were immersed
in a saturated solution of sodium sulphate for 16 hr and dried at temperature
of l05o C to ll(r C to constant weight.
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As the test was carried out on single sized aggregates the results were
assessed only qualitatively by inspecting each aggragate piece to find out
the extent of damage done on individual particle. The number of samples
which showed cracked surface or chipped material on the surface, rryere separated
and considered affected by the test. The results were expressed as the percentage
of the affected pieces to the total number of aggregates in each test. It
was noted that sodium sulphate solution had relatively very little effect on
matured samples from the forest zone of Ghana as compared to iess matured
samples from inland savannah. The inland savannah samples had generally
16 % to 2l Vo gravel pieces, not meeting the requirements of soundness test.

STATISTICAL ANALYSE OF RESULTS

In order to appreciate what factors are responsible for giving the lateritic
gravels certain physical and mechanical properties, statistical analysis was
carried out, using IBM Computer I62GII, to correlate the various physical
and chemical properties with the mechanical strength. Very significant correla-
tions were established between these properties and some of the correlations
tend to show the close interdependence of these properties on each other.

Physicol Properties and Mechanic¡l Strength.-There was significant correlation
between the water absorption and the specific gravity of laterite gravels.
In addition, correlations existed between Aggregate Impact and Los Angeles
Abrasion values with specific gravity and water absorption. The plotted values
are shown in Figs. 7 to 9. Some of the statistical correlations between the
various properties can be represented by the following equations;

WA = 10.60 - 9.21 Gswithcorrelationcoefficientvaluerof 0.701 . . . . . (1)

AIV = 315 - 100 Gs with rvalue of.0.727 . . . . (2)

LAA = 327 - lW Gs with rvalue of 0.716 . . . (3)

AIV : 6.25 WA + 4.38 with r value of 0.849 . . . . . . . (4)

LAA:6.25W4+ls.lswithrvalueofO.83O ......(5)
LAA=0.954IV+ll.6withrvalueof0.8l0 .......(6)

In the preceding statistical correlations WA = the water absorption; Gs
: the specific gravity; AIV : the Aggregate Impact Value; and LAA =
the Los Angeles Abrasion value.

In order to compare the results of this study with some of the results reported
in an investigation on Indian lateritic gravels by Nanda and Krishnamachari
(19), the results of specific gravity values of Indian laterites were plotted
against their Aggregate Impact Values and Los Angeles Abrasion values. The
plotted data are also shown in Figs. 7 and 8, along with the values obtained
on gravels in the present study. The results of the two studies were fairly
comparable. This tends to suggest that the basic statistical correlations developed
in Ghana are likely to be applicable in a general way to laterites from other
parts of the world.

These statistical correlations also suggest that higher the specific gravity
the lesser the water-absorption and better the mechanical strength of aggregates.

119



Compendium 7 Text 6

120

1 256 NOVEMBER 1972 SM 11

The highest specific gravity value of 3.10 recorded in this study, had
correspondingly the lowest values of AIV and LAA, 16.0 and 28.81, respectively.
From these relationships, it is possible to predict with some degree of accuracy
the mechanical strength of gravels using simple physical tests, such as specific
gravity and water absorption.

Significant correlations also existed between Aggregate Impact Values and
Los Angeles Abrasion values, for laterite gravels of Ghana. The test results
of Ghana samples along with the results obt¿ined by Nanda and Krishnamachari

ts;
c

9I

AGGRÊGAÍE ¡XPÂCÎ VALUE

Fig. 7.-Relationship Benteen Specific Gravity and Aggregate lmpact Values

(19) on Indian lateritic soils are plotted in Fig. 10. In Fig. l0 the regression
curve for samples from India was different from that of Ghana, and the
correlation coefficient for Indian samples was rather poor. As the specific
gravity values of some of the Indian samples were as high as 4-5, it could
be assumed that aU the samples included in the Indian study were not typical
lateritic gravels, but only pseudoJateritic materials or iron rock.

Che¡nic¡l Naturc and Mechar¡ical Strength.-Statistical relations were also
established between various chemical properties and the mechanical strength,
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such as the Aggregate Impact values. These are plotted in Fig. ll. There
was significant correlation between the ratio of oxides of silica to iron and
the mechanical strength of the aggregates, and this is represented by

sio^
AIV=4.05------: +l4.50withrvalueo1.0.642 .....A)

FerO,

No correlations were found to exist between the ratios of silica to alumina
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Fig. 12.-Relationship Between Aggregate lmpact Value and SiOr/AlrO.

or silica sesquioxide and the mechanical strength (Figs. 12 and l3). It could
therefore be concluded that iron contributes considerably to the strength of
lateritic gravels, whereas alumina plays relatively insignificant part in the
development of strength.

Field Performance.-As a result of the earlier studies carried out by de
Graft Johnson, et al. (8) and the present investigations supported by field
data on road pavement performance, a relative rating of lateritic gravels is
suggested. The four ratings suggested are: excellent, good, fair and poor.
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Fig, 13.-Relationship Between Aggregat€ lmpact Value and SiOr/(FerO.+ AlrO.l
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Fig. 14.-4orrelation Between C.B,R. Values of Whole Base Material and AIV of
Coarse Lateritic Gravel Fractions from Trunk Road Failure Studies in Ghana.
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Field investigations were carried out recently in Ghana to study the general
performance of lateritic gravels in the road pavements. In order to limit
the scope of the study to only gravelly soils, materials having more than
50 7o gravel content þarticles 3/16 in.) were collected from base and subbase
layers of road pavements and theirphysical and engineering properties correlated
with field performance. The samples were collected from sections of the
road pavements the performance of which could be described as excellent,
good fair or bad on the basis of subjective performance rating. The base
samples were also subjected to moisture-density and CBR tests, and their
coarse fractions tested for aggregate impact values.

Hammond (12) observed earlier that generally soils having weak lateritic
gravel fractions tend to break down during compaction in the laboratory and
their gradings change towards finer fractions. During the failure investigations
on trunk roads of Ghana, it was noted that road sections showing signs
of distress had high proportion of fines in their base materials (74 7o of.
the samples had 16 7o to 28 Vo î.ractions passing No. 200 ASTM Sieve).
Most of the failure studies were carried out on trunk roads. As most of
these roads were constructed under reasonably controlled conditions and were
preceded by detailed material investigation it was considered that the base
materials used might have satisfied specification requirements and therefore
initially did not have such high fine contents. The fines therefore seem to
have increased during the construction and afterwards due to the breakdown
of the coarse lateritic gravel.

It was also observed that the soaked CBR values of base samples were
generally low, where the coarse gravel fractions were of poor quality. An
interesting correlation between the CBR values of the base materials and
the aggregate impact value of the coarse fractions emerged for the samples
tested during the failure studies, and this is shown in Fig. 14. Generally
factors like gradation, plasticity of fines have more significant effects on
the value of CBR of a material than aggegate hardness. However, the correlation
tends to support the hypothesis of aggregate breakdown and, therefore, change
in gradation when aggregate impact values are high, leading to low CBR
values.

As a result of the field assessment of the relative performance of various
pavement sections, the CBR values of base material, and the Aggregate Impact
values of coarse fractions in base material, a rating of the lateritic gravels
is proposed. This is shown in Fig. 14 and Table l. According to these ratings
gravels having AIV's more than 50 were considered highly undesirable for
road pavements. Gravels with AIV's between 40 and 50 showed fair performance,
but were not usually satisfactory. All materials with AIV's below 40 were
either excellent or good and their performance in the field as pavement material
was quite satisfactory. Table l, in addition, gives the Los Angeles Abrasion
values, water absorption and specific gravity ranges of the proposed four
groups of lateritic gravels.

coNcLUstoNs

l. A study was undertaken to investigate the factors responsible for the
formation and mechanical strength of coãrse laterite gravels of Ghana. The
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study showed that topography and geology had considerable influence on
the mechanical properties of residual materials. The primary residual gravels
from well drained profiles generally had high concentration of iron and alumina,
as a result of the leaching of more soluable minerals in a favorable pH
medium. Rocks having high concentration of iron and aluminium minerals
generally aid in forming lateritic gravels of relatively better mechanical strength.

2. The physical properties such as specific gravity and water absorption
were also influenced by the topography and geology. All well drained lateritic
gravels showed specific gravity values relatively higher. The typical lateritic
gravels had generally low flakiness and elongation indices. Their angularity
numbers were also low. The detrital materials either from the parent rocks
(only stained red due to i¡on in the profile) or from high ground hardpans
were, in some cases, flaky, elongated and angular.

3. The chemical analysis of the typical samples indicated that primary high
ground gravels and few matured midslope gravels had silica sesquioxide ratio
of less than 2.5. Most of the midslope gravels had the ratio between 2.5
and 6.0. Gravels from poorly drained sites at lower slopes had silica sesquioxide
ratios above 6.0. In certain cases, very high silica sesquioxide ratios were
also recorded because of free quartz in the samples, which was difficult
to separate at the time of the preparation of samples.

4. The mechanical strength of aggregates was assessed by using the Aggregate
Impact test and Los Angeles Abrasion test, which showed fair correlation
between their values. It was further noted that for matured lateritic gravels
from high grounds, the AIV's were generally less than 40, thereby showing
that the mechanical strength was reasonably high. The LAA values for similar
samples were usually below 50 Vo.

5. The effect of heating immature gravel samples from mid and lower slopes
at temperature of l05o C to lltr C, was to improve thei¡ mechanical strength.
The soundness test indicated that ¡natured samples from high rainfall forest
zone, showed no effect of sodium sulphate solution, whereas samples from
coastal and inland savannah showed definite deteriorating effect.

6. The statistical analysis indicated significant statistical correlations between
the various physical properties of the gravels, particularly, physical charac-
teristics such as specific gravity and water-absorption with the mechanical
strength. It was also noted that the ratio of SiO, to FerO, had very sþificant
correlation with the mechanical strength, though no such correlation seemed
to exist between the ratios of SiO, to AlrO, and silica sesquioxide. This
indicated that iron plays relatively more significant role in the development
of mechanical strengÍh in lateritic gravels than alumina.

7. As a result of the laboratory studies and the field behavior of lateritic
gravels in the road pavements, it was possible to divide the lateritic gravels
into four groups. The four groups were evolved on the basis of the physical,
and mechanical properties of gravels, in relation to. their field performance.
The four groups provide a general rating of performance in the pavements:
excellent, good, fair and bad.
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APPENDIX II.-NOTATION

The tollowing symbols are used in this paper:

AI : acid igneous rocks;
AIV : aqgregate impact value;

AlrO, = alumina;
BI = basic igneous rocks;

FerO, = ferric oxide;
LAA - Los Angeles Abrasion value;
Met : metamorphic rocks;

r = correlation coefficient;
Sed = sedimentary rocks; and

SiOr = 3¡¡""'
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Screening lateritic gravel for road surface in Ghana.
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Specilìcations are used to insure proper construction
and to minimize or eliminale all basis for disputes between
designers and contractors. ldeaÌìy, specilìcations should be
used as a guide, for both the englneer and contracto¡ ln the
performance of work outlined in the contract documents.

SPECIFICATIONS FOR SUBBASE; BASE AND
SUR FACE COURSE MATERIALS

Subbase and Base Courses

Recommended specifications for subbase and baæ
course materials are given in Table 6.1. Six classifìcations of
base course materials a¡e shown in the table. The required
baæ classificatron is determined by the design period whìch
is the accumulated equivalent standa¡d axle loadings in
both di¡ections (single lane design) used in the design
computations. The six classitcations also provide efficient
use of available matenals since thickness requirements are

dependent upon the CBR ol the component layers.
Limits for grading and Atterberg limrls are shown for

each classification. These are used as criteria in construction
control testing. ll a su¡face trealment is used in design it is

recommended that the durability requirements given for
srrface course materials be included in the specifications
fo¡ the base course material.

The design CBR is determined by a statistical analysis
of samples obtained f¡om the proposed borrow a¡ea. An
illustrated example is shown in Figure 6.1. The percentage
of thc samples greater than a given CBR value is computed
and plotted as shown on tlìe lower rig.ht of Figure 6.1. An
acceptable practice of selecting an appropnate CBR value is

that which corresponds to a 90 percent confìdence limit,
i.e., the CBR value where 90 perccnt of all samples tested
are greater than the selected value. For statistical purposes
the minimum number of tests is 6. Horvever, more tests
may be required to evaluale a given borrow area. The
number required would depend upon variations in the
material and size of the bor¡ow pit. In the illust¡ated ex-

CHAPTER 6
MATERIA I, AND CONSTRUCTION SPECIFICATION

TABLE 6.1
Specifications, Base and Subbase Materials

ample the CtsR would be 55 or a Class VI base course. An

alternative would be to use "selective" excavation which

would eliminate areas exhibiting the lorver CBR values. The

borrow area would then receive a higher clasification.
t,

Determination of CBR Values

A common practice is to soak the CBR sample for four
days prior to testing. The reasoning is that the CBR should

be dete¡m.ined at the worst possible condition that will
exist during the design period. In high rainfall regions such

a pretreatment prior 1o testing is warranted. The in'situ
moisture contents with.in the various componenl layers

were examined in Brazil. Figures ó.2 and 6.3 show the

relationship between optìmum moisture contenl al AASHO
Modified conìpaclion and irt-situ moisture content for base,

and subbase layers. The a¡nual ¡ainfall has been indicated
for the individual test sections. Examination of these plots
shows that the in-situ moisture content of the base
mate¡ials doe s not exceed the optimum moisture content of
the :naterial until the annual rainfall exceeds I500 mm. The
in-silu mbisture content of the subbase materials does not
exceed the optimum moistu¡e content of the material unti.l
the annual rainfall exceeds 800 mm. Figure 6.4 shows the
relationship between annual rainfall and coeffìcient of
equilibrium moisture content (c) for the subgrade mater¡als.
The equilibrium moistu¡e conlent represents lhe amount of
moisture the soil can accumulale which in subgrades under
pavements is close to the plastic limit. The coefficient of
equilibrium moisture content relates the plastic limit to the
equilibriunr moisture ;

Equilibrium moisture = (c) (PL) . . . (6. 1)

The band in Figurc 6.4 represents the range of mois-
ture contents which should be considered in the deter-
mination of the design CBR of the subgrade. Table 6.2 gives

the range of moisture contents to be used in examinillg the
CBR value of the respective layers for design purposes.

Bæ Clsifietion
Criteri¡ Subbæ

VItvutlt

Dcsign CBR
Maximum t¡affic AESALBD
G¡adation
Maximum LL X (.200)

M¿ximum Pl X G200)
Maximum G¡anulumctric Modulus

+100
lo?
I

600
200
490

90
lo?
I

900
400
525

70
2x 106

2

900
400
s80

60
9x 103

2
l 250

600
600

80
l0?
I

900
400
550

s0 2s -40
5x105

2t
l2s0 t600
600 t00
ó¡5 ó30

AESALBD - Accumulatcd Equivalcnt Stmdud Axle Loading: in Both Di¡cctions
Granula¡mcl¡ic Modulus - Perccnt passing I,314, ll2,3/8, 4, 10,40, 200.- sieves.
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FIGURE 6.1 _ CLASSIFICATION OF BASE COURSE MATERIAL

TABLE 6.2
Recommended Moisture Ranç lor Evaluation of Design CBR Valuc¡

Annu¡l R¡inf¡ll
Stn¡ch¡rd

Lryct (goo mm
30 in

8ü) to 1500 mm
30 to 60 ¡n

)15ülmm
60ln

B¡¡r
Sr¡bbüc
Sub¡rrdc

oMc
oMc

0.,1 - 0.6 PL

oMc - 1.25 oMc
oMc- t.5 oMc

o.7 - t.2?L

tl dey rek
,l d¡y ¡oat
0.9- l.s PL

Omdldc: W¡tc¡ labL sl lcül I mctêf bclow p.vcmcnt surfacc and good ruilrcc drainrgo.
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Surface Course Material¡

The ælection of surface course materials is govemed by
gradation. Table 6.3 sÌrows the various gradings used in
sclecting materials for the component laycrs. Grading4
represents the recommended gradation for untreated
surface course materials. The grading envelope was arrived
at by studics of reports covering the performance of
untreated gravcl roads. The minimum CBR value for surface
cou¡se materials is 40. Tlre physical properties given for
Class VI basc courses or subbases can be uscd for control

Purposes.
The quality of ironstones and conc¡etionary gravets

should be evaluated before these materials are utilized fo¡
surface course materials.

Several types of durability lests were evaluated in
Volume I Chapter 8. The mosr promising of these is thc
slake durability tesr. A tentarive specilìcrtion of a
minimum slake durability va.lue of 95 is ¡ecommenrled for
ironstones and concretionary gravels when lhese materials
are to be used in the surface coursc.

TABLE 6.3
Recommended Grad¡tion¡

Siwc

ASlM-Ell

50 m¡r
tI.s
25

It
r2.5
9.5

1.75

2
425pn
75

2in
t tlt

I
tl1
rl2
tlt

No.,l
l0
40

200

l(X,

E0 - 100

50 - 100

45 - t00
35. 100

30-90
20-70
l0-50
s-x5
o-2s

t00
90. to{l
70. 100

60 - r00
45 - 100

40. t{n
t0-75
25 -60
20-45
15.35

t00
t00

85. t00
75 - t00
65 - r00
5s . 100

45 .80

ts.6s
30-45
25.40.

t0{,

t00
t00
t00

90. r00

80. ¡00

55-r3
35 .6t
20-a0
t5 .30
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SPECIFICATIONS FOR EXCAVATION OF BOR.
ROW AREAS, COMPACTION EOUIPMENT AND
COMPACTION REOU I REMENTS

Excavation of Borrow Areas*

ln developing the layout of a borrow site. area
utilization and drainage (especially during the rainy season)

are key factors to consider. If scrapers are to be used, the

borrow pit should be excavated from an uphill position
down, and the furrows made by the scrapers should be

continuous and provide for drainagc away from the pit'
However, if power shovels are to be used, the pil should be

cxcavated from a down hill position up. This technique will
permit natural drainage and prevent local ponding. All
stripped soil should be placed in a location outside the

borrow area. While the ironstone or concretionary gravel is

being excavated, care should be taken to prevent excavation

into underlying clayey silt. If silt is mixed in with the

borrow nìaterial during excavation, it must be washed out
prior to placement, otherwise serious local failure may be

expected. Most lateritic soil can be excavated with a scraper

or a scraper pushed by a bulldozer. However, the ironstone
must be excavated with a bulldozer with a 35 to 45 cm

ripper tooth. Blasting lo excavate late¡ite is relatively im-

pract¡cal because the laterite has a high natural porosity.

Compaction Equipment*

( I ) Ironstone or concrelionary gavel ( Lateríte)
During excavation, transportation, and comPaction, an

effort should be made to prevent unnecessary structural
degradation of {he laterite ; tlierefole, compaction should be

light and shaping kept lo a minimum to avoid high shear

stresses. The reference to "light compaction" is to indicate
that lighter rolle¡s and good moisture control should be

cmployed to obtain the specified density and that heavy

compactors should not be used as Panacea to all compac-

tion processes. For the wormhole laterite, the 7,258 to
9,72Okg vibratory steel wheel roller gives the best result.
For pellet laterite, the 4,536 to 7,258 kg steel wheeled or
pneumatic ti¡e rollers are the most effective.

(2) lÃteritic Soils
ln Thailand, a variation of a sheepsfoot roller was used

effectively in compacting a laleritic soil. The roller is similar
to a sheepsfoot roller except that the feet are flatter and

t F¡om U.S. Army Corps of Engiæ¿¡¡ (196E).

have a larger surface area. It has the capability of
compacting thìck lifts, for example, a 30cm loose lift can
bc compacted to a l5 cm. However, the loose lift thickness
is usually limited to l5 cm and is compacted to a thickness
of 8 to l0 cm. Contrary to popular opinion, the sheepsfoot
roller can be used effectively if the weight of the roller is
reduced (usually by onJy half filìing the drum) and the
roller is pulled slowly to avoid high shear stresses. The
a5Jó0 kg roller can be used, but the load and tire pressure
are critical; they must be adjusted to approximately
22,68Okg and 6.3 to 7.7 kg/cm 2 respectrvely. A versatile
roller which provides the "compaction acrion" of both a
steel wheel and a sheepsfoot is the "Hyster" Crid Roller.
This type of roller should prove to be very effective in the
compaction of both laterite and laterite soils-

Lateritic soils compacted on the wet side oIOMC often
give a spongy section instead of a suitable compacted layer.
A good rule of thumb for the lìeld is to apply water at 2
percent less than the lab optimum moisture content.

Compaction Requirements

The specifìed compaction requirements have been
developed through analysis of the deflection and compac-
tion ¡elationsh.ips discussed in Volume I Chapter I2. The
¡ecommended density requirements shown in lable 6.4 are
expressed as a function of the depth beneath the surfacc of
the pavement. The requirements are applicable to natural
subgrades in which case the required compaction will
prevent excessive de0ection of the layer but do not
necessarily providc for the development of shear strengths
required in the stabiliry of high fìlls.

TABLE 6.4
RECOMMENDED COMPACTION REOUI REMENT FOR

COMPONENT STRUCTURAL LAYERS AND NATURAL
SUBGRADE

Depth Below Surface Compaction

0 - 25 cm ( 0 - l0 in) 1007o AASHO MOD
25 - 45 cm (10 - l8 in) 95% AASHO MOD
45-60cm(18-24in) 1007ø AASHO STD
60 - 90 cm (24 - 36 in) 95% AASHO STD
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Whot lt's All About

Aggregate.surfaced ¡oads represent a large portion of the
total roarl ntikraßtr in the tlnittil States anrl may nrprr:sent a
largr. portion of thc all-weather. low.volumc róads you
maintain.

This guide provides tips for grader operators on blading
aggrc¡¡ate surfaced roads and can be cspecially helpful foi
trainin¡¡ on the grader at thc job siLe. Bladinu Al¡-gregate
Su4/ircr:.s can help crews do a betier maintenance jotr iird ihus
help. reducc the costs of keeping aggre¡iate surfaced r<¡ads in
good condition.

Tips used should be based on your judgment, experience,
and knou'ledge of your specific area and conditions. such as
terrain and climate.

This guide can be useful for new and experienced forcmen,
motor grader operators. anr! multi-purposö crews working on
aggregate surfaced roads in states; cities, townships. as tell
as in counties.
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Aggregotes And

Aggregote Surfoced Roods

All roads, even those that carry small amounts of traffic,
should be built of materials and soils that will make them
passable in all kinds of weather.

The soils used in road building differ. They may swell when
wet; may break into fine pieces under heavy traffic; or may be
so hard they are nearly unworkable.

Coarse soils or mineral particles are called øggregøtes,
Those that are very hard and not easily broken up are best to
use for road surfaces and shoulders. The main types of
aggregates are:

¡ Crushed stone - made by breaking or crushing rock,
usually limestone

¡ Gravel and natural sands - usually found in river beds or
as natural deposits in old stream beds

o Slag - a by-product of iron and steel manufacturing
o pu-rnt clay or expanded shale - a by-product of heavy

industry or commercially produced as aggregate material

Other local materials make good aggregates for road
surfaces:

¡ Crushed sea shells - found in areas along the Gulf Coast
and close to oceans

¡ Natural soil - suitable for road surfaces in some parts of
the Midwest, such as Kansas
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. Orushcd hasalt. - n finc-gr¡incd hnrd rock
¡ Chcrl - a quarüz-type rock
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The proper blend of differenü size aggregates on a road

produces a surface l,hat can be used in all types of weather. An
a¡¡gregate surface is most economical for roads carrying low
volumes of traffic because materials are usually available
locally.

To make a wearing surface, different size aggregates are
blended together and spread across the road base. The largest
size is usually no more than % inch. Blending different sizes
allows the pieces to lock and pack (compact) together to make
a strong, tight surface.

t'ino¡

.¿-#*
Aggregetec Of Diffcrcnt Sizec Are Blended With Fincr

¡ Without enough fines, moist aggregate will not dry to
form a hard wearing surface

¡ Dust blowing from an aggregate surface indicates that
fines are blowing away

Fine Material lFinesl
Fine material is added to a mixture of different size

aggregates to fill the small spaces (voids) between the pieces'

r Fine material, often called binder or mineral filler, is a
very important part of the mixture because when water is
addêd, ii acts li[<e cement to hold the aggregate together Fiooe Blowing Awry Ae Durt

7

Dillerent Size Aggregetee Compect For A Strong Wcrriry Surl¡cs
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RQr I n'M t:NT I tS]ìD ON 
^GCnRGATI: 

S( InF^Cl.:t)
ROADS

Different kinds of equipmcnt are used to maintain
uggrcgatc surt¡¡ced rr.¡uds. 'fh¡¡ ¡notr¡rizr¡¡l road grlr.lor is mos!
common¡y used.

()thcr. kinds of r.quipmont r¡sed to maintnin nßgrcgûto
surli¡cctl roads are:

¡ I'r¡ll [,ylxr bl¡¡rl¡'s
o Underbody blades
r Drags (single or multiple blade)

Small drags are often pulled behind light-weight equipment
(mower tractors, pick-ups, etc.) during the spring bleàk-up,
primarily tg aerate the road surface to speed up dryinþ.
Normal blading with a heavy grader would only aggiavatô th-e
situation by further puddling the wet, unstable mãterial and
leaving deep, wide ruts to fill with wal,er.

Drags may be used in emergencies when the work load is so
great there are not enough motorized graders available.

Regardless of the kind of equipment, the method used to
maintain aggregate surfaced roads is nearly the same.

Motorir¿d Gr¡dor Pull-Type Dng
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Mointoining Aggregote Surfoces:

Smoothing And Reshoping

To keep a road in good condition, the road surface and
shoulders must be maintained.

Maintenance operations shown in this guide are:

¡ Blading to smooth road surfaces and shoulders
o Blading to reshape aggregate on road surface and

shoulders

Whot lt ls

SMOOTHING
The surface of the road is smoothed by dragging.

Smoothing is usually done when aggregate and fines are
moist. Smoothing may be done in d,rg weother but you should
not cut. deep enough to disturb the hard crust (see page l7).

How To Do lt

1O DRAG THE ROAD SURFACE:
o Check gr$9r blade (cutting edge) to make sure it is in

good condition
o Shift moldboard so end of blade is at edge of ro¿d ¡nd ¡t

beginning of shoulder
¡ Tilt moldboard forward to get a dragging rather ühan

cuüting action (see picture, page 12) -r Angle. moldboard at about B0o to 4So to spread loose
material to center of the road

¡ I¡€ân or slightly tilt, front wheels about l0o to 15o from
the vertieal in direction aggregatc rolls across blade

A dragging, rolling acüion created by the curve of the
rader's moldboard helps compact the road surface as it is
laded.

Blading speed will depend on the grader, pressure of tires
and condltioh of the road surface. Going too fast will cause the
grader to bounce, making a good job impossible.

10

(Continued,, pge ltl
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How To Do lt

(Ct¡n.l i¡¿tu'¡1. .from. ¡xt1¡tt I I)
I'eriodically blade surface of the road against the flow of
traffic to eliminate drifting of aggregate onto ends of
bridges, culverts, intersections, and railroad crossings
Stop to repair minor bad spots such as holes, ruttèd areas
and poor surface drainage conditions. Always have a
shovel available

T¡¡t Motdboüd To Got Drr3gi¡8 Act¡on
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Whot ll l¡
Grown

Â r,r¡rrl r¡¡t¡sl. lrr. hlarltxl sr¡ llt¡rt. Il¡r'cl.t¡tt'l' is hi¡çlrcl llr¡¡¡¡ t.l¡c
edges to allow wal.er to drain into ditches as quickly as
possible. That is called, blading o crown on the road..

¡ Keeping a crown on the road is probably the most
important part of blading beeause lack of a crown causes
traþped water to break up the crust, producing potholes,
waihboards, and an overall rough road

¡ The amount, of crown is the amount of slope on the road.
For good drainage, a road should have a crown of rh to Yt

inch-for each fool of width measured from center of road

to outside edges where road meets shoulder

The most desirable crown is shaped like the letter A; in
o[her words: a straight, sloped line from the center ofthe road
down to the edge of lhe shoulder. The A-type crown is hard to
maintain because moüorists tend to drive äown the middle of
an aggregate surfaced road, straddling the crown. As traffic
goes down the center of the road, it compacts the road surface
õn each side of the center line. Consequently, as you carry on
your dragging operation, your cutting edge will wear faster in
inis haider. ôff-center area. This accounts for the
moon-shaped wear in the eutting edge. The crown resulting
from such a worn blade resembleõ an inverted letter U, or the
shape of a parabola; thus, the term parabolic crown.

A bad feature of a parabolic crown is Lhat it is relatively flat
across the center oi the road; it holds moisture longer and
defeats the purpose of crown' When the roadbed is wet and
readv for reihaóins. vou will be able (with new cutting edges)
lo r"Uuil¿ the Ä-tipe crown (See Reshaping, pages 25'29.)

The best way to insure that a road has the p-ropel.crown is
to use a crown-gauge (slope meter) on the grader. The.gauge
or meter is attaõheil to the grader to give a constant reading oI
the amount of crown as thó road is being bladed.

How To Do lt

TO RI,ADE A CROWN ON TIIF: ROAD:
. I(lisc c¡¡tl r¡f tl¡r.: lll:ulc rrt'rr l,lrc r:crtl,cr r¡l l,he road so it is

higher than end of blade on outside edge of the road
¡ Use a crown gauge to insure that you blade the proper

amount of crown on the surface

Crown Gruge Mounted On Cont¡ol P¡¡cl
¡ Be careful not to cut too deeply at the shoulder of the

road. Deep cutting will leave a groove near edge of the
road and shoulder; this will stop drainage of water from
the road into the ditch

A Crown % lnch Pcr Foot O¡ Bo¡d W¡th Sud.co W¡dtb Of 20 Fcot I¡ A
Grow¡ 5 I¡chc¡ Eigh
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Crcwn (ìluge
F--r'rr.....Tñ-r
ffi

il@t
o

o
o
a
a

oo
3Eo
fq
c
3
{

õtx

Þ

@



Þ
@

Whot lt ls

Crust

. Properly blended aggregate and fines will dry to form a
hard crust that provides a wearing surface. Th-e crust will
carry traffic until it breaks; it alsdsheds water to keep the
base stable.

IVhen smoothing, you must not break the hard crust on the
surface of a road-

. Eventually-traffic and climatic conditions will completely
break down the crust ¿nd the road will need reshapini.

How To Do lt

TO AVOID BREAKING CRUST:
o 

l¡_t gnlV enough pressure on blade to smooth surface ¡nddrag exce!¡s material across the surface

10 L1

Bl¡do SsrlcG lV¡thout Brodriag Crurt

oo
3oo
:Jg
c
3
{

õtx.+
@



Whqt lt ls

Passes 0ver Surl¡ce
One pass over a road surface blades that surface one time.

For most roads, one pass on each side of ùhe center line of the
surface (one roundl is enough to smooth because the grader
blade is usually wide enough to cover one-half of the surface.

When you blade, aggregates usually roll to the back end of
the gradèr blade. These excess aggregates form a windrow.

The aggregates in a windrow from one blading Pass on one
side of the road must be spread across the other side of the
road when a pass is made on that side.

When the grader blade is not long enough to blade the road
surface and ihoulder on one side at the same time, a second
oass in the same direction is needed to blade the road and
åhoulder and move any windrow left by the first pass to center
of the road.

How To Do lt

TO HANDLE WINDROW DURING PASSES:
¡ When making first pass, angle grader blade so exces!¡

surface material is windrowed to center of the road
o When making second pass on the other side, spread

windrow from center across the other half of the road

For First Peee, Move Bl¡do To Edge (X &o¡d S¡¡rf¡cc Ad Aa¡lr Bledo
To Wind¡ow E¡cc¡¡ M¡tcrid¡ To C,ontcr Ol Ro¡d
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Whot ll ls

Shoulders

_ A shoulder is an additional width alons the outside edse of
the road surface. Shoulders vary in wi¿tï. i¡õi-tì"t¿ãii""
h,""".1T aggr-eS3tg surface like the roaJ, anã f-if ;_i
snouto De bladed ¡n the same manner.

o Shoulders must be sloped so water will drain into the
ditch

- The slope of the shoulders must be equnl to or slíghtly
greøterthaa the slope of the road surface to aloù for
drainage

How To Do lt

TO BLADE SHOULDERS:
r Blade so shoulder slope is equal to or stightly greater

than slope of road suriace
r Always blade so the inside of the shoulder is as low as the

outside edge of the road surface. (you do this so waterwill drain from the road into the ditch, minimizing thã
chance of forming a secondary ditch )¡ Blade shoulders as nee4ed to recover loose aggregate and
valuable fines and to destroy unwanted u"gËi"tiã; 

- ----
. Spread l-oose aggregate and fines from shoulder across

road surface to help build the crown and stabilize surface
aggregate

Road Surface

O¡ lVide Ro¡d¡, Sbouldor Shor¡td Sbpo Ar ú¡ch A^¡ Or Gro¡tcr If¡¡
Th. Ro.d tur|rc.

p-n f{nrow Rorde, Surfrcc E¡t¿od¡ To Edgs (X Thc go¡d. Th.ro ¡.Littlc, If Aly, Shouldor

2.0 2t
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Whqt ll ls

Dry ïVeother Blading
Sometimes blading has to be done during long periods of dry

weather, mainly to remove excess dry, loose ãggregate frori
the road surface.

Under some local conditions, you can blade this excess
aggregate into a small windrow dt the edge of the road. Be
e4reful not to carry the windrow so far out on the shoulder
that part of it spills into the dirch.

When the windrow of loose aggregate becomes moist (from
rain- or sprinkling) it should bõ-spiead back over the road
surface.

K-eep windrows to a minimum since they are hazardous to
traffic.

Dr¡ins IWeepholesl
lVater must drain quickly to keep a road in sood condition.

When windrows are left at the edge of the roãd, cuts in the
windrow must be made short distãnces apart so that water
can drain from the road. Otherwise. runöff water will flow
along, with the windrow as a curb, and wash out ¿ section of
the shoulder at low points in tbe road.

If windrows are not removed after each rain, succeeding
rains will start the form¿tion of a secondary ditch.

How To Do lt

TO BLADE IN DRY WEATHER:
¡ Tilt moldboard forward to get a dragging rather than

cutting action
¡ Angle moldboard at about 30" to 45o to windrow loose

aggregate to edge of the road
. Spread loose ag-gregate over road s!¡rface when blading

narrow roads; do not leave it in a windrow
r Whenp.ractical, sprinkle water on aggregate that is being

spreao þacK over road surlace
¡ When windrows are left, make cuts (drains or weepholes)

in windrow short distances apart so water can drain from
the road

. Periodically, blade across shoulders and remove
accumulation of road materials and vegetation that may
act as a curb to hold water on the roa<[

Dr¡i¡¡ I¡ Wi¡droy [.€t W¡tor lhd¡ IDto Dit h
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RESHAPING

Reshaping a road involves more than just smoothing the
surface.

After a period of rainfall or slow melting snow, traffic
scatters the aggregate, flattens the crown, makes potholes
and deep ruts in the road, and produces a rough surface with
ridges that look like a washboard. These conditions cannot be
corrected by just smoothing tbe surface - you must reshape
the aggregate base.

The crust that forms what is left of the old we¿rins surface
is broken up during remixing, often with a scarifier. The
scarifier is an attachment to the Frader used when the crust is
too hard to cut easily with the frader's blade.

Reshaping involves remixing the aggregate base to get a
proper öleæd of fines and different size aggregates and blading
this blended material into a properly crowned road surface.
When remixing, you may need to add additional aggregates
and fines to road surface and shoulders, particularly in rough
spo[s or washed-out places.

The development and maintenance of a proper crust can
bring great personal satisfaction, sinee the quality of the crust
and its length of useful life depend on the skill used in blending
coarse ¡nd fine materials which, together with moisture, form
the desired crust.

The art of proper blending is a cut-and-try proposition
depending on types of materials at hand. Experience will
provide know-how to determine the correct blend.

Sc¡rifier Hcþ Bredr Cruct

After the aggregate base is remixed, iù is bladed to obtain a
smooth road surface with the proper crown. (A new set of
cutting edges, of course, gives ihe best results.) Traffic will
compact this-base, and a crust will form to give a new smooth
wearing surface.

As with smoothing, reshaping should be done when the
aggregate is moist. If reshaping is done in dry weather, water
must be added to the aggrègate þ make it L¡oist.

?.6

?gro,;,;t';
Rerhrplng Cutr Arry lYrahboùd Bidgcr A¡d Brcdc Up Potùolc¡

'ooo

a

('r
N

oo
3
ïfo
fg
c
3
{

õtx

@



Whot lt ls

Reshrping The Rocd Surf¡ce And Aggregrte Shoulders

Mixing of fines and aggregates in reshaping requires more
than one pass with the grader. lVidth of the road surface and
shoulders. amount of loose aggregates, and depth of potholes
and washboard ridges determine how many passes are
needed.

The surface of the road must have the proper erown after
reshaping is completed.

Shoulders must slope downward from the edge of the road
surface toward the dii.ch so that water draining from the road
surface will continue to drain across the shoulders into the
ditch. A shoulder should have a slope equal to or slightly
greater than the slope of the road.

How To Do lt

TO RESHAPE ROAD SURFACE AND SHOULDERS
(APPLIES ONLY TO AGGREGATE SHOULDERS, NOT
DIRT SHOULDERS):

r Check with your foreman to see if more aggregate or fines
need to be added to surface and shoulders, particularly
in rough spots or washed-out places

. Shift moldboard so end of blade is at outside edge of
shoulder for the first pass

(Continued,, page 291

m

Shitt Bl¡dc To Out¡¡do Edgo (N Sho¡¡ldcr O¡ Flr¡t P¡¡¡
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How To Do lt

(Continue<I lron, page 27)
o Tilt moldboard so it is in a cutting position
r Angle moldboard at about 30o to 45o to provide for

moving and rolling aggregate in a mixing action toward
cenl,er of the road

¡ Lean or slightly tilt front, wheels about l0o to 15o from
the vertical in direction aggregate rolls across blade

h Rcrhrpiry, B¡.d. Cutr t¡to W..hbcl¡d nirl¡ot ta pettolc¡

. Put enough pressure on blade to cut shoulders and
washboard ridges

o Scarifying, when necessary, should go as deep as the
average pothole or washboard - usually two to three
inches

¡ Watch blade action very closely and eontinuously adjust
controls to get good cutting and mixing action

r Check to see if more passes are needed in the same
direction to continue mixing, cutting to bottom of
potholes and ridges, and to windrow aggregate to center
of the road

. Spread half the aggregate back over each side of the

::å;}r-O 
shoulders, blading the material into a proper

o Blade shoulder downward to ditch so slope is at least ¡s
much as slope of the road

I 29
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Whot lt ls

Rcshaping The Rosd Surf¡ce Without Reshrping The
Shoulders

The road can be Éeshaped without reshaping the shoulders.
The blading operation is the same except ihal the shoulders
are not included.

How To Do lt

TO RESHAPE ROAD SURFACE WITHOUT RESHAPING
SHOULDERS:

. Shift moldboard so end of blade is at edge of the surface
and at inside edge of shoulder for the first pass

r Follow the same blading operation you do for reshaping
road surface and shoulders (see pages 26-2?)

To Rcshapo Rosd Surf¡ce Without Blading Shouldcr¡, 0¡ ltc
P¡s¡ Sh¡ft Moldbo¡rd To Edge Of Ro¡d Surf¡cc

Fir¡t
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Bloding Under Speciol

Rood Conditions

Some road sections require special attention when they are
bladed.

Whot lt ls

INTERSECTION OF AGGREGATE SURFACED ROADS

Beginning at a point about 60 to 100 feet before the
interõectioñ of twô aggregate surfaced roads,- the crown
should be sraduallv õiimäated so that, at the point of
intersectionlùhere ii no crown apparent in either road. If the
ciown is not'eliminat¿d, vehicles-ùill bounce as they cross the
intersection, particularly on I "no-stop' road ¿t the
intersection.

How To Do lt

WHEN BLADING INTERSECTION OF T1T¡O AGGREGAÎE
SURFACED ROADS:

. Gradually eliminate crown on each road, starting about ã0
to 100 feet before roads intersect

r Check to see if an extra blading p¡¡ss or two is needed to
eliminate crown and to insure that shoulders have a
slope at point the roads intersect

(See picture, page 35, which shows s similar situation.)
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Whot lt l¡

INTqESECTION OF AGGREGATE SURFACED ANDPAVED ROADS

,_I:qinl.ins at a point _about 50 to tü) feet before rhern¡,ersectton, the crown should be gradually eliminated from
!!g _"sr."s"¡e road so rhar, ar rt¡e pîint ãîiítãrsection, there
¡s_no crown in the aggregate road. îhe asgreàãte roaa änä-it¡õpavement must be at the same g¡ade wf¡;r;they intersecl. 

-

How To Do lt

!{HEN BLADING iNTERSECTION OF AN AGGREGATE
SURFACED ROAD AND PAVED ROAD:

o Gradually. eliminate crown on the aggregate road,
starting about 50 to 100 feet before the-räad"sintersect

o Do not blade loose aggregate onto the paved road. pull
onto pavement, drop blade, put gradei in reverse and
pull off the aggregafe

¡ Check to see if an extra blading pass or two is needed to
eliminate crown and to insuri'that shoulders ha"ã 

-¿

slope at point the roads intersect

ff"îåffj-* On fusreg¡t SurÍ¡.cd Rord Ar po¡¡r lt l¡tôrr.ctr
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Shoulders Must
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Whot lt ls

ROAD CROSSING RAILROAD TRACKS

^., 
T.l" crown should be gradually eliminated on each side of

Ene ra¡troad tracks. so that.at tle point the road intersects ùhetracks, there is no crown in tt¡e íoãä.

Aggregate must not be bladed onto the crossing. It will getwedged in the flanges and could .iïã" àãoijniånr.

r"Iïiîi:HåTit :Hîïå if,"i,:""ts, 
in manv cases,

How To Do lt

WHEN BLADING A ROAD CROSSING RAILROAD
TRACKS:

. G^radually eliminate crown on road, starting about 50 to
100 feet before road intersects railroad traðks

r Do not blade loose aggregate onto raitroad tracke.
Always çtop the grader after you have btaded on each
side ofthe tracks and check to make sure there is no loose
aggregate on any part of the tracks or between tracks and
metal flanges along the tracks. If there is, use a broom
or hand shovel to remove it

. Check to see if an extra pass or two is needed to eliminatp
crown and to meet the grade of the railroad tracks

86
37

Lrcr A¡¡ro¡rf ll¡¡t 8¡ Bonovod F¡¡r B¡lbx¿ Trl ¡t
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Whot lt ls

ROAD CROSSTNG BRIDGE

, Most wood. bridge floors or decks do not have a crown;
however, decks of rnost other bridges, particularly concrete,
have crowns of varying degrees. - '

Regardless of the shape of the bridge floor, the crown of the
road surtace must conform to that of the bridge. The road
surface must be bladed a short distance on eacï siAJãf it¡ã
þri{Se so that it is the same height ¡s the deck or floor of t}¡e
bridge.

How To Do lt

TÃIHEN BLADING A ROAD CROSSING A BRIDGE:
¡ Gradually shape crown on the road to fit the bridge floor,

starting about 50 to 100 feet from ends of the bridge
r Check to see if an extra pass or two is needed to properly

fit Qrown of the road to shape of the floor
¡ Do not blade loose aggregate onto bridge unless bridge

is designed for an aggregaüe cover - cheõk with engineõr
¡ Do not let aggregate build up on ends of bridge. Drive

or-¡_to bridge, drop bladg, put grader in reversã and pull
off excess aggregate. Doing this also helps smooth ihe
approach

Ro¡d Intcr¡cct¡ Brftlg. At S¡¡e Gr¡do

8t

Elimi¡¡tc Crown On E¡ch Sido Of BridSe

:19

oo
3oo
fg
c
3
{

(D{
x
@

ql
(f,



Whqt lt ls

AT DRIVEWAYS
IVhen smoothins or. reshaping q road that passes ad rive way, atten tioñ m ust te gìv'e;io it 

"'tüi"r,Ëa 
road surfaceheisht. Atthough the road !,".îp;filil;;ìh;; shoutd be no"drop oft'.from-rhe edge of iñ"' ;;àd- ;iã'tiää"iré*"t ;; ;;"jump up" from rhe 

",iþu 
ot it 

"-"oaì-óîioi'r,'uîri"";;y.' 
*

. 
The edge of the road and entrance to a driveway should beat the same elevation. to accomptiü if,ii Iöi*nnecrion (donot create humps in the road gr"a" ti*i, üe crown in thed.rivewa.y must be eüminat¿ãìiil, jñ;i;"ïid ;Ë;a.g;;the road.

How To Do lt

1VHEN BLADING A ROAD PASSING A DRIVEWAY:
r 

Flade.edge-of the road to ùhe same grade as the entrance
into the driveway

. Do not raise blade and deposit loose aggregate in front of
driveway

. l4"kg extra passes, if necessary, to smooth entrance into
the driveway

{()

Edgo ü Ro¡d Musi Be At S¡ne Gr¡do A¡ lÞivcrry

41
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Whot lt ls

ON HILLTOPS ICRESTSI
Control the grader blade when it crosses the top of sharp

crested hills. As the front wheels of the grader cross the toþ
of the hill and start down, the grader blade wilt cut into the
surface of ühe road and will scrape the aggregate surface off.

Increased pressure on the blade when going downhill will
cut through the surface and can cause slick grades ¿nd excess
Bggregate at the bottom of the hill.

How To Do lt

WHEN BLADING ON A HILLTOP (CREST):

. Gradually adjust blade up and back down-again as the
front and reai wheels pass over the top of the hill so you
don't cut into aggregale surface at the top of the hill

¡ Check to see if extra passes are needed over the top of the
hill to smooth l,he aggregate

o Be careful not to cut too heavy going downhill as grader
speed increases; shift to lower gear; do not use blade as
a brako

Don't Screpe Aggregate Oft A llilttop

AT BOTTOM OF VALLEYS ISAGS¡
Control grader blade when blading a road at the bottom of a

valley. As the front, wheels of the grader cross the valley and
start up the road, the grader blade will be raised above the
road surface because the rear wheels of the grader have not
reached the bottom of the valley. Grader controls must be
continuously adjusted to prevent aggregate from accumu-
lating at the bottom of the valley.

Don't Pile Looso Aggregete In A Yrlley

rrilHEN BLADING BOTTOM OF A VALLEY (SAG):

¡ Gradually adjust blade up and back down again as the
front and rear wheels pass the bottom of the valley to
prevent aggregate from piling up

¡ Check to see if extr¿ passes are needed to insure a smooth
surface with proper örown at the bottom of the valley
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Whqt ll ls

CURVED ROADS

. On curved roads, the outs.ide edge-ofthe road is higher than

:l;,'"å'i"îi&:;;JH'ff åT:1 
ji'lfjîå jifiitå",'åiå,;:'i

goes around the curve.

_..11_","1"*l is graduall.y eliminated just öefore beginning thecurved part of the road, and the curved part of lhu roãa isbanked when bladed.

Care must be taken when b.anking.-the road. The roadway
must, no¿ be so steep that a vehicle ùiil slide off when movinä
a_t a slow speed when the road is wet or covered with snowï
However, the curved part of the roid itõ"i¿ ¡e ¡an[ed
enough so that a vehiclstraveling at a safe speed 

"roun¿ 
iñã

curve will nor pult ro rhe shouldõr on rhe outii¿J"ii" öi iüã
road.

How To Do lt

WHEN BLADING A CURVED ROAD:
¡ Eliminate crown on the surface by gradually raising end

of blade on the outside edge ofcurve about 50 to 100 feet
before starting into the curve (use your crown gauge)

o At the point where the curve begins, the outside edge of
the road should be about the same height above the
center of the road as the inside of the curve is below
the center - in other words, practically a straight line
from ed¡¡e-to-edge of road surface, tipped towards the
inside of the curve

¡ Blade outside edge of the curved part of the road higher
than the inside edge (superelevate or bank the road)

o Do not, blade any crown on curved part of the road
¡ Change road surface from a crown to superelevation and

back to crown smoothly and gradually
. Slope shoulder on the superelevated part of road

downward from edge of the road surface to the ditch

(See picture, page 46.)
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Brnling ()r
Su¡udüetæl

Condirion Of Blode

Tl¡e condition.of the grader blade affects how fast and howweu a road can be smoothed or reshaped.

__1^l:.1$ 
power is needed to cut washboard ridges and blendmater¡ats. Usins a worn orlt blade reduces ttre n;o*ing Jpóädof the grader bf about half.

o Check the condition of your grader blade each time youstart to blade to see if it neeìis replacing 
-

8r¡t Ro¡d Bu¡frcc O¡ C¡rvo
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E¡r Prot¿ctio¡

Personnel And EquiPment SofetY

Sefety Glerrer
Operating a grader on the road, especially when traffic is

pass'ing, cañ bel¡azardous., Safety hazards can be reduced- by
üsing ãdequate personnel, equipment, and signing safety
measures.

FOR SAFETY:
. Alwøus ueøî ø hørd.høt uhen blading
¡ Always wear safety shoes and appropriate safety gear on

the job
o Put colored flags on each end of moldboard when blading
¡ llave Sktw-Mooing Vehiclc triangle on back of grader
o Use flashing safety light on grader when blading
. Turn on grader headlights when blading against traffic
o Sce t.hat a visible fire extinguisher is on the grader and

make sure it is properly charged
o Watch in rear view mirror for traffie wanting to pass
o Make sure there is a hand shovel in good condition on

the grader
o \lVhen blading downhill, put grader transmission in low

range for braking power
. Always ground blade when leaving grader
.. Shift blade to center of the grader and lock it when

parking grader
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Crorvn on Soil -r\ggr.t gate Roads
J. W. SPENCER

Highrvay Resea¡'ch and Extension Engineer, De¡tar.tnrcnt of Agricultural Engineering,
Cornell University

This paper summa¡izes a studyof the relatio'ship betrveen road
surface slopes and the severity of ¡:otholing on soil-aggregate
roacls. Althoughpractice in cro*'ningsoil-aggregate roads olte¡
disregarcls the inf luertce of longitudinal gracle, the stucly suggests
that the elfect ofgracle on the ¡rotholing tenclency is consideiably
rnore than a token effect; a resulta¡rt of transverse slope and
lottgituclinal grade a¡t¡reals to be more strongly related to llrese¡ce
and severity of poilroling than is crorv'slo¡re alone. Because a
tendency to tilt road crorvn dorvnhill in sidehill locations can
result in flatter crown (and often more severe potholing) on the
uphill side of the road, cautionin "by eye"shapingofsoil-aggre-
gate roads in such locatio¡rs is suggested.

¡ POTHOLING is surely one of the primary mal.adies of soil-aggregate or gravel roads.
Materials with good mechanical stability ard hence immunity to rulting, a-ñd euen
materials protected against the dry rveather prol:lems of dusting and córrugation, may
be f ar f rom immune to the development of potholes cluring the riiet monilrs. 

-,Atthóugh '
safety and convenieuce in vehicle o¡teration do place somã practic¿rl nraxinrum on road
crow¡l' it has long been observed that soil-aggregate roads tvith flatter crown slopes
are nrore likely to pothole than those with steeper crow¡l slopes. It has also beeriob-
served that potholing is generally more sevele on flat, or nearly flat, longitudirral
grades. This study has explored the relationship betrveen set'erity ol pothãting and
crown slope and, ¡lerhaps tnore signif icantly, betrvee¡r potholing severity and i resultant
of crorvn slope and longitudinal grade. The study has also explored an lrypothesis that
transverse terrain slope (or the misjudgment of vertical. or horizontal rvhich it creates)
promotes a tipping or tilt of road crown in a dorvnslope direction by grader o¡terators.
The tendency to flatter crown slope on the uphill side may be a primãry e>çlânation
for an often observed greater frequency of potholes on the uphiÌI side of soil-aggregate
roads.

CROWN AND GRADE VS POTHOLING SEVERITY
In 1959, a comprehensive summary of current practice in the design, construction

and maintenance of soil-aggregate loacls, Huarg (1) reportecl that the maximum rate of
crown for soil-aggregate surfaces is usually betwãen t/n andt/z in./ft (0.02to O.04lt/f.t).
A 1949 publication of the U. S. Bureau of Public Roads (2) suggests this same range in
crown slope; it is pointecl out that needed crown slope is influenced by steepness of
grade, but just horv gracle should influe¡rce needed cl.own is not def ined.

In 1961, his study of circumstances associated r','ith the oceurrence of potholes on
soil-aggre¡Jate roads irt Illinois, Huurg (3) notect a relationslrip betrvecn crown.ancl pot-
hote formation, CategorjesusedrvcrehigÏclown (t/r¡n./ttornxrre), lorvclorvn (Yoin./tt¡,
andnocro\\'n. Longitudinalgradev;asnotindicated. Inanea¡lierstudyofcrownvspothol-
ingof soil-aggrL:gate roacls in Incliana, Illinois, IUissouri lrndKansas, Burggrirf (4) reported
that the average of 29 dcterminations of crown slopc tvhcre soil-aggregate roãds had a
good surface was 0.50 in.^t a¡rd that for 14 determinations where the road surface was

Papcr. sponsoreit by Cornlttce on Sotls-Celclwu Chloride Siablllzatlon c¡d presented at
the ll+ttr A¡nual" l,fectlng.

l+B

169



170

Compendium 7 Text 9

49

pothotedor rutted, the averagc crown slope was 0.24 in./1t, The longitudinal grades
at the locations of thcse dcterminations were not reportcd. Lr recom¡nenciing an A-
shapecl cro\vn, Burggraf suggestecl that crorvn slo¡re clurinr constluction shoutd be %
in./î.t, and shc¡uld never be lcss th¿rn t/o in./tt in the finai cornpactcd road. He recom-
mencled the use of the crorvn forrnula, C = W(100 - 4L)/4,{}00, in rvhich L was the
longituclinal gracle in percent. This fc¡rmula (very similal to the Roscrvater formula
(5, 6, ?) gives a crolvn of. 

r/z i¡t./ft on leveì sections :urcl rvoulcl recluce it only to 0.4
in.Æt on a 5 ¡rercent grade. I}rrrlgraf suggcstccl that "for or.'dir.rary purposes, the
longitudinal gradient f actor may Ìre disregarded. . . . "

Still earlier recommencìations or standards of practice concerning crown slope were
perhaps as nruch the result of ol:sen'ation ancl expcriencc as of sllecific investigation.
Design suggestions are quite plentiful in the ea-r'ly literature but most suegestions are
related to a curb and gutter cross-sectio¡r. Green (5) repol'ted in 1909 that the Chicago
West Park Board used a cì'o\rn height equal to 2 percent of the rvidth of the roadrvay.
Wa¡ren (6) suggesied in 1909 that crou'n should l¡e 1 in. for each 4 or 6 ft betrveen curbs
where longitudinal grade rvas 2 ¡rercent or less. The gleatcr of these cro\\'n slo¡rcs rvas
suggestecl for ¡ravenrents "providing more secrlre foothold. " Warren considered longi-
tudina-l grade in recommencìing that for 2 to 4 percent gracles crown should be only one-
half of that required where the grade rvas 2 percent or less; rvhere longitudinal grade
was above 4 percent, cro\r'n rvould be only one-third the basic va-lue. It appears that
Walren's correctior"rs for longitudinal grade lvere as much leìated to foothold as to
hydraulicorroad per-formance considerations. In 1910, Zaliniser (7) considered longi-
tudinal grade iu suggesting that for "rougher cartrvays, " the croln (in it) should be
equal to the wiclth of the roadrvay divided by 24 tinres the lrercent longitudinal grade.
In 1916, an ASCE committee (B) recommended that the crorvn slo¡:e on gravel r'oads be
Lromr/z to 1 in./ft. Longihrdiñal grade was not considerecl in the tabuLation of recom-
mended crown slope for va¡ious roadrvay surfacings. The words "the practice gener-
aJly observed and to be recommended. . . " suggest that the committee recommendations
rvere essentially a compilation of standard practice at that time.

The more recent studies have helpfully relatecl soil-aggregate road performance to
cro\yn slope, but they have not seriously considered effects of longituclinal grade. At-
though some of the very eally writings considered correctiol.rs for longitudinal grade.,
the recommenclations are not related to the perfor¡llance of soil-aggregate roads.

Methocl of Study

Roads Selected. -TVelve soit-aggregate roads on various torvn(ship) highway systems
in Gffiins County, N. Y., r,¡r'ere selected for this study. AII loads rvere su¡f aced rvith
local bank-run gravels of such gradation and containing enough soil binder that a consoli-
cìated but nonrutting surface lvas produced. Àlost roads hacl L¡ee¡r treated rvith chlorides
at the time of initial graveling (2 to B yr before this study); approximately half had
follorv-up chloricie treatments. Roads selected hacl a mini¡num traveled-rvay width of
16 ft and were genelally used full rvidth: ¡ìarrower roads rvcre not selected to avoicl
tracking situations likely to leave a W cross-section. T¡'ilfic averaged 50 to 150 veh/
day. Measurements and observations on these roads rvele ¡uade in early April, alter
thawing of the roeclbecl bt¡t belore ary spring nlainte¡rance.

I\1[easurements ancl Ol:sen'ations. -At intervals of 250 lt along both sides of each of
theongitudinalgraclerver'enleasurccìurdseverityof
potholing rvas observed in the. im¡nediate alea. The imurcclinte area for pothole obser-
vations was about 20 ft long and includcd only that side of the roacl rvhere slope meas-
urements rvere then be.ing talien. This pledetermined spiìcirìg of points for measure-
ment and observation nri¡rinrized :rny bias in sam¡lling. trleasure¡¡rents and observntions
were made at a total of 320 points. The size of sirmple rças albitrarv but covered
reasonably rvell the rrnges in crou'n slope urd longitudinll gracle rvithin rvhich potholing
is obse¡vecl.

Measure¡netrts of transvc'rse slope and longituclinal glacìe were' mAde bv liquid-level
devices mountecl on a picku¡r truck (Fig. l). At a ¡nint locatccl by use of an auxiliirry
odon'reter, the lcft n'heels rvele pllccd (by eye) on the ctest of thc crorvn. The previ-
ously calibrated liquid-level dcviccs gÍì\'e longituclinal gr'îde ove.r' the wheelbase of the
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Figule 1. Dcvices for neasuring (a) transverse slope, and. (b) longituditraJ- grad.e.
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Visuaf definition of pothoJ-e severity.

vehicle and average transverse slope over the distance between left and right rvheels.
Transverse slopes were recorded to the nearest 7u in. /Ît and longitudinal grade to the
nearest 0.5 percent.

Pothole severity at the location of the measurenents (on only that side of the road
where slope measurements wele then being taken) rvas observed and classi-f ied as none,
trace, definite or severe. Visual. definition of these degrees of potholing is provided
in Flgure 2.

Results

Results of this lrortion of the study are shown in Figure 3. To minimize clutter,
Figure 3a deÍines only those situations rvhere no potholing rvas observed. Flgure 3b
defines situations where potholing rvas observed and, by symbol, whether the potholing
at that ìocation rvas classified as trace, definite or severe. On both plots, each symbol
represetrts one location of measurements and observation, with longitudinal grade
plottcd on the vertical axis ancl transverse slope on the horizontal axis. Where there
rvere trvoornlorcobservations at a particularconrbinatio¡i of transverse slope and longi-
tudinal grade, slope and grade are inciicatecl by a ¡roint nea¡'the center of the syrnltol
cluster. Ma-ximum resulta¡t slope, def ined in Fiqule 4, at any of the points plotted in
Figure 3 is indicated by its radia-l dista¡ce f rom the origin of coorclinates,

Interpretation of Results

Crorvn Slollc vs Pothoìing.-The rclationship betrvecn crown slopc onìy and the fre-
quency ancl scverity of potholing is sunrmarizcd in Flgure 5. Observations are grouped
in crowrr slope rurges oI 0 to 0,01 |t/tt (equal to or greater than 0 but less than 0.01),
0.01 to0.02ft/Ît (equal to or greater tha¡r 0.01 but less than 0.02), etc.
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Figule l+. Definition of maxi¡r¡m resulta¡rt
slope.

oJ:
With the total length of each bar made Figure !. Relation of crown slope to

equal to 100 percent, the percent of ob- frequency ard seve::ity of potholing.
servations of no potholes in each crown
slope range is indicatecl by the portion of
bar length extending to the left of the
vertical line. Portions of bar length to the right of the vertical line indicate the per-
cent of observations rvhere potholing rvas in the trace, definite and severe categories.
There is a general trend of dccrease in frequency of potholing t'ith increase in crown
slope. Where potholing was observed, tlrere is a more deiinite trend of decrease in
severity rvith increase i¡r crown slope.

Trends in the data from this study are somervhat sinilar to those re¡rortecl by Huang
(X) from his u'ork in Illinois. The,frequencies h.e found of no potholing, siight potholing
and severe potholing at no crorvn ('/s in./ft, and '/z in. or more per ft) are also plotted
in Figure 5. Although the trends are simila¡, the Huang data inclicate one-thi¡d to one-
half the frequency of no potholing found in this study at the various crown slopes. At
these same crown slopes, Huang's frequency of observation of severe potholing is con-
siderably higher in each case. A partial explanation may be the probability of flatter
topography and, hence, generally lesser longitudinal grades in Chan,paign County, Ill.,
than in Tompkins County, N. Y.

Malimum Resultant Slope vs Potholi$ -A comparison of Figure 6 with Figure 5
sug poiholing frequency is plotted against ma:<i-
mum resultant slope than when it is plottecÌ against crolr'n slope alone. Frequency of
pothole observations as well as severity of potholing decreases rvith increasing maxi-
mum resultant slope. This is as might be expected since where a road has some longt-
tudinal graclient, ru¡roff of sur{ace water is not along the transverse crow¡t slo¡:e but
along some resultant of crow¡t slope and the longitudinal grade.

Regression analysis of percent of no potholes ol:servations in the various slope
rangesonmid¡lointof eachsloperange(0.005,0.015,...,0.075rt/rùforthedata
summarized in Figures 5 and 6 indicates regression coefficients of 10.2 for crown
slope alone and 14.0 for ma-xinrum resulta:rt slope. Tl.ese coefficients, or slopes, are
for regrcssion lines not passing through the origin. Standard deviations from regres-
sion are 9.6 for crowrì slope alone and 6.7 for maximunr resultant slope. Correlation
coeff icients are 0. 94 for crown slo¡re alone and 0.98 for maximum resulta¡rt slope.

It will be noted that the datafrom this study more closely approach Huang's fre-
quency ancl severity pattern in lllinois (superimposed on Flgure 5) if crown slope alone is
replaced by maximum resultant slope.
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Figure 7. Rel-ation of longitud.lnal grad.e
to frequency and. severity of potholitrg.

Relation of !ûaxi.j3tm res'¿Ltant
frequency antl severity of

potboling.
I¡ngituclinal Grade vs Potholing. -Fig-

ure 7 indicates the relationship betrveen
longitudinal grade only and the frequency and severity of potholing. Although longitudi-
nal grade is usua-lly fixed by considerations other than potholing, its relation to pot-
holing tendencies is at least of academic interest. Figure 3 indicates that, in this
study, only traces of potholing were observed, irrespective of crown, where longitudi-
nat grade exceeded 2% percent. In contrast, there were more than traces of potholes
where grades were flat or slight and crorvn slope cxceeded2'/z percent. Figure 3 also
indicates that there u'as lesser severity of potholing (for the several ranges i¡r maximum
resultant slope) rvhere longitudinal grade exceecled transverse slope tltan where a pre-
dominant slope was in the transverse clirection.

Why should more longitudinal than transverse orientations of maximum resultant
slope be related to lesser frequency and severity of potholing? It might be reasoncd
that the greater length of catchme¡rt area for a particular slight depression and poten-
tial pothole results in higher velociby of runoff and a greater tenclency to Iorm rivulets
rvhich may drai¡r or eve¡r obscure ihe slight depression. Another factor may be the
Iongitudinal orientation of tra-ffic rçhich tends to pound doun generally longitudinal spill-
ways for slight depressio¡rs or birdbaths left fronr gracling or slta¡ring operations. High
velocities of runoff a¡e not an un¡nLxed blessing, of course, sirtce erosion also causes
maintenance problcnrs on soil-aggregate roads. The iurportance of transverse slope
in heading surface rvater torçard the side of the roadl¡ecl must not be neglected, but per-
haps the influence of longitudinal grade rçhen selecting minimurn tolerable clown on
soil-aggregate roacls desertes more attention than it has received i¡r research efforts
as $'ell as in standarcl practice.

Inrlllieltions.-Thc sclection of minimunr toierable crown on the basis of some value
of resultar:t slope is lcss thln an iclcal irpproach, iI only because frequency ancl severity
of potholing appexr to bL. relÍìted to orie¡rtation as rvell as anroutrt oI this llraximum re-
sultant slope. In aclcliiion to tcknorvlccl*ing variation in potltolittg tendency tvÍth varia-
tion ln orientation of nrlrinrunr re.sultant slo¡re, it should be notecl that runoff may, in
reality, dcvi¡te f ro¡rr the nrturimu¡n ¡'csultant slo¡lc. Sucl¡ deviation would ¡rerha¡rs
most frequentty be caused by the longituclinal velocity conr¡ronetrt of runoff ort grades

Severe

Troce

Definite
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where tl¡ere is flnttcnccì crown at the roacl
centerline. Until lcklitional study su¡¡gests
a uìore relilrlrle rlesign chnr.ar:tcristic than
m&rinru¡tr resulttnt slo¡)e', lrolever, it nray
be ¡nore t'alicl to blse sclcction of ntininru¡u
tole¡'d.lle cl'o\\'¡t in a ¡rarticular situatiorr
(for an acce¡:tablc frequencv and severity
of ¡rotholing) on this characteristic than to
select ¡li¡li¡tm¡n tolc¡.able crolvrt rvithout
any attention to longitudinal gr.ade.

Figules 6 a¡rcl B may be useful as guides
for design. Assunting that about g to I
odds against defi¡rite or severe poilroling
are accepteble. a nrinir¡runr tolerable nra.¡ii-
mu¡n resultant slo¡le in the ralge of 0.04
to 0.05 ftift nright tre % in./tt (ris. o).
Where longitudinal grade is absolutely
flat, a mininlunr cto\r'n slo¡:e of l, in./î.t
n'ould, of coulse, Lle indicatecl. Where
there is some longitudi¡ral gr.aclient, Fig-
ure I indicates the extent to rvhich cro\¡/'u
might ì:e lessened and still maintai¡r the
desired resulta¡rt slope. For exampLe, if
longitudinal gracìe is about 2 percent,

Figure 8. l'{¿ximun resulta¡t slope for mi¡ìimum cro\\'ll slope coirld probably be
variations in J-ongitudinal grade ancl cror.tr betrveen % a:lO t/, itt,/î.t, a.ncl if the grade

sì_ope. is about 4 percent, the slope could be as
lorv as '/t tn./11. Although zero crou'n is
shon'n as a dotted line in Figure B, some

crown would be necessary to keep surface n¡noff heading for the eclge of the roadbed.
Erosiotl considerations ¡uay rvell dictate a greater crotvtì slolre than that lvhich would

be needed for protection against potholing. Just as there may be minimum crorvns for
control of pothoting and/or erosion, there may also be mu¡imum crou'ns for safety and
convenience in vehicle operation. In suggesting that minimum toleraltle crown (frõm a
potholing viewpoint) is related to longitudinal grade, it is not suggested ¡rat a crown
slope should be changed rvith every minor change in gracìient. Frequent changes in
crown may be not onì.y impractical fronr a maintenance operations vietlroint but uncle..
sirable from the view¡roint of road-user safety.

TRANSVERSE TERRAIN SLOPE VS TILT OF ROAD CROWN

Soil-aggregate roads on sidehill locatior'¡s are more llkely to be potholecl on the u¡rh11I
than dorvnhill side of the road. Such situations usually reflect, as in Figure g, a lesser
crown slo¡re on the uphill side. It rvas hy¡rothesized that crorun slo¡te should te¡rd to be
flatter on tlte uphill side of the road bec¿ruse of a dorr.nhitl tilt of the crorvn caused by a
misjudgment of vertical (or horizontal) datum in sidehitl terrain by a grader man sliap-
ing a roacl by eye.

Studv Method

To explore whether there is, in fact, a higher frequenc¡,' of clo',vnhill tltan uphill tilt
of road crow¡l and whether amount of tilt is related to transverse terrain slope, meas-
urements of the traveled way cross-section a¡d tra,¡rsverse terrain slope were nrade at
some 66 locations. These locations, on eight torvn high*'a5's in Tom¡rkins County, were
taken semi-routinely at 0.1-nri intervals and at intermecliate ¡;oints rvhere transverse
terrain had dictated a cut-fill cross-section; data on cuÌ.ves ',verc o¡nitted because of
the probability clf inte¡rtiona-l banking or war'¡ring of ilre cross-section.

Measurement of Crotvn. -Crorvn r¡leasuremer¡ts were niacle rvith the liquid-level dc-
vicãìlõÇtñ-Frgure-iõ. With the gallon jug placed approximatety (by eve) at the ce¡rter

:
I

LJ
o-oJ
(t)

l-z
t-J
f(n
kJ
É.

3
x

v or .o2 .o3 .04 .o5 .06

LONGTTUDTNAL cRADE- ft/ft

175



Compendium 7 Text I

176

55

Figure !. Pothcling on uphill sj.de of soil-aggregate road..
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Fig'.llc J,0. Ifeaslu'r.nc'nt a¡rd recordi¡rg of crown.

Iine of the road, readings of the dro¡l in elevation rvere taken at intervals of 2 ft to the
left ancl rii¡ht of the center line. The reaclings were plottecl on a recolcl calcl, shorvn in
Figure 10.

Conrputatirl! of Crorvn Tllt.-Tilt of crorvrl rvas conr¡nted as illustratecl in Figrure 11.
A str:ri¡1lrt lirrt of br'st iit rvlrs drrrç¡r through the plottc.cì road sur{lcc elevations on each
side of thc rolrcl. At the. i¡rtersection of these straight lines re¡rrcsenting î\'eriìge crow¡ì
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Figure ì-1. Deterzination of cro'¡n tilt.

l'i-gule J-2. I'lcasaring tr¿rr-rsve¡se telrerin siope.

slope wele erected vertical lines (all ancl ac) bisecting the angle for¡ned by the lines of
average crown slope. Tl.c angle (t) betrveen lines ab anC ac v,'as conrputed f rom scaled
distances l:c and ab. It was necessal'y, of course, to adjust the ratio of thcse scaled
dista¡lces to correct for the 3:1 ratio of vertical to horizontal scale on the ¡llots of
crown cross-section. Direction of crorvn tilt, rvhcthcr uphill or do*'nltill, was noted.

il{easurcment of Transverse Terrain Slope. -Average terrain slope was cletermined
wit observer stationecl himself so as to be
ab!e to aìign the flat edge of the protractor rvith avcrage slopc of terrain at the location
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Figru.e ll. Croçm tilt vs tra:rsverse terrain sÌope.

where crolvn measurements had been made; slope tvas recorded to the nearest % per-
cent. Aithough for simplicity, this terrain slope rvas measured at the location of lrown
measurernentr it is recognized that a grader operator's concept of vertical (or horizon-
tat) was influenced by topography as he app.oaèhed and even lóoked some distance
beyond the points where measuretnents were made in ilris study.

Results

Crorvn trlt in relation to tra:rsverse terrain slope at the 66 points included in this
study is sulnmarized in Figure 13. Points on the cha¡.t are coìed to indicate whether
the road cross-section at that point rvas in cut (B points), on fill (35 points), or on cut-fill (23 points).

Interpretation of Results

Considering all 66 points together (ignoring rvhether sectio¡rs were in cut, fill or
cut-fill), it is noted in Figure 13 that fot transverse terrain slopes of 2 perôent or less,
ther.e was-equal frequency of uphill and dolnhill tilt (13:13). ror transvèrse slopes of
2^l through 5f percertt, there rvere 14 dorvnhill tilts in contrast to ? uphill tilts ;d 2
sections lt'itltout perceptible tilt. For transverse terrain slopes of 6 percent a¡d over,
there rvas considerably higher frequency of tilt in the ciorv¡rhill directiòn; in these situa-
tions, 15 cross-sections were tilteci dorvnhill in contrast to only 2 uphill. Although
frequency of clorvnhill tilt &ppears generally to be related to transverse terrain slope,
the amount of tilt does ¡rot.

Therc ar.e too fcn'points in Figure 13 to ¡¡ra]çe any conclusive statements concerning
relative tendency to tilt road crow¡ì clorvnhill on cut, fill, and cut-fill cross-sections.
It is noted, hon'ever, tltat average tilt fol the cut-fill cross-sections \\,As ff 30' for thefill sections and 0o g' for the cut sections; averagc tilt in each cAse was in the dorv¡lhill
direction. N{ention of ltverage tilt should be qualified by average tr.ansverse terrai¡
slope for each type of cross-section; thcse ç,ere 5.gr Z.7 and ¡.9 pcrcentfor the cut_fill, fill and cut cr.oss-sections, respectively.

The signi.f ica¡rce of such s¡rrall angles of tilt ntay be qucstionccl. It should perhaps
be pointed out that a road rvith intcncled crorv¡r slopcs of lz in./ft o¡r each side of the
centerline woulcl nced to be tilted dornhill less thar¡ 2o to recluce the crown slope on
the u¡rhill side to less th¡n '/t in./ft,



Compendium 7 Text 9

58

CONCLUSIONS

Poutoling of soil-aggregate roads, though generally rel¡rted to crorvn slope, appears
to be nrore closely related to so¡rre resultant of crorvn slope and longitudirral grade.
The maxintum rcsuitant slope, though less tha¡r an idcal clesign characteristic, may be
useful as a guide in selecting nlininrunr tolerable crown. Figures 6 and 8 ¡rrovide a
guide to selectio¡r oi the lori'est nrrxi¡lrunr resultant slo¡le for ur accc¡ttable risk of
potholing atrd, for a given longitudinal grade, deternrination of the nlininrum crorvrr to
procluce this resulta|t slope, Althouglr soil-aggregate roads on longituclinal grades
stee¡ter than about 2l percent were observed lo hCve potholed very little, ir.respective
of crorvn slope, the benefits of cronn in mi¡'rinrizing erosion prol.rlenrs can¡rot be disre-
garded.

There is evide¡rce that gracler operators shaping roacls by eye in sidehitl terrain tend
to tilt the crown i¡t the dorvnhill clirection. Probablv due to a misconception of vertical, a
practica-l implication is a less-than-desired cro\\'¡r slope on the uphill side ud increased
vuhterability to potholing. Sidehiìl locations shouid be an invitation to periodic checks
on crown siope cluring grading or shaping operations.
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Water-deposited gravel source along Rio Beni, Bolivia.



B¡bliography
The following bibliography contains two sets of
references. 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 references to additional
publications that either were cited in the
selected texts or are closely associated with
material that was presented in the overview and
selected texts. Each reference has five parts
that are explained and illustrated below.

(a) Reference number: This number gives the
position of the reference within this particular

bibliography. lt is used in the compendium index
but should not be used when ordering
publications.

(b) Title: This is either the title of the complete
publication or the title of an article or section
within a journal, report, or book.

(c) Bibliographic data: This paragraph gives
names of personal or organizational authors (if
any), the publisher's name and location, the date
of publication, and the number of pages
represented by the title as given above. ln some
references, the paragraph ends with an order
number for the publication in parentheses.

Bibt ograf ía

La siguiente bibliografía contiene dos series de
referencias. La prìmera serie consiste en una re-
ferencia para cada texto seleccionado.que apa-
reció en la parte anterior de este compendio. La
segunda serie consiste en referencias a publi-
caciones adicionales que fueron mencionadas
en los textos seleccionados o que se asocian ín-
timamente con el material que se presentó en la
vista general y los textos seleccionados. Cada
referencia tiene cinco partes que se explican y
se ilustran abajo.

(a) Número de referencia: este número indica
la posición de la referencia dentro de esta bi-

bliografía en particular. Se utiliza en el índice del
compendio pero no deberá utilizarse al pedir
publicaciones.

(b) Título: el título de la publicación completa
o el título de un artículo o sección dentro de una
revista, informe, o libro.

(c) Datos bibliográficos: este párrafo da los
nombres de autores personales u organizacio-
nales (si hay alguno), el nombre del editor y su
dirección, la fecha de publicación, y el número
de páginas representadas por el título en la
parte (b). En algunas referencias el párrafo ter-
mina con un número de pedido parala publica-
ción en paréntesis.
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La bibliographie qui suit contient deux catégo-
ries de références, La première catégorie
consiste en une référence pour chaque texte
choisi qui est inclus dans la partie précédente
de ce recueil. La deuxième catégorie contient
des références pour des documents qui ont soit
été cités dans les textes choisis, ou soit sont
étroitement associés avec des écrits qui sont
présentés dans I'exposé ou les textes choisis,
Chaque référence est composée de cinq parties
qui sont expliquées et illustrées ci-dessous:

(a) Numéro de la référence: ce numéro indi-
que la position de cette référence dans cette bi-

bliographie. Ce numéro est indiqué dans l'index
du recueil mars ne doit pas être utilisé pour les
commandes de publications.

(b) Titre : cela indique ou le titre du livre en-
tier, ou le titre d'un article ou d'une section d'une
revue, un rapport, ou un livre.

(c) Données bibliographiques: ce paragraphe
indique les noms des auteurs personnels
(quand il y en a) ou des auteurs collectifs (orga-
nisation), le nom de l'éditeur et son adresse, la
date de l'édition, et le nombre de pages qui sont
incluses sous le titre dans (b). Certaines réfé-
rences se terminent par un numéro entre paren-
thèses qui indique le numéro de commande.



(d) Availability information: This paragraph
tells how the referenced publication is available
to the reader. lf the publication is out-of-print but
may be consulted at a particular library, the
name of the library is given. lf the publication
can be ordered, the name and address of the

organization from which it is available are given.
The order should include all information given in
parts (b) and (c) above.

(e) Abstract: This paragraph contains an
abstract of the publication whose title was given
in part (b).

(d) Disponibilidad de la información: este pá-
rrafo indica la disponibilidad al lector de la pu-
blicación referenciada de una de dos formas
como sigue. (1) La publicación está agotada
pero puede ser consultada en la biblioteca indi-
cada, donde se sabe que se posee una copia, o

(2) la publicación puede ser pedida de la orga-
nización cuyo nombre y dirección están indica-
dos, E/ pedido deberá incluir toda la información
dada en /as parfes (b) y (c).

(e) Resumen: este párrafo es un resumen de
la publicación cuyo título se dió en la parte (b).

(d) Disponibilité des documents: ce paragra-
phe indique les deux façons dont le lecteur peut
acquérir les documents: (1) L'éditlon est épui-
sée, mais une certaine bibliothéque détient ce
document et il peut être consullé. (2) Le docu-
ment peut être commandé à I'organisation dont

le nom et I'adresse sont indiqués ici. L'ordre de
commande doit inclure foufes les informations
données dans /es parties (b) et (c).

(e) Analyse: ce paragraphe est une analyse
du texte dont ie titre est cité dans la partie (b).
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(el Abstract
(e) Resumen
(e) Analyse

The order should include all information given in parts (bl and
(cl above.

El pedido deberå incluir toda la información dada en las partes
(bl y (c).

L'ordre de commande do¡t ¡nclure toutes les informations
donnêes dans les parties (b) et (cl.
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Rcfcrence 5
A REVIEV OF HIGHWAY DESIGN PRACT¡CES IN
DEVELOPING COUNTRIES

Cron, Frederick W. Vashington, DC: lnternational
Bank for Reconstruction and Development; 197, May.
57 p.

Order from: International Bank for Reconstruct¡on and
Deve¡opment, l8l8 H Street, N.V., Vashington, DC
20413.

The design standards ol some 150 highway proiects
linanced by the Internationa-l Bank for Reconstruct¡on
and Development between 1960 and 1970 are re-
viewed, and are¿s of agreement betwe€n the stand-
a¡ds oI the 63 countries studied are ¡dentifiedi
practical highway standards based on these areas of
atreement are sketched for the guidance of planners
in developing countries. The roads discussed here,
fall into three functional categories: a small group of
êxpressways, freeways and toll roads carrying large
volumes of traJf¡ci a very large group of Z-lane
highways carrying a wide range of tralfic volumes
serving both loca.l and long distance traffici and a
smaller group of low-traffic tertiary or sp€cial
purpose roads existing primarily for land service.
Comments are made on the problem of dassifying
highway standards, and on the comparison of stand-
a¡ds. Condusions regarding standards for the
capacity- related elements of design and standards
for the velocity-related elements of design (radius of
curvatur€, stopping sight d¡slance, passing sight
d¡stance) are discussed, as well as the horizonta.l and
vertical dearances for bridges. The standard livê
loadings for bridges, the structural capacity ol
pavements and legal load limits are covered, and
condusions relating to pavement design, design
standards for 2-lane highways, ' lncrementa.l
development oI highways, and levels of service'are
presented.

(b)
(b)
(b)

(cl
(c)
(c)



SELECTED TEXT REFERENCES

Reference I
LOW COST ROADS

Kelley, E.F. Lexington, Virginia: Proceedings of the
second annual Virginia Highway Conference; 1948.
variable paging. (l{ovember ll,12, 13,1948).

Out-of-print; may be consulted at U.5. Department of
Transportation, Library Services Division, Room 2200,
400 Seventh Street, S.W., Washington, DC 20590.

The history of road construction procedures is briefly
reviewed, and progress in the knowledge of the
engineering properties of soils is discussed. The most
important properties of a soil for highway construc-
tion are identified as its size grading, its plasticity,
and ¡ts optimum moisture content. The principles
which should be observed in the construction of low-
volume roads are set forth and include a considera-
tion of subgrade strength, proper compaction of fills,
proper use of material excavated from cuts, treat-
ment of subgracles in cut sections, and the division of
the pavement structure into a sub-base, if rçquired, a
base, and a wearing surface. Granular or mechanical
stabilization and the use of granular-stabilized mix-
tures as base courses for biturninous surfaces and also
for wearing courses are discussed. Although the
specification requirements for tlrese respective
courses differ in their binder content, it is possible to
design a mixture which is satisfactory for both a
base-course anci a surface-course application. Other
types of stabilization which may be considered
include the use of portland cement with fine-grained
soils and sand-clay gravel. Hydrated lime has also
been successfully used. Three types of biturninous
stabilization with tar, cutback asphalt, or asphalt
emulsion are described: soil bituminous stabilization,
sand-bituminous stabilization, and waterproofed gran-
ular stabilization. The performance of stabilizcd
base courses and subsurface drainage problems are
discussed, and comments are made on the trench
method of base-course construction.

Reference 2
LOW COST ROADS; DESIGN, CONSTRUCTION AND
MAINTENANCE

Odier, L.; Millard, R.S.; dos Santos, Pimentel; li4ehra,
S.R. London: Butterworths: 1971. 158 p. (Sponsored
by UNESCo).

Out-of-print; may be consulted at U.S. Department of
Transportation, Library Services Division, Room 2200,
400 Seventh Street, S.lV., Washington, DC 20590.

Engineering codes relating to road planning, design,
construction, materials, and maintenance for use in
the developing countries are presented. Basic
principles of road construction and maintenance
policy, inc.luding social and economic aspects, master
plan and feasibility studies, as well as stage construc-
tion, are covered. Traffic and design speeds, design
related to vertical alignment and horizontal align-
ment, and cross-section elements are discussed;
design principles for unimproved roads, improved
roads, roads with permanent surfaces, and flexible
pavements are set forth. The drainage of the road is

considered induding the control of erosion and the
stability of embankments and cuttings. Defensive
measures during wet-weather constructjon are noted.
The locatjon and waterway requirements for bridge
culverts are discussed, and the principal factors to be
considered in the design of bridge foundations and
structures are indicated. Notes are provided on
construction operations and plant which include pre-
Iiminary and detailed surveys, setting out, earth-
works, compaction, quarrying, soil stabilization, bitu-
minous surfacing, and concreting. The discussion ol
road maintenance distinguishes between short-term,
largely manual, maintenance and long-term mainte-
nance usually involving the use of mechanical equip-
ment, Methods of estimating costs are outlined and
spec¡al consideration is given to the choice betrveen
manual and mechanized methods or combinations of
the two.

Reference 3
LOCATION AND EVALUATION OF GRAVEL SOURCES
FOR HIGHWAY USE

Spencer, James V.; Dart, Olin K., Jr. Ithaca, Nev/
York: Cornell University, Department of Agricultural
Engineering; i,'larch 1956. 53 p. (Short Course).

Out-of-print; may be consulted at U.5. Department of
Transportation, Library Services Division, Room 2200,
400 Seventh Street, S.W., Washington, DC 20590.

The formation of glacial gravel deposits (eskers,
kames, beach ridges, deltas, out-wash terraces) and
deposits from present-day streams is described, and
profile development on gravel landforrns (formation
of overburden and the importance of the thickness of
overburden) is discussed. Tlre methods of locating
poss.ible gravel deposits revierved here include the
checking of available agricultural soils maps and the
avai.lab.le geologic information for the area. Aerial
photographs are noted as the most complete invento-
ry of possible gravel deposits. The advantages of
aerìal photographs, their availability, and costs are
discussed. The orientation of the aerial photographs
for study and the recognition of g,ravel landfornrs
from such photographs are described. Characteristics
that must be noted about a possible gravel dpposit are
listed, and questions to be considered before opening
the deposit are revierved. Factors that must be
cons!dered in evaluating the gravel resource are
detailed and include depth of overburden, character
of gravel partic.les, maximum gravel sizes expected,
gradation of granular material (desirable specifica-
tions, sampling and preparation of sample.for testing,
testing the sample for gradation), plasticity of fines,
posltion of rvater table, and degree of cernentation.
Comments are also made on the combining of
materials for satisfactory gradation.

Reference 4

STANDARD SPECIFICATIONS FOR CONSTRUCTION
OF ROADS AND BRIDGES ON FEDERAL HIGI-IVAY
PROJECTS. FP-6I

U.S. Department of Transportation, Federal Highway
Administration Bureau of Public lloads. Washington,
DC; l96l January (Reprinted 1968 March). 383 p.

Out-of-print; may be consulted at U.S. Department of
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Transportation, Library Services Division, Room 2200,
400 Seventh Street,5.W., Vashington, DC 20590.

This book contains specifications for those items of
work, materials, and construction methods that are
generally applicable to direct the Federal Highway
contract, but the specifications are adaptable for use
in other highway construction projects. The book
reviews general requirements such as bidding, the
arvard and execution of the contract, the scope and
contro.l of work, the control of materials, legal and
public respons.ibilities, prosecution and progress of
work, the measurement of work quantities, and
payments. The major section of the book is devoted
to construction details related to earthwoik, bases,
surfacing and pavements, structures, and incidenta.ls
such as riprap, underdrains, .manholes, sidewalks,
cattle guards, guardrails, seeding and sprigging, etc.
A later edition, FP-74, is available from the Superin-
tendent of Documents, U.S. Government Printing
Office (Washin8ton, DC 204A2), but it does not
include specifications for gravel surface cou¡ses; a
Spanish translation of this edition is also available. It
is expected that another edition, FP-79, will be
available in 1979.

Reference 5
ROAD RESEARCH: ROADMAKING CRAVELS AND
SOILS IN CEÑTRAL AFRICA

Clare, K.E. Harmondsworth, U.K.: Great Britain Road
Research Laboratory, Tropical Section; 1960. 44 p.
(Overseas Bulletin No. l2).

Order from: Transport and Road Research Laboratory,
Crowthorne, Berkshire RG ll 6AU, U.K.

The more important roadmaking gravels and soils
occurring in the Central African Federation are
described, and their known engineering chare.cteris-
tics are reviewed. The bulletin also discusses how
knowledge of these factors rnay be used in locating
potential sources of roadmaking materials. Some of
the factors influencing soil-formation in Central
Africa are briefly discussed, and the gravels and soils
encountered in the area are grouped into three
categories depending on the rainfall. In low rainfall
areas the petrological characteristics of the underly-
ing rock have a great influence on tl¡e properties of
the soils derived from it, and sub-categories can be
recognized on this basis. Although the pavement rock
is important, the large-scale geological structure of
the land in areas of intermediate or hi6h rainfall
affects soil formation to a greater degree by influ-
encing drainage. Although sub-categories have yet to
be distinguished here, it is thought that the catena
concept (a series of soils on the same parent rock, but
under different drainage conditions) may be useful.
Effort in locating gravel deposits can be greatly
reduced by examination of geological, agricultural
and forestry maps and of landforms revealed by aerial
photographs. The occurrence of mine waste mater,i-
als useful for building roads in economically impor-
tant areas is noted.

Reference 6
LATERITIC GRAVEL EVALUATION FOR ROAD
CONSTRUCTION

de Graf t-Johnson, J.W.S.; Bhatia, Harbhajan;
Hamonond, A.A. Journal of the Soil Mechanics and
Fourrdations Division, Proceedings of the American
Society of Civil Engineers. American Society of Civil
Engineers, New York, New York; Vol. 98 No. SN{ll;
Proceedings Paper 9375;1972 November; pp, 1245-1265.

Order from: American Society of Civil Engineers, 345
East 47th Street, New York, New York 10017.

This study investigated the factors responsible for the
formation and mechanical strength of coarse laterite
gravels in Ghana and evaluated laterites from four
climatic regions (coastal Savannah, rain forest, for-
est, interior Savannah), which are typical of most
later.ites found in the tropics. The geological
formations associated with the gravel formations are
identified as acid igneous (granite, gneiss, quartzite);
basic igneous (basãlt, gabro); metarnorphic (shale,
phyllite, schist); and sedimentary (sandstone, lime-
stone). Physical, chemical, mechanical, durabilityt
and weathering tests are described. On the basis of
test results and field performance data, a relative
rating of lateritic gravels is suggested. The tests
used to rate the gravels included tl're aggregate
impact value (rnodified from the British standard),
the aggregate impact value (British standard), the Los
Angeles abrasion value, water absorption, and the
specific gravity test. The study showed that topogra-
phy and geology had considerable influence on the
mechanical properties of residual materials. The
prirnary residual gravels from well-drained profiles
generally had hi6h concentrations of iron and alumi-
na. Such rocks aid in forming lateritic gravels of
relatively better meclranical strength. Significant
statistical correlations were developed between vari-
ous physical properties and mechanical strengtlì. A
vcry significant correlation exists between the ratio
of oxides of silica to iron and the mechanical
strength.

Reference 7
LATERITE AND LATERITIC SOILS AND OTIjER
PROBLEM SOILS OF THE TROPICS; AN
ENGINEERING EVALUATION AND HIGHV/,{Y
DESIGN STUDY FOR UNITED STATES AGENCY
FOR INTERNATIONAL DEVELOPMENT,
VOLUME II, INSTRUCTIONAL MANUAL

Morin, W.J.; Todor, Peter C. Baltimore, lr4aryland; Lyon
Associates, lnc.; 1975. 92 p. (Performed jointly with
the Brazilìan National Highrvay Departnìent Road Re-
search lnstitute; report /l PB-267 263).

Order from: National Technical Information Service
5285 Port Royal Road, Springfield, Virginia 22161.

This is an instructional manual for field inspectors
and laboratory technicians rvho work on engineering
and construction projects that utilize tropical soils.
The engineering descriptions, procedures, and specifi-
cations described are a consolidation of information
obtained from Volume I: Laterite and Lateritic Soils
and Other Problem Soils of the Tropics (see Refer-
ence l4). Both volumes are the final report of a
worldwide tropical soil study. This manual summa-
rizes background information (on soils classifìcations,



physical and engineering properties, red tropical soils,
and volcanic soils) and reviews test procedures for
the evaluation of tropical soil properties (preparation
of soils samples, particle size analysis, liquid limit,
plastic limit and plasticity index, moisture density
relations, specific gravity, California bearing ratio,
sand equivalent va.lue, and test for durability of
aggregates). Details are given of flexible paveÍrent
design (an appendix describes the determination of
the coefficient of variaticn) and the stabilization öf
selected tropical soils. Design considerations for
roads over tropical black clays and a recommended
design procedure are set forth. Specifications for
sub-base, base- and surface-course materials, for
excavation of borrow areas, compaction equipment
and conrpactiorr requirements, and for materlals and
construction in tropical climates are also presented.

Reference 8
BLADING AGGREGATE SURFACES

Washington, DC: National Association of Counties,
Research Foundation; 1974. 54 p. (National Associa-
tion of County Engineers Training Guide Series).

Order from: National Association of Counties, 1735
New York Avenue, N.W., Washington, DC 20006.

This guide provides tips for grade operators on
blading aggregate-surfaced roads and can be helpful
for training on the grader at the job site. The
booklet, $,hich can help crews do a better mainte-
nance job and so reduce the cost of keeping
aggregate-surfaced roads in good condition, can be
useful for new and experienced foremen, motor
grader operators, and multi-purpose crews working
such roads. The areas covered in this booklet include
the blending of aggregates, the equipment used on
aggregate-$urfaced roads, smoothing, reshaping, and
blading under special conditions (intersections of
aggregate-surfaced roads, intersection of aggregate-
surfaced and paved roads, road crossing railroad
tracks, road crossing bridges, ar driveways, on hill-
tops - crests, at bottom of valleys-sags, ánd curved
roads). Condition of the blade and personnel and
equipment safety are also considered.

Reference 9
CROWN ON SOIL-AGGREGATE ROADS

Spencer, J.V. Road Crown, Testing, Compaction, Soil
Bitumen; The Alaska Earthquake: 7 Reports. Presented
at the 43rd Annual Meeting January 13-17, 1964 and the
44th Annual Meeting January ll-15, 1965, Washington,
DC: Highrvay Research Board¡ 1965; pp 48-58. (Higtr-
way Research Record No. 9l).

Order from: Universìty Microfilms International, 300
North Zeeb Road, r\nn Arbor, Michigan 48106.

This paper summarizes a study of the relationship
between road surfece slopes and the severity of
potholing on soil-aggregate roads. Although practice
in crowning soil-aggregate roads often disregards the
inf.luence of longitudinal grade, the study suggests
that the effect of grade on the potholing tendency is
considerably more than a token effect; a resultant of
transverse slope and longitudinal grade appears to be
more strongly related to presence and severity of

potholing than is crown slope alonc. Because a
tendency to tilt road crown downhill in sidehill
locations can result in flatter crown (ancl often more
severe potholing) on the uphill side of the road,
caution inrrby eye" shaping of soil-aggregate roads in
such locations is suggested.

ADDITIONAL REFERENCES

Reference l0
DENSITY STANDARDS FOR FIELD COMPACTION OF
GRANULAR BASES AND SUBBASES

Roston, J.P.; Roberts, F.L.; Baron, W. Washington, DC:
Transportation Research Board, 1976. 73 p. (National
Cooperative Highway Research Program Report 172).

Order from¡ Transportation Research Board,
Publications Office, 2l0l Constitution Avenue, N.ì1.,
Washington, DC 20418.

This report presents the findings of a study to
evaluate current procedures and criteria for the
setting of density standards to contro.l compaction
during construction of granular base and sub-base
courses and to develop more appropriate procedures
and criteria. An extensive laboratory test program
rvas carried out, involving seven methods of compac-
tion and four materials under various moisture condi-
tions and gradations. The aggregates tested were a
granite-gneiss, a crushed gravel, a dolomitic lime-
stone, and a basalt. A prototype field compact
testing program was conducted usir-rg the same four
aggregates. Procedures and criteria are proposed for
use by highway agencies. 185

Reference I I
PROCEEDINGS FROM A CONFERENCE OF GRADED
AGCREGATE BASE MATERIALS IN TJLEXIBLE
PAVEMENTS

National Crushed Stone Association; National Sand and
Gravel Association; National Slag Association; March
2126, 1974; variab.le paging.

Order from: National Crushed Stone Association, l4l5
Elliot Place, N.W., 'Washington, DC 20007.

Papers are presented which deal with graded aggre-
gate bases as logical components of serviceable
flexible pavements and with the ways by which
aggregates can be used to best advantage. Design
considerations and time-tested design practices are
revierved. A cornputerized approach permitting
multlple choices considering l2 classes of input
variables is described, as well as a simplified treat-
ment of the complex problem of defining the func-
tions. of various pavement layers. Design considera-
tions applicable to areas where severe frost action is
to be expected are thoroughly reviewed, and the
effect of gradation on permeability is graphically
demonstrate.d. A straightforward and practical sys-
tem of flexible pavement design is summarized. The
Corps of Engineers continuing program of pavement
evaluation is described and some l4 modifications to
the Corps' CBR design system are listed. fhe second
session, which was concerned with materials and
construction requirements to enhance the probability
of successful performance, covered such topics as the



relation of graded aggregate characteristics to their
behavior under various conditions of load and environ-
ment and the critical role of compaction in the
performance of graded aggregate bases. An infòrmaÌ
panel discussion covered experiences in four states.
The final session clealt with methods of production,
construction, and acceptance testing. Quality control
and quality assurance were covered in this session.

Reference l2
THE DESIGN OF LOW-COsT PAVEMENTS IN ARID
AREAS

Bof inger, H.E. Crowthorne, U.K.: Great Britain
Transport and Road Researclr Laboratory; 1974. l6 p.
(PA 77174 Paper presented at Conference on Low-Cost
Roads, Kuwait, November 25-28, 1974).

Order from: Transport and Road Research Laboratory,
Crorvthorne, Berkshire RGll 6¡\U, U.K.

This paper reviervs the experience gained by the
overseas unit of TRRL and other authorities in the
design, construction, and performar,ce of lorv-cost
road pavements in arid environnrents. It covers
earth, gravel and surface-dressed roads and discusses
the engineering principles of stage construction, i.e.
the subsequent upgrading of pavernents to meet the
structural requirements for increased traffic load-
ings. The strengtl.r of many subgrade materials is
sensitive to moisture changes, and the value at which
the strength of the subgrade is estimated for pave-
ment design is therefore very important, particularly

1g6 in arid environments where subgrades are dry and
quite strong. Several methods lrave been used for
determining the relevant lnoisture content. These
are described and the sensitivity of the thicl<ness
'design to changes in subgrade strength is,discussed.
In ar.id arcas, there may be insufiicient water to
enable the formation to be conrpacted at the. opti-
mum moisture content. The compaction of soils at
moisture contents lou,er than the optirnum and the
resulting properties of the compacted material are
described. Types of base which require no water for
construction, such as dry-bound macadam, are partic-
ularly usefu.l in arid climates. A reliable construction
procedure for dry-bound macadam bases is inciuded.

Reference l3
GEOLOGY AND CEOTECHNICAL PROPERTIES OF
LATERITE GRAVEL

Kr.initzsky, E,llis L.; Patrick, David M.; Townsend, Frank
C. Vicksburg, ltlississippi: U.S. Army Engineer Water-
ways Ë.xperirnent Station, Soils and Pavements Labora-
tory; 1976 June, 214 p. (Final Report-Wes-TR-5-76-5;
report /lAD-402650 5 I 8ST).

Order from: National Technical Information Service
5285 Port Royal Road, Springfield, Virginia 22161.

Laterization processes were studied and samples of
Iaterite gravel were collected at 40 sites in Thailand,
Australia, Brazil, Ghana, Portuguese Angola, and
Georgia (USA) to determine classification, field
associations, genesis, and errgineering properties im-
portant in road and airfield constrirct.ion. Later¡tic
soils are self-hardening and may contain laterite rock
or nodular lateritc gravel. Tropical soils that are not

self-hardening and that lack appreciable laterite rock
or laterite gravel are called tropical red soils. The
soils studied in this report classify as sands and
gravels in the UniJied Soil Classilicatiorr System.
Generally they are poorly sorted, strongly fine-
skewed, leptokurtic, and, on the averagè, contain
approximaiely 12 percent fines. These soils have
originated by the hydrolytic destruction of primary
silicate minerals irr warm, tropical to subtropical
weathering environments that exhibit distinct. wet
and dry seasons, and are generally free draining.
Laterite gravel is of primaly irnportance in construc-
tion. Laterite rock requires crushing, and self-
hardenirrg laterite may be difficult to idcntify and
thus may be confused with tropical red soils. Foreign
engincers have found that trvo official U.S. specifica-
tions are too restrictive. They have developed base
and sub-base specifications sr,¡itable for road ancl
airfield construction using laterite gravel.

Reference l4
LATERITE AND LATERITIC SOILS AND OTHER
PROBLEM SOILS OF THE TROPICS: AN
ENGINEERING EVALUATION AND HIGHWAY
DESIGN STUDY FOR UNITED STATES AGENCY
FOR INTERNATIONAL DEVELOPMENT,
VOLUME I

Morin, V.J.; Todor, Peter C. Baltirnore, Maryland:
Lyon Associates, Inc.; 1975. 369 p. (Perlormed jointly
with the Brazilian l{ational Highway Department, Road
Research Institute; report /l PB-267 262),

Order from: National Technical Information Service,
5285 Port Royal Road, Springfield, Virginia 22161.

This product of 5 years of worldwide research gives a
comprehensive description of tropicai soils including
their chemical, mineralogical and physical properties
and engineering behaviors, as rvell as their appropri-
ate classification. A new pavement design procedure
developed in the tropics for tropical application is
described, and a practical range of strength values
attainable by stabilizing tropical soils is given.
Specifications for common materials used in highway
construction and methods of working with and using
problem soils such as l¡lack clay and volcanic soils are
also described, All tropically weathered red residual
soils including true lateritic soils as well as those
undergoing laterization were studied. .The rnore
descriptive pedological classifications are preferred,
and it is noted tliat variations in properties among
groups in different classification systems should be
established in each country. Correlations of proper-
ties of red tropical soils are established that can be
used in identification of soil type and preliminary
assessments of engineering properties. The special
pretreatments and procedures for soils over volcanic
rocks and the use of the one-point liquid limit test for
tropical soils are discussed. The findings are reported
and recommendations are made regarding the follow-
ing: the soil compaction curve, the establishment of
the CBR, max¡rnum deflection values for standard
axle applications, structÙral coefficients, flexible
pavement design, design tables, overlay design, un-
paved road design, Los Angeles abrasion and aggre-
gate impact test, shale durability test, repetitive
triaxial load tests, soil stabilization with cement,
lime, and asphalt, African black clays, c.lassification
of terrain by remote sensors, and specifications.



Reference l5
THE KENYA ROAD TRANSPORT COST STUDY:
RESEARCH AND ROAD DETERIORATION

Hodges, J.V.; Rolt, J,; Jones, 11.E. Crorvthorne, U.K.:
Great Britain Transport and Road Research Laboratory,
Overseas lJnil; 1975, 56 p. (TRRL Laboratory Report
67Ð.

Order from: Transport and Road Research Laboratory,
Crowthorne, Berkshire RGll 6AU, U.f\.

This report describes a study of the performance of
paved and unpaved roads which rvas undertaken in
Kenya as a part of a larger study designed to provide
suitable relationships for use in a computer model
capable of .estimating the construction costs, mainte-
narìce costs and road-user costs throughout the life of
a road in a developing country. The paved-road
sarnple consìsted of thirty-nine sections located on
surface-dressed roads with cement-stabilized bases
and ten scctions located on asphaltic concrete roads
with crushed stone bases. The unp,aved-road sample
consisted of thirty-eight test seotìons located on
properly engineered gravel roads (lateritic, quartzit-
ic, volcanic and coral) and eight sections on earth
roads. The deterioratjon of the surface of the paved
roads vr6s quantifiecl in terms of surface roughness,
amount of cracking, and depth of ruts. These
paranìeters together with the transient deflections
and the CBR and tlre moisture content of the various
pavement layers were rnonitored for a period of rrp to
four years. The deterioration of unpaved roads was
quantified in terms of surface roughness, depth of
ruts, depth of loose surface material, and the
thickness of the gravel layer. These parameters were
monitored for a period of two years.

Reference l6
SIMULATION OF THE ROAD-CORRUGATION
PHENOMENON

Riley, J.G.; Furry, R.B. 5oi1 Compaction and Corruga-
tions. Highway Research Board, l?ashington, DC; 1973;
PP.54-62 (Highu'ay Research Record 438).

Order from: Transporlation Research Board, Publi-
cations Office, 2101 Constitution Avenue, N.W.,
Washington, DC 20418.

A mathematical model was formulated to simuiate
the phenomenon oJ washboard.ing on unpaved roads.
Both the vehicle and the road components were
treated as spring-mass-damper assemblies. A digital
computer program was wr.itten to solve the equations
of motion of the system; displacement forcing func-
t.ions represented irreg,ularjties in the path of a
nroving rvheel. The program was executed with
varying road and vehicle characteristics, and thus the
relations among those pr.imar1, characteristics and
washboard presence and dimensions \\,ere estabiished
and then verified by physical model tests in the
laboratory. In both the sirnulation and the physical
tests, tl-re primary and secondary variables were
expressed as dimensionless ratios. Results showed
that vehicle weight, tire pressure, and vehicle speed
affected prirnarily the u'avelength of the corrugations
but that there were maimum or minimum values of
those parameters above or belov.' whiclr corrugations
would not occur. Results also shov¿ed that, for the
particular surface materjals used, rvashboarding oc-
curred more readily irr a material with a relatively
high speciflc darnping capac.ity and tlrat tl.ris property
was related to particle shape, effective size, and
unif ornrity coef licient.

Reference l7
A STIJDY OF OCCURRENCE OF POTHOLES AND
VASHBOARDS ON SOIL-AGGREGATE ROADS

Huangr Eugene Y. Influence of Stabilizers on Properties
of Soils and Soiì-Aggregate Mixtures. Highway Re-
search Board, ìVashington, DC; 1961, pp. 135-159
(Bulletin 282).

Order from: University Microfilms International, 300
North Zeeb Road, Ann Arbor, Michigan 48106.

This report presents the results of a study aimed at
determining some ol the circumstances associated
with the occurrence of potholes and rvashboards on
soil-aggregate roads. The study consistcd of a
statistical analysis of the quaiitative data obtained
from a road concíitiorì survey involving road surfaces
of the coarse-graded aggregate type composed of
mineral aggregate such as gravel or crushed stone and
some binder material. Results ol the study indicate
that the occurrence of potholes and washboards was
definitely associated with the volume of traffic, the
type of surface material, and the drainage condition
of the road surface. Although the findings are
adnrittedly limited to the types and conditions of the
roads studied, it is hoped that the data may be of
value in furtlrer understanding the formation of
potholes and washboards.

Reference l8
CONFORMACION A CUCHILLA DE SUPERFICIES DE
AGREGADOS

U.S. Agency for International Development,
lVashington, DC. 1976. 52 p.

Order from: U.S. Agency for International Develop-
ment, Office of Engineering, WashingtonrDC 2052).

This is a translation of the publication, Blading
Aggregate Surfaces: (NACE I974). See Reference 9.

Reference l9
PITS AND QUARRIES

U,S. Department of the Arnry. llashington, DC;
15 December 1967. 142 p. (Technical l\4anual 5-332).

Order from: U.S. Department of the Army, Army AG
Publications Center,1655 Woodson Road, St. Louis,
Missouri 63114.

This manual, which is designed for personnel engaged
in the selection and operat.ion of pits and quarries,
outlincs metl-rods and procedures used in explorations
for pits and quarries, and provides inforination on the
equipment required to operate pits and to supply
crusl.red stone. Site selc'ction is discussed with details
of prelìminary and fielcl reconnaissance as rvell as
details of evaluation of tlie pit and quarry sites.
Quarry layout and developrnent are also detailed.
The review of pit operations covers site preparation,
excavation with scrapers, excavation with porver
shcvcl end trucks or front loader and trucks, excava-
tion witlì draglines, anC loaCing ramps. Cut design
blasting and quarry records in rock excavâtion are
descrit¡ed. Soft rock operations discussed in the
publication covcr coral, tuff, caliche, and laterite. A
sample quarry problem, inf ormation on retaíning
rvalls, and further advice on exploration and operation
of pits and quarries are included in appendices.
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lndex

The following index is an alphabetical list of
subject terms, names of people, and names of
organìzations that appear in one or another of
the previous parts of this compendium, i.e., in

the overview, selected texts, or bibliography.
The subject terms listed are those that are most
basic to the understanding of the topic of the
compendium.

Subject terms that are not proper nouns are
shown in lower case. Personal names that are
listed generally represent the authors of selected
texts and other references given in the

bibliography, but they also represent people
who are otherwise identified with the
compendium subjects. Personal names are
listed as surname followed by initials.
Organizations listed are those that have
produced information 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
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lndice

El siguiente índice es una lista alfabética del vo-
cablo del tema, nombres de personas, y nom-
bres de organizaciones que aparecen en una u

otra de las partes previas de este compendio,
es decir, en la vista general, textos selecciona-
dos, o biblìografía. Los vocablos del tema que
aparecen en el índice son aquellos que son ne-
cesarios para el entendimiento de la materia del
compendio.

Los vocablos del tema que no son nombres
propios aparecen en letras minúsculas. Los
nombres personales que aparecen representan
los autores de los textos seleccionados y otras
referencias dadas en la bibliogralía, pero tam-
bién pueden representar a personas que de otra
manera están conectadas a los temas del com-
pendio. Los nombres personales aparecen con
el apellido seguido por Ias iniciales. Las organi-

zaciones nombradas son las que han producido
información sobre la materia del compendio y
que siguen siendo fuentes de informaciÓn sobre
la materia. Por esta razon se dan las direcciones
postales de cada organización que aparece en
el índice.

Los números que siguen a un vocablo del
tema, nombre personal, o nombre de organiza-
ción son los números de página del compendio
donde el vocablo o nombre aparecen. Los nú-
meros romanos se refieren a las páginas en ìa
vista general, los números arábigos se refieren a
páginas en los textos seleccionados, y los nú-
meros de referencia (por ejemplo, Ref . 5) indi-
can referencias en la bibliografía.

Algunos vocablos del tema y nombres de or-
ganizaciones están seguidos por la palabrasee.
En tales casos los números de página del com-

lndex

Cet index se compose d'une liste alphabétìque
de mots-clés, noms d'auteurs, et noms d'organi-
sations qui paraissent dans une section ou une
autre de ce recueil, c'est à dire dans I'exposé,
les textes choisìs, ou la bibliographie. Les
mots-clés sont ceux qui sont le plus élémen-
taires à la compréhension de ce recueil.

Les mots-clés qui ne sont pas des noms pro-
pres sont imprimés en minuscules. Les noms
propres cités sont les noms des auteurs des tex-
tes choisis ou de textes de référence cités dans

la bibliographie, ou alors les noms d'experts en
la matière de ce recueil. Le nom de famille est
suivi des initiales des prénoms. Les organisa-
tions citées sont celles qui ont fait des recher-
ches sur le sujet de ce recueil et qui continue-
ront à être une source de documentation. Les
adresses de toutes ces organisations sont inclu-
SCS.

Le numéro qui suit chaque mot-clé, nom d'au-
teur, ou nom d'organisation est le numéro de la
page où ce nom ou mot-clé parait. Les numéros



or name appears. Roman numerals refer to
pages in the overview, Arabic numerals refer to
pages in the selected texts, and reference
numbers (e.9., Ref . 5) refer to references in the
bibliography.

Some subject terms and organization names
are followed by the word see. ln such cases, the
compendium page numbers should be sought

under the alternative term or name that follows
the word see. Some subject terms and
organization names are followed by the words
see a/so. ln such cases, relevant references
should be sought among the page numbers
listed under the terms that follow the words see
a/so.

The foregoing explanation is illustrated below

pendio se encontrarán bajo el término o nombre
alternativo que sigue a la palabra see. Algunos
vocablos del tema y nombres de organizaciones
están seguidos por las pafabras see a/so. En
tales casos las referencias pertinentes se encon-

Irarân entre los números de página indicados
bajo los términos que siguen a las palabras see
a/so.

La explicación anterior está subsiguiente-
mente ilustrada.

écrits en chiffres romains se rapportent aux pa-
ges de I'exposé et les numéros écrits en chiffres
arabes se rapportent aux pages des textes
choisis. Les numéros de référence (par exem-
ple, Ref. 5) indiquent les numéros des réfé-
rences de la bibliographie.

Certains mots-clés et noms d'organisations
sont suivis du terme see. Dans ces cas, le nu-

méro des pages du recueil se trouvera après le
mot-clé ou le nom d'organisation qui suit le
terme see. D'autres mots-clés ou noms d'orga-
nisations sont suivis des mots see a/so. Dans ce
cas, leurs références se trouveront citées après
les mots-clés qui suivent la notation see a/so.

Ces explications sont illustrées ci-dessous.
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Organization name and address
Nombre y dirección de la organización
Nom et adresse de l'organisation

Overview page numbers and
reference number

Número de página en la V¡sta
General y números de referencia

Numéro des pages de l'Expose et
numéros des référencei

Subject term and see term
Vocablo del tema y término see
Mot-cló et see

(ver)

Personal names
Nombres personales
Noms propres

lllustration (from Comp. 1)

Selected Text paqe numbersùelecteo I ext page numþerl
Números de página en los I

Seleccionados
Numóros des pages des Textes Cho¡sis

llustración (det Comp. 1) lllustration (du Recueil 1)

Subject term and see a/so terms
Vocablo del tema y términos see a/so

(ver también)
Mot-clé et see also

mountainous terrain (see also degree of curvature;
design speed; maxiñ@adieit; radius of curva-
ture; shoulder width): ll, 17, Yt.r 35,3E, 173,175,

217,234, 23E

National Association of Australian State Road Author-
¡t¡ca(P.O. Box Jl4l, Bricldield H¡lt, N.SV. 2OOO,

Autralia):
publications, xxiii, Ref. t, Ref. 9

nepassing markings and signs: 11r 95, 132

nor'passing sight distance, see stopping sight distance

Odier, L.: Ref.3

Oglesby, C.H.: 231, 231, 234t 239, 240, 241, 242, Ref. l4
I
I

I S"l""t"O Text page numbers and reference
I number
L-¡¡¡1"ro, de página en los Textos

Seleccionados y número de referencia
Numéros des pages des Textes Cho¡s¡s et

numéros des róférences



access roadr gravel dePosit: 5l

aeloian soils: 82, 104

aerial photographsr 5lr 75,103, Ref. 3r Ref. 5

Africa, see Central Africa; Ghana; Kalahari soils;
Kenya; Nigeria; Nyasaland; Portuguese East Africa;
Rhodesia; Tanganyika; Union of South Africa

aggregate impact value (AIV): xxvii, I 16, ¡ 17, I l8t
ll9,120, l2l,122, 123,124,125, 126, Ref. 6,
Ref. l4

aggregates (!gg_Cþg blading aggregate surfaces; soil-
aggregate roads): ll4,142-144, Ref. 7' Ref. l0'

Ref. I I
base courses, xxiii, 69-71, Ref. ll
crushed,69r7lr72
size, xiii-xiv, 32
surfacing, xxiii, xxix, 82,142-165t 169-179, Ref. 8,

Ref. 9

alignment: xxi,28

all-weather surfaces: 26, 28-29

alumina: ll0, ll2, ll4, ll7, 123,124,127, Ref. 6

aluminum: 76,93r 97

American Society of Civil Engineers (345 East 47th
Street, New York, New York 10017): Ref. 6

arid regions G." "!t" 
Kalahari soils): xxi, 27r 30, Ref. 12

asphalt surfacing, see bituminous surfacing and bitumen
surfaced roads

asphaltic concrete roads: Ref. l5

asphalts, see bítumens

Atterberg limits¡ 133

Australia: 86

backhoe, tractor-mounted: 53

Baron, W.: Ref. l0

basaltic materials: xxv, 34, 77r 84-86, ll0, 143, Ref. 6,
Ref. l0

base courses: xiv, xix, xxi, xxiv,7r8r 19r20r2l-22,
31, 33r 34, 80, 87, 88, 89, 90-91, 94, Ref. l, Ref. 4,
Ref. 12, Ref. l5

construction specifications, 69-7 I, 133-136, Ref. 7,
Ref. 9, Ref. l3

flexible pavements, .3G.34, Ref. ll
beach ridges: 40, 42, 45, 47, Reî.. 3

bearing capacity, see load carrying capacity

bid schedules: 72

binders: xix, 143, Ref. l, Ref. 17
bitumen, 32, 82
clayr 29
physical properties, 20-21, 22
soil, 62, 641 66, 170

bitumens: 32
stabilizationr ST, Ref. l, Ref. l4

bituminous surfacing and bitumen surfaced roads
(see also bituminous wearing courses): xii, xiv, xix,
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i;l;T-8, 20, 30, 31, 32, 33, 79, 80, 82, 82, 88, 90,
94,100, l0l

bituminous wearing courses: (ggg_gþg bituminous
surfacing and biiumen surfaõããÏõãds): 18, 19, 2l

black cotton soil, see clays

blading: 27,28
aggregate surfaces, xxix,70, 142-165, Ref. 8, Ref. l8

blanket: l8

blending: xxä|,33r 34' 691 70' 143' Ref. 8

Bofinger, H.E.: Ref. l2

bogs: l4

borrow pits: 69, l3?,134, Ref. 7, Ref. 19
excavation, xxvii, 137, Ref. l9

boulders: 91, l0l

brick, brokent 30,84

bridges: xxi, xxix, 28, Ref. 2r Ref. 4

road crossing, 159, Ref. 8

bulldozers: 53r79,137

calcareous soils (see also dotomitic materials: limestone):
76,82,91-l0l

calcium: 76,82,97

calcium chloride: xv, 69, 7 l, 72

California bearing ratio: xxviir 34,83r 87, 124, l26t
133, Ref. 7, Ref. 14, Ref. l5

determination, 133-136

catenas and catenary patterns: 7 5t 90, 94r 97, 98,
Ref. 5

cement stabilization¡ 32r 34r761 80,83, 102, Ref. l,
Ref. 14, Ref. 15

cementation: xxiii, 50, 63-64rP.ef, 3

Central Africa: xxiv, 7a-104r Ref. 5

chemical analyses: ll7, 127

chert: 143

classification of soils, see soil classification systems

clays (see also sand clays): xü,7, 10, ll, lzt 77, 28t
30, 34, 41, 44, 56, 57, 65, 66,761 77,78r 81r 82,
83, 84, 85, 86, 88, 89, 90, 104, 142

black, 82, Ref. 7, Ref. l4
content, xixr 87, l0l

clearing of vegetationt 261 27



climate (¡""_g!.o ary season; rainfall; wet season): xxvi
cold, xviii, l6
influence on plasticity requirements, 30
influence on soil characterist¡cs, xvi, xxvir Ref. 6
road specif ications, xxi

coalfields: 87,88

cobbles: 43,57

codes, engineering: Ref. 2

color, see so¡l color

compaction and compacting equipment: 12-13, 14,
l5r2Ir7lr86,137, Ref. I, Ref. 10, Ref. ll, Ref. l4

computerized rnethods: Ref. l6
cost estimation, Ref. l5
pavement-design, Ref. I I

concrete surfaces and pavements: 31, 89

concretionary gravel, see lateritic"gravels

consolidation (:gg_al!g cornpaction and compacting
equipment): 12, I3

construction costs: xviii, 5, Ref. 15

coral: 33, Ref. 15, Ref. l9

Cornell University, Highway Research and Extension
Department of Agricultural Engineering (Ithaca,
New York 148.50): 58, Ref . 3

corrugations: xvi,88, 169, Ref. l6

costs, see construction costs; maintenance cost

cracks: 76

crown on soil ag6regate roads: xiv, xxix, 147, 150,
152, 156, 157, 160,169-179, Ref. g

measurement , 17 5-17 6

crushed gravel: xii, l0l-102, Ref. l0

crushed stone: xi, 22,83, 142, Ref. 15, Ref. 17, Ref. 19

crystalline rock gravel: 54, 55

cuirasse (ggg_"t* ironstone): ll3

curved road, blading: 162, 163, Ref. 8

cut-back asphalt, see cut-back bitumens

cut-back bitumens: 32, Ref. I

cuts: xix, l!'16, Ref, 2

Dart, Olin K., Jr.: Ref. 3

ieltas: 40,42, tt5,46,48, 64

density ol soil: xi, 12, !3, 15, 16,22,70, Ref. 7, Ref. l0
maximum, 14, 161 83

desert regions (:ee:þg arid regions; Kalahari soits)¡ 30

deteriorat¡on, road: Ref. l5

detrital gravels: xxvr77r 88, 104, lll, l13, ll5,127

detrital soils, see detrita.l gravels; sands

diabasic materials, see doleritic materials

doleritic materials: xxv, 77, 84-86

dolomitic materials: 88, Ref. l0

dos Santos, Pimentel: Ref. 2

drags and dragging: xvii, xxviii, 144, l4TL47, l5I

drainage: (!gg_d!g drains; subsurface water): xiv,
17-18, 26-27 , 28, 30-31, 7 5, 77 , 81, 137 , Ref. 2,
Ref.5

drains: l5l

driveways: xxix, 160, Ref. 8

dry season: xvi, 169
blading, 15l,152

dust and dusting: 143, 169

earth track: xxr 261 28
improvement, 28-31

earthwork: Ref.4

embankments: xxi, 7, 15, 28, Ref. 2
compaction, 12-13, I5
failure, l4

emulsified bitumens: 32 191

equilibrium moisture content: 133, 136

equipment-safety: 164, 165

erosion and erosion prevention: 27-281 3\, 100, 175,
Rcf. 2

eskers: 40-41,45,46, 47) 51, 64, Ref. 3

exloliation: 761 95

failures, road: 71 8, 14, 85, 86, 90, 91, 100, 124

farm-to-market roads: 6

Federal Highway Adrninistration, see- United States
Department of Transportation, Federal Highway
Adrninistration

felspar G*.gjg syenite; zeolites): 78r88, ll2
fillers: 69,143

fills: 14, l5-16
compaction, xix,22, Ref. I

fines (.sge qþ clays; silts): xiv, xvi, 143, 152, Ref. l3
plasticity, xxiii, 50, 62, L26,Ref.. 3

fissures: 76, l12

flexible pavements: 31r 32-14, Ref. 7, Ref. ll, Ref. l4

frost action (gee also frost boils; frost heave):
lGl7, RõÎ.ll--
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frost boils: l6-l8

frost heave: xviii, 17

gabro: ll0, Ref.6

geomorphologyt lA2, 103

Ghana: xxvi,109, ll0, Ill, ll2rlL3, ll4, ll5, l18'
ll9,120,124' 126, Ref. 6, Ref. l3

glacial gravel deposits: 39-43, Ref. 3

glaciers: xxii,40

gneiss: xxv, 77, 78-82, 86, I I 0, Ref. 6, Ref. I 0

gradation of granular materials (s"g_g!g grading envelope):
xi, xv, xvi, xviii, xxiii, ll, 19-20, 50, 5Ç61,6t+-66,
69172,83' l0l, 133' 136' Ref. I' Ref.3' Ref. l0'
Ref. ll

graders: xvii, xxviii, xxixr29, 144, 16l,163,164,165,
Ref. 8

grading (:ggjbg shaping; slopes; reshaping): xiii,
xxx, 15, 20,33,34, 169-175rRef.9

grading envelope: xv, xxiv

granite: xxvr77,78-82,861 88,99, ll0, lll, ll2,
llTr Ref.6' Ref. l0

granular materials (see also gradation of granular
materials): xiv, xxiii, 18, 22, 27, 29-30, Ref. 9

granular stabilization: xix, xú, 19-22, Ref. I

grass: 27, 100

gravel bases, see base courses

gravel formations (see also glacial gravel deposits):
xxvi, ll0-ll4

gravel landforms, see glacial gravel deposits

gravel particle characteristics: 54, l0l, Ref. 3, Ref. l6
size, x¡, xvi, xxii, xxvi, 10, 50r 56, l0l, Ref. 3

gravel sources: xú-xxii, 39-66, Ref. 3, Ref. 5

location, xxi-xxii, xxv,39-49,75, 102-103, Ref. 5
evaluation, xxii, xxv-xxvir S0-66,109-129, Ref. 3,

Ref. 6, Ref. 7

gravel surfaced roads (ses. alsq surf_a.ìe tre-ated roads):
xi, xvii, úx, xx, xxviii, xxix, 26,30, 63, 651 72,
79'86,136,170' Ref. lJ

gravels, see base courses; crushed gravel; detrital
gravels; glacial gravel formations; gneiss; granite;
gravel deposits; gravel formations; gravel particle
characteristics; gravel sources; gravel surfaced
roads; igneot¡s formations; lateritic gravels; limestone;
mica and micaceous gravels; phyllite gravel; profiles
of gravel landforms; quartz and quartiz¡tic materials;
river gravels; sampling and testing of gravels; sandstone
gravels; shale; streams, gravel deposits in; surface
treated gravel roads; testing of gravelly material

hand-feel evaluation: 6l

hand labor: xvii, xxviii, 53, Ref. 2

Highway Research Board (now Transportation Research
Board) ($g_"þ9 Transportation Research Board):

ll, ReFf,E-ef. 17

Nlltops: xxix, 16l, Ref. t
hilly gravel deposits: 51,54r 62

Hodges, J.V.: Ref. l5

Huang, Eugene Y.: Ref. l7

hydrometer analysis: I I

igneous formations: xxvi,34r 90r 9lr 99r ll0r lll, Ref.6

improved roads: xxi, 261 28-31, Ref. 2r Ref. 12

India: 30, ll9,120

intersections: xxix, 156-161, Ref. 8

iron and iron compounds (!gg_al!g ironstone): 97, ll2,
l13, ll4, ll7' 127, Rel]S'-

oxider 761 78r83r 88,9l' ll0' ll2' 122,123,124,
Ref. 6

ironstone¡ 93, ll3, 136, 137

Kalahari soils: 82, 83r 94, 104

kames: 40r 41r 45r 461 47r 64, Ref. 3

Kelley, E.F.: Ref. I

Kenya: Ref. lJ

Krinitzsky, Ellis L.: Ref. 13

lakes: 42

laterite and lateritic soils (see also lateritic gravels):
30,84, 94-99,103' 104' 109' lll' ll7' I37, Ref. 7'
Ref. 14

lateritic gravels (!gg_"1* laterite and lateritic soils):
xvi, xx¡v, xxv, xxvii, 31r 91, 109, 126, 136, 137,
Ref.6, Ref. 13, Ref. 15

nodular, xxvr761 84,9l-101, l04r Ref. l3

lime stabilization: 32, 34, 80, 85r92,100, l0l' 102'
Ref. l, Ref. l4

limestone: 84, Ref. l0
gravels, xxvi, 54, 55,63177r88, ll0, Ref. 6

limonite: 85, 86

linear shrinkage test: 30, 87

liquid limit: xiv, xviii, xix' l2' 20' 30, 62, 69' 87 , 92,
Ref. 7, Ref. 14

load carrying capacity (!gg_C]to California bearing
capacity): xi,12r27,32, Ref. 15, Ref. l7

load tests (ggq also California bearing ratio): Ref. l4

Los Angeles abrasion value: xxvii, l16r l19, l20t lzlt
122, 125,126, Ref. 6, Ref. l4

low cost roads: xviii, 5-22rRef. I, Ref. 2r Ref. 12

low volume roads: ú, xiii, xviii, xix, xxi



Lyon Associates (6707 Vhitestone Road, Baltimore,
Maryland 21207)¿ 128, Ref. 7

macadam: Ref. 12

maintenance costs: xviii, 51 6, Ref. 8, Ref. 15

manual methods, see hand labor

mapsr 75, 102, l14, Ref.5

mathematical models: Ref. 16

mechanical stabilization, see granular stabilization

Mehra, S.R.: Ref. 2

metamorphic rock and gravel: xxvi, 99, ll0, Ref. 6

mica and micaceous gravels: xxvr76177r78r 80,
E6-87, lIo, ll2, ll3

Millard, R.S.: Ref. 2

mine wastes: 75rRet.5

minerals Ggg_qþg alumina; aluminum; calcareous soils;
calciumJîãÎã[m chloride; iron and iron compounds;
silica oxides and silicates)z 761 85r 86

moisture content (!gg_Cþg optimum moisture contenth
12,86,133, lf;Rãf tÕ, Ret. l2

of soil binderr2lr22

moisture retention (seg-atso moisture content): xii

Morin, W.J.: Ref. 7

National Association of Counties (1735 New York
Avc.nue, N.W., Vashington, DC 20006): Ref. 8

National Crushed Stone Association (1415 Elliot Place,
N.V., Iíashington, DC 20007): Ref. I I

National Highway Research Program: Ref. l0

National Sand and Gravel Association (900 Spring Street,
Silver Spring, ivlaryland 20910): Ref. ll

National Slag Association (300 South Vashington Street,
Alexandria, Virginia 2231Ð: Ref. I I

Nigeria, Northern: 84

Nyasaland: 8E, 90, 91r95r97, 100, 102, 103

Odier, L.: Ref. 2

optimum moisture content: xviii, xx, lI, 12-13, 14,16,
22, l)5rRet. I

outrvash: 40,42-431 45,48, Ref. 3

overburden: xxii, 50, 52t54r 76, Ref. 3
formation, 45-46, Ref. 3

particle sizes (see also gradation of granular materials;
gravel particlè chãràcteristics): 10, ll, 19-20,

29-30, 32, 83, 87 , Ref. 7, Ref. t 6
distribution, 29, 33

Patrick, David M.: Ref. 13

paved roads: Ref. 15
crossingr 157, Ref.8

pavement design: 2Ç3ttrRet.. lI, Ref. 12, Ref. l4

paymentz 71172

peat: 14,104

pedology: 7 5-761 77, 102, 103, 109, lI0

personnel safety! 164, Ref.8

petrology: 102, Ref.5

phyllite gravel: xxvi, ll0, l17, Ref. I

pils, see borrow pits

plasticity (!gg_gþg plasticity index): xxi, xxlii, ll,
12,30,34r -50, 58, 62172,126, Ref. I, Ref. 3

limit, 12, 33, 621 89, 133, Ref.7

plasticity index: xiv, xviii, xix, 12r 20, 30, 69,72,
79r861 88,90r 92,93,94, Ref.7

porosity: 79

Portuguese East Africa: 77,9l

potholes: xviii, xxix, 152, 154, 169-175, 176, 179,
Ref.9, Ref. l7

power shovel: 53

profiles of gravel landforms: 45

quarries: 69, Ref. 19

quartz and quartzitic materials: xxv, xxvi, 961 97, 143
gravels, xxv, xxvi, 33r76177r78-821 88-90, 91, l0l,

104, ll2, ll3, ll7, Ref. 6, Ref. 15

quick wash test: xxiii, 58-61, 62,64

railroad crossing: xxix, 158, Ref.8

rain forest: xxvi, ll2, Ll3, ll5,127, Ref. 6

rainfall (s.g-ulso rain forest; rvet weather): xxvir27,
75176177r78r82r86,88, 91, 97, ll0, lll, ll4,
133,136, l5l, 152, Ref. 5

ravelling: xvr 29, 56

red soils: Ref. 7, Ref. 13, Ref. 14

reshaping: xiii, xviii, 27,145,152-154,155, 160, Ref.8

Rhodesia:
Southern, 77 r 79, 80, 82, 83, 84r 85, 86, 87, 88, 90,

9lr93r94, lo2, lo3
Northern, 82-83, 87, 88, 90, 91, 92, 93, 96, 97, 99,

100, l0l, 102,103,104

rigid pavementsr 31, 89

river gravels: 33

rivers: 77,84,90,142
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roads (qeJ !!!!o bitumen surfacing and bitumen surfaced
roadÇ failure, road; farm-to-market roads; gravel
surfaced roads; low cost roads; secondary roads):
construction, 69-72,109-129, Ref. I, Ref. 2, Ref.4,

Ref. l2
design, xx, Ref. 7
performance, 100, ll0, 123,126

rocl<s: 31, 33r 79
crushed,32r89, Ref. l3
soft, Ref. l9
weathering, 89,90, ll0, lll

Rolt, J.: Ref. 15

Roston, J.P.: Ref. l0

rotary drill.ing: 53

ruts and rutting: xiür 27, 29r 83, 152, 170, Ref. 15

safety:
equipment, 164, 165, Ref.8
personnel, 164, Ref.8

sags, see valley bottoms

sampling and testing of gravels: 57-61, ll4-1t9,
Ref. 3, Ref. 7

sand clays: xxv, 19, 3lr 33r 8l, 83-84, 88, 90-91, Ref. I

sand equivalent test: 30, Ref. 7

sands and sandy soils: xii, xvi, xxv, 7, 10, 17, 18r 22,
27,40,41,43,44,45, 54,57r 661 69,90, gl,
82-84, ll0, 142, Ref. I

detrital, K,77, 104
fine, 17, 18

sandstone gravels: xxvi,54, 55,77r 82-84, l17, Ref.6

sandveld: 80,82

Savannah soils: xxvi, lll, ll3-1I4, ll7-118, l19,
127, Ret. 6

schistose materials: 93
gravels, xxvir77r 80,86-87, ll0, Ref.6

sea shells, crushed: 142

secondar¡'roads (see also low cost roads): 6, 19

sedimentary gravel: xxvi, ll0, 111, Ref. 6

sedirnentation test (see aJso hydrometer analysis): ll
shale: xxvi, 54, 55r77r 87-88, ll0, 142, Ref. 6r Ref. 14

shaping (:gg_dt" grading; reshaping)t xxix, 179

shells, see sea shells, crushed

shoulders: xxviii, 150, 153, 155, 162

sidehills: xxx, 179, Ref.9

sieves and sieve determinations (!gg_ul!g aggregates;
gravel particle characteristicsl xxiii, 10, ll, 12,

58r 62

silica oxides and silicates (!gg._gl!g felspar; mica and
micaceous gravels; zeolites): ll7, 122, 123, 124,

Ref. 6, Ref. 13

silts: xii, 7, 10, ll, 12, 17, 18r 29, 41r 44-45, 56,
57r 65,66,88, 104

size grading, see gradation of granular materials

slagz 22r7Lr72,142

slake durability values: 136

slopes: 169, 172, 173, 174, l7rl79
measuring, L7 l, 177-178

smoothing: xxvüi, 14!'151, 160, Ref.8

snow: 152

soil aggregate roads: Ref. 17

soil dassification systems: xi, xviü, 10r76, ll0, lll,
Ref. 7, Ref. 13

soil color (ggg_ullg clays; red soil)t 76,78, 81, 82,
83, 8¿+, 87, 88,90, 91r 93, ll2, ll4, Ll7

soil formation, see gravel formations

soil properties (:gg_atjg aggregate impact value; gradation
of granular materials; Los Angeles abrasion value;
moisture content; plasticity; specific gravit,v; water
absorption): 9, ll, ll9-129, Ref. l, Ref.5, Ref. 7,

Rel. 13, Ref. 14, Ref. 17

soundness test: I 18-119, 127

specific gravity: xxvä,72, ll5, ll6, ll9, l2l,125,
126, 127, Ref. 6, Ref. 7

specifications: xiv, xxiii, xxvii, 133-137, Ref. l, Ref.4,
Ref.7, Ref. 13, Ref. l4

base courses, xix, xxi, 69-7 1, 131136, Ref. 7, Ref. l3
gradation, 56-61r 64
gravels, xvi, xxiv, Ref. 3

Spencer, James W.: Ref. 3, Ref. 9

stabilization of soil surfaces (see also bitumens; cement
stabilization; granular stabilÞãtion; lime stabilization):

xiv, xix,32, Ref. 7, Ref. 14, Ref. 17

stage construction (see also improved roads): Ref. 2,
Ref. l2

stockpiling: 71,72

stones: 69r72, l0l, ll0
screenings, 22

Strahan, C.M.: l9-20

streams, gravel deposits in: 43-44, 142, Ref. 3

subbases: xix, xú, xxv, 18, 31, 34r79r 861 87r 94,
Ref. I

flexible pavements, 32-34
specifications, 133-136, Ref. 9, Ref. l3

subgrades: xix, xxv, 14, 18, 31, 79, 87,94, 134, 137
strength, xix, Ref. l, Ref. l2



roads; bitum.inous wearing courses; gravel surfaced
roads; surface treated gravel roads): xv, xxiii, 7,

20-22, 29, 30,70-72, 142-165, 169-179, Ref. 9,

subsurface water: 79, Ref. I

surface treated gravel roads: l3.l4

surfacings and surface courses (see also all-weather
surfaces; bituminous surfacing and bitumen surfaced

United States Agency for International Development
(320 21st Street, N.W., Washington, DC 20523):

128, Ref. 7, ReI. 18

United States Army Engineer Waterways Experiment
Station (P.O. Box 631, Vicksburg, Mississippi 39180):

Rel. l3

United States Department of the Army (Office of
the Chief of Engineers, Washington, DC 20310):

Ref. 19

United States Department of Transportation, Federal
Highway Administration (400 Seventh Street, S.V.,
Washington, DC 20590): Ref. 4

valley bottoms: xxix, 16l, Ref. 8

vegetation (!e"_eþg clearing of vegetation; grass):
102,104

verge, see shoulders

visual selection: 87

volcanic soils: Ref. 7, Ref. 14, Ref. 15

volume change: 87

washboarding: 154, Ref. 16, Ref. 17

water absorption: l15, l16, l19, 120, 125,126, lZ7,
Ref. 6

water table: xxiii, 50r 63,91, l0l, Ref. 3

waterlogging (.ee_d!g bogs; swampy areas): 27

watering: 71,72

wearing surfaces (SC_dto all-weather surfaces;
b¡tum ¡nous surf aiinffi d bi tumen surf aced róads;
bituminous wearing courses; gravel surfaced roads;
surface treated gravel; surfacings and surface
courses): xvii, xix, Ref. I

weather¡ng: 79r 88r 89, 90r 91r 94, 109, ll0, Ill, tl4,
ll8-119, Ref. l3

determination of overburden thickness, 46
chemical,85, ll2, ll8

weepholes, see drains

wet weather! 29, 100, Ref. 2, Ref. l3

windrow: 70,149, l5l

Zambesi River: 77, 84

zeolites (g9g_d!9 fe.lspar): 85

Ref. l2
paved, 157, Ref. 8, Ref. 15
Permanent, 30-34
spec¡fications, 133-136, Ref. 4, Ref. 7

swampy areas: l4

swelling tests: 87

syenite: 90

tamping (Sgg_gbg compaction and compacting
equiprnent):71

Tanganyika: 94

tarz 32r 88, Ref. I

terraces: 40r 43,45,48

testing of gravelly material: ll4-ll9

Todor, Peter C.: Ref. 7

topography: I 14, Ref. 6
granitic soils, 8l
relation to overburden thickness, 46

to¡soil roads¡ l9

Townsend, Frank C.¡ Ref. 13

traffic-bearing capacity, see load carrying capacity

Transport and Road Research Laboratory (Crowthorne,
Berkshire RGll 6AU, U.K.): Ref. 5, Ref. 12, Ref. 15

Transportation Re.search Board (see also Highway
Research Board) (2101 ConstiillîõñTueñue, ñ.w.,
Washington, DC 20418): Ref. l0

turnout drains¡ 28

undisturbed soils: 14, l6

Unified soil classification system: xi, Ref. l3

unimproved road: xx, 26, 27-28, Ref.. Z

Union of South Africa: 761 80r 85r 86

UNESCO, see United Nations Educational, Scientific
and Cultural Organization

United Nations Educational, Scientific and Cultural
Organization (UNESCo) (Z place de Fontenoy,
75700 Paris, France): Ref. 2
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