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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 greatly en-
hanced with respect to economics, quality, and
performance by the use of low-volume road
technology that is available in many parts of the
world. Much of this technology has been 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

Descripcion del proyecto

En las regiones rurales de paises en desarrollo,
el desarrollo de la agricultura, la distribucion de
viveres, la provision de servicios de sanidad, y
el acceso a informacion por medio de servicios
educacionales y otras formas de comunicacion,
dependen en gran parte de los medios de trans-
porte. Aunque en ciertas areas los medios de fe-
rrocarril y agua desempefian 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 mercancias.
La mayor parte de esta necesidad se soluciona-
rfa con la construccion de caminos de bajo vo-
lUmen que generalmente moverian Unicamente
de 5 a 10 vehiculos por dfa y que pocas veces
moverian tanto como 400 vehiculos por dia.

El planeamiento, diseno, construccién y man-
tenimiento de caminos de bajo volumen para
regiones rurales de paises en desarrollo pueden
ser mejorados, con respecto al costo, calidad, y
rendimiento, por el uso de la tecnologia de ca-
minos de bajo volumen que se encuentra dispo-
nible en muchas partes del mundo. Mucha de
esta tecnologia ha sido producida durante las
epocas de desarrollo de lo que ahora son los
paises mas desarrollados, y alguna se produce
continuamente en estos paises asf como en los
paises menos desarrollados. Parte de la tecno-
logia se ha documentado en disertaciones, arti-
culos, e informes que han sido escritos por ex-
pertos en el campo. Pero mucha de la tecnolo-
gia no esta documentada y existe principal-
mente en la memoria de aquellos que han desa-

Description du projet

Dans les régions rurales des pays en voie de
développement, 'exploitation agricole, la distri-
bution des produits alimentaires, I'accés aux
services médicaux, I'acces aux matériaux et aux
marchandises, a '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 réle impor-
tant dans certaines régions, un besoin dominant
et universel éxiste d'un réseau routier qui puisse

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

L'utilisation des connaissances actuelles en
technologie, qui sont accéssibles dans beau-
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undocumented and exists mainly in the minds of
those who have developed and applied the
technology through necessity. In either case,
existing knowledge about low-volume road
technology is widely dispersed geographically,
is quite varied in the language and the form of its
existence, and is not readily available for appli-
cation to the needs of developing countries.

In October 1977 the Transportation Research
Board (TRB) began this 3-year special project
under the sponsorship of the U.S. Agency for In-
ternational Development (AID) 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 committee,
TRB 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.

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

rrollado y aplicado la tecnologfa por necesidad.
En cualquier caso, los conocimientos en exis-
tencia sobre la tecnologia de caminos de bajo
volumen estan grandemente esparcidos geogra-
ficamente, varian bastante con respecto al idio-
ma y su forma, y no se encuentran facilmente
disponibles para su aplicacion a las necesida-
des de los pafses en desarrollo.

En octubre de 1977 el Transportation Re-
search Board (TRB) comenzo este proyecto es-
pecial de tres afos de duracion bajo el patroci-
nio de la U.S. Agency for International Develop-
ment (AID) para mejorar el transporte rural en
los paises en desarrollo acrecentando la dispo-

nibilidad de la informacién en existencia sobre
el planeamiento, disefio, construccion, y man-
tenimiento de caminos de bajo volimen. Con el
consejo y direccion de un comité de iniciativas
para el proyecto, el TRB define, produce, y
transmite productos informativos a través de una
red de corresponsales en paises en desarrolio.
Las metas generales para el impacto final del
trabajo del proyecto son la promocion del uso
efectivo de la informacién en existencia en el
desarrollo econémico de la infraestructura de
transporte y de esta forma mejorar otros aspec-
tos del desarrollo rural a través del mundo.
Ademas de la recoleccion y distribucion de la

coup de pays, peut faciliter 'étude des projets
de construction, tracé et entretien, de routes a
faible capacité dans les régions rurales des
pays en voie de développement, surtout en ce
qui concerne I'économie, la qualite, 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 main-
tenant développés, et elle continue a étre pro-
duite a 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 dans I'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 a faible
capacité, sont dispersés géographiquement,
sont écrits dans des langues différentes, et ne
sont pas assez aisément accessibles pour étre

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 I'U.S. Agency for Interna-
tional Development (AID), 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 trace,
la construction, et 'entretien des routes a faible
capacité. Avec le conseil, et sous la conduite
d’'un comité de direction, TRB définit, produit, et
transmet cette documentation a l'aide d'un re-
seau de correspondants dans les pays en voie
de développement. Nous espérons que le résul-
tat final de ce projet sera de favoriser ['utilisation
de cette documentation, pour aider au dévelop-
pement économique de l'infrastructure des tran-
sports, et de cette fagon mettre en valeur d'au-
tres aspects d'exploitation rurale a 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-
formational 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. In 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.

Information Products

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

informacion técnica, se provee acciones reci-
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 comunicacion.

Comité de iniciativas

El comité de iniciativas se compone de exper-

tos que tienen conocimiento de las caracteristi-
cas fisicas y sociales de los paises en desarro-
llo, conocimiento de las necesidades de trans-
porte de los paises en desarrollo, conocimiento
de la tecnologlia de transporte en existencia, y

experiencia en su uso.

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

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

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

Productos informativos

Se preparan tres tipos de productos informati-
vos: los compendios de la informacién docu-
mentada sobre temas relativamente limitados, la
sintesis del conocimiento y practica sobre temas

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

Comité de direction

Le comite de direction est composé d'experts
qui ont a la fois des connaissances sur les ca-
racteristiques 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 a I'utilisation pratique de cette
technologie.

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

de documentation, et d’identifier les ressources
documentaires et humaines nécessaires pour le
développement de cette documentation. Par I'in-
termediaire des ses membres, le comité pourvoit
a la liaison entre les différentes fonctions relati-
ves au projet, et dirige l'interaction avec les
usagers. En général, le 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 documentation

Trois genres de documents sont preparés: des
recueils dont le sujet est relativement limité, des
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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. In summary, this project
aims to produce and distribute between 20 and
30 publications that cover much of what is
known about low-volume road technology.

Interactions With 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 transmitted with the information
products so that recipients have an opportunity
to say how the products are beneficial 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 opportunities for interaction
with users arise through international and in-
country conferences in which there is project
participation. Finally, annual colloquiums are
held for students from developing countries who
are enrolled at U.S. universities.

un poco mas amplios, y los expedientes de
conferencias de caminos de bajo volumen que
estan totalmente o parcialmente amparados por
el proyecto. El personal de proyecto prepara los
compendios a razon de unos 6 por ario; se utili-
zan consultores para preparar las sintesis a
razén de 2 por ano. Se publicaréa por lo menos
un expediente de conferencia durante el pe-
riodo de tres afos. En breve, este proyecto pre-
tende producir y distribuir entre 20 y 30 publica-
ciones gue cubren mucho de lo que se conoce
de la tecnologia de caminos de bajo volumen.

interaccién 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 edicion de la Transportation Re-
search News. Se transmiten, con los productos
informativos, formularios de retroaccion para
que los recipientes tengan oportunidad de decir
cémo benefician los productos y como pueden
ser mejorados. A través de visitas semianuales a
los paises en desarrollo, el personal del pro-
yecto adquiere directamente de fuentes origina-
les sugerencias para el trabajo del proyectoy
puede asistir directamente en problemas técni-
cos especificos. Surgen oportunidades adicio-
nales para la interaccion con los usuarios a tra-
vés de conferencias internacionales y naciona-
les en donde participa el proyecto. Finalmente,
se organizan didlogos con estudiantes de pai-
ses en desarrollo que estan inscriptos en uni-
versidades norteamericanas.

synthéses de connaissances et de pratique sur
des sujets beaucoup plus généraux, et finale-
ment des comptes-rendus de conférences sur
les routes & faible capacité, qui seront organi-
sées complétement ou en partie par notre projet.
Environ 6 recueils par an sont preparés par no-
tre personnel. Deux syntheéses par an sont écri-
tes par des experts pris a I'extérieur. 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 a faible capacité.

Interaction avec les usagers

Un certain nombre de mécanismes sont utilises
pour assurer l'interaction entre le personnel du

projet et la communauté d'usagers. Un bulletin
d'information est publi¢ dans chague numero de
Transportation Research News. Des formulaires
sont joints aux documents, afin que les usagers
aient '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 premiere
main des suggestions sur le bon fonctionnement
du projet et peut aider a résoudre sur place cer-
tains problémes technigues spécifiques. En ou-
tre, des conférences tenues soit aux Etats Unis,
soit a I'étranger, sont '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
americaines.
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Overview

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. In the
context of soil-fraction size limits, itis the
material that passes through a 3-in sieve
(particle size-76 mm) and is retained on a No. 4
sieve (particle size-5 mm). In 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 volumen se construyen
mayormente de tierra. Algunos se revisten con
suelos granulares toscas, que incluyen gravay
piedra triturada. Para el ingeniero la palabra
“grava” tiene dos significados. Cuando se re-
fiere a las limitaciones de tamaros de particula
del suelo, es aquel material que pasa por un
tamiz de 3 pulgadas (tamano de particula — 76
mm), y es retenido por un tamiz N° 4 (tamano de
particula—5 mm). En el sentido méas amplio, el
Sistema de Clasificacion de Tierras “Unified” de-
fine la grava como un suelo de grano tosco en el
cual méas de la mitad del material es mayor que

el tamiz N° 200 (tamaro de particula - 0,08
mm), y mas de la mitad de la porcion tosca, es
decir, el material mas grande que 0,08 mm, es
mayor que el tamiz N° 4. Este compendio se re-
fiere a la grava en el sentido mas amplio, es de-
cir, una mezcla de tamanos de particula.

La mezcla correcta de tamarfios de particula
desarrolla un efecto de engranaje, que se co-
noce como resistencia mecanica. La resistencia
mecanica o capacidad de soporte de cargas de
la grava es una funcién de varias propiedades.
Se podria decir que cuanto mas denso es el ma-
terial, mas fuerte sera. La densidad es una fun-

Exposé

Historique et description

Les routes économiques sont, pour la plus
grande partie, des routes de terre. lly en a
quelgues unes dont la couche de surface est
faite de matériau granuleux grossier qui
comprend du gravier et de la pierre broyée.
Pour 'ingénieur routier, le mot “gravier” peut
avoir deux définitions. La premiére, 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 systéeme de “clas-
sification unifiée” des sols, définit le gravier
comme étant un sol grossier, dont plus de la
moitié du matériau est de dimension supérieure
a l'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 & 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.

xi
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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. It
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. It 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

cion de una graduacion correcta. Cuando una
mezcla bien graduada se compacta correcta-
mente con la humedad optima, contiene una
minima cantidad de huecos. Los espacios entre
las particulas de grava se llenan de arena, y
entre las particulas de arena, se llenan de sedi-
mentos y arcilla. La cantidad de sedimentos y
arcilla gue 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-
cion y sellar la superficie. En las bases de grava
donde se colocara una superficie bituminosa, se
puede permitir una menor cantidad de sedimen-
tos y arcilla porque la caracteristica de retencion
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 comun encontrar una grava natural
bien graduada. Se puede manufacturar mez-
clando distintos materiales de distintas fuentes,
0 tamizando y lavando el material de una sola
fuente y recombinandolo en las proporciones
correctas. También se puede utilizar un tritura-
dor de rocas y luego mezclar correctamente el
material triturado y tamizado. Normalmente la
grava triturada correctamente compactada ten-
dra mas resistencia porgue las formas angula-
res se mueven menos gue las formas redon-
deadas que se encuentran en la grava de
ribera. El tema de este compendio es la estabili-
zacion mecanica o granular, que significa la
mezcla de varios tamanos de material para for-
mar una mezcla densa bien graduada.

Un mélange adéquat de grains de dimensions
différentes, résulte en un phénoméne 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 le
poids volumeétrique, du matériau est éleveé, plus
ce matériau est résistant. La densité, ou poids
volumeétrique, est fonction de la granulométrie.
Un mélange ayant une courbe granulomeétrique
convenable, compacté a la teneur en eau opfi-
mum, aura un minimum de vides, parce que
I'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 a dire d'argile
et de silt, a une trés grosse importance, quand il
s’agit de gravier routier, car ces matériaux ont
tendance a 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, gui sera revétue 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 étre la cause du ramollissement, et de la
rupture de la base, quand I'humidité est bloguée
par un revétement impermeéable.

On trouve rarement, a I'état naturel, un gravier
ayant une bonne granulométrie. On peut le fa-
briquer en mélangeant des sols en provenance
de différents gites, ou en passant au tamis, et en
lavant, le matériau d'un gisement, et en reconsti-
tuant les proportions de ce matériau de fagon ce
gu’il ait une bonne granulométrie. On peut aussi
améliorer la qualité de ce gravier, en le concas-
sant, et en le remélangeant de facon adéquate,
aprés gu'il ait été passé au tamis. Un gravier
concasseé, compacté de fagon convenable, sera
normalement plus résistant, car les arétes vives
des éléments concasses, 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
material 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

Exposicion razonada
para este compendio

Se ha adoptado la siguiente definicion de un

camino rural de bajo volumen para utilizarse en

esta serie de publicaciones:
Se pueden identificar dos niveles de volu-
men de transito: 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 volumen de transito, pueden ser
imprimados, tener un solo tratamiento superfi-
cial, o ser sellados con rezagas.
Este compendio contiene informacion sobre la
nivelacion de material en situ, es decir, caminos
de clase 1. Se puede hacer muy poco con &l
material en situ, excepto tratar de situar la ali-
neacion del camino sobre los terrenos mas gra-
nulares en las areas bien drenadas, y evitar.las
areas 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 theme de ce recueill.

Objet de ce recueil

La définition d’'une route a faible capacité que

nous avons adoptée pour cette serié de publica-

tions est la suivante :
Deux niveaux de volume de trafic peuvent
étre identifiés: moins de 50 ADT (classe 1) et
de 50 a 400 ADT (classe 2). Les routes de la
classe 1 sont généralement non-revétues, ou
sont nivelées sans apport de matériaux. Les
routes de la classe 2, ont des revétements,
soit graveleux, soit roche concassée, soit laté-

rite ou sol stabilisé ; en géneral, elles n'ont
pas un revétement de qualité supérieure, mais
pour les limites maximales de volume de
trafic, elles peuvent étre imprégnées, avoir un
enduit superficiel monocouche, ou étre gravil-
lonnees.
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 ornieres, et qu'un reprofilage est neces-
saire, le sol doit &tre nivelé en partant des bords
de la route vers le centre. De cette fagon le ni-
veau de la route est relevé, le bombement de sa
surface est assuré, et cela permet au drainage
de se faire.
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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. It
does present certain problems in the selection of
the granular material that is to be the
load-distributing 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-

bombeo que permite el desagle superficial.

La tierra puede ser estabilizada mecanica-
mente o quimicamente. El Compendio 7 exa-
mina la estabilizacién mecanica de superficies
granulares, pero no el suelo quimicamente es-
tabilizado. El proceso de modificaciéon del suelo
con cemento, cal, asfalto u otros materiales esta
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. Segun la defi-
nicion supracitada, éste consiste Gnicamente en
un fino riego superficial. Aunque el tratamiento
superficial asfaltico provee impermeabilidad y
requiere menos mantenimiento, agrega poca re-
sistencia a la estructura del firme misma. Ade-
mas, presenta ciertos problemas en la seleccion
del material granular que formara la base de dis-
tribucion de carga.

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

Después de manipularse, la grava, natural o
mezclada, nunca mantiene una graduacion
constante. Por esta razén hay husos granulomé-
tricos para todas las especificaciones. Un huso
granulométrico consiste en una serie de desig-
naciones de tamafo de tamiz y un porcentaje
aceptable minimo y maximo del material que
puede pasar por cada tamafo de tamiz. El huso
granulométrico toma en consideracion 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 étre stabilisés de fagon mé-
canique ou chimique. Ce recueil traite de la sta-
pbilisation 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 revétement 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 revétement, qui
d’aprés la définition que nous avons donné,
consiste seulement d'une mince couche
d'usure. Bien que ce revétement hydrocarboné
assure une surface a peu prés imperméable, et
nécessite moins d’'entretien, il n'ajoute guére a la
capacité portante de la route elle méme, et pré-

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

Le probleme 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 a 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 a I'état naturel, soit quand il est
mélange, ne garde jamais une granulométrie
constante, une fois qu'on commence a 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. This 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 is to use gravel that
falls in the overlapping envelope area. This 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. If 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. If it is
known that the gravel is to be surfaced in the
near future (e.g., 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. High
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 solucioén para el problema de la gradua-
cion de la superficie y la capa de base es la uti-
lizaciéon de la grava que cae en el area de su-
perposicién de los husos granulométricos. El
material asi obtenido es aceptable como super-
ficie y como base. Se requiere un control mucho
mas estricto en las operaciones de mezclado y
esparcido porque los porcentajes aceptables de
material que pasa por el tamiz son considera-
blemente mas limitados. No debe intentarse si
no hay ninguna probabilidad de repavimenta-
cion con asfalto, antes de que se requiera grava
adicional debido a pérdida, desgaste, o por ra-
zones de refuerzo. Si hay intencién de revestir la
grava en un futuro cercano, tal como en la cons-

truccion por etapas, es posible utilizar una grava
de base y mantener la superficie (retener la hu-
medad para evitar desintegracion de la superfi-
cie) con una aplicacion periddica de cloruro de
calcio o cloruro de sodio, hasta gue se agregue
la capa superficial bituminosa. Si hay gran vo-
limen de transito o una gran cantidad de luvia
se deberd aumentar las aplicaciones de cual-
quiera de los cloruros.

Una segunda consideracion en la grava a uti-
lizarse en las superficies de camino y en las
capas de base con tratamiento superficial de
asfalto, es el tamafo maximo del agregado. La
superficie superior de la grava de superficie o
base debera ser lisa y nivelada para ofrecer una
buena superficie de rodadura. Por esta razon 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 chague
taille de tamis, et étre considéré comme accep-
table. Ce fuseau tient compte des variations ap-
portées par le mélange et I'épandage. D'ordi-
naire, les fuseaux des graviers utilisés pour la
couche de base, et de ceux utilisés pour la cou-
che de roulement, empiétent I'un sur 'autre.

Une des solutions du probleme surface de
roulement/couche de base, est d'utiliser le gra-
vier compris dans la zone chevauchante. Ce
matériau est alors acceptable a la fois pour la
couche de base, et pour la surface de roule-
ment. Ceci demande un contrble tres soigné des
operations de mélange et d’épandage, parce
gue I'éventail des pourcentages passants est
considérablement réduit. S'il est improbable que
le matériau soit revétu d’'une couche hydrocar-
bonée avant gu'il ne nécessite une addition de

gravier pour pallier aux pertes et a I'usure, ou
pour le renforcer, cette opération ne doit pas
étre entreprise. Si 'on sait que le gravier sera
revétu dans un proche avenir, comme c’est le
cas dans 'aménagement progressif, on peut uti-
liser le gravier comme couche de base, et entre-
tenir la surface (assurer '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, |l
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 revétu par une couche hy-
drocarbonée, les dimensions maximales des
agrégats, sont a prendre en considération. La
surface supérieure, soit de roulement, soit de
base, doit étre lisse et vraie pour fournir une
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of the aggregate. The upper surface of either the
surface or base gravel must be smooth and true
to provide a good riding surface. For this reason
the maximum size of aggregate used should not
exceed % 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-2 mm). If,
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-

tamano maximo de agregado no debera exce-
der 34 de pulgada (20 mm).

Las gravas que se encuentran en los climas
templados y tropicos son a veces distintas
segun 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 lateriticas de los trépicos. Las reco-
mendaciones para las gravas de ambas zonas
climaticas varfan de texto a texto, pero son mas
consistentes para las de la zona templada por
dos razones: (a) los paises de las zonas tem-
pladas tienen mas experiencia en la construc-
cion de caminos de grava, y (b) algunas de las
gravas del tropico son de calidad inferior segun
los criterios de la zona templada, pero son satis-

factorias para los paises en donde se encuen-
tran. Las gravas lateriticas presentan problemas
de graduacion adicionales por sus propiedades
mecanicas unicas en su género. Si un gran por-
centaje del material laterftico de superficie es de
grava, es decir, es retenido en un tamiz N° 10
(tamano de particula: 2 mm), durante la época
de sequia se formaran excesivas corrugaciones.
Si por otro lado un gran porcentaje del material
lateritico de superficie es de arena y finos, es
decir, que pasa por el tamiz N° 10, se notara
una falta de estabilidad o un caracter 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 % inch (20 mm).

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

climat tempeéré, ceci pour deux raisons :
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 étre de qualité
inférieure, si on les juge par les critéres utilisés
dans les pays tempérés, mais en fait, ils peuvent
jouer un rdle tout a fait satisfaisant dans leurs
pays d'origine. Les graviers latéritiques présen-
tent, en outre, des problémes de gradation,
causeés par leurs singulieres caractéristiques
mécaniques. Si un gros pourcentage d'un maté-
riau latéritique de surface est graveleux, s'est a
dire retenu par un tamis no. 10 (particules de 2
mm), on aura formation de téle ondulée a la sai-
son séche. 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.

There 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 concluido que son el resultado
de una accion reciproca entre los vehiculos que
utilizan el camino y el material que compone la
superficie de rodadura. Se forman con el rebote
ritmico de las ruedas de los vehiculos. El peso,
suspension, y presién del neumatico del vehi-
culo afectan la formacién de estas corrugacio-
nes. La velocidad de formacion de las corruga-
ciones es influenciada por (a) la velocidad del
transito, (b) el tipo de material de superficie, (c)
la condicion del bombeo del camino, v (d) el vo-
limen del transito.

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

neumaticos juntados con cadenas, armazones
con cuchillas y pesos, o escobas mecanicas; y
(c) niveladoras. Tales procedimientos de man-
tenimiento deberén repetirse cada vez que se
determine necesario. Se deben eliminar estas
corrugaciones antes de que se forme una capa
dura. Si no, serd necesario el reperfilado de la
superficie del camino, una operacién mucho
mas dificil.

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 mas frios donde el material de la base
0 subbase es susceptible a la helada. El Com-
pendio 7 toma nota de estos problemas y pre-
senta practicas de disefio, construccién o man-
tenimiento para resolverlos. Se da importancia a
través de los textos seleccionados, a que los te-
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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 a la saison des pluies.

Les problémes d’entretien d’une route en gravier
sont universels. La téle ondulée apparalt dés que
la surface de roulement devient séche. La tdle
ondulée apparait sur toutes les routes en
gravier. La genése de la téle ondulée a été le
sujet de bien des recherches. On pense
maintenant gu'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
crees par le rebondissement rythmique des
roues des veéhicules. 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) I'état du
bombement de la route et (d) le volume du
trafic.

On ne connait pas de procédé pour
empécher I'apparition, sur les routes en
graviers, du phénomeéne de la téle ondulée.
Donc les ondulations doivent étre effacées dés
leur apparition. Ceci peut étre accompli de
fagons diverses : (a) manoeuvres armés d’'un
balai, (b) traineaux a chaines ou & pneus,
gratte-tdle a lames, tolards, balayeuses
mecaniques, et (c) niveleuses ou graders. La
fréquence d'entretien sera fixée par
l'observation directe. Sit6t que les ondulations
prennent corps, elles doivent étre effacées de
fagon systématique, avant gu'elles ne se
durcissent, autrement, 'emploi du profileur
devient indispensable, et cela résulte en une
opération beaucoup plus complexe.

Les nids de poule se forment 1& ot I'on a
utilisé des matériaux de qualité inférieure, ou
aux endroits ou I'eau ne s'écoule pas bien de la
surface de la route.Les soulévements dis au gel
apparaissent dans les climats plus froids, oU les
matériaux de la couche de base ou de la
couche de fondation sont susceptibles au gel.
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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 text, Low-Cost Roads, is excerpted
from a paper published in Proceedings, Second

Annual Virginia Highway Conference (November
1948). It presents a general historical review of
road construction procedures. It 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 material bien compactadas y
con humedad optima.

Presentacion de los textos seleccionados

El primer texto, Low-Cost Roads (Caminos de
bajo costo), es una porcién de una disertacion
publicada en Proceedings: Second Annual Vir-
ginia Conference (Actas de la segunda confe-
rencia vial anual de Virginia) (Noviembre de
1948). Presenta un resumen general histérico de
procedimientos de construccion vial. Define el
costo verdadero de un camino como la suma de
los costos de construcciéon y mantenimiento. En
este sentido no existe tal cosa como un camino
de bajo costo, sino que hay caminos gue son
los méas econdmicos. Estos son los caminos de
bajo costo, tema de este proyecto.

Este proyecto habla sobre los adelantos en
los conocimientos Utiles de las propiedades in-
genieriles de suelos, aplicados en la construc-
cion vial. Estos conocimientos llevaron al desa-
rrollo de sistemas de clasificacion de suelos ba-
sados en la graduacién, limite liquido e indice
de plasticidad. Para la construccion vial en ge-
neral las propiedades mas importantes de los
suelos son su granulometria, su plasticidad, y su
humedad optima.

Luego presenta algunos de los principios gue
se deberan observar en la construccion de ca-
minos de bajo volumen. Estos incluyen (a) la
consideracion de la resistencia de subrasante,
(b) la compactacién 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 division de la estruc-

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

Discussion des textes choisis

Le premier texte, Low-Cost Roads (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
I'entretien. Ainsi, il n'éxiste pas de routes
vraiment économiques, mais plutdt des routes
dont le prix de revient est moins élevé. Ces
derniéres sont le théme de notre projet.

Les progrés qui ont été faits dans la science
des caractéristiques des sols, au point de vue
de la construction routiere, sont discutés. Ces
connaissances ont mené au développement des
systémes de classification des sols bases sur
I'analyse granulométrique, la limite de liquidite 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.

In 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. In 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.
If 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 estabilizacion
granular 0 mecanica 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 volumen. Las caracte-
risticas del aglutinante de suelo, determinadas
por el limite liquido y el indice de plasticidad,
son distintas para la grava de superficie y la
grava de capa de base.

En las superficies de camino, afectadas por la
accion desgastadora del transito, el aglutinante
de suelo debera tener mas habilidad de cemen-

tacion que el aglutinante en las capas de base.
En las superficies se puede permitir un mayor
porcentaje de arcilla y un limite liquido més alto
que en las capas de base. Asimismo, es desea-
ble un mayor indice de plasticidad en el agluti-
nante. Si tal mezcla con estabilizacién granular
se tapa con una superficie bituminosa, el conte-
nido liquido que ayudo a mantenerla como su-
perficie de rodadura ha de aumentar. Esto ocu-
rre porque las pérdidas por evaporacion 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-

routiére, les caractéristiques les plus
importantes d'un sol sont sa granulométrie, sa
plasticité et sa teneur en eau optimum.

Ce texte présente quelques principes qui
devraient étre observés dans la construction de
routes a 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
mecanique, 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 revétements hydrocarbonés, et
aussi comme couche de surface. Les
caractéristiques du liant naturel, qui sont
determinées par la limite de liquidité et I'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 a 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, a I'opposé de la
couche de base, une teneur en argile plus
elevée, et une plus haute limite de liquidité,
peuvent étre admises. Il est généralement
désirable que le liant naturel ait un indice de
plasticité plus éleve. Si un mélange, stabilisé
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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. If 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 text, Chapter 4 - Roadmaking
Materials and Pavement Design, is adapted
from Low Cost Roads: Design, Construction and
Maintenance (UNESCOQO, 1971). It 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

tabilizada 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 limite Ii-
quido y un indice de plasticidad méas bajos.

Los requisitos para las especificaciones de
superficies y de capas de base granularmente
estabilizadas se sobreponen. Por esta razon se
puede disefar une mezcla para la capa de
base, que también es satisfactoria para una su-
perficie de rodadura. Esto es Util en la construc-
cién por etapas donde la mezcla a utilizarse
como superficie sera cubierta por un tratamiento
bituminoso cuando el aumento de transito 1o jus-
tifica. La mezcla y colocacion de tal material son
muy importantes. Si el material no posee unifor-
midad, no funcionara correctamente como capa
de base ni capa de superficie.

Las capas de base granularmente estabiliza-
das deberan ser compactadas a su densidad
maxima y con humedad éptima. De otra forma

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

El segundo texto, una porcion de Chapter 4~
Roadmaking Materials and Pavement Design
(Capitulo 4 — Materiales de construccion vial y
disefio de pavimento) fué extraido de Low Cost
Roads: Design, Construction and Maintenance
(Caminos de bajo costo: diseno, construccion 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 minimo 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 la traza del camino o inmediata-
mente adyacente a ella. Muchos de los suelos
nativos estan mal desaguados, y por esto no
tienen la resistencia necesaria para soportar el

mécaniquement de cette facon, est recouvert
d'une surface hydrocarbonée, la teneur en eau
qui I'a rendu cohésif en temps que couche de
surface, s’accroft, parce gue les pertes dles a
I'évaporation sont réduites ou méme éliminées.
Cette augmentation de la teneur en eau cause
fréequemment la rupture compléte de ce
matériau, guand on I'emploit comme couche de
base. Donc, les spécifications pour une couche
de base en matériau graveleux stabilisé
mécaniquement, différent des spécifications
pour le méme 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 meécanique-
ment, se chevauchent. Par conséqguent, il est
possible de calculer un mélange qui sera a 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,
qguand le mélange doit servir de couche de sur-
face pendant un certain temps, jusqu’au mo-
ment ou I'augmentation de la circulation justifie
un revétement 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. It
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 improve 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 mechanical 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. It also offers typical
specifications for the mechanical stabilization of
gravel base material.

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

transito cuando estan muy mojados. Durante la
época de lluvia es comin 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 significa (a) el movimiento de tierras
para proveer o mejorar terraplenes en areas de
desague insuficiente, (b) la construccion de
puentes permanentes sobre vados de rios, ()
correcciones de alineamiento vertical y hori-
zontal de acuerdo con alguna norma de disefo
y (d) un esfuerzo para proveer una superficie
de rodadura para 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, estabilizacion mecanica o granular) o

por la superposicion de una capa de un material
mas estable. El texto presenta las especifica-
ciones tipicas para la graduacion utilizada en

la estabilizacion mecanica de superficies de
rodadura de grava y las caracteristicas de
plasticidad que se prefieren para los revesti-
mientos de grava en tres variaciones climaticas:
templado humedo — tropical lluvicso, tropical
lluvioso por temporada vy arido.

El texto también describe los caminos con
superficie permanente. Aunque el disefio de pa-
vimento esta fuera del alcance de este com-
pendio, las caracteristicas de la grava que se
utiliza como base de los pavimentos flexibles es
una parte importante de este tema. La funcién
mas importante de la base y subbase es la dis-
tribucién de la tension creada por el transito. En

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

La deuxieme 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, 1971). Dans ce texte, le dévelop-
pement d'une route, depuis la simple piste en
terre jusqu’a la route tous temps détée d’'un re-
vétement, est retracé. Une route “non aména-
gée” est définie comme une piste rudimentaire,

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

Une route amenagée est définie comme le
premier stade de I'aménagement d’'une piste en
terre. Ce stade comprend, en général ; (a) des
terrassements pour remblayer les zones mal
drainées, ou pour surélever les remblais éxis-
tants, (b) la construction d'ouvrages permanents
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cation of possible gravel sources. It describes
the formation of gravel deposits by glaciers and
by present-day streams. It also describes the
profile development of gravel deposits, i.e., the
formation of overburden, and discusses the im-
portance of that overburden. It 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. It 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 volumen el revestimiento bi-
tuminoso consiste solamente en un fino riego
superficial. Por lo tanto, la base debera 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 caracteristicas de suelos
y gravas nativas que comunmente se utilizan
para las bases y subbases. Asimismo, provee
especificaciones tipicas para la estabilizacion
mecanica de la grava de base.

El tercer texto fué extraido de Location and
Evaluation of Gravel Sources for Highway Use

(Ubicacion y evaluacién de fuentes de grava
para uso vial) (Departamento de Ingenieria
Agricola, Cornell University, 1956). La primera
parte describe la ubicacion de posibles fuentes
de grava. Describe la formacion de depositos
de grava por la accion de glaciares y de arroyos
actuales. Describe el desarrollo en perfil de los
depdsitos de grava, es decir, la formacion de
sobrecarga, y la importancia de ésta. Describe
métodos de localizar posibles depdsitos de
grava. Explica que las piedras redondeadas son
una buena indicacion de que se ha formado un
depdsito por la accion de agua.

La segunda parte describe la evaluacion de

sur les riviéres, (c) 'amélioration du tracé et du
profil en long et (d) 'essai de réalisation d'une
couche de surface utilisable par tous les temps.
Il sera en général nécessaire d'améliorer la sta-
bilité de la couche de surface en melangeant
des matériaux d'apport au sol naturel, (stabilisa-
tion mécanigue) 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 recommandee
pour les revétements graveleux pour trois sortes
de climat: chaud et tropical humide, tropical
humide saisonnier, et aride.

Ce chapitre comprend aussi une section sur
les routes revétues. Bien que I'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 tres important de ce re-
cueil. La fonction principale des couches de
base et de fondation consiste a répartir les
charges imposées par la circulation. Le revéte-
ment hydrocarboné des routes économiques ne
se compose que d'un mince enduit d’usure.
Donc, la base elle méme doit résister aux effets
affaiblissants de I'eau. De plus, la surface supé-
rieure de la couche de base doit étre assez lisse
et homogéne pour permettre d'obtenir un bon
uni de surface.

Ce texte esquisse les propriétés générales
requises par les sols naturels et les graves utili-
sés comme couches de base et de fondation. lI
donne aussi les fuseaux granulométriques typi-
gues pour la stabilisation mécanique des mate-
riaux graveleux utilisés pour les couches de
base.

Le troisieme texte est extrait de Location and
Evaluation of Gravel Sources for Highway Use
(Localisation et évaluation des gisements de
graviers routiers) (Department of Agricultural
Engineering, Cornell University, 1956). La pre-
miére partie décrit la localisation des gisements
éventuels de matériau graveleux. Elle décrit la
formation des gisements par les glaciers et les
rivieres. Le développement des gisements de
gravier, c'est a dire la formation de surcharge ou
mort-terrain, ainsi que I'importance de cette sur-
charge sont discutés. Les méthodes de localisa-
tion de ces gisements sont passees 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 expliqgue comment on éva-
lue les gisements éventueis de gravier, et enu-
meére les informations que I'on doit rassembler
pour décider de l'exploitation d'un gite éventuel :
(a) la proximité, pour les besoins immédiats et
futurs ; (b) laccés par une route existante et (c)
la cubature et la profondeur de '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. In-
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. If the gradation of two available materials
is known, this technigue 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 from 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 Section 300— Aggregate Surfacing.

posibles fuentes de grava. Esta evaluacion in-
cluye la informacion 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-
tension y profundidad del depdsito. Asimismo,
incluye las caracteristicas a evaluarse después
de llevar a cabo un hoyo exploratorio, inclu-
yendo (a) la profundidad de la sobrecarga, (b)
las caracteristicas de las particulas de grava, (c)
el tamano maximo de grava anticipado, (d) la
graduacion del material granular, (e) la plastici-
dad de los finos, (f) la posicion del nivel freatico,
y (g) el grado de aglutinacion.

Se describen las técnicas de evaluacion que
se utilizan para determinar todas las caracteris-
ticas supracitadas. Se incluye en la evaluacién
de las graduaciones de una posible fuente de
grava una descripciéon de un ensayo de lavado
rapido que a veces se utiliza en lugar del anali-
sis granulomeétrico por tamizado porque es sim-
ple y el equipo necesario es facil de obtener.

El texto también incluye una solucion grafica
para la combinacion de materiales de distintas
fuentes en una mezcla con graduacion satisfac-
toria. Si se conoce la graduacién de dos mate-
riales disponibles, esta técnica puede utilizarse
para determinar qué combinaciones de estos
materiales producirfan una graduacién satisfac-
toria para grava de superficie y/o base, si es
que existen.

El cuarto texto fué extraido de Standard Spec-
ifications for Construction of Roads and Bridges
on Federal Highway Projects: FP61 (Especifica-
ciones generales para la construccion de cami-
nos y puentes en proyectos federales de carre-
teras: FP61) de la reimprimicion de marzo de
1968, por el Bureau of Public Roads, U.S. Fede-
ral Highway Administration. Las secciones ex-
traidas son Section 200 —Aggregate Base
(Seccion 200 —Base de agregado) y Section
300 —Aggregate Surfacing (Seccién 300—Re-
vestimiento con agregado).

Cada especificacion incluye (a) una descrip-

texte indique aussi les caractéristiques a évaluer
aprs le sondage : I'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
determination des caractéristiques que nous ve-
nons d’'indiquer, sont présentées. Pour effectuer
cette gradation des graviers des gites éventuels,
on décrit un essai, le “quick wash test”, qui est
parfois utilisé a la place de I'analyse granulomé-
trique, car il est trés simple a conduire et on a
toujours sous la main I'équipement nécessaire.

Ce texte comprend aussi une solution graphi-
gue au probléme du mélange de matériaux pro-

venant de gites différents. Si on connait la gra-
dation de deux matériaux, ce procédé peut étre
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 quatrieme texte choisi est extrait de Stan-
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.
Chague norme comprend (a) une description
de l'ouvrage a exécuter, {b) les matériaux a utili-
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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 fit into the grading 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 Soils in Central Africa (U.K. De-
partment of Scientific and Industrial Research,
Road Research Laboratory, 1960). It reviews the
soils, and particularly the gravels, available in
Central Africa. Similar soils are found throughout
the tropics.

cion del trabajo (b) los materiales a utilizarse,
incluyendo husos granulomeétricos aceptables,
(c) requisitos para métodos de construccion, (d)
métodos de medicién, 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 paises donde no existen es-
pecificaciones formales.

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

El quinto texto fué extraido de Roadmaking
Gravels and Soils in Central Africa (Gravas y
suelos para la construccion de caminos en
Africa Central) (Departamento de Investigacion
Cientifica e Industrial de Gran Bretafa, Road

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

El texto incluye (a) las gravas y arenas detriti-
cas que se encuentran en las areas de poca llu-
via (menos de 30 pulgadas o 760 mm por ano),
(b) gravas cuarciticas y arena-arcilla en las
areas de lluvia normal y de mucha lluvia (mas
de 760 mm por ano) y (c) gravas nodulares late-
riticas y gravas calcdreas en las areas de
mucha lluvia (mas de 40 pulgadas o 1020 mm
por ano). El primer grupo, gravas y arenas detri-
ticas, se divide en los siguientes sub-grupos
segun la petrologfa de la roca matriz: (a) mate-
riales graniticos, gnéisicos y cuarciticos, (b)
gravas y arenas de piedra arenisca, (c) materia-
les deleriticos (término inglés) o diabasicos
(término americano) y basélticos, (d) gravas mi-
céceas y esquistosas, (e) materiales derivados
de la lutita, y (f) gravas de piedra caliza.

Se describe cada material. Se definen los cri-
terios y la conveniencia de su utilizacion como
material 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 unitées de me-
sure et (e) les critéres 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 officielles.

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

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

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

Ce texte considére (a) les graviers et sables
détritiques que I'on trouve dans les endroits ou
la quantité de pluie annuelle est moins de 760
mm (30 inches), (b) les graviers quartziferes 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 quarizitic 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) limestone
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,

lUan los materiales para utilizarse en la subbase
y subrasante importada, de acuerdo con la eva-
luacién de caminos existentes en el area. Se
habla sobre la posibilidad de estabilizar algunos
de los materiales econdmicamente. Se incluye
una breve seccioén sobre los métodos de locali-
zar depositos de grava.

El sexto texto es un articulo titulado Lateritic
Gravel Evaluation for Road Construction (Eva-
luacion de la grava lateritica para la construc-
cion de caminos), (Journal of the Soil Mechanics
and Foundations Division, Proceedings of the
American Society of Civil Engineers) (Publica-
cion de la Division de Mecanica del Suelo y de
Cimentacion, Actas de la Sociedad Americana
de Ingenieros Civiles) (Noviembre de 1972).
Presenta los resultados de estudios hechos

sobre las gravas lateriticas de Ghana. Aungue
no todos los paises tropicales poseen laterita en
todas sus formas, el estudio evalla la laterita de
varias formaciones geoldgicas en cuatro regio-
nes climaticas. Estas lateritas son tipicas de casi
todas las lateritas que comunmente se encuen-
tran en el trépico.

En Ghana las formaciones geoldgicas mas
comunes asociadas con depdsitos de grava
fueron divididas en cuatro grupos: (a) igneo
acido— granito, gneis, cuarcita; (b) igneo ba-
sico—basalto, "gabro”; (c) metamorfico —Iu-
tita, filita, esquisto; y (d) sedimentario — piedra
arenisca, piedra caliza. Las cuatro regiones cli-
maticas incluyen (a) pradera costera con 25-30
pulgadas (635-760 mm) de lluvia por ano, (2)
zona arbolada de mucha lluvia, con 70-120 pul-

les bétons d'argile des régions ou la chite de
pluie annuelle est de plus de 760 mm et (c) les
graviers calcaires et latéritiques noduleux des
réegions ou les chutes de pluie annuelles sont de
plus de 1020 mm (40 inches). Le premier
groupe —graviers et sables détritiques — est
subdivisé selon la lithologie de la roche-meére :
(a) matériau granitique, quartzifére, gneiss, (b)
graviers et sables gréseux, (¢) 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 criteres d’emploi pour cou-
che de base ou couche de surface. On donne
aussi une évaluation de '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 fagon
économique est discutée. Une courte section

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

Le sixieme écrit est une communication : Late-
ritic Gravel Evaluation for Road Construction
(Evaluation des graviers latéritiques pour la
construction routiere) (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 formations géologiques qui sont le plus
souvent associées a la formation de gravier au
Ghana, sont divisées en quatre groupes : (a)
granit igné a reaction acide, gneiss, quartzite ;
(b) basalte basique igné, gabbro; (c) schiste
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Proceedings of the American Society of Civil
Engineers, November 1972). It reports the re-
sults of studies made on lateritic gravels in
Ghana. Although all tropical countries 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; (¢) metamorphic — shale, phyllite,
schist; and (d) sedimentary — sandstone, lime-
stone. The four climatic regions include (a) coas-

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

Samples of typical gravelly material from dif-
ferent locations were sieved to one size, passing
Yo-in (12.7-mm) and restrained on 3-in (9.5-mm)
sieves, and were given various physical, 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 ano, (c)
zona arbolada, con 50-70 pulgadas (1270-7080
mm) de lluvia por ano, y (d) pradera del interior
con 40-50 pulgadas (1020-1270 mm) de lluvia
por ano.

Se tamizaron muestras de material cascajoso
tipico de varias localidades, hasta quedar sola-
mente el material que pasé por el tamiz de 1/2
pulgada (12,7 mm) y que fue retenido en el
tamiz de 3/8 pulgada (9,5 mm). A éste se le hi-
cieron varios ensayos fisicos, quimicos, de
resistencia mecanica, de meteorizacion y de du-
rabilidad, que se describen en el texto. Se re-
comienda una calificacion relativa de las gravas
lateriticas. Esta recomendacion se basa en los
estudios anteriores, estas investigaciones, y l0s
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-
miento 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 lateriticas son (a) aggregate im-
pact value (valor de impacto sobre el agregado)
(modificado de la norma britanica), (b) aggre-
gate impact value (valor de impacto sobre el
agregado) (norma britanica), (c) Los Angeles
abrasion value (valor de abrasion), (d) absorcion
de agua (24 horas) y (e) peso especifico.

El séptimo texto Chapter 6 — Material and
Construction Specification (Capitulo 6 — Especi-
ficacion de material y construccion) fué extraido
de Laterite and Lateritic Soils and Other Prob-
lem Soils of the Tropics - Volume Il, Instruction
Manual (La laterita y suelos laterfticos y otros
suelos problematicos del tropico— Tomo I, Ma-

métamorphique, phyllade, schiste ; et (d) grés
sédimentaire. Les quatre régimes climatiques
sont : la savane cotiere avec 635-760 mm de
pluie par an (25-30 inches), la forét humide avec
1780-3050 mm de pluie (70-120 inches), (c) la
forét avec 1270-1780 mm de pluie (50-70 in-
ches) et (d) la savane intérieure avec 1020-1270
mm de précipitation annuelle (40-50 inches).
Des échantillons typiques de matériaux grave-
leux provenant de différents gites ont éte passé
au tamis, passant une ouverture de maille de
12.7 mm (1/2 in) et étant retenus par une maille
de 9.5 mm (3/8 in). Ces échantillons ont éte en-
suite soumis a 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, corrobore par
des données sur la durabilité des chaussees, un
classement relatif des graviers latéritiques est
proposé. Ces categories 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’apres leur performance). Les
valeurs attribuées au gravier comme chaussée
vont de excellent a mauvais, en passant par bon
et adéquat. Les essais qui ont été faits pour en
arriver ce classement des graviers latéritiques
sont (a) essai de résistance mécanique des
agrégats (modifié du British Standard), (b) essal
de résistance mécanique des agrégats (British
Standard), (c) essai Los Angeles (abrasion), (d)
essai d’absorption d'eau (24 heures) et (e) essali
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 Specification, is excerpted from
Laterite and Lateritic Soils and Other Problem
Soils of the Tropics ~ Volume Il, Instruction Man-
ual (USAID, 1975). It 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 I, of the same
publication (see bibliography, Ref. 14).

nual de instrucciones) (USAID, 1975). Provee in-
formacion sobre las especificaciones acepta-
bles para la construccion de pavimento y capa
de base, utilizando gravas lateriticas. Estas es-
pecificaciones permiten la utilizacion de materia-
les que serian inaceptables segun las especifi-
caciones presentadas en el texto seleccionado
NO 4.

Se ilustra un método para determinar un CBR
(California Bearing Ratio) de diseno, para el ma-
terial extraldo de una cantera de préstamo es-
pecifica. Se presenta un método para modificar
las tasas CBR para indicar las condiciones efec-
tivas de calda de lluvia. Se habla sobre métodos
de excavacion de canteras de préstamo. Se
describen técnicas especiales de compactacion
que se requieren para la grava lateritica. Se

presenta la misma informacion en mucho mas
detalle en el Capitulo 12 del Tomo | de la misma
publicacién (ver Ref. N° 14 de la bibliografia).

El octavo texto, Blading Aggregate Surfaces
(Conformacién a cuchilla de superficies de
agregado), es una guia de entrenamiento publi-
cada por la Asociacion Naciconal de Ingenieros
de Condado (1974). Este texto también se pu-
blicod en espafol (USAID) (ver Ref. N° 18 de la
bibliografia).

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

Le septieme texte, Chapter 6, Material and
Construction Specification (Spécification pour
les matériaux et la construction) est extrait du li-
vre Laterite and Lateritic Soils and Other Prob-
lem Soils of the Tropics — Volume Il - Instruction
Manual (Latérites, sols latéritiques, et autres sols
difficiles des tropiques — Volume Il — 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 gui doivent étre utilisés pour les
graviers latéritiques sont representés. Cette
question est d’ailleurs traitée en détail dans le
chapitre 12, volume 1 du méme livre (voir biblio-
graphie, référence 14).

Le huitieme 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
méme texte est traduit en espagnol par USAID
(voir bibliographie, référence 18).

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
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The eighth text, Blading Aggregate 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. If the smoothing is to be
done when the road is dry, care must be taken
notto cuttoo 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

palas, cestones y escobas. Sin embargo, el
equipo mas 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 en vez de cortar. Si el alisado se realiza
cuando el camino esta 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 combinacion co-
rrecta de finos y distintos tamafos de agrega-
dos y cuchillar este material combinado para
formar una superficie con un bombeo correcto.
Puede resultar necesario anadir agregados o
finos adicionales en los lugares fragosos y areas

erosionadas por el agua. Las areas de capa
dura que siguen intactas deberan 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 adicion
de agua.

Este texto consiste en un manual de instruc-
ciones que incluye el trabajo con cuchilla, bajo
condiciones especiales tales como (a) en la in-
terseccion de caminos con superficies de ag-
regado, (b) en la interseccién de un camino con
superficie de agregado y un camino pavimen-
tado, (c) donde el camino cruza vias de fer-
rocarril, (d) donde cruza puentes, (€) en la inter-
seccién de un camino y una via 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 étre utilisés pour entretenir les routes en
gravier. Les routes a trés basse circulation peu-
vent étre 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
'aplanissement est fait quand la route est seche,
il faut faire treés attention de ne pas racler trop
profondément pour ne pas endommager la
crolte dure.

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

de rétablir un bombement précis. Il se peut que
I'on ait a ajouter soit des agrégats, soit des fines,
aux endroits ou la chaussée est raboteuse ou a
été érodée par I'eau. La crolte qui reste devra
étre écrasée pendant les opérations de mé-
lange, soit avec la lame de la niveleuse, soit
avec le scarificateur. Quand la route de terre est
seche, 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 pavee, (c)
a un passage a niveau, (d) au croisement d'une
route et d’'un pont, (e) au croisement d'une route
et d’une voie d'acces, (f) sur les crétes, (g) au
fond des vallées, et (h) dans les routes a vira-
ges. En lisant ce manuel en méme 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-to-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, Roadside Drainage.

The ninth text, Crown on Soil-Aggregate
Roads, is a report that was published in High-
way Research Record 91 (Highway Research
Board, 1965). It 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. It 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 operacién de motonivelacion
leyendo este manual junto con el texto selec-
cionado N° 4. Grading lllustrated (Nivelacion,
llustrada), del Compendio 5, Roadside Drainage
(Drenaje del borde de la carretera).

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

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

transversales mas empinadas. Generalmente
son peores en las pendientes longitudinales
chatas o casi chatas. Este estudio explora la re-
lacion entre (a) la formacion de baches vy la
pendiente del bombeo y (b) fa formacién de ba-
ches y el resultante de la pendiente del bombeo
y la pendiente longitudinal. Se llega a la conclu-
sion de que la formacion de baches es una fun-
cion del resultante de la pendiente del bom-
beo y la pendiente longitudinal. La “pendiente
resultante maxima" puede ser Util como guia en
la seleccion del bombeo minimo aceptable aln
cuando no es una caracteristica ideal de disefio.
Se presentan figuras que proporcionan una guia
para (a) la seleccion de la “pendiente resultante
maxima” mas baja para un riesgo aceptable de

texte choisi no. 4, Grading lllustrated, Recueil
no. 5, on obtiendra une solide connaissance de
la manoeuvre de la niveleuse automotrice.

Le neuvieme texte s’intitule : Crown on Soil-
Aggregate Roads (Le bombement des routes en
agregats) et a été publié dans le Highway Re-
search Record 91, (Highway Research Board
1965). Le probleme des nids de poules dans les
routes de graveleux en forme le théme.

Les nids de poule ont tendance a apparaitre
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 le 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 phénoméne 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
qgue n'étant pas l'outil idéal, peut étre 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-
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phenomenon is 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 limit for this
compendium.

formacion de baches, y (b) la determinacion del
bombeo minimo para producir esta pendiente
resultante para varias pendientes longitudinales.

El estudio también indica que los operadores
de niveladoras que hacen la conformacion de
los caminos a 0jo en las laderas de colinas tien-
den a inclinar el bombeo cuesta abajo. Este
fendmeno se debe probablemente a un con-
cepto erréneo del plano vertical verdadero por
parte del que maneja. Un resultado de este
concepto erréneo es una pendiente de bombeo
mas 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 debera re-
visarse para producir una pendiente de bombeo
correcta durante las operaciones de nivelacion y
conformacion.

Bibliografia

Se sigue a los textos seleccionados con una
breve bibliografia 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 articulos,
informes, vy libros que podrian ser nombrados,
no es el propdsito de esta bibliograffa contener
todas las posibles referencias que se relacionen
con el tema de este compendio. La bibliografia
contiene Unicamente aquellas publicaciones
basicas que hubieran sido seleccionadas si no
hubiera un limite al nimero de paginas en este
compendio.

port a 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.

[l est aussi remarqué que les conducteurs de
niveleuses, quand ils font le reprofilage “a l'oeil”,
sur un terrain a flanc de colline, ont tendance a
bomber la route vers le bas. Ce phénomeéne est
probablement causé par le fait que la topogra-
phie influence la conception de la verticale et de
I'norizontale du conducteur. Le résultat pratique
de cette conception erronée, est un bombement
moins que désirable du cbté colline, qui entraine
a 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 breve biblio-
graphie, contenant des données de références
et des analyses de 19 publications. Les neuf
premiéres décrivent les textes choisis. Les au-
tres dix décrivent des publications apparentées
au théme des textes choisis. Bien qu'il y ait
beaucoup d'autres articles, rapports et livres,
qui pourraient étre inclus, I'objectifs de cette bi-
bliographie n'est pas d'énumérer toutes les refeé-
rences possibles ayant rapport au sujet de ce
recueil. Donc, cette bibliographie, telle gu'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 seleccionados

Esta seccién del compendio contiene paginas
seleccionadas de los textos catalogados en la
tabla de materias. Se utilizan recuadros rectan-
gulares para encerrar las paginas que han sido
reproducidas de la publicacion original. Algunas
de las paginas 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 €l
texto seleccionado ha sido reproducido en el
compendio mismo.

Los numeros de pagina del texto original apa-

recen dentro de los recuadros. Los ndmeros de
pagina para el compendio estan fuera de los re-
cuadros y aparecen en el centro del margen iz-
quierdo o derecho de cada péagina. Los nime-
ros de pagina que se dan en el indice del com-
pendio se refieren a los del compendio.

Cada texto comienza con una 0 mas paginas
de material de introduccion que contenia la pu-
blicacién original. Este material generalmente
incluye una péagina titulo, un indice, 0 ambos.
Los asteriscos que han sido agregados al indice
original significan lo siguiente:

*Algunas paginas (o partes de pagina) en
esta parte del documento original aparecen

Textes choisis

Cette partie du recueil contient les sections ex-
traites des publications indiquées a la table des
matiéres. Les pages du texte original qui sont
reproduites, sont entourées d’'un encadrement
rectangulaire. Certaines pages ont dd étre rédui-
tes pour pouvoir étre placées dans I'encadre-
ment. Le texte original n'a pas été changé

sauf pour guelques explications qui ont été
insérées. Donc, sile texte original contient des
erreurs, elles sont reproduites dans le recueil.

La pagination originale apparait a I'intérieur de
I'encadrement. La pagination du recueil est a

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

Chague 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 matiéres, ou les deux. Des
astériques ont éteé ajoutés a la table des matié-
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. In a number of places, the
selected text contains explanatory notes that
have been inserted by the project staff. Such
notes are set off within dashed-line boxes and
begin with the word NOTE.

en el texto seleccionado, pero otras paginas
(o partes de pagina) en esta parte de la pu-
blicacién original han sido omitidas.

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

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

cos en el Indice de las publicaciones respecti-
vas.

Lineas de guiones cruzando cualquier pagina
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 estan 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 I'edi-
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

précédeés d'un astérigue dans les tables des
matieres des publications respectives.

Les lignes brisées sur les pages des textes
choisis indiquent les endroits ou 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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Compendium 7 Text

LOW-COST ROADS
By E. F. Kelleyl/
For presentation at Second innual Highway Conference

Virzinia Hilitary Institute
November 13, 1948

Low-cost roads have been discussed so exhaustively during
recent years that it is difficult to approach the subject from
a new angle and to say anything that is cssentially different
from what alrecady has been said repeatedly. So much has been
said, and so convincingly, that many people interested in high-
way construction believe that there actually are such things
as low-cost roads,

The cost of a road includes more than the mere cost of cone
struction. It includes also the cost of maintenance. When we
add the two together we et the true cost of the road. Costs
are relative and no one has given any adcquate idea of the max-
imum number of dollars which can be spent for a road which is
in the low-cost class. Ve have high-type expensive roads; we
have intermediate-type roads which are less expensive; and we
have low-type roads which are the lcast expensive, But, in
terms of the dollars which must be spent for the construction
and maintenance of roads which will scrve the traffic adequately

under all weather conditiocns, we have no low-cost roads.

1/ Chief, Division of Physical Kescarch, Public Roads adm.




Compendium 7 Text

-2 -

Excludud from this discussion are the ronds which cost little
to build but which are very ocxpensive to maintain in n satisfac-
tory condition if, in fact, it is cven possible to give thom sat-
isfactory maintenance. Such roads frequently are impassable in
the carly spring, cspecially if the winter has been severe, and
the annual maintenance may involve what amounts almost to annual
reconstruction. Such roads are cheap roads in terms of initial
cost but they arc not low-cost roads in terms of total cost, which
includes maintenance.

If, in fact, there are no low-cost roads, what do we mean
when we usc that term. MNost of us arce guilty, at one time or
another, of using a loose terminalogy which conveys our ideas to
those who think in the same terms but which is not clear, or may
even be unintelligible, to those who arc not so familiar with the
subject. Every tracde and every profession has its jargon which
is understood perfectly by the initiatc but which is meaningless,
er conveys the wrong meaning, to others. Highway cngincers are
no exception and when they spenk of low-cost roads most of them
are really thinking of ronds for light traffic. Roads for light
traffic, somctines c¢alled sceondary roads or farm-to-market roads,
are the subject of this discussion.

These roads arc of great importance in our transportation
system and they may be oxpected to increasc in importance in the
futurc. Greater service will be demanded of them as the consoli-
dation of rural schools continucs and a further load will be
placcd on them by the decentralized industrialization of rural
arcas which will rcquirce the worker to use them for his doily

travel to and from thc nill or factory.
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It has been s2id rcpeatedly, but it cannot be said too often,
that soil is thc foundation of the road and as such is the most
important constituunt of the roid structurc. If the foundation
fails the rozd fails. slso soil is th: most commonly uscd of
road-building materials. Soil materials such as gravel, sand and
the fine-grained silts ond clays arc used in cembankments, in basc
courses and, in the lowest-type roads, in surface courses. Therc-
fore, a knowledge of soil churacteristics, and the applicati on of
this knowlcdge in highway construction, is csscntial.

The developmcnt of our knowledge of soils to the point where
it has a practical value in its application to highway construc-
tion is of comparatively recent date. It is interesting to re-
call that only twenty ycars ago highway engincers knew practically
nothing of the engineering properties of soils and, noreover, very
few evidenced any great concern about this most important road-
building material. The gencral attitude at that time was .that we
must take what nature has given us, whether good or bad, and that
any cffort to improvc bad conditions was hopeless. Now it should
be recognized that the situation has changed completely. Highway
engineers have availeble a fund of information concerning soils
which, if utilized, will gre:ly improve the quality of highway
construction and lowur the ultimate cost. There arc still those
in the highway engincering profession who refusc to concern theme
sclves seriously with tho most effective utiliz~tion of soils

2nd who appear to be indiffercnt to the sdvantages to be gaincd by
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putting into practice the knowludge which has been dovelepeds
These engincers aore now in the ninority and their numbers are
¢windling rapidly as the knowlcdge of soils becomes more widely
disseminatced. It is not too much to say that today thc highway
ecngincer who attenpts to build roads without putting into practice
the oxisting knowledge of soils is inviting failurcs which could
be avoidcd. Such failures increasc ultinmate costs by incrensing
the cxpenditurcs required for maintenance or reconstruction.

In this conncction it is intercsting to rccall an cxperi-
mental road which was constructud about 20 years ago by onc of
the State highway departments in coopcration with the Public Roads
aGministration. Two types of basc=coursc material were obtainced
fronm local deposits and werce placed on the existing road bed.
Onc of them proved to be good and the other onc poor. At the time
of this construction we kncw procticeolly nothing about soils and
how their characteristics affect their performance in road bases.
However, during the ncxt fow yenrs a great deal of information on
this subject was developed. Before the oxperinent was concluded
it hnd been duterminced that the imported base-coursc materinl
which gave poor service was :ctually inferior to the material
which cxistud in the originnl road bud. Beenusce of ignorance of
the facts that we have now, the expenditurce for this basc-course

material had becn 2 waste of moncy.
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a8 has been said, o useful knowledge of the engincering pro-
pertics of soils as applicd to highway construction has becn de-
velopud during thc past twenty years. The Public Roads Adninis-
tration takus pride in having bcen 2 pionser in this developmient
work. When it was storted therc woere nany who were critical or
contemptuous of such rescarch work on the ground that it was a
waste of time and money to ongare in an undertaking from which it
was hopcless to cxpeet uscful results. as the work prosressed
and it became ap.arcent that there was something in this new idea,
it was taken up, first by onc State highway department, and then
by another and another in rapid succession. And cvery State
which undertook to apply the principlcs of soil science to high-
way construction added to our storc of information because, after
all, soils engincering is not an cxact secience any more than is
aeny other branch of conginecring. It is an art in which certain
scientific principlces are applicd to practical engincering pro-
blems and the limits of application arc detcrmined by experience.
The more there is of cexperience, the more information we have re-
garding the practical application of the scientific principles
and the limits within which they may be aprlicd,

Today every State highway department in the United States,
to a greater or lesser degrec, is making some usc of soils engi-
neering in its construction work and is obscrving the results.
Every road that is built to embody certain principlcs of design
is, in offect, an expcrimental road if the facts are observed

and recorded for futurc usce
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From this vizwpoint, thc United States has become & vast labora-
tory in which resonrch work on soils is const~ntly in progroess.

The combincd and coopcrative effort of the St-te highway
departments and the Public Rowds administration has developed
our prcscent know!:dze of soils. .s compared with the situation
which uxisted only a fow yoears ago, a great advancement has been
made but it shouid not bs inferred from what has been said that
we have reached or evsn approached the ultimnte goal. Fifty years
from now our successors, from the vantsge point of their superior
knowledge, may look bicik with wondcr at our gropings in the dark.
Thc rescarch work which hns resultcd in such rhenomenal progress
must be continued and cxtenced if we are to make the most effec-
tive use of the moncy cxpended for rond construction. The Vir-
ginia Department of dAighways is to bc congratulated on its for-
ward-looking attitude in making provision for the continution of
this research.

Soil materials include, in tho descending order of particle
size, gravel, s-nd, silt and claye 411 materials which will pass
the No. 200 sicve (with sicve openings of approximately 0.003
inch) may be classed =s silt and eclay. Materinls retnined on the
No. 200 siuve are classzd 2s sand w:nd rravel. Soils range in
character from gr-nular mnterials, in which gravel and sand pre-
dominate, to the finc-grained piastic soils in which silt nd
clay predominatc. The gronular materinls are the best for rond-
building purposcs. The finc-grainod silt-clay soils zre less de-

sirable 2and some of the heavy clays <re so poor that their
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use should bec nvoided if possiblc. Frequently their usc cannot
be avoided and depend.nce must be placed on the results of past
research to insure thet the bust results possible will be ob-
tained,

Early in its rescarch work on soils the Public Roads .(min-
istration dcveloped n classification of 50ils which has beoen
widely used by the State highway departments. In this classifi-
cation the soils were divided, on the basis of their physical
properties, into the more important groups. lore recently the
Highway Research Beerd has adopted 2 simplificd and improved
classification which, essentially, is a revision of the original
Public Roads classification. In the new classification the soils
arc divided up into a number of groups entirely on tho basis of
grading, liquid limit and plasticity index. The classification
of a soil by this or any other mcthod docs not givc the final
answer by any neans but it is a very useful tool for the highway
engincer,

For highway construction in general the most important pro-
perties of a soil arc its size grading, its plasticity and its
optimum moisturc centent,

The complete size grading of a soil may be determincd by
sisve analysis of the coarscer friaction and hydromcter analysis of
the finer fraction. Tic hydromcter annlysis is a scdimentation
test by means of which it is possible to determinc the grain size
of the socil particles down to thosc of microscopic sizc, Its
value lies in the fact that by its usc it is possible to extend
the grading analysis through the fine sizes and determine the

percentage of silt and the percentage of clay. There are times
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when this information 1s import:nt. When the separation of
the silt and clay fractions is not important, the grading may
bs determined cntircly by sieve 2nzlysis. In this case the
charicter of the fine fraction is judgud by the results of the
plasticity tests,

The plastic propertics of 2 soil are nvasurcd by the liquid
limit, the plastic limit and th plastiﬁfindex. Without becom-
ing too technical we may duefine the liquid limit as that mois-
ture content at which thc soil is on the dividing line beotween
the liquid and the scmi-solid state. When it is in the semi-
solid state it is plastic. The plastic limit is the moisture
content at which tha soil is on the dividing linc between the
scmi-solid and the solid st=te. The plast%éf%ndcx is the dif-
feronce between these two moisture contents and defines the
moisture range within which the scoil is in tho sumi-solid state
and is in a plastic condition.

« knowledge of the optimum moisture content is important
in 2ll types of construction which involve the consolidation
or densification of soil materials. This is becausce the sta-
bility of a soil mass, or its zbility to support londs, is
dependent in a groat degree on its density. For a given amount
cef compactive effort the density of a consolidated soil is de-
pendent on its moisture centent. s the moisture content is
incrcased the density increascs to a maximum and thoen decreascs
with further increascs in moisturc. The moisture content at
maximum density is called the optimum moisture and it is highly

important to compact enbankments and base courses At a moisturc
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content which is 1t or near this optimum. . so0il mass of high
density is much nmoro rosistant to the action of water than is
one of low density and failure to obtain the maximum density
that is practicable with the type of compacting cquipment used
may mean the difrercnce between success or failure of the con-
gtruction., The optimum moisture of a given soil is dcpendent
on the amount of compactive effort ox;cnded in its consolidation.
a high compactive effort results in a higher density and a
lower optimum moisturc content than docs a lesser compactive
effort. Therefore, on a given job the optimum moisture and
maximum density are depandent on the soil itsclf and on the
type of compacting cquipment and the manner or amount of its
usc.

The performance of the rathcr simple tests bhat have been
described is not spoctacular and the soils enginears who con-
duct them are sometines accused, facetiously or otherwisc, of
playing with mudpies. Nevertheless, they are important since
the success of the work may be derendent on thom.

The for:going discussion his boen preliminary to a consid-
eration of somc of the rincinics which should be observed in
the construction of roads for light tr-ffic. Except as they
poertain particuluzrly to low-type surfaces, thoesc principles
are ecqually applicable t> the construction of roads for heavy
traffic. However, they are szecially important in the case of
light-traffic roads sincec the lower types of construction, such
as surface-treated grovel roads, do not have as grcat an ability

to resist the detrimental and destructive effects of poor

13



14

Compendium 7 Text

10 =
subgrade or foundatiosn conditions as do concrete pavements.
concrete pavement with its high beam strength, may function
in a reasonably satisfuctory manner on an unstable subgrade
whercas on the same subgrade a grivel surface which is lacking
in bcam strength, would fail completely.

The natural undisturbed soils upon which fills are con-
structed reouirc some consideration although this is a fact
which is sometimes overlooked., If the foundation soil under
the fill is too weak to support the load it will be displaced
by the supcrimposed weight and the embankment will f£ail by sub-
sidence. With ordinuzry soils and fiils that 2rc not excessively
high this is not gencrally a problem of great importance. How-
ever, when fills are to be built across peat bogs or through
swanpy areas or when thoe fill is to be of unusual height it dous
present a problem which should be given careful study. a de-
tailed consideration of this subject is beyound the scope of
this discussion. It is sufficient here to point out that under
certain rather special conditions fills should not be built
without a carcful preliminary investigation of the foundation upon
which th. fill will rcst.

In the construction of the fill itself the importance of
compacting the soil to waximuna density at optimum woisturc con-
tent has 2lrcady beon mentioncd.  didequate compaction is impor-
tant in 11l fills but it is more important in high fills than
in low oncs because the failurcs which may othzrwise result are
likely to be more severe and more costly to repair. The proce-

dure, once prevalent, of building fills by cnd dumping is no
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longer eonsidered good practice. Instead of this the soil
should be spread in rclatively thin layers which will give a
compacted thickness of the gencral order of 6 inches and each
layer should be thorouzhly compacted before the succeeding
layer is plzced. Tae type of roller used for compaction is
not importint if the desired density is obtained. Dcpending
on circumst:nces, sheepsfoot tamping rollers, rubber-tired
wobble-wheel rollers, or smooth-face steel rollers may be used.
Satisfactory densitics may also be obtained with the earth-
hauling equipment used on the job. However, it is difficult to
control the uniformity of operation of such equipment over the
area to be compacted and the result may be a lack of uniformity
in the density of the finished embanknient.

In addition to the improved embankment structure which re-
sults from the compaction of filis, therc is an immediate practi-
cal benefit to the contractor. Compacted soils are resistant
to the absorption >f water with the result that therce is less
delay in construction operations bacause of muddy conditions
following rains.

The grading »f a highway usually involves the construction
of a succession of cuts and fills. If it wecre not for the cuts
through hills or alons hillsides many of our troubles with soils
would not deveclop. However, in a cut of any depth the grade
linc may intersect a number of layers of the soil profile and
the lower layers of soil, being less weathered than the upper
layers, are frequently less suitable as road-building materials.
Sometimes the so0il taken from the bottom of a cut is so poor

that it should be wasted. In other cases the poorer material
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from the bottom of the cut is suitablc for use in the lower
portion >f a fill but not in the top portion. In still other
cases all of thc matcrial taken from a cut is of good quality
and may be used in fill construction without any spccial pre-
cautions. When fills are constructed of the materials taken
from cuts which vary in quality from top to bottom, normal con-
struction operations may result in the placement of the best
material in the bottom of the fill and the poorest material on
top, which is the reverse of the order of placement which is
desirable. This shsuld be avoided to thc extent necessary and
practicable and the better materials taken from the top of the
cut stored in stockpilas for subsequent placement in the upper
portion of the fill. The extent to which this is necessary is,
of course, dependent on the character of the soil.

The natural soil in its undisturbed state in a cut mey have
less density than the similar soil which has been compacted .in
the adjacent fill. When this condition occurs the undisturbed
s0il in the cut will have less abiiity to support loads than
does the comp~cted scil in the fill. This deficiency is fre-
quently corracted by loosening the subgrade soil in the cut to
a depth of a1 foot or more and recompacting it by rolling t> max-
imum density at ortimum moisture,

In climates where freezine temperatures are prevalent dur-
ing the wintur season, the so-called frost boils are a constante
ly recurring source of trouble and cxpense unless positive means
are taken to correct tie conditions which rroduce them. Depend-

ing upon soil and climatic conditions, detrimcntal frost action
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may result in a diffecrential hcaving of the pavement, sometimes
as much as a foot, or it may result in little noticeable change
in elevation of the pavement. The differential heaving may be
SO0 severe as to damyye the pavement or result in a hazard to
traffic. ‘Yhethor thore is heaving or not, the end result of
detrimental frost action is the frost boil and this does not
dcvelop until the weather moderates and the ground thaws. Then
the soil becom:s saturated with free water which cannot escape
rapidly and th: result.is a soft mud which cannot support
traffic. Frequently the road surface breaks up and the road
bcecomes impassable. It is 2 matter of common observation that
thesz frost boils are most likely to develop in cut scctions
although fill sections are not necessarily immune to them. The
impassable sections of road which develop may be short but they
may be sufficient t» render the entire highway unsuitable for
traffic for a period of several weeks during the spring.

Detrimental frost action is usunlly associated with fine
sand and silt, although it may occur in the coarser sands if
these are not drzined. The heavy clays, otherwise the puorest
materials for road construction, arc not & cource of this type
of trouble,

In a road undcr censtruction, the danger of future frost
boils may be avoided by proner atiention to the results of the
80il survey. The recurrence of frost boils that develop in roads
in service may be nrevented by reconstruction >f the offending
section, For undrained sand pockets which would otherwise be
saturated the rimedy may be drainage. However, this condition

is the excertion rather than the rule and drainage is generally
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ineffective in the very fine sands and silty materials. Here
the remedy is to remove the questionable material and replace
it with selected granular material or sandy soil or to blanket
it with such material to a depth of at least two feet. Merely
to repair the surface of a road which has been damaged by frost
boils is a waste of ioney since the same trouble is likely to
recur the next year. The cause of the frost boils should be
eliminated. The Virginia Department of Highways is alive to
the importance of this protlem and is engaged in an intensive
study of frost damage and means for its prevention.

The subgrade of a highway may be defined as the soil mater-
ial in the cut or fill that is below the level of the bottom
of the pavement structure. The pavement on a light-traffic
road is usually of the nonrigid type as, for example, a pgravel
base course with a low-type bituminous wearing course such as
a surface treatment. For a pavement of this character the
pavement structure may be considered to include the subbase,
if one is used, the base course and the wearing course. The
preceding discussion has been concerned with subgrades. Atten-
tion will now be given to the pavement structure.

The subbase is a foundation course placed on the subgrade
to support the base course. The need for this foundation and
its thickness are dependent on the magnitude of the traffic
loads to be carried and on the character of the subgrade. Fre-
quently a subbase is not required. When required, it is com-
posed of selected soil material, preferably granular, which
is superior in supporting strength to the underlying subgrade

s0il. It serves to distribute the weight of traffic to the
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weaker soil which supports it.

As has been said, the navement on a low-traffic road us-
ually consists of a nonrigid base course and a bituminous wear-
ing course. The base course for such a pavement is built al-
most invariably of soil materials. On secondary roads of the
least importance the bituminous surfacing may be omitted, in
which case the base course does duty also as a surface or wear-
ing course. In some areas, notably in the southeastern States,
some of the natural top soils are suitable for use in road bases
or surfaces without any change in their composition but this
situation is the exception rather than the rule. Generally
speaking, even the best materials that are available, such as
sands and gravels, are lacking in certain characteristics which
will insure their stability when used in the road structure.
Frequently such materials may be made suitable for use by blend-
ing other soil materials with them. The process of producing a
stable mixture by coubining in the proper proportions coarse
and fine soil fractions of suitable quality, without the admix-
ture of any foreign materials, such as cement, asphalt or tar,
is known as granular stabilization.

The pioneer investigations of the effect of the grading of
s0il materials on the performance of gravel, sand-clay and top-
s0il roads were made many years ago by Dr. C. M. Strahan of the
University of Georgia. The term “stabilization" was not applied
to road construction at that time.but the roads studied by
Dr. Strahan were actually of the granular-stabilized type and
as early as 1917 he recommended a size grading of soil materials

for the best roads of this class. Of necessity, Dr. Strahan's
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studies were confined to the effect of grading because other
significant tests had not been developed, In 1922, he called
attention to the need for additional tests that would indicate
the physical properties of the fine-grained binder material.
Now these tests are available and play an important part in
the selection of materials for use in granular stabilization.

The years of research and practical experience that have
followed Dr. Strahant's pioneer investigations have given us
the additional information that is needed to insure success
with granular stabilization. To the requirements for mechani-
cal grading have been added those which control the character-
istics of the binder material. The quality of the soil binder
is now determined by the tests for liquid limit and plasticity
index. As a result we may now write snzacifications for granu-
lar-stabilized mixtures with assurance that they will function
in the desired manner,

Granular-stabilized mixtures are used as base courses for
bituminous surfaces and also they are used as road surfaces.
When they are used as road surfaces it is frequently with the
intention of covering them with a bituminous surface at a later
date and thus converting thea to base courses. It is important
to recognize that the requirements of granular stabilization
are not the same Jor a base course as tney are for a surface
course. In road surfaces exposed to the abrasive action of
traffic the soil binder should have a greater cementing power
than is required in base courses. And so in surface courses,
&3 compared with base courses, a higher clay content and a high-

er liquid limit may be permitted and a higher plasticity index
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of the soil binder is generally desirable. The deleterious
effect of moisture on the stability of this more active soil
binder is minimized or overcome in a road surface by evapora-
tion which tends to maintain the moisture content at a safe
level. But if the stabilized mixture that has functioned sat-
isfactorily as a wearing course is covered with a bituminous
surface, evaporation losses are reduced or eliminated, the
rnoisture content increases and complete failure may, and fre-
quently does, result. Therefore the specifications for granu-
lar-stabilized gravel base courses differ from those for sur-
face courses in that they permit less fine binder material and
require that this material have a lower liquid limit and a
lower plastic index. These facts are well known but it seems
desirable to give them emphasis because they are sometimes
ignored. The specification requirements for granular-stabilized
base courses and surface courses overlap sufficiently so that,
with care, it is possible to design a base-course mixture which
will also be satisfactory for a surface course. It is desir-
able to do this if it is the intention to use the material ini-
tially in a surface course and ultimately as a base course for
a bituminous surface. Base-course nixtures used for surfacing
frequently lack resistance to the abrasive action of traffic
and tend to dust and ravel. If the mixture has been properly
designed this defect may be overcome by maintaining the surface
with calcium chloride until the bituminous wearing course is
added.

The requirements of a granular-stabilized base course are

two; a properly designed mixture and its adecuate compaction
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during construction. The mixture should consist of granular
materials ranging in size from coarse to fine, so graded as
to produce a high degree of density and strength, and fine-
grained soil binder having the binding properties and volume-
chanze characteristics required to prevent displacement or
separation of the coarser particles. The binder material must
be of such character and in such amount that it will perform
its function through a wide range in moisture content. It must
not lose its binding properties within this range of moisture
content and it must not swell sufficiently when wet to unseat
the granular materials and destroy the structure. The impor-
tance of fill consolidation has already been discussed. It
is equally important to compact granular-stabilized base courses
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.

Given granular materials of satisfactory grading and soil
binder of suitable quality it is possible to construct satis-
factory base courses of the granular-stabilized type. On account
of cost considerations the granular materials most commonly used
are the natural sands and gravels but crushed stone or slag or
stone screenings are equally suitable. VWhen these materials
are economically available this type of construction is the

least expensive that can be used for light-traffic roads.

[
: NOTE: The rest of this paper deals with :
| other types of soils stabilization. ,

|
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ROADMAKING MATERIALS
AND PAVEMENT DESIGN

4.1 SCOPE

There is an enormous range in design requirements between the
simple earth track and the multi-lane main highway. In most
developing 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
return for the small investment that these roads justify; the first
part of this chapter contains an outline of these principles. These
roads, designated as ‘unimproved roads’, are generally suitable
solely for light traffic, up to a dozen or so vehicles per day, and they
usually become impassable in rainy weather.

As traffic increases the road layout is improved, permanent 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
materials. Section 4.3 outlines the design of these ‘improved’
roads.

Finally, with further increases in traffic it becomes worthwhile
to provide a permanent 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 carry traffic loads
without deforming or breaking. Section 4.4 contains a description
of the different 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.

In this chapter, the only aspects 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 been
devoted to this subject.

4.2 UNIMPROVED ROADS

Atitsinception the unimproved road is a rudimentary track formed
by clearing vegetation from the natural soil surface and subse-
quent improvement depends on the volume of traffic attracted.
The funds of such low-cost roads permit only of rudimentary
earthworks such as can be done by hand and by the bulldozers
used 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 traffic-bearing capacity 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
traffic and often the roads are closed during the rainy season at
least for periods after rain has fallen. However, correct location
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 areas prone to flooding. Where it 1s 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 drying effects of wind and sun can have full
play in drying the road surface. In heavily-wooded country it is
desirable for trees to be cleared for a distance from the road equal
to the average 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 t%e 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. 4.1). 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 traffic in the rainy season. The
establishment of grass up to the road edges assists in preventing

27
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Wrong

Earth from roadway
and ditch

V‘?o—t;r-from ditch and
surrounding country
draining on to road

Typical sunken road

Right

Earth bladed from
side drains

Properly maintained earth track

Fig. 4.1. Correctly and incorrectly maintained earth track.

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 vertical 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 a limited
number of fairly heavy vehicles in dry weather. Soils of clay and
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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, it will be
necessary to improve the stability of the running surface either by
mixing imported materials with the in-situ soil, a process known
as ‘mechanical stabilisation’, or by superimposing a layer of
15-20 cm (6-8 in) of more stable material.

4.3.1 MECHANICAL STABILISATION

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 traffic. Thus specifications 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 and 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

Table 4.1 LIMITS OF PARTICLE-SIZE DISTRIBUTION FOR SURFACINGS!

Percentage passing®
BS. sieve size Nominal maximum size
19 mm (} in) 9-5mm (§ in)} 475 mm (% in)t

19 mm (3 in) 100 —_ —

9-5 mm (} in) 80-100 100 —

475 mm (1% in) 60 —85 80-100 100

2:36 mm (No. 7) 45—70 50 -80 80-100
425 pm (No. 36) 25—45 25 —45 30 -60

75 um (No. 200) 10—25 10-25 10 -25

* Not less than 109, should be retained between cach pair of such successive sieves specified for use, excepting the
largest pair.

t These may have up to 35%, of stones not larger than 38 mm (14 in), provided that the material passing the 475 mm
(f% in) sicve is within the limits specified.
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Table 4.2 PLASTICITY CHARACTERISTICS PREFERRED FOR GRAVEL SURFACINGS

59

Liquid limit Plasticity Linear?
Climate not to exceed index range shrinkage
%o)* (Yor* %)t
Moist temperate and wet
tropical 35 49 2-4
Seasonal wet tropical 40 6-15 37
Arid 55 15-30 7-14

* There are some soils that possess 2 structure which is not easily broken down by traffic, e.g. some lateritic and con-
cretionary soils. With these, higher limits may be acceptable. There are other soils with a structure that is broken
down by traffic. Thus any variations from the limits should be based only on carefully collated local experience.

t The lincar shrinkage test has the advantage of requiring only very simple equipment. Another simple test requiring
very little skill and equipment is the Sand Equivalent Test®. Experience is not available to prescribe limits in the
three climates listed and it is suggested that test criteria be developed from Jocal experience.

of aggregate to 19 mm (% in). In practice, choice is limited by what
is available. Those regions of the world in which lateritic gravels
are available, are fortunate in having this material which can
generally provide a surfacing of good mechanical stability. Other
regions often have suitable deposits of alluvial gravels or decom-
posing rocks. In India a special form of mechanically stable sur-
facing has been developed in which broken brick is mixed with
soil of medium plasticity.* Elsewhere, although natural materials
of ideal characteristics may not be available, the stability of the
in-situ soil may often be improved by the incorporation of im-
ported material. In dry desert areas, much can 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 areas where clayey soils pre-
dominate, it may be possible to obtain 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. Alternatively, 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 DRAINAGE

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

44 ROADS WITH PERMANENT SURFACES
4.4.1 TERMINOLOGY

Broadly, there are two types of construction, ‘fexible’ pavements
in which the running surface is made of bituminous materials and
‘rigid’ 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-trafficked
roads in some developed countries. It may be thought that
stabilised-soil bases with bituminous surfaces represent an inter-
mediate type, but cement- and lime-stabilised soils in the tropics
are designed on the presumption that they will crack; their load-
distributing properties are then little, if any, better than other
granular materials in present use, and they are thus best regarded
as flexible for design purposes.

Flexible pavements comprise the bituminous surfacing, the base
and the sub-base, supported on the subgrade (Fig. 4.2). The sub-
grade is the term used to describe the upper layers of natural soil,

Bituminous surfacing

Subgrade of natural soil

Y

Rigid pavement

Concrete surfacing Base <
< < Y
_ Base Sub-base
(if required) {if required)

Subgrade of natural soit

/\/

Flexible pavement

F16. 4.2. Structural elements of flexible and rigid pavements.

cither in~situ or in fill, which is compacted to give it added stability.
The base and sub-base may be made from a variety of materials
including natural gravels, partially disintegrated rocks, sand-clays,
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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.

4.42 BASES AND SUB-BASES FOR FLEXIBLE PAVEMENTS

The principal function of the base and sub-base is to distribute the
stresses imposed by traffic. 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 traffic. It follows that on
strong soils a sub-base may not be necessary whereas on very weak
soils two or even more layers of sub-base may be 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
sufficiently smooth and 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 (3 in) under a 3 m (10 ft)
straight-edge® and with this criterion, roads of quite good riding
quality are obtained. Some difficulty may be experienced in
obtaining a smooth surface when the maximum size of aggregate
used exceeds 19 mm (3 in).

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 traffic stresses, and

(b) they should be of uniform and consistent quality so that

they can be spread and compacted without difficulty, to
provide a road surface that will not be impaired by the com-
pacting effects of traffic.
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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 of naturally occurring materials
such as lateritic and quartzitic gravels, partially decomposed 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 sufficient fines to provide a dense material of low
permeability.

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

The clay, necessary as a binder in gravels used as a running sur-
face, is most undesirable in a road base as it is a source of weakness
should water enter the material. The plasticity index, linear
shrinkage and liquid limit of the material passing the 425 um
(BS. 36) sieve should not exceed 6%, 4%, and 259, respectively
and the material should preferably be non-plastic.

Table 4.3 LIMITS OF PARTICLE-SIZE DISTRIBUTION FOR BASE MATERIALSY

Percentage passing
BS. sieve size Nominal maximum size
75 mm 38 mm 19 mm 95 mm 475 mm
(3in) (1} in) @ in) (# in) (s inl)
75 mm (3 in) 100 — — — —
38 mm (14 in) 80-100 100 — — —
19 mm (§ in) 60—80 80-100 100 —_ —
9-5 mm (§ in) 30—65 4075 8000 100 —
475 mm (% in) 25-55 30-60 50—85 80-100 100
2:36 mm (No. 7) 20— 45 2550 3570 50-80 80-100
425 um (No. 36) 10-30 15—30 15-35 25-50 25-55
75 um (No. 200) 5—15 5-15 5—15 10—25 10-25

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

Particular care is needed in using gravels derived from decom-
posing igneous rocks; large fragments though superficially sound,
may contain minerals that are already decomposed. Such particles
will rapidly break down to clay when used in the road. Gravels
from the more basic rocks of the basalt type are particularly prone
to this weakness.”

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 can be allowed. Limitations on the
plasticity index may be relaxed in the light of local experience,
particularly under impervious base materials (see Chapter 5).
Natural gravels or even finer textured soils of low plasticity may
be used to make satisfactory sub-bases.

A useful additional criterion for sub-bases is that they should have
a California bearing ratio (C.B.R.) of not less than 259% when
tested at the critical density and moisture content that will occur in
the field®. A common and useful way of employing natural 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.

: NOTE: The remainder of the chapter is beyond !
| the scope of this compendium. |
!




Compendium 7

Text

Department of Agricultural Engineering
Cornell University
lthaca, New York

LOCATION AND EVALUATION
OF GRAVEL SOURCES
ORHIGHWA

i
NOTE: This text has been reproduced with the permission of the !
Department of Agricultural Engineering, Cornell University. |

35



36

Compendium 7 Text

FOREWORD

This short course has been prepared as a practical guide for town and county
highway superintendents in New York State, Although these notes were designed to
supplement oral presentation and discussion in groups of 10-20 persons, we hope
that they are sufficiently complete to serve as a lasting reference on this important
subject of gravel sources,

These notes may be criticized by experts because of an apparently hasty treat-
ment of such broad 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 hopes to skim from these
areas of knowledge only those basic concepts which will help a practical road man
to locate and evaluate the gravel sources so important to the economical construct-
tion and maintenance of local rural roads.
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INTRODUCTION

Gravel deposits should be considered as valuable natural resources and, as
with most natural resouces, we are faced with a depleting supply. Our Erwin
roads built in the years 1952 through 1955 have consumed an estimated 12 1/2
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 we've completed our proposed Erwin construction, we will have used
the equivalent of the football field piled 4.1 miles high.

As our supply diminishes, it seems that we're going to have to do some pros-
pecting or detective work to '"uncover!'' all of the possible sources of granular ma-
terial in our area. Just as geiger counters are used in prospecting for uranium,
there are some simple tools that we can use in becoming good gravel prospectors.
Of course, we could forget the prospecting techniques and scatter the countryside
with 50 foot drill holes but this would be a pretty expensive endeavor.

Don't forget one important detail. If Mother Nature didn't leave any gravel
in your area, even the best prospecting tools are not going to locate gravel. Yet,
if "she' did leave any gravel deposits, we should consider it our responsibility to
find them.

This short course is divided into two parts. In Part I, we will consider the
various techniques for the location of potential gravel sources; and in Part 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, we'll have to study
what they look like. (You have to know what a man looks like before you can recog-
nize him in a crowded hotel lobby.) But even before we talk about the recognition
of gravel sources, we should develop a general idea of how gravel deposits were
formed.

We can generally classify our gravel deposits as those left from glacial times
and those formed by present-day streams. Let's consider these two types of de-

posits separately.

1. Glacial Gravel Deposits

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

5.
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Geologists call this great mass of moving ice a _glacier. The result of the
idvance and retreat of a glacier (reshaping the land) is called glaciation, Visua-
lize how a glacier was able to "bulldoze" the soil and hard rock - pushing and
dragging these materials across New York State. Realize, also, thatmilliong of
gallons of glacial melt water formed many temporary lakes and rivers in New
York. This glaciation is estimated to have taken place about 14, 000 years ago in
the southern part of the state, about 10, 000 years ago in the central portion of the
state, and somewhat more recently in the North country,

Fig. 1 "Present-day" Woodworth Glacier in Alaska (Photograph courtesy of
Bradford Washburn).

Recognizing the danger of oversimplifying the very complex process of gla-
ciation, let's look briefly at how the various gravel landforms were built. The
action of a glacier formed many types of deposits, but we will consider onlythose
deposits which arelikely to contain sands and gravels. As we discusstheprocess
of glaciation, remember that a glacier was not pure ice; but in its formation and
during its travels, it had picked up and retained large quantities of rock, cobbles,
soils, trees, stumps, etc.

The glacial landforms which will interest us mostare eskers, kames, beach
ridges, deltas, outwash, and terraces. Each of these six landforms arelikely to
contain sands and gravels and we shou'd understand how they were built.

a. Eskers. During extremely cold weather, very little melt water flowed
from the glacier. But, during periods of thawing temperatures, the ice at the
surface melted and, like any water, flowed downhill. This flowing water tended
to concentrate into streams at the top, within, and beneath the ice. Remember

wbo
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that the flowing water was not clear but "muddy", carrying or dragging soil
materials ranging in size from clay to cobbles. When temperatures dropped and
the quantity of melt water decreased, the speed of the flowing water was reduced.
As the speed of the flowing water was reduced but slightly, the larger cobbles were
dropped and the smaller particles remained in suspension. As temperatures drop-
ped further, the speed of the flowing water decreased more yet and graveland sand
particles began to settle out. As long as these ''streams' continued to flow at all,
however, the smaller silt and clay particles remained in suspension and flowed on
as muddy water. (In order for silt and clay particles to settle out, the water must
be nearly still as in a pond or lake.)

So, in a period of time, melt waters flowing on top of, within, or beneath the
glacier dropped sand, gravel and cobbles in stream beds. As this process con-
tinued, deep beds of stratified or layered materials were built up. These layers
or stratifications in many of our gravel deposits are the result of variations in
the speed of the flowing water.

As the front of the glacier moved backward, the gravelly stream bed was left
as a remnant - along, stream-like ridge of sand and gravel which the geologists
call an esker. Figure 1 illustrates a recently formed eskerinfrontof a retreating
glacier. The eskers in New York State range from a few hundred feet to several
miles in length. The height of the eskers is variable but about 20-40 feet may be
average.

Fig. 2 Formation of arn esker. Fig. 3 Formation of kames.

b. Kames. The top and front surfaces of the glacier were not smooth; there
were often large depressions or plunge basins in the ice. As melt water flowed
into oroverone of these depressions, its speed was reduced and the coarser sand,
gravel and cobbles settled out. Over a period of time, these depressions became
filled with granular materials and when the glacier melted, these materials were
left as gravel hills. These rounded hills, containing sand and gravel, are called
kames.

-7
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c. Beach ridges. We have all noticed that the beaches of most present-day
lakes are covered with sand and gravel. Wave action deposits these granular
materials along the shoreline,

Thousands of years ago, portions of the state were coveredby lakes of glacial
melt water. These glacial lakes, in most cases, were enlargements of present-
day lakes. Although large areas of these old lakes may be "dry' today, we find
beach ridges marking the receding shorelines.

7/777777‘/7"777777777'77777]777]7 7 I7777~,
4///,////[-’///,/ ///,//////////{’//N- /’// ’//’ //llll

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

d. Deltas. Granular deltas are deposits of sand and gravel formed when a
rapidly flowing stream, carrying or dragging coarse materials, suddenly enters
a bodyof'still water. The speed of the flowing water is immediately reduced and
the coarse materials are dropped. We see many deltas being built today where
rapidly flowing streams enter a body of relatively still water.

In discussing the formation of beach ridges, we pointed out that in glacial
times, many areas of the state were covered with lakes of glacial melt water.
Some of these were relatively small lakes, 'trapped' in valleys by the glacier.
Deltas formed at the edge of these lakes; today, the melt water is gone and these
old deltas are left high and dry.

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

e. Outwash. Keep in mind that the glacier was not clear ice but contained
much debris, including gravel and sand. As the glacier melted, large volumes of
melt water flowed from the glacier, carrying and dragging the debris along with it.
As this rushing melt water emerged from the face of the glacier, its speed was
reduced and the coarser sand and gravel particles were deposited. The silt and
clay particles remainedinsuspension and flowed away with the melt water, leaving
relatively clean deposits of sand and gravel.

As this process continued, ''overloaded'' streams of glacial melt water con-
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ributed more and more to the deposit of sand and gravel, Geologists define such
granular deposits as outwash, As might be expected, outwash deposits are usuall;
quite flatand cover a relativelylargeareain contrastto eskers, kames, beachridges

or deltas. There are usually remnants of old streams which contributed to the deposit.

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

Figure 1.
/ iy
1 %
///

77/

Fig. 6 Formation of outwash, Fig. 7 Formation of terraces,

f. Terraces. Terracesare similartooutwash except that they were formed
between valley walls and, subsequently, have beenmodified by stream action. The
top sketch in Figure 7 illustrates the deposit of sands and gravels between valley
walls. At some later time (lower sketch), more water '"poured'" 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 ori-
ginal outwash. These flat terraces, containing sand and gravel are found "high
and dry' near many of our larger present-day streams,

2. Gravel Deposits From Present-Day Streams

From our discussion of gravel deposits
left by the glaciers, we haveseen that depo-~
sits of sand and gravel have resulted from the
slowing down of rapidly flowing water. Don't
some of our present-day streams follow this
same pattern? Of course. Many highwayde-
partments are making good use of whatthey
call ""creek gravel',

Some of our faster flowing present-day
streams leave their bottoms covered with
cobbles, gravel and sand, Build-ups ofthese
o= granular materials areusually concentrated
Fig. 8 Gravel in a present- wherever particular obstructions or ""slow

day stream. downs' are present. The four most likely

-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 sand and
gravel it must, during some 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 can't transport them. If you expect to
find gravel, then, you first choose a stream that flows rapidly (at least occasionally)
and then look for conditions which might cause an immediate decrease in the speed
of the rapidly flowing stream.

Conditions causing a "slow down" of flowing water are:

a. When a rushing stream levels out
(point x in sketch), its speed is decreased
and coarser materials are likely to settle
out. Such changes in grade are likelyplaces
to find sand and gravel.

b. When a fast moving stream in rela-
tively narrow confines suddenly spreads out
(point x), its speed is decreasedand coarser
particles are dopped. Any widening in a
stream channel is a likely spot for gravel
deposition.

c. The inside of stream bends is a likely
spot to look for granular materials. The
movement of waterarounda bendin astream
is similar to the movement ofa cararound a
bend in a road. Cars havea differential be-
e A e cause the "inside'" wheels travel more slowly

Cross - SECTION than the ""outside' wheels. By the same rea-
soning, it is quite obvious that flowing water
Fig. 9 Favorable conditions tends to slow down on the inside of a bend and
for depositionof granu- may deposit sand and gravel in this area.
lar materials instreams. Figure 8 illustrates this condition.

d. In areas where a stream is known to overflow its banks, deposits of granu-
lar material are likely to occur. As the fast flowing stream spills over its bank,
the speed of the overflow is immediately reduced and the deposition may form a
natural levee. In theseoverflow areas, the coarsest materials are usually found
closest to the stream banks although such deposits often consist largely of sands
and silts.

3. Summary - Formation Of Gravel Deposits

We have seen that the formationof gravel deposits, either thousands of years
ago or today, has depended on flowing water. Flowing water is capable of trans-
porting gravel. sand, silt and clay particles. As the speed of flow is decreased,
the gravel and sand particles are dropped. Fortunately, the finer silt and clay

-10-
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particles are held in suspension until flow is almost still.

Potential gravel deposits laid down by glacial melt waters can be generally
classed as eskers, kames, beach ridges, deltas, outwash, and terraces. Pre-
sent-day streams are possible sources of gravel, though the volume of such
deposits is usually relatively small.

B. Profile Development On Gravel Landforms

When glacial gravel deposits were originally formed, they consisted of
relatively clean sand and gravel throughout their depth. Yet today, they are
covered with a variable thickness of topsoil or overburden. How did this over-
burden get there? Why is the thickness of overburden important?

1. Profile Development (formation of overburden)

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

b. Under the influence of time, climate, topography and other factors, things
began to happen in the upper profile.

a. b. c. As water soaked into the ground, silt
and clay particles were carried down-
% ward. Of course, climate and topo-
ZAg graphy influenced the amount of water
DH T 2 available for infiltration. Weathering
é caused some breakdown of gravel par-
gj‘} 4 l 5 ticles and these finer materials were
Sy leached downward. So, in the upper

area of the profile we have an"A' hori-
zon, which has been generally leached
of fines. We also have a '"B'' horizon

i where these fine -textured particles have
.70 % accumulated. The underlying "C'" hori-
zon, the original parent material, has
been little affected by the weathering
process. Althoughsomewhat leached
of clayey materials, the "A' horizon
has usually developed some organic
matter from the decayof vegetation.

Q —e
° o
e
s ¢
ParerT
MareriaL.

Tooay

Fig. 10 Stages in soil profile de-
velopment.

c. Over the years, this profile development has continued. Both the "'A" and
"B! horizons are deeper and more fully developed. The "A'" and "B'" horizons,
considered together, are the overburden which usually should be removed before
a gravel deposit is developed. In some instances, when higher amounts of binder
soil are desired in a gravel mixture, the overburden may be used.

On some gravel deposits, especially deltas, a relatively deep overburden may
be due to an overwash of finer sands and silts. In such cases, stripping must ex-

-311-

45



Compendium 7 Text 3

tend deeper than the zone of profile development.

2. Importance Of Thickness Of Overburden

The thickness of overburden to be stripped influences the cost of development and
operation of any gravel deposit. In sampling a gravel deposit, we are obviously in-
terested in digging where the overburden is likely to be thinnest.

The average thickness of overburden on a gravel deposit depends largely on:

a. how long weathering has been taking place. Older
deposits generally have thicker overburden.

b. topography, or slope. Steeper slopes are likely to
have thinner overburden since runoff has reduced °
the amount of water infiltration. Perhaps more
important, erosion on slopes has slowly, but defi-
nitely, reduced the thickness of the surface soil.

On the more hilly deposits, it will be easiest to sample a possible source near

the top or crest. At this point, minimum leaching coupled with maximum erosion
will have resulted in a minimum depth to the parent material.

C. Methods Of Locating Possible Gravel Deposits

So far, we've discussed how gravel deposits have been formed by Nature. Now,
how are we going to locate all of the deposits that Mother Nature decided to leave
in our particular town or county? Let's keep in mind that some deposits may be
good ones but others may be of poor quality and unsuitable for highway use. Never-
theless,it's 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,
etc.? There are four general rules we should follow in locating possible gravel
deposits. These rules, and a discussion of their use and limitations are sum-
marized here.

1. Keep Your Eyes And Ears Open

Now that we generally understand how the gravel landforms were built, we
should be on the lookout to see if we can recognize them as we travel around our
town or county. Since our view from 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
distinguishing characteristics. Understandably, not all of these distinguishing
characteristics are visible in the one photograph.
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Fig. 13 BeachridgeinMonroe

Fig. 11 Esker near Malloryville, N.Y.

i/(ame W o -average height 50 feet

Fig. 12 Kame near Freeville, N. Y.

-ridge with fairly steep side slopes
~both side slopes have about equal
steepness

-not straight but zig-zag like a
stream (that's what itusedto bel)

-usually notuniform in height;aver-
age height 20-40 feet

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

-sparse vegetation, especially near
top

-oftenwet or marshy atbase of ridge

-rounded, conical hill, or knob,
either isolated or in groups
-fairly steep side slopes

-no streams and few, if any, gullies
on knob

-sparse vegetation, especiallynear
top

-oftenwet or marshy at base of knob

-isolated ridge or series of parallel
ridges

-top of ridge approximately level

-glope toward ''lake'" is steeper

-sharp break in slope at base of
ridge

County, N.Y.

13-
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-usually located on side of a hill
-usually fairly steep slope (outer slope),
bench on top - may be bisected by glen
or gully

~no streams and few, if any, gullies on
delta

-fairly sparse vegetation

-oftenwet or marshy atbase of delta

Fig. 14 Delta near Ithaca, N.Y.

Ouvtwash ~ el -usually flat topography
' o . = -often bordering present-day stream
-few, if any, tributaries to main
stream
-many rounded stones in cultivated
fields
-may be abandoned muck filled chan-
nels in outwash
~hillsides rise abruptly from plain

Fig. 15 Outwash near Cortland, N.Y.

Terrgce s ~usually associated with present-day
‘ . ‘ stream
-steep slopes at edge of terraces
-gullies, if any, are short and V-shaped
at edge of terraces
-few, if any, tributaries across terrace
to main stream
-bounded by high land on one side, low
on the other

Fig, 16 Terrace near Harford, N, Y,
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While we're practicing the recognition of gravel landforms, here are some
other practical pointers which may be of some value:

a. If a landowner tells you about some gravel on his property, find out how
much he knows about it and then indicate this information on your map as a possi-
bility to be investigated.

b. U in riding or walking around your area, you notice a cultivated field con-
taining a predominance of rocks or stones, note it as a possiblity if the stones are
rounded. If there are many stones and the stones are well-rounded or waterworn,
it is likely that the deposit has been placed and assorted by running water. Water
assortment is less likely if the stones are predominantly flat.

c¢. Some superintendents are enthused when they find a woodchuck hole bor-
dered by a pile of gravelly material. This enthusiasm must be tempered by the
realization that much of the finer soil that may have been brought out of the hole
has been washed away by rain. The evidence of a pile of gravel near woodchuck
holes should be considered in light of the shape of the gravel particles; round
gravel usually indicates water assortment.

NOTE: Rule 2~ Check Available Agricultural Soil Maps
Rule 3 - Check Available Geologic Information
Rule 4 - Rely On Aerial Photographs As The Most
Complete Inventory Of Possible Gravel
Depasits

The text concerning the above rules has been deleted since
it deals specifically with New York State.
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PART II EVALUATION OF POSSIBLE GRAVEL SOURCES

A. What Should We Know About A Gravel Deposit?

The evaluation of an already opened and partially used gravel deposit is a rela-
tively simple task. Sometimes 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 money to develop a pit, is more of a challenge. As we plan to evaluate
a likely gravel source, let's resolve not to classify it arbitrarily as ''good' or "bad'y
instead, we should look quite specifically at several important characteristics.

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

-nearness to current and future needs
-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 important characteristic which may
affect methods of development as well as the economic feasibility of de-
velopment.

2. Character of gravel particles - We should know if a gravel source is
shaley or consists of harder particles of limestone, sandstone, etc.

3. Maximum gravel sizes expected - The presence of many large cobbles
may recessitate crushing or screening at the bank or raking and cleanup
on the roadway.

4. Gradation of granular material - The performance of any gravel mix-
ture depends largely on the relative proportion of gravel, sand, silt and
clay. The amount of silt and clay (dirt) is an especially critical factor.

5. Plasticity of fines - To evaluate the suitability of a gravel mixture for
highway use, we should know how it will act when it is wet. Two gravel
mixtures, having identical gradation, may behave quite diffe rently in the
presence of water.

6. Position of water table - Methods of development, loading, and access
depend on whether a gravel source is dry or saturated.

7. Degree of cementation - Working a gravel deposit may be very diffi-
cult if individual sand and gravel particles are cemented together in a
rock-like mass,
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B. Before Opening The Deposit

At this point, we have circled and "question marked'", on a map or the aerial
photographs, some landforms likely to contain water assorted sands and gravels.
(We hope!)

Now our job is to see if the possible sources are real sources of granular ma-
terials suitable for highway use. Before we open the source we should askourselves
these questions:

1. Is It Near Enough To Current And Future Needs To Warrant Further Evaluation?

Our philosophy in evaluating possible gravel deposits should be 'first things
first!'. We're interested in the quality of every possible source but we are pri-
marily concerned with the adequate sources nearest our work. A grade "A'" source
one mile from the job may be a better bet than a grade "A+!' source five miles from
the job. In short, start your evaluation in areas where gravel is most needed.

2. Is Access To A Public Highway Economically Feasible?

Other things being equal, it is obvious that we are most interested in sources
requiring a minimum length of access road. If there is a worthy alternative, we
don't want to build a half-mile of access road to get the gravel for a half-mile of
public road. In selecting likely sources for evaluation and possible development,
keep in mind the importance of access. As well as minimum length of access road,
minimum grades are desirable.

3. Is There Likely To Be Enough Gravel To Warrant Evaluation And Possible De.
velopment?

The cost of evaluating a possible gravel deposit, building an access road, and
opening a face is more or less fixed - regardless of the size of the deposit, It is
reasonable, then, that if two or more possible sources are within reasonable 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 '"overhead cost! per
cubic yard of material removed.

The extent of a possible gravel source can be
quite easily estimated from the aerial photographs.
If we can outline an esker on the photograph and if
we know the scale of the photograph, we can closely
estimate its length and width. The depth of a depo-
sit may best be estimated in the field. Of course, a
few deep drill holes can give us a definite answer.
In the "flat' deposits a drill hole may provide the
only specific answer. General information on depth
to bedrock may be available from the Ground Water
Resources reports and maps described on page 22.
Fig. 33 Estimating depth In the "hilly' deposits, we can, for estimating pur-

of hilly deposits. poses, assume that the depth of the gravel extends
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to the elevation of the adjacent terrain. Having estimated the approximate dimen-
sions of a gravel source, we can calculate the likely yield.

C. Opening The Deposit - Where And How?

One way to open a possible gravel source for evaluation is to move in a power
shovel or bulldozer and clearanopen face for inspection. This is afairly expensive
operation which, considering the slight chances of success in some areas, may not
be justified. Before a face is opened, it seems advisable to do some preliminary
prospectinginorder to (1) see if the landform contains any water assorted sand and
gravel and (2) evaluate its probable suitability for highway use.

1. Where Should A Possible Source Be Opened?

From a practical standpoint, we'd like to opena source where the overburden is
thinnest. On the hilly 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 overburden, a
greater depth of parent material should a deep in-
spection be desirable.

On the relatively flat landforms, it is best to
make an opening on the upland (a) rather thaninslight
depressions (b). Although the depressions may seem
"eloser to the gravel', actually the overburden is
Q 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 development as well as a wash of surface soils

< :
R PUEN

050 d By
Fig. "34° Open

a likély into the lower areas.
gravel source
where overbur- The question might well be raised, 'Is one test
den is thinnest, hole enough?'. 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 particular landform contains water assorted sand
and gravel; it can also tell you the characteristics of the granular material at one
particular spot. Remember though, that gravel sources are, by nature, changeable.
We may find changes in the quality of material if we dig deeper in a particular spot
or if we move over 50 feet and dig another test hole. To detect changes with depth
(a clay layer for example), deeper test.holes are needed. The only way to detect
possible changes in the material if we were to move over 50 feet is to dig another
hole and find out.

Developing a gravel source is a ''calculated risk' and deciding on the number
and depth of test holes to be made prior to development depends on the risk we are
willing to take.
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2, How Should A Possible Source Be Opened?

a, Hand labor. The only advantage of the hand labor technique for opening a
gravel deposit is the availability of required tools. The technique is slow and unless
there is nothing else for the men to do, the operation is expensive. Hand digging
might be used to strip the overburden in order to see if the materials just below
appear water assorted. Hand digging to greater depths is usually impractical.

b. Rotary drilling. If equipmentis available, a screw type rotary drill maybe
used to probe gravellandforms. The greatest advantages of this technique are speed
of drilling and the depth to which sampling may be achieved. Disadvantages include
the lack of mobility of larger drill rigs and the difficulty in drilling when large cob-
bles are present. In addition, materials brought up by ascrew auger are sufficiently
mixed so that it is difficult to determine the presence and, especially, the depth of
clay seams, fine sands, etc.

c¢. Bulldozer or power shovel. This type of equiprnent, once at the site, may
rapidly dig a trench through the overburden into the parent material. The depthof
the trench is limited although a person may quite carefully inspect the parent ma-
terial that is exposed. Moving such equipmentto several possible sources is a rela-
tively slow process,

d. Tractor-mounted backhoe, A smalltractor-mounted backhoeis an excellent
tool for opening a possible gravel source for
preliminary evaluation. Its main disadvantage
or limitation is that the depth of trench is limi-
ted to about 8 feet, Among its advantages are:

1) quite widely available at moderate rental
rate

2) easily and quickly moved from place to
place

3} fast digging of inspection trench

4} trench wide enoughfor inspection of face

5) if tractor is equipped with blade, trench
may be rapidly backfilled

Fig., 35 Opening possible gravel
source with tractor-
mounted backhoe.

D, Evaluation Techniques

Our evaluation of a possible gravel source will not be a final answer, Instead,
we should consider it as a good estimate at minimum cost. For the purposes of this
discussion, we will assume that a tractor -mounted backhoe has been used to open a
trench,
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Note: Care and judgement must be exercisedin entering the
trench and disturbing its sides. Don't take chances
since cave-ins are always a possibility.

1. Depth Of Overburden

We should observe and note the thick-
ness of overburden above the parent ma-
terial. Remember that this thickness is
variable and, if the location of our trench
has beenproperlyselected, the overburden
here is likely to be at a minimum, It may
be desirableto strip one or more additional
small areas in order tobetter evaluate the
average overburden thickness,

Fig. 36 On hilly deposits, over-
burdenis usually thinnest
at the crest,

2. Character Of Gravel Particles

As we examine the parent material in the trench or, even before, the pile of
material that was removed from the trench, we have to ask ourselves a very prac-
tical question. Is this material a relatively clean, water assorted sand and gravel?
If it looks very clayey and has but a few, if any, rock fragments (most of them flat),
we might as well backfill the trench and move someplace else, If it does appear to
be predominantly sand and gravel, quite clean and with rounded, well-worn gravel
particles, we can continue our evaluation.

We are obviously veryinterested as towhether the gravel particles are predomin-
atelylimestone, sandstone, shale, crystalline rocks, etc, Morepractically, we are
interested in whether the gravel particles are hard and durableor soft and likelyto
be easily crushed beneath a roller or traffic loads,

We can get a preliminary estimate of thetype of gravels likely to be encountered
by studying the bedrock map in Figure 37, The map is most helpful when consider-
ing relatively small deposits of local origin, Gravel particles in some of thelarger
deposits, placed by glacial melt waters, originated far to the north and the bedrock
mapis of less value. The agricultural Soil Survey report, in describing a particular
soil series in a particular county, usually describes the composition of the gravel
particles,

With a little experience, we can quite easily identify the composition of the
gravel particles, The first step in identifying a piece of gravel is to crack itopen
in order to expose a fresh face.
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LEGEND

Ls - Dominantly limestone

Sh - Dominantly shale

Ss - Dominantly sandstone
S8 & Sh - Interbedded sandatone and shale
Ls & Sh - Alternatinglimestone and shale formations, mainly calcareous

§1 - Dominantly alate and achist

G - Dominantly granitic rocks

U - Deep unconsolidated deposits

Fig. 37 Generalized bedrock map of New York. (from Cornell
Extension Bulletin No, 930)

Limestone breaks into angular pieces. Usually gray color. Fizzes when
touched with a dilute acid. (Muriatic acid is available in drug stores.)
Good aggregate,

Sandstone breaks quite sharply when struck with a hammer. Color vari-
able, Fresh face shows definite sand particles cemented together, Suit-
ability as aggregate depends on quality of cementation.

Crystalline rocks break sharply when struck with a hamamer. Fresh face
shows definite particles of various sizes and usually various colors, Suit-
ability as aggregate is indicated by soundness when struck with a hammer,

Shale breaks into flat, flaky pieces when struck with a hammer. Individual
particles in shale are too small to be seen with the naked eye., A broken
face usually shows some color banding. Shale is usually a poor aggregate,
If it 18 very easily broken with a hammer, it is definitely unsuitable, The
harder shales may be suitable for gravel roads,

Whether we can or cannot identify a piece of gravel, a blow with a hammer re-
mains our best practical index of quality. Always whacka few pieces to see how easy
they crack. A piece of gravel, resistant to the impact of a hammaer, is likely to be
suitable for highway use.
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3. Maximum Gravel Sizes Expected

When building gravel bases, it is desirable that the maximum size of gravel be
no larger than one-half the thickness of a compacted lift, If we compact our bases
in six-inch lifts, the maximum size of gravel is about 3 inches, etc, For gravel
surfaces, smooth ridability and easy maintenance dictate that the top size be limited
to about 1 inch.

With these points in mind, we should inspect the material in order to evaluate
the amount of processing which might be required, If large cobbles occur in dis-
tinct seams or layers, it may be possible to maneuver around them - stockpiling
them for other possible uses. When well distributed through the deposit, screening
or, more desirably, crushing may be necessary,

- 4, Gradation Of Granular Material

a, Desirable specifications. The term gradation, as applied to gravel mixtures,
refers to the relative amounts of gravel, sand, silt and clay. A well-graded mix-
ture has a minimum 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 materials are not mixed
but separated by grain size. In the right
tube, the well-graded mixture is mixed,
Note the lesser volume in this right tube
(increased density) resulting from the voids
between the gravel particles being chinked
with sand and the voids between sand parti-
~ cles being partially filled with silt and clay,

Of special importance is the quantity of
the very fine materials, silt and clay, which
tend to soften when wet, For gravel road
work, a certain amount of silt and clay is
desirable inorder tominimize ravelling and
seal the surface, For gravel bases which

Fig. 38 The contents of these will receive a bituminous surfacing, alower
cylinders are identi- quantity of silt and clay is necessary. First
cal. The mixture of of all, the surfacing seals the base and pre-
gravel, sand, silt and vents ravelling; more important, though, an
clay(right tube)has a excessive amount of silt and clay may cause
greater density than softening of the base when water is trapped
any of its components. beneath the mat.

A definition of gravel, sand, silt and clay is based on the size of the individual
particles. Gravel is that part of the total sample that is retained on a No. 10sieve
(10 squares to the inch). Sand passes the No, 10 sieve but is retained ona No. 200
sieve (200 squares to the inch). The silt and clay particles are sufficiently fine to
pass through a No. 200 sieve.

42




Compendium 7 Text

Assuming good gradation through the gravel and sand ranges, a suitable gravel
mixture for use in gravel roads should contain:

Gravel - 50-70%
Sand - 25-40%
silt and clay - 8-15%

This is important. If a gravel mixtureis to be usedas abase for a bituminous sur-
facing the silt and clay content should not exceed 10%. Materialused inthe top few
inches of the base ideally should contain even less silt and clay - perhaps less than

5% .

b. Sampling and preparation of sample for testing, One key word, represen-
tative, should describe any sample taken for testing. Test results refer only to the
sample tested and, if the test results are to be valid, the sample must adequately
represent the material in the gravel source. Many sources like that shown in Fig-
ure 39 are layered or stratified, Don't take material out of a seam of sand or a
seam of gravel, Sample a mixture similar
to that which would be taken in an upward
sweep of a power shovel, Remember that
your test results represent only the sample,
and the more closely your sample repre-
sents the material that will be hauled to the
road, the more valid will be your test re-
sults.

When you have taken a representative
sample (about 40 pounds), place it on a
piece of canvas and mix it well. Remove
any stray cobbles larger than about 2-3
inches. With a shovel handle youcanquar-
ter the large samplein orderto getasmal-
ler, yet representative sample for testing
purposes. This technique is illustrated in
Figure 40, After quartering, discard quar-
ters b and d and thoroughlymixquarters a and c. This isa representative sample

Fig. 39 Stratified gravel deposit.

Fig. 40 Quartering the sample, Fig. 41 "Rolling' the quartered
sample,

=43
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reduced to about 20 pounds. Repeatthe quartering process, place quarters a and c
(about 10 pounds total)inabag and save this sample for testing the gradation, Either
quarter b or d should be saved if a plasticity estimate is desired. (See page48)

The next step is toplace thebag(s) of material ona firm surface anddrive over
them several times with either a loaded truck (Figure 41) or a roller to simulate
conditions during construction. If any breakdownis tooccur, it should be accounted
for in the test.

c. Testing the sample for gradation.

1) Sieve analysis. Most highwayand soils laboratories are equipped with a
set of sieves and a sieve shaker (see Figure 42). If you have access to such a
laboratory, the gradation can be determined
quite readily., Generally speaking, thedryma-
terial is placed in the top sieve and then agita-
ted until the smaller sizes sift on down through
the nest of sieves. Then the material retained
on each of the sieves is weighed and expressed
as apercentage of the weight of the total sample.

If you do this test yourself or have it done
by laboratory personnel, get the total sample
weight and then make sure that the total sample
is washed through the No. 200 sieve before re-
drying and sieving. If the material is merely
sieved dry, the percent silt and clay willbe too
low since much of the finer material will adhere
to the larger sand and gravel particles. A
recommended test procedureis available from

Fig. 42 Using an automa- Highway Research and Extension, Department
tic shaker for of Agricultural Engineering, Cornell University,
sieve analysis. Ithaca, New York,

2) Quick-wash test, This test is recommended in preference to the stand-
ard sieve analysis because of its simplicity and the wide availability of the
equipment needed. The test method is not as precise as a sieve analysis but,
from a practical standpoint, it is entirely adequate.

Here's the total list of equipment and supplies:

- a clean pail

- a flat pan or large cake tin

- a piece of hardware cloth with 8 squares to the inch
- a kitchen stove or a blowtorch

- a kitchen scale

- a source of water

- a sturdy stick or stirring rod

The test method is explained as follows:
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Fig, 43 Quick-wash test,

a) After getting the empty weights of the pail
and flat pan, placethe gravel samplein the pail
and dry it out completely. A stove, oven, or
blowtorch may be used for drying the sample.
Do not overheat the sample; just dry it, Weigh
the pail of dry material and subtract the empty
weight of the pail. This is -the dryweight of the
total sample.

b) Cover the sample with about 6 inches of
water, Stir the sample vigorously until the
water becomes muddy.

c) After waiting about 15 seconds for the sand
particles to settle, carefully pour off the mud-
dy water. Don't lose any of the sand., Repeat
this washing procedure until the wash water is
no longer muddy.

d) The material left in the pail is wet sand and
gravel, Dry the material thoroughly and get its
dry weight, This weight, subtracted from the
dry weight of the total sample gives the weight
of the silt and clay,

e) Pour the dry sand and gravel on the piece

of hardware cloth, Although the openings are
somewhat larger than a No. 10 laboratorysieve,
the hardware cloth will roughly separate the
sand and the gravel. Material which can be
worked through the hardware cloth is sand; the
material retained is gravel.

f) Weigh the sand and weigh the gravel, remem-
bering to subtract the weight of the pan, We
can now compute the percentage of gravel, sand,
and silt and clay in the total sample. The com-
putation is illustrated inthe following example,

-45-
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Example:

Assume we have learned from the quick-wash test that:

- total weight of dry sample (not including pail) =9 lbs. 8 oz.

- weight of dry sand and gravel =8 1bs. 6 oz.
(subtracting these we learn thats)
- weight of silt and clay =11. 2oz.

(weighing the material that was retained
on the screen and that which passed the
screen, we learn that:)

- weight of gravel =51bs. 3 oz.
- weight of sand = 3 1bs. 3 oz.

Notice that the sum of the weights of the gravel, sand, and silt and clay
equals the weight of the total sample.

Unfortunately most kitchen scales are graduated in ounces. For computing
percentages, it is necessary to convert the ounces to tenths of pounds. The fol-
lowing conversion table may be helpful:

loz. =0.1 1lbs. 90z. =0.6 1bs.
2o0z. =0.1 1lbs. 10 oz. = 0.6 1lbs.
30z. =0.2 1bs. 11 o0z. =0.7 1bs.
4 0z. = 0.25 1bs. 12 oz. = 0.75 1bs.
50z. =0.3 1bs. 13 0z. =0.8 1bs.
6o0oz. =0.4 1lbs. 14 0z. = 0.9 1lbs.
Toz. =0.4 1lbs. 15 0z. =0.9 1lbs.
8 0z. =0.5 1bs. 160z. = 1.0 1lbs.

From this table we can convert our weights as follows:

Weight of gravel = 5.2 1bs.
sand = 3.2 ibs.
silt and clay = 1.1 lbs.

Total weight ....... eoe. 9.51bs.

The percentage of gravel, sand, and silt and clay in the total sample may
now be computed.

Gravel (5.2 lbs.of the total 9.5 lbs.) —;———g— x 100 = 55%
3.2

Sand (3.2 1bs. of the total 9.5 lbs.) 9.5 X 100 = 33%

Silt and Clay (1.1 1lb.of the total 9.5 lbs.) -;—é— x 100 = 12%

Total ceeean 100%
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On the basis of our general specification, the gradation of this material is
suited for use as a gravel surface course but is somewhat too dirty (too much
silt and clay) for a base beneath a bituminous surfacing.

3) Hand-feel evaluation. With experience, a highway superintendent may
estimate the general suitability of a gravel mixture by ''feel', A suitable tech-
nique is as follows. Pick up two or three handfuls of the material and discard
stones larger than about 1/4 inch. Add enough water so that you can packthe
material into a ball but not so much as to make it mushy.

Pick up a handful of the moist material and squeeze it into a ball. It should
contain enough sand tolook and feel gritty. Look at your hand. For useingravel
roads, the mixture should contain enough silt and clay to have stained your hand
slightly butnot enough to leave it muddy. For use in base courses, the moist
material should not stain your hand. If suitable for gravel roads, the ball should
hold its shape while moist. If dried, the ball will still retain its shape., Mater-
ial withsmall quantities of silt and clay(suitable for base courses)react some-
what differently. A moist ball of the material is somewhat fragile and tends to
fall apart quite easily, Whendried, the ballmay be broken with veryslight force.

Fig. 44 This mixture is suitable for gravel roads.

Another check is to compress ahandful of the material into a flat cake. Try
pushing the blunt end of a pencil into it. If the pencil does not penetrate easily,
there is enough sand and gravel, as well as enough binder soil for agravel road,
If the pencil tends to split the cake, it may still be suitable as base course ma-
terial if it is evident that the splitting is due totoo little silt and clay rather
than too much,

The value of the hand-feel evaluation increases with experiencebut, 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 quick-wash test but, if time is short, it is
better than nothing.
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5. Plasticity Of Fines

Suppose that we have run a quick-wash test on two samples and find them to
have identical percentages of silt and clay. Does this mean that these two sam-
ples will behave in the same manner when wet? Not necessarily, In the labora-
tory, the sieve analysis is usually accompanied by two other tests to determine
the plasticity characteristics of the binder soil, These two tests, the liquidlimit
and the plastic limit, are run on that part of the sample which passes a No., 40
sieve (40 squares to the inch).

We won't discuss these detailed tests, but there is a simple way to roughly
estimate if the plasticity characteristics of a material are likely to be trouble-
some. Let's assume 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 material could be used either for a gravel surface or base
course. A simple hand test can tell us something about the plasticity character-
istics of the binder soil and indicate the advisability of using the material for
either or both purposes.

Place some of the gravel mixture (dried)
on a piece of window screen and rub the ma-
terial thoroughly so that no dirt adheres to
the gravel particles, On the material that
passes the window screen, we can perform
the following test:

a. Place about a handful of the material
inasmall bowl. Add water two or three drops
atatime, mixing and kneading thoroughly with
your fingers, Don't addtoomuchwater so that
it is sloppy wet, Do add the minimum amount
of water that will permit you to easily mold the
material into a " golf ball", If the wet material

Fig. 45 Separating fine ma- clings to your hands, it is too wet,
terial by use ofwin-
dow screen. b, Form the material in your hands until

you have a snake-like shape about 1 inch in
diameter, If you cannot readily shape the material, it may be necessary to add
slightly more water, a drop at a time.

c. Lay the materialona flat surface(a cardboard or concrete surface is good)
and with very slight finger pressure, begin to roll the material back and forth, The
snake-like shape will gradually become thinner and thinner under its own weight, If
the cardboard or concrete surface becomes muddy or very wet, you have too much
water in the material,

d. Continue this rolling (at the proper moisture content) until the smallest pos-

gible "'snake'" is obtained. You will reach an end point where the soil will crumble
rather than roll thinner,
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6.

concern,

7.

e. Measure the diameter of the thinnest "snake'.

If the material is suitable for gravel roads, the thinnest snake should be thin-

Fig. 46 Estimating plasticity.

Position Of Water Table

ner than 3/8 inch; about 1/4 inch is perhaps
optimum. If the diameter of the snake is
1/8 inch or less, it is probably too plastic
and the roadway is likely to soften when wet,
If the material is suitable for base courses,
the snake should not be thinner than about 1/4
inch. You will find that materials with very
little silt and clay will be difficult to roll out
without crumnbling. These materials, if well
graded, are suitable for base courses,

Figure 46 illustrates the rolling proced-
ure and shows the results of rolling materials
of different plasticity. This plasticity evalua-
tion supplements but does not replace an esti-
mate of gradation using the quick-wash test,

When evaluating a hilly gravel deposit, the water table is not often of much

It's a good idea though to inspect the base of the hill to see if the area
is wet or marshy. If so, drainage of the floor of a gravel pit may be difficult,

In the flat gravel deposits, a high water table may present a problem. If the

Degree Of Cementation

Fig. 47 Cemented gravel.

water table is at considerable depth, the gravel may be removed with a power shovel,
If the water tableis quite close to the ground surface, adragline maybenecessary,

Quite often,the depth to the water table may be inferred from a nearby stream. In
some instances, nearby farmers can provide information base on the water level in
their wells,

In some gravel deposits, especially those
containing considerable limestone, we will
find cementation of the sand and gravel parti-
cles. This is especially true at lower depths,
Limestone, consisting of calcium carbonate,
is slightly soluble and rainwater moving down-
ward through the gravel mass has, over the
years, dissolved some of the calcium carbon-
ate. This solution is carried downward and,
as the water evaporates, the calcium carbon-
ate re-hardens into a white crust surrounding
the sand and gravel particles. This cementa-
tion can make removal with a power shovel
difficult. In some instances, removal is im-
possible without blasting,
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The presence of cementation may not be evident in a shallow trench. If there
is considerable limestone gravel, though, it might be assumed that cemented ma-
terials may be found at lower depths. Cementations are most likely to be encoun-
tered in deltas and terraces. These landforms usually collect runoff from a large
watershed. Eskers and kames, because of their relatively small watershed, are
not likely to be cemented,

Some superintendents have felt that once on the road, this white crusted ma-

terial tends to re-cement. This is possible, although no real benefits have, to
our knowledge, been definitely established.

E. Combining Materials For Satisfactory Gradation

We pointed out that gradation specifications for gravel surfaces are differ-
ent than for gravel bases. We said, in summary:

For gravel surfaces For gravel bases

% gravel - 50-70% % gravel - 50-70%

% sand - 25-40% % sand - 25-40%

% silt and clay - 8-15% % silt and clay - absolute max. - 10%

desirable max. - 5%

Suppose a particular source has too little silt and clay (is too clean) for gravel
surfaces. If a binder soil is readily available, it is possible to blend a satisfactory
gradation. Suppose a particular gravel source has too much silt and clay (ig 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 mixture.

It is possible to take two materials, either one or both of them unsuitable alone
for highway use, and combine them to produce a granular material of satisfactory
gradation. If we know the gradation of two available materials, we can readily deter-
mine what, if any, combinations of these sources will produce a suitable gradation.

The mathematics of this calculation can be somewhat complicated but a graphi-
cal solution is simple. The following triangular chart is recommended (see Figure
48). Each of the three sides of the triangle is divided from 0-100%, one side 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
combinations of gradations that satisfy the requirements for gravel surface courses.
It was made by drawing two lines representing the allowable range of 50-70% for
gravels; two lines representing the 25-40% allowable range for sand, etc. The dot-
ted area is enclosed by these lines. The cross-hatched area represents gradations
containing less silt and clay and, hence, suitable for gravel bases.

After a quick-wash test on a particular source, suppose we find a gradation of
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60% gravel, 28% sand and 12% 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 sur-
face courses. A mixture consisting of 65%. gravel, 30% sand and 5% silt and clay
(point B) would be suitable for base courses.

Let's assume, though, that we have a source that tests 65% gravel 20% sand,
and 15% silt and clay. Plotting this on the chart (point C) we see that it does not
meet the requirements for either a base course or surface course. Let's assume,
though, that about a mile from this source, we have a sand deposit that tests 10%
gravel, 85% sand, and 5% silt and clay (point D). Alone, neither C nor D is suitable.
Can they be combined to produce a satisfactory gradation? Here's how we can find
out:

Step 1. Plot points C and D (neither falls within the areas of satisfactory grada-
tion).

Step 2. Connect C and D with a straight line. If this line passes through an area
of satisfactory gradation, these two materials may be successfully com-
bined. In this case, we can produce a material suitable for a surface
course but, by no means, can these two materials produce a blend suit-
able for a base course.

Step 3. If we want to produce a gradation suitable for a surface course, choose
a point on the line near the middle of the dotted area. (point E)

Step 4. With a ruler or scale, measure the total length of line CD. In this ex-
ample the length is 4.52 inches. Also measure the length of:
ED. Length 3.73 inches
EC. Length 0.79 inches

Step 5. The percentage of source D to get gradation E is computed as follows:

length EC 0.79 -
length CD x 100 or 252 100 17.5%

We could say that the needed percentage of material C to obtain grada-
tion E would be: 100.0 - 17.5 = 82.5%

We can check, though, as follows:

- length ED 3.73 ;
% Tength CD x 100 or 5 % 100 = 82.5%

Step 6. We can generalize by saying that a mixture consisting of about 83%
source C and 17% source D will produce a gradation satisfactory for a
gravel surface course.

This technique is equally well suited to 'cleaning up" a too-dirty gravel source

or, conversely, adding binder soil to a too-~clean gravel source. The materials may
be thoroughly mixed on the roadway with a grader or, preferably, a rotary mixer.
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200-2.3

Division II, Part 2
CONSTRUCTION DETAILS: BASES

Section 200.~AGGREGATE BASE

Description

Article 200-1.1 This work shall consist of a course composed
of gravel or crushed aggregate, whichever is called for in the
bid schedule, placed and compacted on a prepared roadbed in
accordance with these specifications and in conformity with the
lines, grades, thickness, and typical cross section shown on the
plans.

Materials

200-2.1 Gravel. Gravel shall consist of hard, durable parti-
cles or fragments of stone or gravel, and a filler of sand or
other finely divided mineral matter. Oversize material encoun-
tered in deposits from which gravel is produced shall be re-
moved by screening or shall be crushed to the required size,
whichever the contractor may elect.

200-2.2 Crushed Aggregate. Crushed aggregate shall con-
sist of hard, durable particles or fragments of stone, slag, or
gravel crushed to the required size. and a filler of sand or other
finely divided mineral matter. When produced from gravel,
not less than 50 percent by weight of the ecoarse aggregate
shall be particles having at least one fractured face and, if
necessary to meet this requirement or to eliminate an excess of
filler, the gravel shall be screened before crushing.  All suit-
able oversize material less than 10 inches in diameter shall be
crushed.

Crushed slag shall be blast-furnace slag, reasonably uniform
in density and quality, and shall have a rodded weight of at
least 70 pounds per cubic foot when tested in accordance with
AARIIO T 19, .

200-2.3 General Requirements for Gravel and Crushed Ag-
gregate. In addition to the requirements in articles 200-2.1 and
200-2.2, gravel and erushed agzgremite shall be unitormly graded
from coarse to fine and shall conform to the requirements given
in table 200-1 for the grading called for in the bid schedule.

The portion of the material retained on a No, 4 sieve shall be
Known as coarse aggresate, and that portion passing a No. 4
sleve shall be known as ftiller.

71

200-2.3

The material shall be free from vegetable matter and clay
balls.

Conrse aggregate shail have a percentage of wear of not more
than 30 at 500 revolutions as determined by AASIIO T 96.

For all gradings, that pertion pasking a No. 40 sieve, includ-
ing blending filler, s<hall be nonplastic or shall have a liquid
limit of not more than 23 and a plasticity index of not more
than 6 as determined by AASIIO T 89 and T 01, respectively.

The grading percentages specified in table 200-1 shall apply
to the material after it has been processed on the road as well
as when tested at the pit or other source of supply.

Table 200-1.—Grading requirements for aggregate: Percentage
by weight passing square mesh sieves, AASHO T 11 and T 27

QGrading
Sieve
designation

100
70-100
55-85

40-70
30-60
20~50
10-30
15-16

! For gradings B-1, C-1, D-1, and E-1, the fractions passing the No. 200 sieve shall
not be greater than two-thirds of thé fractions passing the No. 40 sieve.

200-2.4 Blending Materials. If fine aggregate or filler in
addition to that naturally present in the base-course material,
i9 necessary in order to meet the grading requirements, or for
satisfactory bonding of the material, it shall be uniformly
blended with the basecourse material at the screening and
crushing plant or on the road. The material for such purpose
shall be obtained from sources approved by the engineer and
shall be free from hard lumps.

200-2.5 Calcium Chloride. Calcium chloride shall conform
to the requirements of AASHO M 144.

Construction

200-3.1 Pits and Quarries. Borrow pits and quarries shall be
cleared and grubbed in accordance with the requirements of
section 100.  Cleanup shall be performed as provided in article
8.3(1).
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200-3.6

200-3.2 Preparation of Roadbed. Roadbed, including shoul-
ders, shall be constructed, prepared, and finished as provided
under section 107,

200-3.3 Placing. The base shall be placed on the prepared
roadbed and compacted in layers of the thickness shown on the
plans. When more than one layer is required, each layer shali
be shaped and compuacted before the succeeding layer iy pliw(‘d.

The placing of material shail begin at the point de.x"igmited
by the engineer. Placing shall be from spreader boxes or from
vehicles expecially equipped to distribute the material in a uni-
form layer or windrow. The layer or windrow shall be of such
size that when spread and compacted, making due allowance
for any blending material that is to be added on the road, the
layer shall have the required thickness,

When bauling is done over previously placed material, hauling
equipment shall be routed as uniformly as possible over the
entire area of previously constructed layers.

200-3.4 Adding Blending DMaterial. When additional fine
aggregate or filler is required and it is to be blended with the
material on the road, the blending material shail be uniformly
placed with spreader boxes or other approved devices.

200-3.5 Mixing and Spreading. After each layer of base-
course material has been placed, and blending material added
when required, it shall be thoroughly mixed to its full depth by
means of power graders, traveling mixers, or other mixing
equipment. During the mixing, water shall be added in the
amount necessary to provide the optimum moisture content for
compacting as specified in article 200-3.6. When uniformly
mixed, the mixture shall be spread smoothly to & uniform
thickness or, in case of the top layer, to the cross section shown
on the plans.

The contractor shall so sehiedule his operations as to assure
completion of spreading within 48 hours after processing.

200-3.6 Compacting. Immediately following final spreading
aud smoothing, each layver shall be compacted to the full width
by means of smooth-wheoel power rollers or pneumatie-tired
rollers meeting the requirements of section 109, Fach 100 cubie
yards, compacted measurement, of material placed shall receive
at least 1 hour of continuous raolling, Rulliu;r shall progress
gradually from the sides to the center, parallel with the center-
line of the road., and shall continue until all the surface has
been rolled. Any irregularities or depressions that develop
shall be corrected by loosening the material at these places and
adding or removing wmaterial until the surface is smooth and
uniform. Along curbs, headers, and walls, and at all places
Got accessible to the roller, the base material shall be tamped
thoroughly with mechanical tampers. The material shall be

3

both bladed and rolled until a smooth, even surface has been
obtained.

The amount of rolling and tamping as required above {a
estimated as the minimum necessary for adequate compaction.
During the progress of the work. the engineer may make density
tests in accordance with AASIO T 347, modified to include only
materials passing a %j-ineh sieve, and if he tinds the density
is less than 1) percent of the maximum density as determingd
by AASHO T 99, Method €, the contractor shall perform addi-
tional rolling eor tamping as may be necessary to obtain that
density. Other types of field density tests may be used for
control purposes after density values corresponding to those
obtained by AASIIO T 147 have been established.

The engineer may permit compaction with types of equipment
other than those specified above, provided he determines that
use of the alternative equipment will consistently produce den-
sities of not less than 100 percent, determined as provided above..
The engineer's permission for use of slternative compaction
equipment shall be given in writing and shall set forth the con-
ditions under which the equipment is to be used.

200-3.7 Thickness Requirements. The thickness of the com-
pleted base shall not vary more than 1% inch from the thickness
shown on the plans.

Immediately after final compaction of the base, the thickness
shall be measured at one or more points in each 300 linear feot
of base. Measurements shall be made by means of test holes
or other approved methods. The points for measurement shall
be selected by the engineer at random locations within each
300-foot section in such manner as to avoid any regular pattern.
Various points on the cross section shall be covered. As the
work proceeds without deviation in thickness berond the allow-
able tolerances, the interval between tests may be increased at
the discretion of the engineer to a maximum of 1,000 feet with
oceasional tests at closer intervals. Whenever a measurement
indicates a variation from the thickness shown on the plans of
more than the allowable tolerance, additional measurements
shall be taken at intervals of approximately 25 feet until the
measurements indicate the thickness is within the allowable
tolerance. Any area not within the allowuable tolerance shall
be corrected by removing or adding material as necessary and
shaping and compacting as specified.

The cutting of test holes and refilling with materials properly
compaeted shall be done by the contractor under the supervision
of the engineer.

200-3.8 Surface Requirements. When tested by a crown
template, conforming to the typical eross section shown on the
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280-5.1

plang, and a 10-foot straightedge applied at right angles and
parallel, respectively, to the centerline of the roadbed, the varia-
tion of the surface from ciuch testing edge between any two
contacts with the surface shall at no point exceed 14 iuch for
the crown template and 3§ ineh for the straightedge.

200-3.8 Calcium Chloride. When called for in the bid sched-
ule, calcium chloride, in the amount specified in the special
provisions or designated by the engineer, shall be spread uni-
formly over the surface of the finished base course.

200-3.10 Stockpiling. When indicated on the plans, base
course material shall be stockpiled in the amounts and at the
locations so indicated. Stockpiling shall be performed in ac-
cordance with the requirements of section 305. Prior to stock-
piling the material, the sites shall be cleared, cleaned, and
leveled.

if the contractor elects to produce and stockpile aggregates
prior to placement on the roadbed, the aggregates shall be
stockpiled in accordance with the requirements of section 305.

Measurement

200-4.1 The vardage or tonnage to be paid for shall be the
number of cubic yards measured in the vehicles, or tons of
material, including all filler, placed, bonded, and accepted in
the completed course or placed in authorized stockpiles.

When slag is economically available, the bid schedule will
contain alternate pay items for crushed aggregate and for slag.
The estimated tonnage shown under each pay item will be
based on an assumed average bulk speeific gravity of available
aggregates and no further adjustment in payment will be made
due to variation in the specitic gravity of the aggregate used.

The quantity of calciwum chloride to be paid for shall be the
number of tons furnished, whether or not applied to the base,
and the number of tons actually applied.

Payment

200-5.1 The quantities, determined as provided above, shall
be paid for at the contract price per unit of measurement, re-
spectively, for each of the particular pay itews listed below that
is shown in the bid schedule, which prices and payment shall
be full compensation for furnishing and placing all materials,
including all labor, equipment, tools, and incidentals necessry
to complete the work preseribed in this section, except that when
the bid schedule contains an estimated quantity for “Watering,”
any watering required shatl be pald for as provided under
section 108,

200-5.1

Pay item No. and name

200(1)
200(2)
200(3)
200 (1)
200(5)
200(6)

Unit of mcasurement

Gravel base, grading— . Cubic yard.
Gravel base, grading— .. Ton.
Crushed aggregate base, grading—— Cuble yard.
Crushed aggregate base, grading— . Ton.
Furnishing calcium chioride ... Ton.
Applying calcium chloride woomcaan. Ton.
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300-3.1

Division II, Part 3

CONSTRUCTION DETAILS:
SURFACING AND PAVEMENTS

Section 300.—AGGREGATE SURFACING

Description

Article 300-1.1 This work shall consist of a course composed
of gravel or crushed aggregate, whichever is called for in the
bid schedule, constructed on a prepared roadbed in accordance
with these specifications and in conformity with the lines,
grades, and typical cross sections on the plans.

Materials

300-2.1 DMaterials shall conform to the requirements of sec-
tion 200, except as to grading and plasticity of aggregate.

Gravel and crushed aggregafe shall meet the requirements
given in table 300-1 for the grading called for in the bid
schedule.

For all gradings, that portion passing a No. 40 sieve, includ-
ing blending filler, shall have a liquid limit of not more than
35 and a plasticity index of not less than 4 nor more than 9 as
determined by AASLIO T 82 and T 91 respectively.

Construction

300-3.1 Construction methods shall conform to all the re-
quirements for construction methods under section 200.

Table 300.1.—Grading requirements for aggregate surfacing

Percentage by weight passing square
mesh sioves AASIHIO T 11 and T 27
Sigve designation for Qrading—

B2 3 1T « VP,
tinch____

300-4.1

Measurement

300—4.1 The yardage or tonnage of surface-course material to
be paid for shall be the number of cubic yards, measured In
vehicles, or toms, including all filler, placed, bonded, and ac-
cepted in the completed course or placed in authorized
stockpiles.

When slag is economically available and measurement is by
weight, the bid schedule will contain alternate pay items for
stone (or gravel) and for slag. The estimated tounage shown
under each pay item will be based on an assumed average bulk
specific gravity of available aggregates and no further adjust-
ment in payment will be made due to variation in the specific
gravity of the aggregate used.

The tonnages of calcium chloride to be paid for shall be the
number of tous furnished, whether or not applied to the surface,
and the number of tons actually applied.

Payment

300-5.1 The quauntities, determined as provided above, shall
be paid for at the contract price per unit of measurement,
respectively, for each of the particular pay items listed below
that is shown in the bid schedule, which prices and payment
shall be full compensation for furnishing and placing all ma-
terials, including the labor, equipment, tools, and incidentals
necessary to complete the work prescribed in this section, except
that when the bid schedule contains an estimated quantity for
“YWatering,” any watering required shall be paid for as pro-
vided under section 108,

Payitem No. and name Unit of measurement

300(1) Gravel surface course,

grading — _ Cubic yard.
300(2) Gravel surface course

grading_—— e Ton.
300(3) Crushed aggregate surface course,

grading—— e~ Cubic yard.
300(4) Crushed aggregate surface course,

grading__ Ton.
300(5)  Furnishing ealeium chloride ... Ton.
300(6) Applsing caleimmn chloride oo Ton.
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ROADMAKING GRAVELS AND SOILS IN CENTRAL AFRICA
By K. E. Clare, B.Sc., A.R.I.C.

Tropical Section, Koad Research Laboratory

INTRODUCT ION

IN PLANNING the road system of a developing territory 1t 1s essentlal to
systematize knowledge of the roadmakling materlals that are avallable, The
present Bulletin reviews the solls, and particularly the gravels, avallable
in Central Africa, the nucleus of the information belng that obtalned durling
a visit to the Federation in May and June, 1958, undertaken at the Invitatlon
of the road authorities there.

After a brief discussion of some of the factors influencing soll-
formation in Central Africa, this Bulletin groups the gravels and solls
encountered there into three categorles depending on the ralnfall under which
they occur, In the low rainfall area the petrological characteristics of
the underlyling rock have a great influence on the properties of the so0lls
derived from it, and sub-categorles can be recognized on this basis, In areas
of Intermediate or nigh rainfall, altiiough the parent rock 1s still Important, the
large-scale geologlical structure of the land affects soll formation to a
greater degree by Influencing dralnage. Sub-categorles have yet to be
distinguished here, but i1t 1s thought that the catena concept -~ that of a
series of solls formed 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 geologlical, agricultural and forestry maps, and of landforms revealed by
aerial photographs. The occurrence of mine waste materials useful for
building roads in economically Important areas 1s noted.

FORMATION OF CENTRAL AFRICAN SOiILS

So0ills are formed by natural forces acting on rocks over long periods of
time and, l1ke other products of evolution, thelr appearance and behaviour
are much Influenced by thelr history. The recognition of this in
agricultural research has led to a new branch of soll sclence - pedology -
in which the processes of soll formatlion are studled. This has permitted the

(77625) 1
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more fundamental classlficatlion of soil and has facllitated the application

in the fleld of the results of laboratory research and of better methods of
land utilization, Pedologlcal technlques enable large areas of solls to be
examined systematlcally with a limited effort and, slnce the road englneer 1s
also concerned with the propertlies of large, albelt elongated, areas of

ground, these technlques would also be expected to be useful to him. This

has already been found to be the case in preliminary work in the United Kingdom,
which has shown that solls in similar pedological groupings behave simllarly
when subjected to soll-cement stabllization, (1)

During the author!'s visit In 1958 it was found possible to classify
gravels occurring in Central Africa on a pedological basls in broad terms
having relevance to road engineering. To 1llustrate this classification 1t
1s first necessary to dlscuss briefly the me}or physical and chemical factors
affecting soil formation.

Fissures occur In rocks both between adjacent mineral crystals, and on a
larger scale due to stratificatlion, cooling or earth movements. Cracks also arise
by exfollation, due to solar heating (Plate 1), and by rellef of overburden
load following denudation. Rainwater percolating through these flssures
breaks up the rock still further by leaching.out the more soluble
constltuents, This water drains down to lower-lying parts of the topography
where the dissolved material 1s deposited, followling evaporation during dry
perlods. Water also erodes materlal from the surface of the ground and
deposits it In lower-lylng areas. The amount of annual rainfall has there-
fore a fundamental influence on soll formatlon, and in Central Africa it 1Is
probably the most Important single factor. Willlams has drawn similar
conclusions for the soils in the Unlon of South Africa. (2)

Where rainfall is low, massive rock formations weather to discrete,
interlocking particles or aggregates. Although sometimes stained wlth red
iron oxide on the surfaces, Individual mineral crystals or crystal clusters
remain Intact, as do structural patterns or stratification. The petrological
characteristics of the parent rock therefore play a signlflcant part in
determining the nature of the soil formed on it, (3)

In higher ralnfall areas, the more Intensive disintegration produces
cravels and soils rich In the more insoluble minerals - quartz and, to a
lesser extent, mica. Staining of the particles by red iron oxide becomes
more marked, and Increasing proportlons of clay are formed from the decomposli-
tion products of the rock.

In the areas of highest rainfall considerable quantities of dissolved
compounds of iron, aluminium and calcium move In the ground-water to lower
strata, and where drainage 1s impeded these compounds accumulate as a result
of evaporation, forming deposits of nodular lateritic and calcareous gravels.

(77625) 2
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Clay also accumulates in areas of poor dralnage, which together with

evaporation, 1s an addlitional soll-forming factor. Rellict solls are
formed when material accumulated under a climate of high rainfall is

preserved into a succeecding low-ralnfall period.

The effect of these factors can be seen on the vertical profile exposed
on the side of a trial pit dug in the gravel or soil. In pedological

surveying, profiles are described verbally, and those with similar character-
{stics are grouped together (morphologlcal classlification).

DETRITAL GRAVELS AND SANDS
(ow rainfall area)

The best examples of detrital gravels are found In areas of the
Federation where the annual rainfall 1s below about 20 in. (Flg. 1) and
weathering of the rock 1s light, These 1nclude the major portlion of
Southern Rhodeslia, with the exception of areas around Sallsbury and the
mountalns on the Portuguese East Africa border. They also Include a strip
of Northern Rhodesia running parallel to the Zambesl river,

S1x sub-groups can be differentlated on the basis of the petrology of
the parent rock, and a more detalled examination of the country mlght well
reveal more. The sub=-groups are

1. Granite, gnelssic and quartzltic materials

2. Sandstone gravels and sands

3. Doleritic and basaltic materlals

4, Micaceous and schistose gravels

B Materials derived from shale

6. Limestone gravels

(77625) 3
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African Federation.

Granitic, gneissic and quartzitic materials

Gravels.
rock but cohesion 1is often slight.

These usually retain the colour and texture of the original

The largest particles, which may be up to

several inches In slze, consist elther of quartz lu ps or crystal clusters of
quartz, felspar and, to a lesser extent, mica In whlch weathering has not

destroyed the bonding.
stalned red by 1iron oxide,
cream, buff or light brown. Clay

(77628)

Both individual lumps and crystal clusters are often
but In the mass the predominant colours are white,

1s elther absent or is present in only
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1Ilmited proportions. The larger quartzitic particles are often cubical
or rhombohedral, with sharp edges, giving a harsh gritty feel.

The gravels are easlly worked with bulldozers or dlggers, although the
rate of wear of cutting edges may be high owing to the abrasiveness and
dryness of the materlal. A number of cutting slopes were observed to be
stable with angles in the neighbourhood of 50°, suggesting high internal
friction probably supplemented by cohesion due to dry clay. These steep
slopes occur In areas where the total rainfall 1s low and tne Intensity Is
high, Cut-off dralns reduce penetration of water Into the adjacent formation,
and the steepness of the slopes reduces erosion. Locally, areas of rock
occur that are more resistant to disintegration than those surrounding them
and these have to be avolded in working the pit, Gneiss 1s sald to weather
mnore extensively than granite, ylelding deeper deposits.

The volume of gravel available in a plt 1s related to the depth of dis-
integration of the parent material, which is influenced by the land form, the
sub-surface water regime and the susceptibility of the rock to weathering,
The latter depends on the spacing and distribution of Jjoints and the
connexlons between them. Close and vertical fissuring allows deeper
weathering than widely spaced and horigzontal Jjolnts, Weathering 1s also
influenced by porosity, which can reflect the granularity of the rock.

Gravels developed on granitic, gnelssic or quartzitlc parent rocks are
common in the Federation and provlde excellent material for subgrades, sub-
bases and bases, provided that the proportion of clay is 1limlted. This 1s
evaluated by the plastlicity 1ndex(4§ which, In Southern Rhodesia, is limlted
for different applications, 1i.e.

For bases in bitumen-surfaced roads - P.I, not more than 4 per cent

For unsurfaced gravel roads - P.I. not more than 10 per cent
For sub-bases - P,I, not more than 12 per cent
For imported subgrade - P, I, not more than 20 per cent

With a simllar type of material ('disintegrated granite') the
South Carolina State Highway Department requlres a plastliclity Index of not
more than 8 when 1t 1s used in unsurfaced gravel roaas.

A granitic gravel has been used successfully in the flexible base of the
maln runway at Kentucky Alrport, Salisbury, and a quartzltic gravel in the
base of runway pavements at the new Woodvale Alrport at Bulawayo, At the
latter site the material contalned large boulders which were removed by
screening and crushed to a more convenlent maximum size, and then returned to
the pgravel to augment the proportion of coarse sizes.

(77625) 5
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Mica 1s a common constituent of granite and gnelss and 1is resistant to
weathering, so that it occurs in gravels formed on these rocks. It has been
estimated that mlca occurs as a slgnifi-ant Impurity in half the granitic
and gnelssic gravels of Southern Rhodeslia, and to an objectionable extent in
about 10 per cent of them. The properties ol micaceous and schistose
gravels wlll be dlscussed in more detall subsequently. The gnelssic gravels
are sald to be more contaminated with mica than are the granitic materials.

Sands. "Granitic sandveld! ls the name given to a coarse-grained
sandy soll derived from granites and pgn:isses and covering about 60 per cent
of the area of Southern Rhodesla, 1including the economically important
tcbacco=-growing areas. Mitchell(s) has reviewed its formation, distribution
and characteristics, one of which 1s the presence, at a shallow depth below
the surface, of a stratum of clay formed by the weathering of the overlying
alsintegrated rock. It 1s sultable for fi111, but not for base construction
In 1ts natural state, but tests at the Road Research Laboratory have shown
thiat 1t shouid be qulte suitable for stabllization with cement,(7) and this
has been conflrmed by Holden at the Central Road Laboratory in
Southern Rhodesla, (8) During the 1939-45 war the pavements at the Royal
Alr Force statlons at Guinea Fowl and Norton, in Southern Rhodesia, were lald
with cement-stabillzed granitic sandveld, When these were 1nspected 1n 1958,
nelther airfleld had been used or malntained for some time; some surface
flaking and grass penetration had occurred owing to the lack of surface
protection, but the body of the soll-cement layers in each case was in a
satisfactory condlition, Simllar hardstandings were lald at the alrflelds at
Heany, Thornhlll, Cranbourne, Belvedere and Kumalo. The state of these
16~-year o0ld pavements supports the Iindicatlion from laboratory work that this
materlal should be suffliclently durable for use In road bases covered with
bltuminous surfacings. In the granitic areas, supplles of gravel with a low
clay content, sultable as-dug for base construction, are becoming scarcer and
more expensive to obtain. Cement-stabllized granltic sandveld should
provide a satisfactory alternative, and the use of hydrated lime as stablligzer
would also be worthwhlle Investigating in view of the abundant sources of
limestone in Southern Rhodesla. The successful stabllization of decomposed
grani te with hydrated 1ime has been reported from Natal in the Union of
South Africa. (9)

Experiments at the Road Research Laboratory(7) and by Van de Merwe in
Southern Rhodesia(10) have shown that the granltic sandveld should be sultable
for certaln types of bltuminous surfacing. Such surfacings could well be
used in conjunction with stabillized bases of the type deserlbed,; In which case
there would be scope for the use of travelling mixing-and-laylng plant
capable of mixing elther type of material with resulting economy in the cost.

Soils. Thompson, reviewling the granitlc soils in Southern Rhodesla from
the agricultural point of view, classifies them into five 'categories'.(li)

(77625) 6
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Categories of granitic soils (Thompson)
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Table 1 has been drawn up on the basls of this classification and indlcates
characteristics relevant to road englineering, It should be noted that
Thompson's classification relates to the whole of Southern Rhodesia, and 1s
not limited to the areas with rainfall lower than 30 In, per annum. As a
rule granitlc solls tend to be deeper as the annual rainfall increases.

The black clay of Category V, being sodium-saturated, 1s of interest
since 1t would be expected to differ somewhat in 1ts properties from the other
black clays of the tropics ('black cotton soll') which tend to be calcium-
saturated. For a given texture, a 'Mopani' clay of this category would be
expected to be more cohesive and less permeable than the corresponding cotton
soil, and to be more subject to volume changes. However, practical experi-
ence suggests that such clays are not difflicult to deal with, (6)

Sandstone gravels and sands

Gravels. Near Chipinga, Southern Rhodesls, gravelly material 1s beling
won from decomposing sandstone. The material 1s llght red-brown in colour,
with the rough surface texture of sandstone, and the larger lumps are
rectangular and up to several inches In size. The sandy overburden is thin,
presumably because it has been removed by erosion of the steeply sloping
ground. Clay 1s noticeably absent, and sand is the main constituent of the
fines, It has been used successfully In an unsurfaced gravel road on the
main route to Umtall, where, at the end of the wet season, it provided a
surface which was dense, hard and free from corrugations.

Sandstone gravels would be expected to provide, without further treatment,
very satlsfactory materlals for the bases of bitumen-surfaced roads since the
absence 0f clay should much reduce the 1iabllity to soften under wet
condi tions, The lack of clay may also make for increased llability to
dusting and corrugation on unsurfaced gravel roads, in dry weather.

Experience in Southern Rhodesia suggests that some sandstone gravels can have
a hlgh fines content, however, and these may be stabilized with cement to
provide sultable base materials.

Sands. A material of major Importance in the Federation is the
Kalaharl sand (Gusu sand) which occurs in Barotseland in Northern Rhodesia,
and to some extent Iin the west of Southern Rhodesla. It 1s aeollan, the
particles belng of a much more limited size range than those of the granitic
sandveld (Fig. 2).

Two varietles were noted, a red and a white, The whilte sand lacks
coheslon when dry and provides a poor running surface on an earth road. The
red varlety, on the other hand, is much more stable, for example giving a
steep slope to a cutting seven mlles south of Victorla Falls on the road to
Wankle, in Southern Rhodesia, In Livingstone, Northern Rhodesla, the
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Flg. 2. Grading of sands found in Southern Rhodesia.

construction of a new municipal road at a bridge approach was seen at which
the compacted subgrade of red Kalahari sand was carrylng urban trafflc very
satisfactorily. The stabllity was not regarded as belng sufficlently high
for the sand to be used as a base, however, and the Munlcipality are planning
experiments at this site at which cement-stabllized sand will be compared with
gravel and crushed stone. Several earth roads in the adjacent Katombora
area were observed to have good running surfaces when the red sand was
traversed, but ruts and instablility were encountered when the sand was white,
The lower stability of the white materlial relative to the red 1s belleved to
be due to the cementing effect of a small proportion of 1ron oxide present in
the latter. Clay 1s also present, however, and Mitchell(12) has shown that
the Callfornia bearing ratio of sand compacted to the British Standard
maximum density and soaked falls from 25 to 5 when the plasticlty index rises
from 0 to 20 per cent,

Millard(lz) has revlewed road construction methods in Kalahari sand areas
and other possible base material encountered there. These include sand-clays
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suitable for earth roads and nodular laterite (see p.17) as well as sheet
laterite ('bog-iron'), concretlonary limestone ('chebi-chebi!) (see p. 24) and
broken brick, all of which should be sultable for gravel roads, or for
pitumen~surfaced roads after sultable treatment,

Work at the Road Research Laboratory(7) has shown that Kalaharl sand
should be sultable for the bases of biltumen-surfaced roads after stabllligza-
tion with cement, and for the wet sand-mix process using 5 per cent of cutback
bitumen and 2 per cent of hydrated lime, Other tests also Indicated that it
might be useful for making sand-asphalt.

In 1955 and 1957 the Southern Rhodesla Roads Department laid two series
of experimental pavements on the road from Bulawayo to Victoria Falls using
cement, bitumen and tar for stabllizing Kalaharl sang, (14) At the time of
the visit the lengths stabllized with bitumen were in the best condlition, and
1t 1s felt that thls additive is the most promising of those avallable. In
this connexion i1t may be of Interest that full-scale trials are in hand with
sand~bitumen mixes in Northern Nigerla. These are belng undertaken by the
Road Research Laboratory in collaboration with the Federal Government and
consulting engineers, and their object is to determine the minimum b1itumen
content and thickness necessary for bitumen-stablillzed sand road bases.

Another sand of Interest, developed on the forest sandstone formation,
occurs in the northern and north-western parts of Southern Rhodesla, particu-
larly in the Zambes!l basin, A sample examined at the Road Research
Laboratory was rather finer than the Kalaharil sand (Fig. 2), and non-plastlc.
Tests also indicated that 1t should be sultable for stabllization with
cement, {(15)  The grading suggests that, like the Kalaharl sand, it should
be suitable for some form of bltuminous stabilligzation.

Basaltic and doleritic gravels

Gravels developed on basic rocks such as basalt and dolerite were seen
in the western part of the Federation in the area of Victoria Falls and
Livingstone. The basaltic gravels are grey or brown In proflle and occur 1n
flattlish country, whereas the dolerlitlc dykes are encountered In cuttings.
Both tend to be overlain by a black, highly plastic clay containing rounded
boulders of rock more resistant to weathering than that orlginally surrounding
1t. These boulders are often brought to the surface by some mechanlsm that
1s possibly assoclated with the pronounced swelling and shrinkage of the clay.

Weathered basaltic gravels, irrespective of thelr grading, are regarded
as suspect 1n Northern Rhodesla, because 1t 1s belleved that further
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decomposition may take place on the road. (16) 4 simllar view was expressed
in Southern Rhodesia. Fallures are known to have occurred at the followling
sites:

(1) Bulawayo to Victorila Falls road, experimental length of cement-
stabllized basalt gravel base, bltumlnous surfacing.

(11) Victoria Falls to Livingstone road, llme-stabillzed basalt gravel
base, bitumen surfaced.

On the other hand, good results have so far been obtalned wlth basaltlc
materlal at the followlng two alrflelds, which were 1inspected:

(1) Runway at Victorla Falls airfield, tar-stablllzed hasalt base,
bituminous surfacing.

(11) Runway at Livingstone airfield, crushed basalt slurried with clay
on top, bltuminous surfacling.

Fallures have also occurred on roads In the Union of South Africa where
certaln doleritic gravels have been used, and Williams(®) has noted that
unsound materials occur in reglons where the annual rainfall exceeds 20 in.,
and sound materials where the rainfall 1s less. Wetnert{17?) notes that good
performance may be due elther to a low secondary mineral content of the
dolerite or to low rainfall. If the South African experience can be applled,
the basalt In the major formation running parallel to the south-eastern border
in Southern Rhodesia might well be usible for road construction, since the
rainfall In this area 1s below 20 In. per year. At the two sites in
Southern Rhodesia where fallure was observed the annual rainfall exceeded this
value; 1In this connexlon 1t 1s interesting that the successful stabllization
of decomposed dolerite with hydrated lime 1s claimed in Natal(9) where the
rainfall 1s also high, although the durabllity of the treatment 1is not yet
known.

Basalts and dolerites are known to be prone to rapld chemical weathering.
Secondary minerals such as zeolltes and flaky chlorlite are often present In
the porous parts of the groundmass ('amygdales'). Some types of basalt and
dolerite are belleved to be unstable because they contaln relatlvely large
proportions of clay and limonite produced hydrothermally 1in the Interstices of
the rock after geological formation. These materlals are locked in the
spaces between crystals of more stable primary minerals, and are liberated when
a large area of rock surface 1s exposéd to molsture as, for example, when
crusher-run materlal or weathered rock gravel 1s Incorporated in the base of a
bitumen-surfaced pavement. One possible explanation for the satisfactory
performance noted In the two Rhodeslan alrfields may be that, by comparison
with roads, runways are subjected to less mechanical pounding.
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In the Union of South Africa satisfactory stone 1s distinguished from
material llable to dlsintegrate by the sodlum sulphate crystallization
test. (18)  Another method, based on the coefficlent of restitution, has been
developed for separating, on a larger scale, sound stones in gravel from
those contaminated by clay but the view In South Africa is that this
technique cannot be applled to the dolerlites since with them, the clay is
contained Inside the stones rather than surrounding them. (19)

Fallures have been recorded on roads in areas of the State of Victoria
in Australlia, where gravel derived from weathered basalt has been used, (20)
In thls case external contaminatlion by clay seems to occur, e.g from the
over-burden. The materlal is belleved to be sultable for sub-base construc-
tion, however, when the proportion of clay 1s limited by controlling the
extraction of the gravel.

Basalt rock, assoclated with road failures in the State of Oregon in the
U.8.A., when examined petrologically has been found by Scott to contaln
secondary minerals, such as clay and limonlite, in proportions of 35 per cent
or more, {21) Rock contalning less than 20 per cent of such minerals glves
1llttle trouble, Methods used In Oregon for recognlzing good rock and improv-
Ing poor materlal are given in the Appendix.

Micaceous and schistose materials

Gravels. IMica 1s a common constituent of the gravels in Central Africa
derived from granite and gnelss. Gravels and $0ils derlved from schistose
rocks also occur, Individual particles have a flaky shape, a smooth soapy
Tfeellng when handled and a variable texture. When excavated for use on the
road, the orientation of the flakes that has been Imposed by nature 1s 10st
and they assume a random arrangement with a high volds content. Such solls
cannot easily be compacted with normal rollers. It is possible that vibratory
rollers would be more effective but even so the compacted strength of the solls
1s not 11ikely to be very high, They are generally permeable and when the
molsture content increases, a very large and rapld fall in strength occurs,
€.g. when rain falls on earth or gravel roads, Further, hydration during
weathering is known to cause blotite mica to swell, an undesirable
characterlstic In a potential base material.

Schist and mlica can also contaminate other, apparently more satisfactory,
materlals. In one instance recorded in the Copperbelt of Northern Rhodesls,
a slightly mlcaceous quartz gravel was used In which the content of flaky
material was visually insignificant. In service as a road surface, the
gravel became smooth and sllppery when wet, and finally rutted and failed
completely.

In Southern Rhodesia the plasticlty indlces required with visibly micace-
ous gravels and solls are much lower than for granlitic materials. The
upper limlits are:
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For bases in bitumen-surfaced roads - P.I. not more than 2 per cent

For sub-bases - P.I, not more than 6 per cent
For Imported subgrade - P.I. not more than 10 per cent.
Soils. Soils contalning mica are poor foundations for roads, and in

Northern Rhodesla the thickness of base Indicated by the C.B.R, test 1s
multiplled by a factor of 2, as a rule-of-thumb. The andesite schists of
Southern Rhodesla are sald to be potentlal sources of expansive clay, and as
such are undeslrable In roads even as f1l] material.

Micaceous solls tend to glve rather higher results in the liquidesand
plastlc-11mit tests than would be expected from the amount of clay present as
Indicated by a particle-size analysis., The presence of mica in such a soll
can be confirmed by the linear shrinkage test since mica does not increase the
susceptibllity to volume change, as clay does.

Carbonaceous shale

In the Wankle area of Southern Rhodesla, carbonaceous shale 0CCUrS next
to the coal measures worked by the mine, and is the source of 'flre-clay', a
material produced by spontaneous combustion of the shale. This is similar in
nature to the burnt colllery shale often used 1in roads I1n the coalfleld areas
of England and Scotland, the propertles of which have been examined at the
Road Research Laboratory. (22)

The flre-clay at Wankle, which 1s a red or white flaky mrterial of
gravelly texture, has been used successfully on the runway as a base protected
by a surface dressing. Thls pavement was Iinspected and found to be in very
good condltlon, apart from one or two very small areas of softening of the
base. This 1s thought to be due to the presernce of insufficlently-burnt
shale. The material has also been used as a base In urban roads.

It 1s regarded locally as being too variable for use on maln roads.
This 1s a difflculty also encountered in the United Kingdom, and it 1s
avolded by testing, In the laboratory, samples of material from the various
potential sources, and by visual selection when working the source chosen.
In Southern Rhodesla, as In the Unlted Kingdom, swelling tests are made on
fire-clay using the apparatus and technique developed in California for use
with the bearing ratio test.

Vlisual selectlon at the plt is useful and a high degree of dlscrimina-
tlon can be reached by a tralned plant operator, but it 1s not always
possible to prevent unsound material being used. To improve the quality of
the materlal, stabilization with bitumen emulsion and with 130-150 e.V.t.
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tar has been used by Ingle in road construction In the Midlands coalfields 23)
A 50-1850 e,v,t. tar 1s produced at the Wankle Colliery and experiments are now
in hand at the Central Road Laboratory, Salisbury, to develop methods for
emulslfylng tar for use In roadmaking. Experlence in the United Kingdom
suggests that elther of these two binders could be potentlally useful additives
for Improving the performance of the Wankie fire-clay In road bases,

In view of the importance of the Wankle area as a centre in which
Industries based on coal and coal chemicals will develop wilth the consequent
need for more roads, there would appear to be scope for an Investigation into
the fire-clays on the 1lines of those made in the Unlited Kingdom. The objects
would be to select materlal that glves the best service when laid in roads,
and to develop slmple visual or other methods for ldentifying such material
during extraction.

Limestone gravels

Limestone, malnly dolomitlc, outcrops at numerous places I1n the
Federation, but detrital gravel formed on 1t was only encountered on the
unsurfaced road from Birchenough to Chipinga in Southern Rhodesia. Although
used to only a limited extent 1n the terrlitory, experience with the materlal
1s good, and 1t 1s sald to be more resistant to corrugation than granitic
gravel, possibly because of cementatlion due to solution and redeposition of
calclte. More clay can be tolerated 1n limestone gravels for unsurfaced
roads, and the maximum plasticlity Index allowed in Southern Rhodesia 1s
20 per cent.

QUARTIZITIC GRAVELS AND SAND-CLAYS
(intermediate and high rainfall areas)

In areas of the Federatlon where the annual rainfall exceeds 30 in.,
weathering of the rock 1s more Intense than In the low-rainfall area, and the
more soluble constituents are removed. The gravelly and sandy solls are
richer In the most resistant primary mineral, quartz, than their detrital
counterparts, and poorer in the less resistant, clay-forming minerals, such as
felspar. These quartzitlc gravels and sand-clays occur over the greater
parts of Northern Rhodesia and Nyasaland, and constitute the most abundant
group of gravels in the areas where the annual rainfall lles between 30 and
40 In. (Fig. 1).

Gravels. A typlcal residual quartz gravel contalns dlscrete angular
lumps of whole or shattered quartz which are opaque, sometimes white, but more
often red due to iron oxide stalning. S1ity and clayey fines are present;
the clay content 1s usually higher than with the detrital gravels. There 1s
often little or no systematic variation in the material with 1ts depth in the
pit and the better examples of the group, developed on quartz-rich parent
rocks, are among the best materials In the Federation for making bases for
biltumen-surfaced roads.
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Where major seams or veins of quartz have run through an otherwlse
fairly fine-~grained rock, boulders of quartz may be encountered in the
residual gravel (Plate 2) and unless removed these may present difficultles
In grading or stablllizing the material for use in a road base. In the
construction of the new Woodvale Alrport near Bulawayo, the expedient has
been adopted of screening out the boulders and crushing them to a meximum
slze convenlent for use In concrete pavements.

. High A Steep Gentle Flat ground
ground slopes slopes Viei 7
Weathering Grovel Sand Clay
rock

Country rock

Increasing height
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Increasing distance from high ground
Decreasing speed of water flow, and parficle size

With
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Fig. 3. (a) Physlcal and (b) chemical re-distribution of the constituents
of weathering rock due to hydrological factors.
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Resldual quartz gravels form on quartz-rich reefs, which, Dbecause of
thelir resistance to weathering, stand out as hills in undulating country.
Alluvial quartz gravels are formed by the movement and deposition at lower
levels of reslidual quartzitic material, Characteristically, the particles
are more rounded than in the residual gravels and large boulders are absent,
making them more convenient to handle, Some stratification can also be
expected. Redistribution follows the catenary pattern shown in Fig. 3(a)

In which a textural range of soil types are found with, successively, gravel,
sand and clay predominating. These are formed by the weathering of rock on
high ground, and are sorted as a result of the gradual reductlion in the speed
of flow of surface water. Pedologlcally-recent gravels occur near the
surface on terraces In the higher reaches of rivers, while older deposits
occur deep in the ancient channels of the more mature rivers, where water
currents have been faster in the past.

The resldual quartzitic gravels are a good deal more widespread than
thelr alluvlal counterparts In Central Africa, and the commonest varlety
appears to be developed on rocks contalning a significant proportion of clay-
forming constltuents. The clay content 1s therefore often sufficient to
provide a well-bound surface on a gravel road. When the growth of traffic
requires a bltumen-surfaced road, however, the clay tends to soften, due to
accumulation of molsture, and fallure of the pavement may result. In
Northern Rhodesia 1t has been found that the additlon of about 3 per cent of
hydrated lime to the gravel overcomes this difficulty, and provides a strong
and durable base material for road construction. (16)

In Southern Rhodesia, probably owing to the lower intensity of chemical
weathering, the depth of quartz gravel formations 1s seldom more than 2 feet,
and often varlable over a short dlstance. The plasticity index 1s sald to
vary both vertically and horizontally, necessitating close control and mixing
by bulldozer on the gquarry floor,

Sand-clays. Much of the igneous rock in Nyasaland 1s fine-gralned
syenlte, which contains much less quartz and more clay-forming constltuents
than the igneous rocks found elsewhere in the Federation.

For thls reason quartz gravels are less common than in the other
territorles, thelr place belng taken by resldual sand-clays, generally of a
deep red colour and a medium texture, These so0lls provide earth roads that
have good running surfaces in the dry season but are rather weak when wet.
With good dralnage, they provlde fair foundatlons for gravel and bitumen-
surfaced roads. In areas of Nyasaland where good base materials are scarce
the stabllization of these resldual sand-clays has Interesting economic
possibllities and the Public Works Department has begun to experiment with
the process. For reasons of flinanclal stringency, some stabilized bases
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have been made toc thin to support the traffic loads that they had to carry.
In some instances these bases were only 3 In. thick on coheslve soll and such
fallures as have occurred cannot be any condemnation of soll stabilization,
With bases of adequate thickness, soll stabllizatlion should be able to contri-
bute much to road construction in Nyasaland, particularly as there 1s now an
active Materlals Laboratory wlthin the Department capable of evaluating the
s01ls avallable.

In one pit In Northern Rhodesla, a quartzitlic gravel was seen containing
what appeared to be boulders of 6 to 8 in., In size. Close inspectlon showed,
however, that these boulders were minutely fissured and could easily be
broken down into a pure white sand.

NODULAR LATERITIC AND CALCAREOQUS GRAVELS
(high rainfall area)

Lateritic gravels. In many areas, and particularly where the annual
railnfall 1s greater than 40 in. per annum, a nodular ferruglnous gravel
occurs, known locally as 'laterite', which 1s widely used in roadmaking. The
reglions concerned are principally the two areas of Northern Rhodesia flanking
the Congo Pedicle, and including the economically important Copperbelt. They
also Include a proportion of the higher ground Iin Nyasaland, and a small area
near the Portuguese East Afrlcan border in Southern Rhodesla.

In Northern Rhodesla and Nyasaland the gravel consists of spherical
nodules of iron oxide or hydroxlde with_a comparatively uniform range of
particle slzes In the neighbourhood of § 1n, In dlameter, embedded in a matrix
of sand and clay. The nodules vary in hardness, some requiring a hammer-
blow to break them while others may be crumbled in the hand, There 1s often
a notliceable reduction in the hardness as the depth below ground surface
increases. When broken open a nodule 1s sometimes found to be harder on the
outslde, progressing lnwards to a softer core. The nodules may constitute
the whole of the coarse fraction of the gravel, but often there 1s an
admixture of quartz pebbles, which may predominate locally 1n some areas of a
plt as the remnants of a former quartz Intrusion. In pits containing
mlxtures of quartz gravel and nodular laterlte, the nodules sometlmes
overlle the quartz pebbles and sometimes vice versa.

The colour of the gravel 1s regarded as a good indlicator of its quality,
partlicularly in respect of the hardness of the nodules. Thus, a proflle of
good gravel when wet 1s usually dark brown or red while a yellow colour
Indicates poor materlal., Differing colour Iin residual solls has been
attributed by White(24) to varilable spacing of the joints in underlying
lgneous rock. Close jointing encourages deep weathering, low water-table,
penetration of air and oxldation of 1ron salts to the redcer ferrlc state,

(77625) 17

91



92

Compendium 7 Text

while wlder spacing of Joints results 1n less oxldized, yellow material.

The content of clay also influences the quality; 1n general the nodular
lateritic gravels contaln more than the quartzitic gravels (Flg. 4), and have
higher liquld 1imits and plastlcity indices. The variability of the clay
content 1s high and in a serles of tests made by the laboratory of the Public
Works Department on the gravel from one pit used in the construction of the
new lime~stablllzed road, from Kafulafuta to Fisenge in Northern Rhodesia,
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Flg., 4, Llquid 1imit and plastlcity index values for the soll mortar of
roadmaking gravels In Northern Rhodesla (tests by the Public Works
Department Laboratory).
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the plasticity Index varled between 10 and 30 per cent, Some of this
variabllity may be assoclated with vertical varlations in the clay content

in the profile, and to reduce it In practice pits are elther worked vertlically
wlth face-shovels, or material 1s blended on the floor of the pit with a
bull-dozer. Scrapers are not often used,

In Northern Rhodesla, the plasticlty index requirements for unstabilized
nodular lateritic gravels are:

For bases In bltumen-surfaced roads - P.I. not more than 10 per cent

For sub-bases - P,I. not more than 25 per cent

In additlon, the proportion of the gravel passing the B.S. No. 200 sieve
1s required to be not more than 20 per cent.

In Southern Rhodesia nodular laterites tend to have colours in the range
brown-purple~black and occur in beds of irregular thickness varying from
1 to 6 ft, wlth an average of 2 ft. They are particularly useful when they
occur over baslc parent rocks since alternative hlgher quallty base materials
are then seldom available, They can be difficult to rip and blast, and may
even be cemented strongly enough to require crushing, The plasticity index
of the fines varles from 0 to 30, and they are sald to possess the property
of re-cementation when laid on the road. This cementation 1s sald to be
assoclated with the presence of sparingly soluble aluminium hydroxides.
Laterite developed on parent materials llke the Kalahari sand, which is
deficlent In aluminium compounds, do not exhibit self-cementation.

In many parts of Southern Rhodesla long, level rldges of schist occur,
capped wlth several feet of ironstone having characteristically rounded edges.
These are probably nodular lateritic gravels, formed under an older, wetter
climate, and whlch have resisted erosion better than the overlylng and
surrounding material. These caps weather to glve a rubble, which flows down
the slopes, and an alluvial red silt found on adjacent flat ground. The
plasticlty Index of these materials varles from 6 to 30 and they can provide
good sub-bases or stablllized bases, although transport is sald to be expensive.
No cementation i1s exhiblited.
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The plasticity index requirements in Southern Rhodesia for solls that are
visibly laterltic are:

For bases In bltumen-surfaced roads = P.I. not more than 6 per cent
For sub=bases - P,I. not more than 18 per cent
For Ilmported subgrade - P, I, not more than 30 per cent

Concretionary laterite. This 1s a ferruginous rock-like deposit related
to the nodular laterltlic gravels, occurring in some instances with them
Thus in some profiles, the numbers of nodules increase with depth until they
coalesce to produce a veslculated mass contalning solil In the voids, or with
the soll leached away. When this materlial 1s exposed by erosion and
subsequently desiccated, it has a dark brown or black appearance, 1ls hard and
durable, and has to be excavated wlith explosives and heavy rippers. This
form 1s sometlimes known as fcaprock'. When concretionary laterite occurs
under damp conditions, however, it 1s a good deal softer and can be readily
excavated by hand. It hardens on exposure to the atmosphere and 1s properly
fnown as ‘'Buchanan's laterite' after its discoverer, Materlal of the caprock
variety has been noted In Nyasaland by Schoflela (25) as reefs marking the line
of emergence of ground-water on the slopes of hills. The surrounding solil 1is
believed to have been eroded away exposing a hard, black lateritic crust which
overlies yellow and red laterlte of the softer concretionary type. When
lumps of the crust break away, they are sald to harden further, ylelding black
honeycombed blocks. Of thirty such deposits examined by Schofield, all were
small and isolated, and about one-~half contained workable quantities of pave-
ment materlal, between 5000 and 15 000 cublc yards covering one or two acres.

So1l associations, The ways 1in which nodular and concretionary
lateritic meterlals are formed 1s not yet fully understood so that 1t is
Impossible to classify them completely. However, certaln of the major
factors underlying thelir formation are beginning to be known, and some of
these are described briefly below.

One basic 1dea 1s that of a catenary association of soils, first
developed by Milne (€6) 1n Tanganyika and later applied to troplical soils in
many other countries. It consists of a sequence of soils formed on the same
parent rock, the vertical sectlon of which has the form of a geometrical
catena (Fig. 3). The sequence develops as the result of the physical and
chemical redistributlion of the products of weathering of rock on high ground.
Physically, rock particles which are malnly of quartzitic material or resldual
clay are washed down the slopes of hills and deposlted at distances from the
crest inversely proportional to thelr slizes, gravel belng lald on the higher
and clay on the lower slopes. Chemically, the more soluble rock constituents
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such as the alkalles, calclum and magnesium, iron and aluminium move (in

the order given) from the higher to the lower levels dlssolved In the
ground-water., Following evaporation of water from the surface of the
ground they are deposited at the lower levels, the least soluble compounds -
those of 1ron and aluminium - belng deposited flrst.

Thus, Haine notes that laterites useable in road construction often
occur at the edges of "vlels" or low-lylng, level ground., (27)  Calcium and
magneslum, and to some extent the alkalles, accumulate at the lowest levels:
being extremely soluble, most of the alkall finds 1ts way through the rivers
to the sea.

These physlcal and chemical effects probably operate together, and local
differences in the redistribution of sand and gravel offer one explanatlon
for the occurrence of quartz pebbles and/or quartz sand in deposits of nodular
lateritic gravel. As 1t appears that the amounts of rainfall and evapora-
tion, and their variatlon in time and over the dlfferent scales of rellef,
are important factors 1n gravel formation, thelr examination In detall in
future work might be rewarding. This might reveal local or regional
correlatlions between the occurrence of lateritic materlals and climatologlcal
Indices that would be of service to englneers 1in locating gravel.

Quartz pebbles are also belleved to move down from high ground when the
residual red clay formed round them slides slowly down slopes.  Schofield(Z8)
has noted that such 'creep gravels' occur in Nyasaland, and can provide use-
ful pavement materlal. He also finds that the best-developed catenary
sequences occurred in areas wlith over 45 Inches of rainfall per year.

Where ferruginous material accumulates, first In nodular and later 1n
concretionary form, the resistance of the ground to eroslon increases. As
the rock profile weathers down, concretionary materlial 1s exposed as a reef
and hardens on exposure to alr giving the caprock described earlier (Fig. 5);
thls can therefore be regarded as the most mature of the gravels consldered,

Ballantyne, in the recent reconnalssance soll survey of the Copperbelt

in Northern Rhodesla, (29) has noted that there are two characteristic
topographical forms assoclated with laterltic outcrops. He regards the
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laterite as occurring Iin a zone following the surface contours of the ground
at a greater or lesser depth. Fipure 6(a) shows a gentle slope down to a
stream, with the laterite occurring at the stream edge and at the top of the
slope with a pocket of soill preserved In between. Such an associatlon 1s
found on the Basement igneous rocks, which are predominantly of the granlitic
type. On the younger, metamorphlc group of rocks of the Katanga serles,
the assoclation 1s shown (Flg., 6(b)), where a flatter-topped hill slopes
steeply down to the stream, and the soll cover Is preserved over all except
the edge of the laterite,

Laterite

(a) Igneous rock

Laterite

Country rock

(b)  Metamorphic rock

Flg. 6, Topographlical forms assoclated with laterite outcrops in
Northern Rhodesia (Ballantyne),
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Road performance. Nodular lateritic gravels are widely used 1n
Central Africa, as elsewhere, for gravel roads. In thls application they
are superlor to the quartzitic and detrital gravels in that, having more clay,
the surfaces are better bound in the dry season and hence more free from dust.
Tiie absence of large boulders makes them easier to handle and to shape with
blade graders and one may suspect that the roundness of the nodules glves
less tyre wear than do the gravels with sharper stones. The nodular gravels
are also used successfully for surfacing runways on airflelds carrying
scheduled services. An example of this was seen at Fort Jameson in
Northern Rhodesla, where grass was belng encouraged to grow through a
relatively coarse-graded gravel to bind it and resist erosion.

In the wet season, however, the nodular gravels soften more readily than
thelr detrlital counterparts and, when all-weather service 1s needed, practice
1s to provlide a bituminous surfacing which offers protection against rain.

In such circumstances, the best of the nodular gravels, l.e. those with the
lowest clay contents, can provide satisfactory base materials. Thus three=
quarters of the length of the base for the maln runway at Lusaka Airport in
Northern Rhodesla was constructed in 1951 with nodular lateritic gravel and is
stlll in excellent condition. However, as has been noted, the clay content
in some plts can be varliable, and this can result In fallure of local areas

of base, slince drying of the gravel 1s prevented by the biltuminous surfacing.
In view of the proportlion of the cost of a road that is invested 1n the
bltuminous surfacing, it has been found to be well worthwhile adding some form
of stablllizer to the gravel to ralse the lower 1limit of the strength of the
materlal and Insure against base fallure, In Northern Rhodesia this has been
done very successfully with hydrated lime, as described in Overseas Bulletin
No. 9, (16) about 4 per cent being needed with the nodular lateritic gravels.
More than 300 mlles of bitumen-surfaced maln road have been constructed in
this way since 1950. Cement has been used, but only on a restricted scale,
the only Instance known being that of the base for the maln runway at Ndola
Alrport constructed in 1953.

Experiments 1n Nyasaland have indicated that the technique of lime
stabillzation can be applled successfully to the nodular laterites
encountered there. (30)

Occurring as they do 1in areas of comparatively high rainfall, the site
cordlitions under which nodular lateritic gravels are used are less advantageous
than those under which the other types of gravel are employed. Willlams (31)
has noted three circumstances In which the advantages of stabilization are
particularly applicable to the nodular materials, First, biltuminous
surfacings are seldom completely impervious so that water can, in practice,
penetrate to the base, an observation that 1s supported by experience In
Northern Rhodesia. Secondly, water tends to erode the materlal at the edge
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of the bituminous surfacing and enter the base from the slde and, thirdly,
roads over undulating country may intersect seasonally high perched water-
tables, which can lead to wetting of the base material from below. The
satistactory performance of the lime-stablllized nodular laterite roads in
Northern Rhodesia suggests that the lime helps on all three scores,

Calcareous gravels. Calcareous analogues of the nodular lateritic
gravels were encountered at one polint in the Shire Valley in Nyasaland.
According to Mulr and Stephen 32) these are derlved from seepage water flowing
from calcareous rocks on the Lupata Hills on the south slde of the valley.

The gravel appeared to give satisfactory results on a gravel road in the
district, and to have most of the advantages of lateritlc materlial, but tue
nodules did not appear to have such a high mechanical strength.

CRUSHED GRAVELS

It has recently been suggested, particularly from the U,8,4., that
crushing offers a means of improving the quality of roadmaklng gravels. The
materials to which this l1dea particularly applies are those with larger pro-
portions (say more than 20 per cent) of boulders and stones retained on the
1 - or 13~1n, sieves., Some of the quartz gravels of the Federation are of
this type. The principal advantages of crushing are:

(1) By limiting the maximum slize of stone, handling and spreading, €.g.
by mechanical means, are made easler. 101

(11) The grading is made to approach more closely to the "Fuller® curve,
desirable in mechanical stabllization, because 1t Increases the stabllity
of the mixture.

(111) The ratio of the volume of any clay present to the volume of the
voids 1n the sand and silt fraction 1s reduced, which should reduce the
lubricating effect of the clay.

(1v) The angularity of the larger particles 1s Increased, (partlcularly
of alluvial matcrials) thereby increasing the strength.

There 1s no doubt that such crushing will Improve the quartzltic gravels,
making them easier to handle and lay without serlous segregation and Improving
theilr strength when compacted. The amount of Iimprovement will vary conslder-
ably. With some it may be sufficlent to convert a marginally suitable gravel
into an adequate base material for bitumen-surfaced roads. With others 1t
may not, and the only trial of this must be In fleld experlence,
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Stabillzation of these gravels with cement or lime involves chemical
processes which bind the soll particles together to produce a new material
with lnherently greater strength and reslstance to the weakening effect of
water,

Crushing produces no such radical changes in the material. Its effects
are entlirely physical and their value in terms of increased strength 1s
l1lkely to vary considerably from one sample to another. Where, therefore,
the costs of stabllization are simllar to these of crushing, the added
advantages of stabllization make 1t the more attractive.

METHODS OF LOCATING GRAVEL DEPOSITS

Most gravel deposits In Central Africa are at present located by teams,
whiich Include experlenced surveyors who have developed by practice remarkable
skill 1n finding good roadmaking material. Once the general line of a road
has been declded, such gravel-prospecting teams take to the fleld for periods
up to several months, living in temporary housing or caravans in the area and
using simple testing equipment.

The experlence of these surveyors 1s based on their personal and
unrecorded knowledge of three major factors, l.e. (1) the petrology of the
rocks they encounter, (11) the geomorphology (landform) of the countryside,
and (111) vegetation assoclations with soil. In all three territories,
guldance 1s avallable from the large-scale maps prepared by the geological
surveys and, as might be expected, these glive most information about the
areas where economic minerals occur. Pedological information 1s also
becoming avallable through the soil-survey activities of the Federal Depart-
ment of Agrlculture. Thus, a pedologlcal map of Southern Rhodesia 1s in
the press; 1t recognizes thirty (agriculturally slgnificant) categories of
soll, differentiated on the basls of the parent'rocks. In Northern Rhodesia,
a preliminary soll map of the Copperbelt area has been prepared and has been
used by the Roads Department for gravel prospecting. The classification
used 1s based on soll assoclatlons. In Nyasaland the small amount of soll=-
survey work has been limited to the examination of speclific problems, for

example in the tear and tung-growing areas of the Shire Highlands and in the
Shire Valley.(33)
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Surveyors whom the author met during the visit observed that gravel
deposlts often carried a particular type of vegetation. Thus, 1in
Matabeleland In Southern Rhodesla a small un-named bush is sought, while
in Northern Rhodesla the Muzuku tree 1s used as a gravel indlicator.

Trapnell and his collaborators (34 have prepared a map of Northern Rhodesla
showing areas carrylng simllar types of vegetation, and the descriptions of
the broad textural types of soll assoclated with them enables the simple
engineering map, shown in Flg. 7, to be drawn. More detalled mapping of
so0ll type on the basls of vegetatlon assoclatlon may be possible with further
research, although 1t must be recorded that Ballantyne found no such correla-
tion possible In the Copperbelt area, owing possibly to the annual bush fires
and shifting cultivation. These limitations would not be expected to apply
In more sparsely vegetated and populated areas,

Aerial photography has been used successfully in the location of gravel
and concretionary laterite In Nyasaland, (28) and more recently, before the
reconstructlon of the Great East Road, 1in Northern FRhodesla. A start has
also been made 1n Southern Runodesia, (27) The further utillization of this
technique will undoubtedly pay considerable dividends, since large areas can
be examined with limited effort, ylelding information of value in road
location, and the design of earthworks, bridges and culverts, as well as
gravel locatlon.

To sum up, 1t appears that informatlon about the location of gravel
supplles Is avallable from several sources, but that in any one case all are
not exploited to thelr fullest extent or used in a co-ordinated fashion.

At present this 1s compensated to some extent by the very wlde personal
experience of the personnel concerned. With the expanslon of the country,
which will undoubtedly continue, the sparsity of recorded knowledge 1s likely
to restrict the rate of discovery of new resources of road materials. The
time would therefore appear to be ripe for the experlence of the gravel
surveyors to be recorded in manual form, and for studles to be made to extend
the usefulness of geomorphological, pedological and botanical observatlons

in gravel locatlon.
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Lateritic Gravel Evaluation for Road Construction

By J. W. S. de Graft-Johnson,' Harbhajan S. Bhatia,”? Members, ASCE,
and A. A. Hammond?

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

. . . . 109
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 factors contributing to the
hardness of lateritic gravels, some studies in the past had been conducted
by Akroyd (2), Novais Ferreira (1), de Graft-Johnson, et al. (8), Vallerga,
et al. (21) and Hammond (12). These studies provide some useful data on
the mechanical strength 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 the 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 gravels in the road pavements, and a simple grouping system,

Note.—Discussion open until April 1, 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, Proceedings of the American Society of Civil Engineers, Vol. 98, No. SM11,
November, 1972. Manuscript was submitted for review for possible publication on
November 30, 1971.

!Dir., 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.

FORMATION 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: (1) Acid Igneous
(AD)—Granite, Gneiss, Quartizite; (2) Basic Igneous (BI)—Basalt, Gabro; (3)
Metamorphic (Met)—Shale, Phyllite, Schist; and (4) Sedimentary (Sed)--Sand
Stone, Lime Stone. The distribution of these formations in Ghana is shown
in Fig. 1.

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 Rainfall
Coastal Savannah 25-30 in./yr
Rain Forest Zone 70-120 in./yr
Forest Zone 50-70 in./yr
Interior Savannah 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 quartz, 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 (11) 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-textura! 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.

CLIMATIC REGIONS RAINFALL
(o — - e} inch/ye
() coastaL SAVANNAH 25- 40
?) INTERIOR SAVANNAH 40- 50
FOREST ZONE  50-70
(3) RAINFOREST ZONE 70-120

ﬂ::;:. TAMALE b,_*_____/___.gq
oY = g

IVORY COAST

40 JIM8nd3y

0901

RN ouen (sasic roxeous)
P4 70s0 (acib 1anE0US)
TERTIARY (SEDIMENTARY) %""”‘“‘:ﬁk‘)‘“'

cRETACEOUS-EOCENE (7] RKJairRian ( v )
A el PP [amsan {urasse. (., Boanouevan (an

Egﬁ%’i%‘"} PLAEZOKC (1) [FIJORANITE (A1)
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
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Fig. 2.—Various Stages of Typical Lateritic Soil Profile Formation over Granite,
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
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Fig. 3.—Various Stages of Typical Lateritic 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 deep-seated, 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 WORK

About 50 samples of typical gravelly material 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. 1. The samples selected for the study were sieved to one
size, passing 1/2 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:

1. Physical Tests—Color; specific gravity; water-absorption; flakiness and
elongation indices; and angularity number.

2. Chemical Tests (Short silicate analysis)—Loss of moisture 105° C and
900° C; Silica Oxide SiO,; Ferric Oxide Fe,O,; Alumina A1,0,.

3. Mechanical Strength Tests—Aggregate Impact Test (Standard) (B.S. 812—
1960); and Los Angeles Abrasion Value (ASTM, C 131-647T).

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. 812-1960 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.

PHYSICAL TESTS

Color.—The samples ranged in color, from dark brown through brown,
reddish brown to yellowish brown. Generaily 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 Number.—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 granite, etc. There
were some samples 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 most of the typical lateritic gravels
varied between five and ten.

98 4 & &
tu' ¥y 4 g"

Qe o2d'x

A, angular; B, aub~ onguiar; C, sub-rounded,; 0, rounded; E, floky; F, stongated,

Fig. 4—Diagram Showing Shape of Laterite Aggregates

Specific Gravity and Water Absorption.—The specific gravity values of lateritic
gravels ranged between 2.6 and 3.10, though about 70 % 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 %, whereas the minimum values were as
low as 1.2 %.
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MECHANICAL PROPERTIES

Aggregate Impact Value and Los Angeles Abrasion Test.—The mechanical
strength of aggregates 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, (alt BS-812) and the Los Angeles Abrasion Test ASTM-C
131-64T). As the procedure for the Aggregate Impact test is fairly simple
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Fig. 5.—Relationship Between Water Absorption and Specific Gravity

and the quantity of sample required is small, the test was preferred over
the other tests. However 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 % to 60.5 %, though generally matured samples from high elevations
gave AIV’s well below 40 %.

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 present study gave
LAA values below 50 %. There was significant correlation btween aggregate
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 900° 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 %) 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 117
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 were between 2.5 and 6.0. 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 gave 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 110° 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 % to 21 %.

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 110° 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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Fig. 6.—Relationship Between Aggregate Impact Values and Cycles of Heat Treatment

The samples after the soaking period were 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 T 10-65 standards. The samples were immersed
in a saturated solution of sodium sulphate for 16 hr and dried at temperature
of 105° C to 110° 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, were 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 less matured
samples from inland savannah. The inland savannah samples had generally
16 % to 21 % gravel pieces, not meeting the requirements of soundness test.

STATISTICAL ANALYSIS 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 1620-1II, 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.

Physical Properties and Mechanical 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 119
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 - 9.27 Gs with correlation coefficient value rof 0.701 . . . . . 1)
AIV = 315 — 100 Gs with rvalue of 0.727 . . . . . . . . . .. ... . .... )
LAA =327 — 100 Gs with rvalueof 0.716 . . . . ... ... ... ..... 3)
AIV =625 WA + 438 withrvalueof 0849 . ... ... ... ....... 4
LAA = 6.25 WA + 15.15 with rvalueof 0.830 . . ... ... ........ 5
LAA =095 AIV + 11.6 with rvalueof 0.810 . . . . ... ... ... . ... (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.
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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 obtained by Nanda and Krishnamachari
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Fig. 7.—Relationship Between Specific Gravity and Aggregate Impact Values

(19) on Indian lateritic soils are plotted in Fig. 10. In Fig. 10 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 all the samples included in the Indian study were not typical
lateritic gravels, but only pseudo-lateritic materials or iron rock.

Chemical Nature and Mechanical 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. 11. 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 02 + 14.50 with rvalueof 0.642 . . . . .. ... ...... )
¢V,

No correlations were found to exist between the ratios of silica to alumina
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Fig. 12.—Relationship Between Aggregate Impact Value and SiO,/Al, 0,

or silica sesquioxide and the mechanical strength (Figs. 12 and 13). 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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Table 1.—Range of Various Properties of Four Groups on Basis of Performance

Tests Excellent Good Fair Poor Source
(1) (2) (3} (4) (5) (6)

Aggregate Impact value

{modified) <20 20-30 30-40 >40 Ref. 8
Aggregate Impact vaiue

{standard) <30 30-40 40-50 >50 Present study
Los Angeles Abrasion

value <40 40-50 50-60 >60 Present study
Water-absorption (24 hr) <4 4-6 6-8 >8 Present study
Specific gravity >2.85 2.85-2.75 2.75-2.58 <2.58 Present study

NOILLVNTVAI TIAVYED DILIHIALVT L1 NS

[§:74 )

qzl

/ wnipuadwon

9 X8l



126

Compendium 7

Text 6

1262 NOVEMBER 1972 SM 11

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 % gravel content (particles 3/16 in.) were collected from base and subbase
layers of road pavements and their physical 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 % of
the samples had 16 % to 28 % fractions 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 aggregate 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 1. 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 1, in addition, gives the Los Angeles Abrasion
values, water absorption and specific gravity ranges of the proposed four
groups of lateritic gravels.

CONCLUSIONS

1. A study was undertaken to investigate the factors responsible for the
formation and mechanical strength of coarse 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 iron 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 127
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 %.

5. The effect of heating immature gravel samples from mid and lower slopes
at temperature of 105° C to 110° C, was to improve their mechanical strength.
The soundness test indicated that matured 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 Fe,0, had very significant
correlation with the mechanical strength, though no such correlation seemed
to exist between the ratios of SiO, to Al,O, and silica sesquioxide. This
indicated that iron plays relatively more significant role in the development
of mechanical strength 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 I.—NOTATION

The following symbols are used in this paper:

Al = acid igneous rocks;

AIV = aggregate impact value;
Al, O, = alumina;

BI = basic igneous rocks;

Fe,0, = ferric oxide;
LLAA = Los Angeles Abrasion value;
Met = metamorphic rocks;

r = correlation coefficient;

Sed = sedimentary rocks; and
SiO, = silica.
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CHAPTER 6
MATERIAL AND CONSTRUCTION SPECIFICATION

Specifications are used to insure proper construction
and to minimize or eliminate all basis for disputes between
designers and contractors. Ideally, specifications should be
used as a guide, for both the engineer and contractor in the
performance of work outlined in the contract documents,

SPECIFICATIONS FOR SUBBASE; BASE AND
SURFACE COURSE MATERIALS

Subbase and Base Courses

Recommended specifications for subbase and base
course materials are given in Table 6.1. Six classifications of
base course materials are shown in the table. The required
base classification is determined by the design period which
is the accumulated equivalent standard axle loadings in
both directions (single lane design) used in the design
computations. The six classifications also provide efficient
use of available materials since thickness requirements are
dependent upon the CBR of the component layers.

Limits for grading and Atterberg limits are shown for
each classification. Thesc are used as criteria in construction
control testing. If a surface treatment is used in design it is
recommended that the durability requirements given for
surface course materials be included in the specifications
for the base course material.

The design CBR is determined by a statistical analysis
of samples obtained from the proposed borrow area. An
illustrated example is shown in Figure 6.1. The percentage
of the samples greater than a given CBR value is computed
and plotted as shown on the lower right of Figure 6.1. An
acceptable practice of selecting an appropriate CBR value is
that which corresponds to a 90 percent confidence limit,
i.e., the CBR value where 90 percent of all samples tested
are greater than the selected value. For statistical purposes
the minimum number of tests is 6. However, more tests
may be required to evaluate a given borrow area. The
number required would depend upon variations in the
material and size of the borrow pit. In the illustrated ex-

ample the CBR would be 55 or a Class VI base course. An
alternative would be to use “selective” excavation which
would eliminate areas exhibiting the lower CBR values. The
borrow area would then receive a higher classification.

L

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 determined at the worst possible condition that will
exist during the design period. In high rainfall regions such
a pretreatment prior to testing is warranted. The in-situ
moisture contents within the various component layers
were examined in Brazil. Figures 6.2 and 6.3 show the
relationship between optimum moisture content at AASHO
Modified compaction and in-situ moisture content for base,
and subbase layers. The annual rainfall has been indicated
for the individual test sections. Examination of these plots
shows that the in-situ moisture content of the base
materials does not exceed the optimum moisture content of
the material until the annual rainfall exceeds 1500 mm. The
in-situ moisture content of the subbase materials does not
exceed the optimum moisture content of the material until
the annual rainfall exceeds 800 mm. Figure 6.4 shows the
relationship between annual rainfall and coefficient of
equilibrium moisture content (c) for the subgrade materials.
The equilibrium moisture content represents the amount of
moisture the soil can accumulate which in subgrades under
pavements is close to the plastic limit. The coefficient of
equilibrium moisture content relates the plastic limit to the
equilibrium moisture;

Equilibrium moisture = (¢) (PL) ............ ... .. 6.1)

The band in Figure 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 examinifig the
CBR value of the respective layers for design purposes.

TABLE 6.1

Specifications, Base and Subbase Materials

Base (lassification

Criteria Subbase
1 n il v v V1

Design CBR +100 90 80 70 60 50 25 -40
Maximum traffic AESALBD 107 107 107 2x 108 9x10° 5% 10° -
Gradation 1 1 i 2 2 2 3
Maximum LL X (-200) 600 900 900 900 1250 1250 1600
Maximum PI X (-200) 200 400 400 400 600 600 800
Maximum Granularmetric Modulus 490 525 550 580 600 615 630

AESALBD - Accumulated Equivalent Standard Axle Loadings in Both Directions
Granularmetric Modulus — Percent passing 1, 3/4, 1/2, 3/8, 4, 10, 40, 200, — sieves.
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FIGURE 6.1 — CLASSIFICATION OF BASE COURSE MATERIAL

TABLE 6.2
Recommended Moisture Range for Evaluation of Design CBR Values
Annual Rainfail
Structurat

Layer <800 mm 800 to 1500 mm > 1500 mm

30in 30to 60in 60in

Base OMC OMC - 1.25 OMC 4 day soak
Subbase OMC OMC-1.5 OMC 4 day soak
Subgrade 0.4 -0.6 PL 0.7-1.2PL 0.9-15PL

Conditions: Water table at least 1 meter below pavement surface and good surface drainage.
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Surface Course Materials

The selection of surface course materials is governed by
gradation. Table 6.3 shows the various gradings used in
selecting materials for the component layers. Grading 4
represents the recommended gradation for untreated
surface course materials. The grading envelope was arrived
at by studies of reports covering the performance of
untreated gravel roads. The minimum CBR value for surface
course materials is 40. The physical properties given for
Class VI base courses or subbases can be used for control

purposes.

The quality of ironstones and concretionary gravels
should be evaluated before these materials are utilized for
surface course materials,

Several types of durability tests were evaluated in
Volume I Chapter 8. The most promising of these is the
slake durability test. A tentative specification of a
minimum slake durability value of 95 is recommended for
ironstones and concretionary gravels when these materials
are to be used in the surface course.

TABLE 6.3
Recommended Gradations
Sieve
1 2 3 4
1S0* ASTM-E11
50 mm 2 in 160 100 100 100
3718 11/2 80-100 90 - 100 100 100
25 1 50-100 70-100 85-100 100
19 3/4 45-100 60 - 100 75-100 100
12.5 1/2 35-100 45-100 65-100 90 - 100
9.5 3/8 30-90 40-100 55-100 80-100
4,75 No. 4 20-70 30-75 45-80 55-8$
2 10 10- 50 25-60 35-65 35-6$
42S tm 40 5-35 20-4S5 30-45 20-40
75 200 0-25 15-35 25 - 40, 15-30

*1SO Intemational Standards Organization, Geneva, Switzerland.
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Text 7

SPECIFICATIONS FOR EXCAVATION OF BOR-
ROW AREAS, COMPACTION EQUIPMENT AND
COMPACTION REQUIREMENTS

Excavation of Borrow Areas*

In 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 drainage away from the pit.
However, if power shovels are to be used, the pit should be
excavated 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 material 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 to excavate laterite is relatively im-
practical because the laterite has a high natural porosity.

Compaction Equipment*

(1) Ironstone or concretionary gravel ( Laterite)

During excavation, transportation, and compaction, an
effort should be made to prevent unnecessary structural
degradation of the laterite; therefore, compaction should be
light and shaping kept to a minimum to avoid high shear
stresses. The reference to “‘light compaction” is to indicate
that lighter rollers and good moisture control should be
employed 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
9,720 kg vibratory steel wheel roller gives the best result.
For pellet laterite, the 4,536 to 7,258 kg steel wheeled or
pneumatic tire rollers are the most effective.

(2) Lateritic Soils

In Thailand, a variation of a sheepsfoot rolier was used
effectively in compacting a lateritic soil. The roller is similar
to a sheepsfoot roller except that the feet are flatter and

* From U.S. Army Corps of Engineers {(1968).

7

have a larger surface area. It has the capability of
compacting thick lifts, for example, a 30 cm loose lift can
be compacted to a 15 cm. However, the loose lift thickness
is usually limited to 15 cm and is compacted to a thickness
of 8 to 10 cm. Contrary to popular opinion, the sheepsfoot
roller can be used effectively if the weight of the roller is
reduced (usually by only half filling the drum) and the
roller is pulled slowly to avoid high shear stresses. The
45360 kg roller can be used, but the load and tire pressure
are critical; they must be adjusted to approximately
22,680 kg and 6.3 to 7.7 kg/em * respectively. A versatile
roller which provides the “‘compaction action” of both a
steel wheel and a sheepsfoot is the “Hyster” Grid 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 of OMC often
give a spongy section instead of a suitable compacted layer.
A good rule of thumb for the field is to apply water at 2
percent less than the lab optimum moisture content.

Compaction Requirements

The specified compaction requirements have been
developed through analysis of the deflection and compac-
tion relationships discussed in Volume I Chapter 12. The
recommended density requirements shown in Table 6.4 are
expressed as a function of the depth beneath the surface of
the pavement. The requirements are applicable to natural
subgrades in which case the required compaction will
prevent excessive deflection of the layer but do not
necessarily provide for the development of shear strengths
required in the stability of high fills.

TABLE 6.4
RECOMMENDED COMPACTION REQUIREMENT FOR
COMPONENT STRUCTURAL LAYERS AND NATURAL

SUBGRADE
Depth Below Surface Compaction
0-25cm( 0-10in) 100% AASHO MOD
25—-45cm (10 - 18 in) 95% AASHO MOD
45 — 60 cm (18 — 24 in) 100% AASHO STD
60 — 90 cm (24 — 36 in) 95% AASHO STD

137



138

Placement of pit material on top 15 cm of Brazilian road shown in cover photo.
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What It's All About

Aggregate surfaced roads represent a large portion of the
total road mileage in the United States and may represent a
large portion of the all-weather, low-volume roads you
maintain.

This guide provides tips for grader operators on blading
aggregate surfaced roads and can be especially helpful for
training on the grader at the job site. Blading Aggregate
Surfuces can help erews do a better maintenance job and thus
help reduce the costs of keeping aggregate surfaced roads in
good condition.

Tips used should be based on your judgment, experience,
and knowledge of your specific area and conditions, such as
terrain and climate.

This guide can be useful for new and experienced foremen,
motor grader operators, and multi-purpose crews working on
aggregate surfaced roads in states, cities, townships, as well
as in counties.
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Aggregates And
Aggregate Surfaced Roads

All roads, even those that carry small amounts of traffic,
Roadway (Road) should be built of materials and soils that will make them
{Right-Of- Way} passable in all kinds of weather.

v

The soils used in road building differ. They may swell when
< Roadbed wet; may break into fine pieces under heavy traffic; or may be
so hard they are nearly unworkable.

Thovelod Wogt : Coarse soils or mineral particles are called aggregates.
Should Those that are very hard and not easily broken up are best to
Shoulder—> | | &—Shoulder Shoulder—> | | €~Shoulder use for road surfaces and shoulders. The main types of

aggregates are:

¢ Crushed stone — made by breaking or crushing rock,

B Ditch y’mg Suh% Ditch L usually limestone
\/ \\/ © Gravel and natural sands — usually found in river beds or
/‘ " “Aggregate Base 7 as natural deposits in old stream beds

Backslope Foresiope e Slag — a by-product of iron and steel manufacturing
® Burnt clay or expanded shale — a by-product of heavy
Typical Section Of Aggregate Surfaced Roadway 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

4 5
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Aggregates Of Different Sizes Are Blended With Fines

e Crushed basalt — a {ine-grained hard rock Agiegates
e Chert — a quartz-type rock
BLENDING AGGREGATES

The proper blend of different size aggregates on a road
produces a surface that ean be used in all types of weather. An
aggregate surface is most economical for roads carrying low
volumes of traffic because materials are usually available
locally.

e Without enough fines, moist aggregate will not dry to

To make a wearing surface, different size aggregates are form a hax:d wearing surface
blended together and spread across the road base. The largest ® Dust blowing from an aggregate surface indicates that
size is usually no more than 3 inch. Blending different sizes fines are blowing away
allows the pieces to lock and pack (compact) together to make
a strong, tight surface.

Wearing Surface
T A T N A WA LT Y S
17 4 ”

oA

Different Size Aggregates Compact For A Strong Wearing Surface

Fine Material {Fines])

Fine material is added to a mixture of different size
aggregates to fill the small spaces (voids) between the pieces.

e Fine material, often called binder or mineral filler, is a
very important part of the mixture because when water is . )
added, it acts like cement to hold the aggregate together Fines Blowing Away As Dust

6 7
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FQUIPMENT USED ON AGGREGATE SURFACED
ROADS

Different kinds of equipment are used to maintain
aggregate surfuced roads. The motorized road grader is most
commonly used.

g4 Flasher

Motorized Grader

8

Other kinds of equipment used to maintain aggregate
surfaced roads are:

o Pull type blades
¢ Underbody blades
* Drags (single or muitiple blade)

Small drags are often pulled behind light-weight equipment
(mower tractors, pick-ups, etc.) during the spring break-up,
primarily to aerate the road surface to speed up drying.
Normal blading with a heavy grader would only aggravate the
situation by further puddling the wet, unstable material and
leaving deep, wide ruts to fill with water.

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.

Pull-Type Drag

9
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Maintaining Aggregate Surfaces:
Smoothing And Reshaping

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

What It Is

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 dry weather but you should
not cut deep enough to disturb the hard crust (see page 17).

A dragging, rolling action created by the curve of the
grader’s moldboard helps compact the road surface as it is
bladed.

Blading speed will depend on the grader, pressure of tires
and condition of the road surface. Going too fast will cause the
grader to bounce, making a good job impossihle.

10

How To Do It

TO DRAG THE ROAD SURFACE:
® Check grader blade (cutting edge) to make sure it is in

good condition

Shift moldboard so end of blade is at edge of road and at

beginning of shoulder

Tilt moldboard forward to get a d
cutting action (see picture, page 12)

ragging rather than

Angle moldboard at about 30° to 45° to spread loose

material to center of the road

Lean or slightly tilt front wheels about 10° to 15° from

the vertical in direction aggregate r

11

olls across blade

(Continued, page 18)
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Tilt Moldboard To Get Dragging Action

12

How To Do It

(Continwed from page 11)
¢ Periodically blade surface of the road against the flow of
traffic to eliminate drifting of aggregate onto ends of
bridges, culverts, intersections, and railroad crossings
e Stop to repair minor bad spots such as holes, rutted areas
and poor surface drainage conditions. Always have a
shovel available

13
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What It Is

Crown

A road must be bladed so that the center is higher than the
edges to allow water to drain into ditches as quickly as
possible. That is called blading a crown or the road.

e Keeping a crown on the road is probably the most
important part of blading because lack of a crown causes
trapped water to break up the crust, producing potholes,
washboards, and an overall rough road

o The amount of crown is the amount of slope on the road.
For good drainage, a road should have a crown of ¥/ to ¥z
inch for each foot 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
other words: a straight, sloped line from the center of the road
down to the edge of the shoulder. The A-type crown is hard to
maintain because motorists tend to drive down the middle of
an aggregate surfaced road, straddling the crown. As traffic
goes down the center of the road, it compacts the road surface
on each side of the center line. Consequently, as you carry on
your dragging operation, your cutting edge will wear {aster in
this harder, off-center area. This accounts for the
moon-shaped wear in the cutting edge. The crown resulting
from such a worn blade resembles an inverted letter U, or the
shape of a parabola; thus, the term parabolic crown.

A bad feature of a parabolic crown is that it is relatively flat
across the center of the road; it holds moisture longer and
defeats the purpose of crown. When the roadbed is wet and
ready for reshaping, you will be able (with new cutting edges)
to rebuild the A-type crown (See Reshaping, pages 25-29.)

The best way to insure that a road has the proper crown is
to use a crown gauge {slope meter) on the grader. The gauge
or meter is attached to the grader to give a constant reading of
the amount of crown as the road is being bladed.

14

How To Do it

TO BLLADE A CROWN ON TIHE ROAD:
e Ruise end of the blade near the center of the road so it is
higher than end of blade on outside edge of the road

e Use a crown gauge to insure that you blade the proper
amount of crown on the surface

Crown (iauge W
Crown Gauge Mounted Cn Control Panel

o 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 read into the ditch

©® © 0o )

&—~———— Road Surface Is 20' Wide ~————> & Shoulder
< 10 r L 10’ >

Edge Of Road Surface

Center Of Road
| 5" Higher Than Edge

Faade o — 2

[ 75 o
NV —

A Crown 'z Inch Per Foot On Road With Surface Width Of 20 Feet Is A
Crowa 5 Inches High

15

J wnipuadwo)

8 IXel

A



8yl

What It Is

Crust

Properly blended aggregate and fines will dry to form a
hard erust that provides a wearing surface. The erust will
carry traffic until it breaks; it also sheds water to keep the
base stable.

When 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 and the road will need reshaping.

18

How To Do t

TO AVOID BREAKING CRUST:

¢ Put only enough pressure on blade to smooth surface and
drag excess material across the surface

Blade Surface Without Breaking Crust

17
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What it Is

Passes Over Surface

One pass over a road surface blades that surface one time.
For most roads, one pass on each side of the center line of the
surface {one round) 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 grader 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 shoulder on one side at the same time, a second
pass in the same direction is needed to blade the road and
shoulder and move any windrow left by the first pass to center
of the road.

18

How To Do It

TO HANDLE WINDROW DURING PASSES:

* When making first pass, angle grader blade so excess
surface material is windrowed to center of the road

e When making second pass on the other side, spread
windrow from center across the other half of the road

For First Pass, Move Blade To Edge Of Road Surface And Angle Blade
To Windrow Excess Materials To Center Of Road

19
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What It Is How To Do it

TO BLADE SHOULDERS:

¢ Blade so shoulder slope is equal to or slightly greater
than slope of road surface

Shoulders

A shoulder is an additional width along the outside edge of
the road surface. Shoulders vary in width. The shoulder may

have an aggregate surface like the road, and — if so — it ° Always blade so the inside of the shoulder is as low as the
should be bladed in the same manner. outside edge of the road surface. (You do this so water
will drain from the road into the ditch, minimizing the
® Shoulders must be sloped so water will drain into the chance of forming a secondary ditch )

ditch ¢ Blade shoulders as needed to recover loose aggregate and

— The slope of the shoulders must be equal to or slightly valuable fines and to destroy unwanted vegetation
greater than the slope of the road surface to allow for ® Spread loose aggregate and fines from shoulder across
drainage road surface to help build the crown and stabilize surface

aggregate
+ Shoulder

| o

.. . On Narrow Roads, Surface Extends To Edge Of The Road. There Is
On Wide Roads, Shoulder Should Slope As Much As Or Greater Than Little, If Any, Shoulder

The Road Surface

20 21
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What it Is

Dry Weather Blading

Sometimes blading has to be done during long periods of dry
weather, mainly to remove excess dry, loose aggregate from
the road surface.

Under some local conditions, you can blade this excess
aggregate into a small windrow at the edge of the road. Be
careful not to carry the windrow so far out on the shoulder
that part of it spills into the ditch.

When the windrow of loose aggregate becomes moist (frem
rain or sprinkling) it should be spread back over the road
surface.

Keep windrows to 2 minimum since they are hazardous to
traffic.

Drains [Weepholes]

Water must drain quickly to keep a road in good condition.
When windrows are left at the edge of the road, euts in the
windrow must be made short distances apart so that water
ean drain from the road. Otherwise, runoff water will flow
along, with the windrow as a curb, and wash out a section of
the shoulder at low points in the road.

If windrows are not removed after each rain, succeeding
rains will start the formation of a secondary ditch.

How To Do It

TO BLADE IN DRY WEATHER:

* Tilt moldboard forward to get a dragging rather than
cutting action

¢ Angle moldboard at about 30° to 45° to windrow loose
aggregate to edge of the road

¢ Spread loose aggregate over road surface when blading
narrow roads; do not leave it in a windrow

® When practical, sprinkle water on aggregate that is being
spread back over road surface

® When windrows are left, make cuts (drains or weepholes)
in windrow short distances apart so water can drain from
the road

e Periodically, blade across shoulders and remove
accumulation of road materials and vegetation that may
act as a curb to hold water on the road

Drains In Windrow Let Water Drain Into Ditch

23
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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 erown, 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 the surface — you must reshape
the aggregate base,

DED., 3078 G 05Tt == oop
*OH0S% b 9 _00‘:%0.:‘00.:0_0, Y ,,8»:.
0358092 0 TS0 918,200

Reshaping Cuts Away Washboard Ridges And Breaks Up Potholes

Reshaping involves remixing the aggregate base to get a
proper blend 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
spots or washed-out places.

The development and maintenance of a proper crust can
bring great personal satisfaction, since the quality of the crust
and its length of useful life depend on the skill used in blending
coarse and {ine 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.

24

The crust that forms what is left of the old wearing surface
is broken up during remixing, often with a scarifier. The
scarifier is an attachment to the grader used when the crust is
too hard to cut easily with the grader's blade.

Scarifier Helps Break Crust

After the aggregate base is remixed, it is bladed to obtain a
smooth road surface with the proper crown. (A new set of
cutting edges, of course, gives the 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 aggregate to make it moist.

J wnipuadwo)
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What It |s

Reshaping The Road Surface And Aggregate Shoulders

Mixing of fines and aggregates in reshaping requires more
than one pass with the grader. Width 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 crown after
reshaping is completed.

Shoulders must slope downward from the edge of the road
surface toward the ditch 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.

26

How To Do it

TO RESHAPE ROAD SURFACE AND SHOULDERS
(APPLIES ONLY TO AGGREGATE SHOULDERS, NOT
DIRT SHOULDERS):
® 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 29)

Tilt Slightly

TS Ey
<=

"o @ ‘°.0'O 2.2
Shift Blade To Outside Edge Of Shoulder On First Pass

27
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In Reshaping, Blade Cuts Into Washboard Ridges And Potholes

How To Do It

(Continued from page 27)
¢ Tilt moldboard so it is in a cutting position
¢ Angle moldboard at about 30° to 45° to provide for
moving and rolling aggregate in a mixing action toward
center of the road

¢ Lean or slightly tilt front wheels about 10° to 15° from
the vertical in direction aggregate rolls across blade

e Put enough pressure on blade to cut shoulders and
washboard ridges

® Scarifying, when necessary, should go as deep as the
average pothole or washboard — usually two to three
inches

¢ Watch blade action very closely and continuously adjust
controls to get good cutting and mixing action

e 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

e Spread half the aggregate back over each side of the
road and shoulders, blading the material into a proper
crown

¢ Blade shoulder downward to ditch so slope is at least as
much as slope of the road
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What it s

Reshaping The Road Surface Without Reshaping The
Shoulders

The road can be reshaped without reshaping the shoulders.
The blading operation is the same except that the shoulders
are not included.

How To Do It

TO RESHAPE ROAD SURFACE WITHOUT RESHAPING
SHOULDERS:

e Shift moldboard so end of blade is at edge of the surface
and at inside edge of shoulder for the first pass

e Follow the same blading operation you do for reshaping
road surface and shoulders (see pages 26-27)

/’/\\f—*

Tilt Slightly

—

To Reshape Road Surface Without Blading Shoulders, On The First
Pass Shift Moldboard To Edge Of Road Surface
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Blading Under Special
Road Conditions

Some road sections require special attention when they are
bladed.

What It Is

INTERSECTION OF AGGREGATE SURFACED ROADS

Beginning at a point about 50 to 100 feet before the
intersection of two aggregate surfaced roads, the crown
should be gradually eliminated so that, at the point of
intersection, there is no crown apparent in either road. If the
erown is not eliminated, vehicles will bounce as they cross the
intersection, particularly on a “no-stop” road at the

intersection.

How To Do |t

WHEN BLADING INTERSECTION OF TWO AGGREGATE
SURFACED ROADS:
¢ Gradually eliminate crown on each road, starting about 50
to 100 feet before roads intersect
¢ Check to see if an extra blading pass 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 a similar situation.)
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What It Is

INTERSECTION OF AGGREGATE SURFACED AND
PAVED ROADS

. Beginning at a point about 50 to 100 feet before the
intersection, the crown should be gradually eliminated from
the aggregate road so that, at the point of intersection, there
Is no crown in the aggregate road. The aggregate road and the
pavement must be at the same grade where they intersect.

How To Do It

WHEN BLADING INTERSECTION OF AN AGGREGATE
SURFACED ROAD AND PAVED ROAD:
¢ Gradually eliminate crown on the aggregate road,
starting about 50 to 100 feet before the roads intersect
* Do not blade loose aggregate onto the paved road. Pull
onto pavement, drop blade, put grader in reverse and
pull off the aggregate
¢ Check to see if an extra blading pass or two is needed to
eliminate crown and to insure that shoulders have a
slope at point the roads intersect

Shoulders Must ::/ ' Shoulders Must
Slope Downward 15 ‘ Slope Downward
< ]
7 ;
”; Z
7
é J z 2 8%

Eliminate Crown On Aggregate Surfaced Road At Point It Intersects
Paved Road
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What It Is

ROAD CROSSING RAILROAD TRACKS

The crown should be gradually eliminated on each side of
the railroad tracks, so that at the point the road intersects the
tracks, there is no crown in the road.

Aggregate must not be bladed onto the crossing. It will get
wedged in the flanges and could cause derailment.

To maintain a good approach to crossings, in many cases,
you may need to use your hand shovel.

Leose Aggregate Must Be Removed From Railroad Tracks

%

How To Do It

WHEN BLADING A ROAD CROSSING RAILROAD
TRACKS:
* Gradually eliminate crown on road, starting about 50 to
100 feet before road intersects railroad tracks
® Do not blade loose aggregate onto railroad tracks.
Always stop the grader after you have bladed on each
side of the 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 eliminate
crown and to meet the grade of the railroad tracks

37
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What It s How To Do It
ROAD CROSSING BRIDGE WHEN BLADING A ROAD CROSSING A BRIDGE:
Most wood bridge floors or decks do not have a crown; © Gradually shape crown on the road to fit the bridge floor,
however, decks of most other bridges, particularly concrete, starting about 50 to 100 feet from ends of the bridge

have crowns of varying degrees. ® Check to see if an extra pass or two is needed to properly

fit crown of the road to shape of the floor
¢ Do not blade loose aggregate onto bridge unless bridge
is designed for an aggregate cover — check with engineer

Regardiess of the shape of the bridge floor, the crown of the
road surface must conform to that of the bridge. The road
surface must be bladed a short distance on each side of the

bridge so that it is the same height as the deck or floor of the ¢ Do not let aggregate build up on ends of bridge. Drive

bridge. onto bridge, drop blade, put grader in reverse and pull
off excess aggregate. Doing this also helps smooth the
approach

Road Intersects Bridge At Same Grade Eliminate Crown On Each Side Of Bridge

38 39
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What It Is

AT DRIVEWAYS

When smoothing or reshaping a road that passes a
driveway, attention must be given to the finished road surface
height. Although the road has preference, there should be no
“drop off” from the edge of the road onto the driveway or no
“jump up” from the edge of the road onto the driveway.

The edge of the road and entrance to a driveway should be
at the same elevation. To accomplish this level connection (do
not create humps in the road grade line), the crown in the
driveway must be eliminated at its junction with the edge of
the road.

40

How To Do It

WHEN BLADING A ROAD PASSING A DRIVEWAY:
* Blade edge of the road to the same grade as the entrance
into the driveway
* Do not raise blade and deposit loose aggregate in front of
driveway
* Make extra passes, if necessary, to smooth entrance into
the driveway

Edge Of Road Must Be At Same Grade As Driveway

41
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What It Is

ON HILLTOPS [CRESTS}

Control the grader blade when it crosses the top of sharp
crested hills. As the front wheels of the grader cross the top
of the hill and start down, the grader blade will cut into the
surface of the road and will scrape the aggregate surface off.

Increased pressure on the blade when going downbhill will
cut through the surface and can cause slick grades and excess
aggregate at the bottom of the hill.

Don't Scrape Aggregate Off A Hilltop

AT BOTTOM OF VALLEYS [SAGS]

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.

42

How To Do it

WHEN BLADING ON A HILLTOP (CREST):

e Gradually adjust blade up and back down again as the
front and rear wheels pass over the top of the hill so you
don’t cut into aggregate surface at the top of the hill

e Check to see if extra passes are needed over the top of the
hill to smooth the aggregate

¢ Be careful not to cut too heavy going downhill as grader
speed increases; shift to lower gear; do not use blade as
a brake

Don't Pile Loose Aggregate In A Valley

WHEN 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 extra passes are needed to insure a smooth
surface with proper crown at the bottom of the valley

43
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What It ls

CURVED ROADS

Oz} curved roads, the outside edge of the road is higher than
the inside edge. This is called banking {(superelevating) the
road. Banking the road helps a vehicle to stay on the road as it
goes around the curve.

The crown is gradually eliminated just before beginning the
eurved part of the road, and the curved part of the road is
banked when bladed.

Care must be taken when banking the road. The roadway
must not be so steep that a vehicle will slide off when moving
at a slow speed when the read is wet or covered with snow,
However, the curved part of the road should be banked
enough so that a vehiele traveling at a safe speed around the
cur;e will not pull te the shoulder on the outside edge of the
road.

How To Do it

WHEN BLADING A CURVED ROAD:

¢ Eliminate crown on the surface by gradually raising end
of blade on the outside edge of curve about 50 to 100 feet
before starting into the curve (use your crown gauge)

¢ 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 edge-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)

e 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.)

45
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Bank Road Surface Ozr Curve

Condition Of Blade

The condition of the grader blade affects how fast and how
well a road can be smoothed or reshaped.

A lot of power is needed to cut washboard ridges and blend
materials. Using a worn out blade reduces the working speed
of the grader by about half.

® Check the condition of your grader blade each time you
start to blade to see if it needs replacing

47
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Copy Of Blading {

Aggregate
Surfaces \
In Back Pocket

oy
Safety Shoes

Gloves (In Pocket)

Personnel And Equipment Safety

Operating a grader on the road, especially when traffic is
passing, can be hazardous. Safety hazards can be reduced by
using adequate personnel, equipment, and signing safety
measures.

FOR SAFETY:

Always wear a hardhat when blading

Always wear safety shoes and appropriate safety gear on
the job

Put colored flags on each end of moldboard when blading
Have Slow-Moving Vekicle triangle on back of grader
Use flashing safety light on grader when blading

Turn on grader headlights when blading against traffic

See that a visible fire extinguisher is on the grader and
make sure it is properly charged

Watch in rear view mirror for traffic wanting to pass

Make sure there is a hand shovel in good condition on
the grader

When 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

49
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* Always remove ignition key when leavin ade
unattended d § grader

° llscj__sigr_lim: and proper flagmen where needed to wirn
traffic of work in progress or as warning if grader is left
unattended

* Signs and sign locations should conform to the Manual On
Uniform Traffic Control Devices (MUTCD) or the official

néa;mal on traffic control devices (sign manual) for your
state

f & Flasher

Headlamp

Use Safety Features On Grader
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Crown on S()ll-;\ggrcgatc Roads

J. W. SPENCER
Highway Rescarch and Extension Engineer, Department of Agricultural Engineering,

Cornell University

This paper summarizes a study of the relationship between road
surface slopes and the severity of potholing on soil-aggregate
roads. Althoughpractice in crowning soil-aggregate roads often
disregards the influence of longitudinalgrade, 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 appearstobe more strongly related to presence
and severity of potholing than is crown slope alone. Because a
tendency to tilt road crown downhill in sidehill locations can
result in {flatter crown (and often more severe potholing) on the
uphill side of the road, cautionin "by eye' shaping of soil-aggre~
gate roads in such locations is suggested.

¢ POTHOLING is surely one of the primary maladies of soil-aggregate or gravel roads.
Materials with good mechanical stability and hence immunity to rutting, and even
materials protected against the dry weather problems of dusting and corrugation, may
be far from immune to the development of potholes during the wet months. Although
safety and convenience in vehicle operation do place some practical maximum on road
crown, it has long been observed that soil-aggregate roads with flatter crown slopes
are more likely to pothole than those with steeper crown slopes. It has also been ob- 169
served that potholing is generally more severe on flat, or nearly flat, longitudinal
grades. This study has explored the relationship between severity of potholing and
crown slope and, perhaps more significantly, between potholing severity and a resultant
of crown slope and longitudinal grade. The study has also explored an hypothesis that
transverse terrain slope (or the misjudgment of vertical or horizontal which it creates)
promotes a tipping or tilt of road crown in a downslope direction by grader operators.
The tendency to flatter crown slope on the uphill side may be a primary explanation

for an often observed greater frequency of potholes on the uphill 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 roads, Huang (1) reported that the maximum rate of
crown for soil-aggregate surfaces is usually between % and % in. /ft (0.02t00.04 ft/ft).
A 1949 publication of the U, 8. Bureau of Public Roads (2) suggests this same range in
crown slope; it is pointed out that needed crown slope is influenced by steepness of
grade, but just how grade should influence needed crown is not defined.

In 1961, his study of circumstances associated with the occurrence of potholes on
soil-aggregate roads in Illinois, Huang (3) noted a relationship hetween crown and pot-
hole formation. Categoriesusedwerehighcrown (4 in. /ft or more), low crown (% in. /ft),
andno crown. Longitudinal grade was notindicated. Inan earlier study of crownvs pothol-
ing of soil-aggregate roads in Indiana, Illinois, Missouriand Kansas, Burggraf (g) reported
that the average of 29 determinations of crown slope where soil-aggregate roads had a
good surface was 0. 50 in./ft and that for 14 determinations where the road surface was

Paper sponsored by Committee on Soils-Calelum Chloride Stebilization snd presented at
the blth Annual Meeting.
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potholed or rutted, the average crown slope was 0.24 in./ft. The longitudinal grades
at the locations of these determinations were not reported. In recommending an A-
shaped crown, Burggraf suggested that crown slope during construction should be %
in. /ft, and should never be less than % in. /ft in the final compacted road. He recom-
mended the use of the crown formula, C = W(100 - 4 L)/4, 800, in which L was the
longitudinal grade in percent, This formula (very similar to the Rosewater formula
(5, 6, 7) gives a crown of % in./ft on level sections and would reduce it only to 0.4
in, /Tt on a 5 percent grade. Burcgraf suggested that "for ordinary purposes, the
longitudinal gradient factor may be disregarded... ."

Still earlier recommendations or standards of practice concerning crown slope were
perhaps as much the result of observation and experience as of specific investigation,
Design suggestions are quite plentiful in the early literature but most suggestions are
related to a curb and gutter cross-section. Green (5) reported in 1909 that the Chicago
West Park Board used a crown height equal to 2 percent of the width of the roadway.
Warren (6) suggested in 1909 that crown should be 1 in. for each 4 or 6 {t between curbs
where longitudinal grade was 2 percent or less. The greater of these crown slopes was
suggested for pavements "providing more secure foothold." Warren considered longi-
tudinal grade in recommending that for 2 to 4 percent grades crown should be only one-
half of that required where the grade was 2 percent or less; where longitudinal grade
was above 4 percent, crown would be only one-third the basic value, It appears that
Warren's corrections for longitudinal grade were as much related to foothold as to
hydraulicor road performance considerations., In 1810, Zahniser (7) considered longi-
tudinal grade in suggesting that for '"'rougher cartways,' the crown (in {t) should be
equal to the width of the roadway divided by 24 times the percent longitudinal grade.

In 1816, an ASCE committee (8) recommended that the crown slope on gravel roads be
from % to 1 in./ft. Longitudinal grade was not considered in the tabulation of recom-
mended crown slope for various roadway surfacings. The words "the practice gener-
ally observed and to be recommended..." suggest that the committee recommendations
were essentially a compilation of standard practice at that time.

The more recent studies have helpfully related soil-aggregate road performance to
crown slope, but they have not seriously considered effects of longitudinal grade. Al-
though some of the very early writings considered corrections for longitudinal grade,
the recommendations are not related to the performance of soil-aggregate roads.

Method of Study

Roads Selected. —Twelve soil-aggregate roads on various town(ship) highway systems
in Tompkins County, N. Y., were selected for this study. All roads were surfaced with
local bank-run gravels of suchgradation and containing enough soil binder that a consoli-
dated but nonrutting surface was produced. Most roads had been treated with chlorides
at the time of initial graveling (2 to 8 yr before this study); approximately half had
follow~-up chloride treatments. Roads selected had a minimum traveled-way width of
16 {t and were generally used full width; narrower roads were not selected to avoid
tracking situations likely to leave a W cross-section. Traffic averaged 50 to 150 veh/
day. Measurements and observations on these roads were made in early April, after
thawing of the roadbed but before any spring maintenance,

Measurements and Observations, —At intervals of 250 {t along both sides of each of
these roads, transverse slope and longitudinal grade were measured and severity of
potholing was observed in the immediate area. The immediate area for pothole obser-
vations was about 20 ft long and included only that side of the road where slope meas-
urements were then being taken. This predetermined spacing of points for measure-
ment and observation minimized any bias in sampling., Measurements and observations
were made at a total of 320 points. The size of sample was arbitrary but covered
reasonably well the ranges in crown slope and longitudinal grade within which potholing
is observed.

Measurements of transverse slope and longitudinal grade were made by liquid-level
devices mounted on a pickup truck (Fig. 1). At a point located by use of an auxiliary
odometer, the left wheels were placed (by eye) on the croest of the crown. The previ-
ously calibrated liquid-level devices gave longitudinal grade over the wheelbase of the
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Figure 1. Devices for measuring (a) transverse slope, and (b) longitudinal grade.

171

Figure 2. Visual definition of pothole severity.

vehicle and average transverse slope over the distance between left and right wheels.
Transverse slopes were recorded to the nearest Yis in. /it and longitudinal grade to the
nearest 0.5 percent.

Pothole severity at the location of the measurements (on only that side of the road
where slope measurements were then being taken) was observed and classified as none,
trace, definite or severe. Visual definition of these degrees of potholing is provided
in Figure 2,

Results

Results of this portion of the study are shown in Figure 3. To minimize clutter,
Figure 3a defines only those situations where no potholing was observed. Figure 3b
defines situations where potholing was observed and, by symbol, whether the potholing
at that location was classificd as trace, definite or severe. On both plots, each symbol
represents one location of measurements and observation, with longitudinal grade
plotted on the vertical axis and transverse slope on the horizontal axis. Where there
were two or more observations at a particular combination of transverse slope and longi-
tudinal grade, slope and grade are indicated by a point near the center of the symbol
cluster., Maximum resultant slope, defined in Figure 4, at any of the points plotted in
Figure 3 is indicated by its radial distance from the origin of coordinates.

Interpretation of Results

Crown Slope vs Potholing. —The relationship between crown slope only and the {re-
quency and severity of potholing is summarized in Figure 5. Observations are grouped
in crown slope ranges of 0 to 0,01 ft/ft (equal to or greater than 0 but less than 0,01),
0.01 t00.021t/ft (equal to or greater than 0,01 but less than 0.02), etc.
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Figure 3. Relationship of potholing severity to transverse slope and longitudinal grade:
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With the total length of each bar made Figure 5. Relation of crown slope to
equal to 100 percent, the percent of ob- frequency and severity of potholing.
servations of no potholes in each crown
slope range is indicated 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 where potholing was in the trace, definite and severe categories.
There is a general trend of decrease in frequency of potholing with increase in crown
slope. Where potholing was observed, there is a more definite trend of decrease in
severity with increase in crown slope.

Trends in the data from this study are somewhat similar to those reported by Huang
(3) from his work in Illinois. The frequencies he found of no potholing, slight potholing
and severe potholing at no crown (% in./ft, and % in. or more per ft) are also plotted
in Figure 5. Although the trends are similar, the Huang data indicate one-third 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 Champaign County, Ill.,
than in Tompkins County, N. Y.

Maximum Resultant Slope vs Potholing. —A comparison of Figure 6 with Figure 5
suggests a more definite relationship when potholing frequency is plotted against maxi-
mum resultant slope than when it is plotted against crown slope alone. Frequency of
pothole observations as well as severity of potholing decreases with increasing maxi-
mum resultant slope. This is as might be expected since where a road has some longi-
tudinal gradient, runoff of surface water is not along the transverse crown slope but
along some resultant of crown slope and the longitudinal grade.

Regression analysis of percent of no potholes observations in the various slope
ranges on midpoint of each slope range (0.005, 0.015, ..., 0,075 ft/ft) for the data
summarized in Figures 5 and 6 indicates regression coefficients of 10.2 for crown
slope alone and 14,0 for maximum resultant slope. These coefficients, or slopes, are
for regression lines not passing through the origin. Standard deviations from regres-
sion are 9.6 for crown slope alone and 6.7 for maximum resultant slope. Correlation
coefficients are 0.94 for crown slope alone and 0. 98 for maximum resultant slope.

It will be noted that the data from this study more closely approach Huang's fre-
quency and severity pattern in Illinois (superimposed on Figure 5) if crown slope alone is
replaced by maximum resultant slope.
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Figure 7. Relation of longitudinal grade

to frequency and severity of potholing.
Figure 6. Relation of maximum resultant

slope to frequency and severity of
potholing.
Longitudinal Grade vs Potholing. —Fig-

ure 7 indicates the relationship between
longitudinal grade only and the frequency and severity of potholing. Although longitudi-
nal grade is usually 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-
nal grade exceeded 2 percent. In contrast, there were more than traces of potholes
where grades were flat or slight and crown slope exceeded 2% percent. Figure 3 also
indicates that there was lesser severity of potholing (for the several ranges in maximum
resultant slope) where longitudinal grade exceeded transverse slope than where a pre-
dominant slope was in the transverse direction.

Why should more longitudinal than transverse orientations of maximum resultant
slope be related to lesser frequency and severity of potholing? It might be reasoned
that the greater length of catchment area for a particular slight depression and poten-
tial pothole results in higher velocity of runoff and a greater tendency to form rivulets
which may drain or even obscure the slight depression. Another factor may be the
longitudinal orientation of traffic which tends to pound down generally longitudinal spill-
ways for slight depressions or birdbaths left f{rom grading or shaping operations. High
velocities of runoff are not an unmixed blessing, of course, since erosion also causes
maintenance problems on soil-aggregate roads. The importance of transverse slope
in heading surface water toward the side of the roadbed must not be neglected, but per-
haps the influence of longitudinal grade when selecting minimum tolerable crown on
soil~ageregate roads deserves more attention than it has received in research efforts
as well as in standard practice.

Implications. —The selection of minimum tolerable crown on the basis of some value
of resultant slope is less than an ideal approach, if only because frequency and severity
of potholing appear to be related to orientation as well as amount of this maximum re-
sultant slope. In addition to acknowledgsing variation in potholing tendency with varia-
tion in orientation of maximum resultant slope, it should be noted that runoff may, in
reality, deviate from the maximum resultant slope. Such deviation would perhaps
most frequently be caused by the longitudinal velocity component of runoff on grades
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0 Ol 02 03 .0‘4 05 06 ure 8 indicates the extent to which crown
might be lessened and still maintain the
LONGITUDINAL GRADE—ft/f’{ desired resultant slope. For example, if
longitudinal grade is about 2 percent,
Figure 8. Maximum resultant slope for Minimum crown slope could probably be
variations in longitudinal grade and crown between % and % in./ft, and if the grade
slope. is about 4 percent, the slope could be as 175
low as % in./ft. Although zero crown is
shown as a dotied line in Figure 8, some
crown would be necessary to keep surface runoff heading for the edge of the roadbed.
Erosion considerations may well dictate a greater crown slope than that which would
be needed for protection against potholing. Just as there may be minimum crowns for
control of potholing and/or erosion, there may also be maximum crowns for safety and
convenience in vehicle operation. In suggesting that minimum tolerable crown (from a
potholing viewpoint) is related to longitudinal grade, it is not suggested that a crown
slope should be changed with every minor change in gradient, Frequent changes in
crown may be not only impractical from a maintenance operations viewpoint but unde-
sirable from the viewpoint of road-user safety.

TRANSVERSE TERRAIN SLOPE VS TILT OF ROAD CROWN

Soil-aggregate roads on sidehill locations are more likely to be potholed on the uphill
than downhill side of the road. Such situations usually reflect, as in Figure 9, a lesser
crown slope on the uphill side. It was hypothesized that crown slope should tend to be
flatter on the uphill side of the road because of a downhill tilt of the crown caused by a
misjudgment of vertical (or horizontal) datum in sidehill terrain by a grader man shap-
ing a road by eye.

Study Method

To explore whether there is, in fact, a higher frequency of downhill than uphill tilt
of road crown and whether amount of tilt is related to transverse terrain slope, meas-
urements of the traveled way cross-section and transverse terrain slope were made at
some 66 locations. These locations, on eight town highways in Tompkins County, were
taken semi-routinely at 0.1-mi intervals and at intermediate points where transverse
terrain had dictated a cut-fill cross-section; data on curves were omitied because of
the probability of intentional banking or warping of the cross-section.

Measurement of Crown, —Crown measurements were niade with the liquid-level de-
vice shown in Figure 10, With the gallon jug placed approximately (by eye) at the center
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Figure 9. Potholing on uphill side of soil-aggregate road.
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Figure 10. Mcasuwrement and recording of crown.

line of the road, readings of the drop in elevation were taken at intervals of 2 ft to the
left and right of the center line. The readings were plotted on a record card, shown in
Figure 10.

Computation of Crown Tilt. —Tilt of crown was computed as illustrated in Figure 11,
A straight line of best fit was drawn through the plotited road surface elevations on each
side of the road. At the intersection of these straight lines representing average crown
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Figure 11. Determination of crown tilt.

Figure 12,

Measaring transverse terrain slope.

slope were erected vertical lines (ab and ac) bisecting the angle formed by the lines of
average crown slope. The angle (t) between lines ab and ac was computed from scaled
distances bc and ab, It was necessary, of course, to adjust the ratio of these scaled
distances to correct for the 3:1 ratio of vertical to horizontal scale on the plots of
crown cross-section, Direction of crown tilt, whether uphill or downhill, was noted.
Measurement of Transverse Terrain Slope, —Average terrain slope was determined
with a protractor as shown in Figure 12. The observer stationed himself so as to be
able to align the flat edge of the protractor with average slope of terrain at the location
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Figure 13. Crown tilt vs transverse terrain slope.

where crown measurements had been made; slope was recorded to the nearest Y per-
cent. Although for simplicity, this terrain slope was measured at the location of crown
measurement, it is recognized that a grader operator's concept of vertical {or horizon-
tal) was influenced by topography as he approached and even looked some distance
beyond the points where measurements were made in this study.

Resulis

Crown tilt in relation to transverse terrain slope at the 66 points included in this
study is summarized in Figure 13. Points on the chart are coded to indicate whether
the road cross-section at that point was in cut (8 points), on fill (35 points), or on cut-
fill (23 points).

Interpretation of Results

Considering all 68 points together (ignoring whether sections were in cut, fill or
cut-fill), it is noted in Figure 13 that for transverse terrain slopes of 2 percent or less,
there was equal frequency of uphill and downhill tilt (13:13). For transverse slopes of
2% through 5% percent, there were 14 downhill tilts in contrast to 7 uphill tilts and 2
sections without perceptible tilt. For transverse terrain slopes of 6 percent and over,
there was considerably higher frequency of tilt in the downhill direction; in these situa-
tions, 15 cross-sections were tilted downhill in contrast to only 2 uphill. Although
frequency of downhill tilt appears generally to be related to transverse terrain slope,
the amount of tilt does not.

Therc are too few points in Figure 13 to make any conclusive statements concerning
relative tendency to tilt road crown downhill on cut, fill, and cut-fill cross-sections,

It is noted, however, that average tilt for the cut-fill cross-sections was 0° 30' for the
fill sections and 0° 9' for the cut sections; average tilt in each case was in the downhill
direction. Mention of average tilt should be qualified by average transverse terrain
slope for each type of cross-section; these were 5.8, 2.7 and 5.9 percent for the cut-
fill, fill and cut cross-sections, respectively,

The significance of such small angles of tilt may be q‘uostionod. It should perhaps
be pointed out that a road with intended crown slopes of 4 in, /It on each side of the
centerline would need to be tilted downhill less than 2° to reduce the crown slope on
the uphill side to less than % in. /ft.
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CONCLUSIONS

Potholing of soil-agaregate roads, though generally related to crown slope, appears
to be more closely related to some resultant of crown slope and longitudinal grade.
The maximum resultant slope, though less than an ideal design characteristic, may be
useful as a guide in selecting minimum tolerable crown. Figures 6 and 8 provide a
guide to selection of the Jowest maximum resultant slope for an acceptable risk of
potholing and, for a given longitudinal grade, determination of the minimum crown to
produce this resultant slope. Although soil-agaregate roads on longitudinal grades
steeper than about 2% percent were observed to have potholed very little, irrespective
of crown slope, the benefits of crown in minimizing erosion problems cannot be disre-
garded.

There is evidence that grader operators shaping roads by eye in sidehill terrain tend
to tilt the crown inthe downhill direction. Probably dueto a misconceptionof vertical, a
practical implication is a less-than-desired crown slope on the uphill side and increased
vulnerability to potholing. Sidehill locations should be an invitation to periodic checks
on crown slope during grading or shaping operations.
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Water-deposited gravel source along Rio Beni, Bolivia.
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Reference 1
LOW COST ROADS

Kelley, E.F. Lexington, Virginia: Proceedings of the
second annual Virginia Highway Conference; 1948,
variable paging. (MNovember 11, 12, 13, 1948).

Out-of-print; may be consulted at U.S. Department of
Transportation, Library Services Division, Room 2200,
400 Seventh Street, S.W., Washington, DC 20590.

The 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 its 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 subgrades in cut sections, and the division of
the pavement structure into a sub-base, if required, a
base, and a wearing surface. Granular or mechanical
stabilization and the use of granular-stabilized mix-
tures as base courses for bituminous surfaces and also
for wearing courses are discussed. Although the
specification requirements for these respective
courses differ in their binder content, it is possible to
design a mixture which is satisfactory for both a
base-course and 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 stabilized
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; Mehra,
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.W., 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, including 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 including the control of erosion and the
stability of embankments and cuttings. Defensive
measures during wet-weather construction are noted.
The location and waterway requirements for 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-
liminary and detailed surveys, setting out, earth-
works, compaction, quarrying, soil stabilization, bitu-
minous surfacing, and concreting. The discussion of
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
special consideration is given to the choice between
manual and mechanized methods or combinations of
the two.

Reference 3
LOCATION AND EVALUATION OF GRAVEL SOURCES
FOR HIGHWAY USE

Spencer, James W.; Dart, Olin K., Jr. Ithaca, New
York: Cornell University, Department of Agricultural
Engineering; March 1956. 53 p. (Short Course).

Out-of-print; may be consulted at U.S. Department of
Transportation, Library Services Division, Room 2200,
400 Seventh Street, S.W., Washington, DC 20590.

The 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 landforms (formation
of overburden and the importance of the thickness of
overburden) is discussed. The methods of locating
possible gravel deposits reviewed here include the
checking of available agricultural soils maps and the
available geologic information for the area. Aerial
photographs are noted as the most complete invento-
ry of possible gravel deposits. The advantages of
aerial photographs, their availability, and costs are
discussed. The orientation of the aerial photographs
for study and the recognition of gravel landforms
from such photographs are described. Characteristics
that must be noted about a possible gravel deposit are
listed, and questions to be considered before opening
the deposit are reviewed. Factors that must be
considered in evaluating the gravel resource are
detailed and include depth of overburden, character
of gravel particles, 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,
position of water table, and degree of cementation.
Comments are also made on the combining of
materials for satisfactory gradation.

Reference 4

STANDARD SPECIFICATIONS FOR CONSTRUCTION
OF ROADS AND BRIDGES ON FEDERAL HIGHWAY
PROJECTS. FP-61

U.S. Department of Transportation, Federal Highway
Administration Bureau of Public Roads. Washington,
DC; 1961 January (Reprinted 1968 March). 383 p.

Qut-of-print; may be consulted at U.S. Department of
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Transportation, Library Services Division, Room 2200,
400 Seventh Street, S.W., Washington, 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
award and execution of the contract, the scope and
control of work, the control of materials, legal and
public responsibilities, 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 earthwork, bases,
surfacing and pavements, structures, and incidentals
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 (Washington, DC  20402), but it does not
include specifications for gravel surface courses; 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 GRAVELS AND
SOILS IN CENTRAL AFRICA

Clare, K.E. Harmondsworth, U.K.;: Great Britain Road
Research Laboratory, Tropical Section; 1960. 44 p.
(Overseas Bulletin No. 12).

Order from: Transport and Road Research Laboratory,
Crowthorne, Berkshire RG 11 6AU, U.K.

The more important roadmaking gravels and soils
occurring in the Central African Federation are
described, and their known engineering characteris-
tics are reviewed. The bulletin also discusses how
knowledge of these factors may 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 the properties of
the soils derived from it, and sub-categories can be
recognized on this basis. Although the pavement rock
iIs important, the large-scale geological structure of
the land in areas of intermediate or high 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 materi-
als useful for building roads in economically impor-
tant areas is noted.

Reference 6
LATERITIC GRAVEL EVALUATION FOR ROAD
CONSTRUCTION

de Graft-Johnson, J.W.S.; Bhatia, Harbhajan;

Hamonond, A.A. Journal of the Soil Mechanics and
Foundations Division, Proceedings of the American
Society of Civil Engineers. American Society of Civil
Engineers, New York, New York; Vol. 98 No. SMll;
Proceedings Paper 9375; 1972 November; pp. 1245-1265.

Order from: American Society of Civil Engineers, 345
East 4#7th 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
laterites found in the tropics. The geological
formations associated with the gravel formations are
identified as acid igneous (granite, gneiss, quartzite);
basic igneous (basalt, gabro); metamorphic (shale,
phyllite, schist); and sedimentary (sandstone, lime-
stone). Physical, chemical, mechanical, durability,
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 the aggregate
impact value (modified 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
primary residual gravels from well-drained profiles
generally had high concentrations of iron and alumi-
na. Such rocks aid in forming lateritic gravels of
relatively better mechanical strength. Significant
statistical correlations were developed between vari-
ous physical properties and mechanical strength, A
very significant correlation exists between the ratio
of oxides of silica to iron and the mechanical
strength.

Reference 7

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 II, INSTRUCTIONAL MANUAL

Morin, W.J.; Todor, Peter C. Baltimore, Maryland; Lyon
Associates, Inc.; 1975, 92 p. (Performed jointly with
the Brazilian National Highway Department Road Re-
search Institute; report # 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 who 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 14). Both volumes are the final report of a
worldwide tropical soil study. This manual summa-
rizes background information (on soils classifications,



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 value, and test for durability of
aggregates). Details are given of flexible pavement
design (an appendix describes the determination of
the coefficient of variation) and the stabilization of
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 compaction requirements, and for materials 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, which 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-surfaced 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, at driveways, on hill-
tops - crests, at bottom of valleys-sags, dnd curved
roads). Condition of the blade and personnel and
equipment safety are also considered,

Reference 9
CROWN ON SOIL-AGGREGATE ROADS

Spencer, J.W. 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 11-15, 1965, Washington,
DC: Highway Research Board; 1965; pp 48-58. (High-
way Research Record No. 91).

Order from: University Microfilms International, 300
North Zeeb Road, Ann Arbor, Michigan #8106.

This paper summarizes a study of the relationship
between road suriace slopes and the severity of
potholing on soil-aggregate roads. Although practice
in crowning soil-aggregate roads often disregards the
influence 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 alonec. Because a
tendency to tilt road crown downhill in sidehill
locations can result in flatter crown {and often more
severe potholing) on the uphill side of the road,
caution in "by eye" shaping of soil-aggregate roads in
such Jocations is suggested.

ADDITIONAL REFERENCES

Reference 10
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, 210! Constitution Avenue, N.W.,
Washington, DC 20418.

This report presents the findings of a study to
evaluate current procedures and criteria for the
setting of density standards to control compaction
during construction of granular base and sub-base
courses and to develop more appropriate procedures
and criteria. An extensive laboratory test program
was 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 using the same four
aggregates. Procedures and criteria are proposed for
use by highway agencies.

Reference 11

PROCEEDINGS FROM A CONFERENCE OF GRADED
AGGREGATE BASE MATERIALS IN FLEXIBLE
PAVEMENTS

National Crushed Stone Association; National Sand and
Gravel Association; National Slag Association; March
25-26, 1974; variable paging.

Order from: National Crushed Stone Association, 1415
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
reviewed. A computerized approach permitting
multiple choices considering 12 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
demonstrated. 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 14 modifications to
the Corps' CBR design system are listed. The second
session, which was concerned with materials and
construction requirements to enhance the probability
of successful performance, covered such topics as the
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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 informal
panel discussion covered experiences in four states.
The final session dealt with methods of production,
construction, and acceptance testing. Quality control
and quality assurance were covered in this session.

Reference 12
THE DESIGN OF LOW-COST PAVEMENTS IN ARID
AREAS

Bofinger, H.E. Crowthorne, U.K.: Great Britain
Transport and Road Research Laboratory; 1974. 16 p.
(PA 77/74 Paper presented at Conference on Low-Cost
Roads, Kuwait, November 25-28, 1974).

Order from: Transport and Road Research Laboratory,
Crowthorne, Berkshire RG11 6AU, U.K.

This paper reviews the experience gained by the
overseas unit of TRRL and other authorities in the
design, construction, and performance of low-cost
road pavements in arid environments. It covers
earth, gravel and surface-dressed roads and discusses
the engineering principles of stage construction, i.e.
the subsequent upgrading of pavements to meet the
structural requirements for increased traffic load-
ings. The strength 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
in arid environments where subgrades are dry and
quite strong. Several methods have been used for
determining the relevant moisture content. These
are described and the sensitivity of the thickness
design to changes in subgrade strength is discussed.
In arid arecas, there may be insufficient water to
enable the formation to be compacted at the. opti-
mum moisture content. The compaction of soils at
moisture contents lower than the optimum 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 useful in arid climates. A reliable construction
procedure for dry-bound macadam bases is included.

Reference 13
GEOLOGY AND GEOTECHNICAL PROPERTIES OF
LATERITE GRAVEL

Krinitzsky, Ellis L.; Patrick, David M.; Townsend, Frank
C. Vicksburg, Mississippi: U.S. Army Engineer Wat=r-
ways Experiment Station, Soils and Pavements Labora-
tory; 1976 June. 214 p. (Final Report-Wes-TR-5-76-5;
report #AD-A026505/8ST).

Order from: National Technical Information Service
5285 Port Royal Road, Springfield, Virginia 22161.

Laterization processes were studied and samples of
laterite gravel were collected at 40 sites in Thailand,
Australia, PBrazil, Ghana, Portuguese Angola, and
Georgia (USA) to determine classification, field
associations, genesis, and engineering properties im-
portant in road and airfield construction. Lateritic
soils are self-hardening and may contain laterite rock
or nodular laterite 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 Unified Soil Classification System.
Generally they are poorly sorted, strongly fine-
skewed, leptokurtic, and, on the average, contain
approximately 12 percent fines. These soils have
originated by the hydrolytic destruction of primary
silicate minerals in warm, tropical to subtropical
weathering environments that exhibit distinct. wet
and dry seasons, and are generally free draining.
Laterite gravel is of primary importance in construc-
tion,  Laterite rock requires crushing, and self-
hardening laterite may be difficult to identify and
thus may be confused with tropical red soils. Foreign
engincers have found that two official U.S. specifica-
tions are too restrictive. They have developed base
and sub-base specifications suitable for road and
airfield construction using laterite gravel.

Reference 14

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 1

Morin, W.J.; Todor, Peter C. Baltimore, Maryland:
Lyon Associates, Inc.; 1975. 369 p. (Performed jointly
with the Brazilian National Highway Department, Road
Research Institute; report # 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 well 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 black 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 more
descriptive pedological classifications are preferred,
and it is noted that 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, maximum deflection values for standard
axle applications, structural 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, classification
of terrain by remote sensors, and specifications.



Reference 15
THE KENYA ROAD TRANSPORT COST STUDY:
RESEARCH AND ROAD DETERIORATION

Hodges, J.W.; Rolt, J.; Jones, R.E. Crowthorne, U.K.:
Great Britain Transport and Road Research Laboratory,
Overseas Unit; 1975, 56 p. (TRRL Laboratory Report
673).

Order from: Transport and Road Research Laboratory,
Crowthorne, Berkshire RG11 6AU, U.K.

This report describes a study of the performance of
paved and unpaved roads which was undertaken in
Kenya as a part of a larger study designed to provide
suitable relationships for use in a computer mode!l
capable of estimating the construction costs, mainte-
nance costs and road-user costs throughout the life of
a road in a developing country. The paved-road
sample consisted of thirty-nine sections located on
surface-dressed roads with cement-stabilized bases
and ten sections located on asphaltic concrete roads
with crushed stone bases. The unpaved-road sample
consisted of thirty-eight test sections located on
properly engineered gravel roads (lateritic, quartzit-
ic, volcanic and coral) and eight sections on earth
roads. The deterioration of the surface of the paved
roads was quantified in terms of surface roughness,
amount of cracking, and depth of ruts. These
parameters together with the transient deflections
and the CBR and the moisture content of the various
pavement layers were monitored for a period of up 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 16
SIMULATION OF THE ROAD-CORRUGATION
PHENOMENON

Riley, 3.G.; Furry, R.B. Soil Compaction and Corruga-
tions. Highway Research Board, Washington, DC; 1973;
pp. 54-62 (Highway Research Record #38).

Order from: Transportation Research Board, Publi-
cations Office, 210! Constitution Avenue, N.W.,
Washington, DC 20418,

A mathematical model was formulated to simulate
the phenomenon of washboarding on unpaved roads.
Both the vehicle and the road components were
treated as spring-mass-damper assemblies. A digital
computer program was written to solve the equations
of motion of the system; displacement forcing func-
tions represented irregularities in the path of a
moving wheel. The program was executed with
varying road and vehicle characteristics, and thus the
relations among those primary characteristics and
washboard presence and dimensions were established
and then verified by physical model tests in the
laboratory. In both the simulation and the physical
tests, the primary and secondary variables were
expressed as dimensionless ratios. Results showed
that vehicle weight, tire pressure, and vehicle speed
affected primarily the wavelength of the corrugations
but that there were maximum or minimum values of
those parameters above or below which corrugations
would not occur. Results also showed that, for the
particular surface materials used, washboarding oc-
curred more readily in a material with a relatively
high specific darnping capacity and that this property
was related to particle shape, effective size, and
uniformity coefficient.

Reference 17
A STUDY OF OCCURRENCE OF POTHOLES AND
WASHBOARDS ON SOIL-AGGREGATE ROADS

Huang, Eugene Y. Influence of Stabilizers on Properties
of Soils and Soil-Aggregate Mixtures. Highway Re-
search Board, Washington, 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 of the circumstances associated
with the occurrence of potholes and washboards on
soil-aggregate roads. The study consisted of a
statistical analysis of the qualitative data obtained
from a road condition 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 of 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 arc
admittedly limited to the types and conditions of the
roads studied, it is hoped that the data rnay be of
value in further understanding the formation of
potholes and washboards.

Reference 18
CONFORMACION A CUCHILLA DE SUPERFICIES DE
AGREGADOS

U.S. Agency {for International Development,
Washington, DC. 1976. 52 p.

Order from: U.S. Agency for International Develop-
ment, Office of Engineering, Washington, DC 20523,

This is a translation of the publication, Blading
Aggregate Surfaces: (NACE 1974). See Reference 9.

Reference 19
PITS AND QUARRIES

U.S. Department of the Army. Washington, DC;
15 December 1967. 142 p. (Technical Manual 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 operation of pits and quarries,
outlines methods and procedures used in explorations
for pits and quarries, and provides information on the
equipment required to operate pits and to supply
crushed stone. Site sclection is discussed with details
of preliminary and field reconnaissance as well as
details of evaluation of the pit and quarry sites.
Quarry layout and development are also detailed.
The review of pit operations covers site preparation,
excavation with scrapers, excavation with power
shovel anc trucks or front loader and trucks, excava-
tion with draglines, and loading ramps. Cut design
blasting and quarry records in rock excavation are
described.  Soft rock operations discussed in the
publication cover coral, tuff, caliche, and laterite. A
sample quarry problem, information on retaining
walls, and further advice on exploration and operation
of pits and quarries are included in appendices.

187



188

Index

The following index is an alphabetical list of
subject terms, names of people, and names of
organizations that appear in one or another of
the previous parts of this compendium, i.e., in
the overview, selected texts, or bibliography.
The subject terms listed are those that are most
basic to the understanding of the topic of the
compendium.

Subject terms that are 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

Indice

El siguiente indice 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 bibliografia. Los vocablos del tema que
aparecen en el indice son aguellos gue son ne-
cesarios para el entendimiento de la materia del
compendio.

Los vocablos del tema que no son nombres
propios aparecen en letras mindsculas. Los
nombres personales que aparecen representan
los autores de los textos seleccionados y otras
referencias dadas en la bibliografia, pero tam-
bién pueden representar a personas que de otra
manera estan conectadas a los temas del com-
pendio. Los nombres personales aparecen con
el apellido seguido por las iniciales. Las organi-

zaciones nombradas son las que han producido
informacién sobre la materia del compendio y
que siguen siendo fuentes de informacion sobre
la materia. Por esta razén se dan las direcciones
postales de cada organizacion que aparece en
el indice.

Los niimeros que siguen a un vocablo del
tema, nombre personal, o nombre de organiza-
cion son los numeros de pagina del compendio
donde el vocablo o nombre aparecen. Los nu-
meros romanos se refieren a las paginas en la
vista general, los nUmeros arabigos se refieren a
paginas en los textos seleccionados, y los nu-
meros de referencia (por ejemplo, Ref. 5) indi-
can referencias en la bibliografia.

Algunos vocablos del tema y nombres de or-
ganizaciones estan seguidos por la palabra see.
En tales casos los numeros de pagina del com-

Index

Cet index se compose d'une liste alphabétique
de mots-clés, noms d'auteurs, et noms d’organi-
sations qui paraissent dans une section ou une
autre de ce recueil, c'est a dire dans I'expose,
les textes choisis, ou la bibliographie. Les
mots-clés sont ceux qui sont le plus élémen-
taires a 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 matiére 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 recuell et qui continue-
ront & étre une source de documentation. Les
adresses de toutes ces organisations sont inclu-
ses.

Le numéro qui suit chaque mot-clé, nom d'au-
teur, ou nom d’'organisation est le numéro de la
page ou 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.g., Ref. 5) refer to references in the
bibliography.

Some subject terms and organization names
are followed by the word see. In 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 also. In such cases, relevant references
should be sought among the page numbers
listed under the terms that follow the words see
also.

The foregoing explanation is illustrated below.

pendio se encontraran bajo el término o nombre
alternativo que sigue a la palabra see. Algunos
vocablos del tema y nombres de organizaciones
estan seguidos por las palabras see also. En
tales casos las referencias pertinentes se encon-

traran entre los nimeros de pédgina indicados
bajo los términos que siguen a las palabras see
also.

La explicacion anterior esta 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 aprés 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 also. Dans ce
cas, leurs références se trouveront citées aprés
les mots-clés qui suivent la notation see also.
Ces explications sont illustrées ci-dessous.

IHlustration {from Comp. 1)

Selected Text page numbers

llustracion (del Comp. 1)

{Hustration (du Recueil 1)

Subject term and see also terms
Vocablo del tema y términos see also

Ndmeros de pagina en los Textos
Seleccionados
Numéros des pages des Textes Choisis

Organization name and address
Nombre y direccion de la organizacion
Nom et adresse de I’organisation

Overview page numbers and
reference number

L

> National Association of Australian State Road Author-

NOmero de pagina en la Vista
General y numeros de referencia

Numeéro des pages de I'Expose et
numeéros des références

Vocablo del tema y término see (ver)
Mot-clé et see

Personal names
Nombres personales
Noms propres

"> non-passing sight distance, see stopping sight distance

Subject term and see term KZ

(ver también)
Mot-clé et see also

mountainous terrain (see also degree of curvature;
design speed; maximum gradient; radius of curva-
ture; shoulder width): 11, 17, 34, 35, 38, 173, 175,
217, 234, 238

ities(P.O. Box J141, Brickfield Hill, N.SW. 2000,
Australia):
publications, xxiii, Ref. 8, Ref. 9

no-passing markings and signs: 31, 95, 132

Odier, L.: Ref.3
Oglesby, C.H.: 231, 233, 234, 239, 240, 241, 242, Ref.14

Selected Text page numbers and reference
number

Ndémeros de pagina en los Textos
Seleccionados y niimero de referencia

Numeéros des pages des Textes Choisis et
numéros des références
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access road, gravel deposit: 51
aeloian soils: 82, 104
aerial photographs: 51, 75, 103, Ref. 3, 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, 116, 117, 118,
119, 120, 121, 122, 123, 124, 125, 126, Ref. 6,
Ref. 14

aggregates (see also blading aggregate surfaces; soil-
aggregate roads): 114, 142-144, Ref. 7, Ref. 10,
Ref. 11
base courses, xxiii, 69-71, Ref. 11
crushed, 69,71,72
size, xiii-xiv, 32
surfacing, xxiii, xxix, 82, 142-165, 169-179, Ref. &,
Ref. 9
alignment: xxi, 28
all-weather surfaces: 26, 28-29
alumina: 110, 112, 114, 117, 123, 124, 127, Ref. 6
aluminum: 76, 93, 97

American Society of Civil Engineers (345 East 47th
Street, New York, New York 10017): Ref. 6

arid regions (see also Kalahari soils): xxi, 27, 30, Ref, 12

asphalt surfacing, see bituminous surfacing and bitumen
surfaced roads

asphaltic concrete roads: Ref. 15
asphalts, see bitumens

Atterberg limits: 133

Australia: 86

backhoe, tractor-mounted: 53

Baron, W.: Ref. 10

basaltic materials: xxv, 34, 77, 84-86, 110, 143, Ref. 6,
Ref. 10

base courses: xiv, xix, xxi, xxiv, 7, 8, 19, 20, 21-22,
31, 33, 34, 80, 87, 88, 89, 90-91, 94, Ref. 1, Ref. 4,
Ref. 12, Ref. 15

construction specifications, 69-71, 133-136, Ref. 7,
Ref, 9, Ref. 13
flexible pavements, 30-34, Ref, 1!

beach ridges: 40, 42, 45, 47, Ref. 3
bearing capacity, see load carrying capacity
bid schedules: 72
binders: xix, 143, Ref. I, Ref. 17
bitumen, 32, 82
clay, 29

physical properties, 20-21, 22
soil, 62, 64, 66, 170

bitumens: 32
stabilization, 87, Ref. 1, Ref. 14

bituminous surfacing and bitumen surfaced roads
(see also bituminous wearing courses): xii, xiv, xix,
xxi, 18, 20, 30, 31, 32, 33, 79, 80, 82, 87, 88, 90,
94, 100, 101

bituminous wearing courses: (see also bituminous
surfacing and bitumen surfaced roads): 18,19, 21

black cotton soil, see clays

blading: 27, 28
aggregate surfaces, xxix, 70, 142-165, Ref. 8, Ref. 18

blanket: 18

blending: xxiii, 33, 34, 69, 70, 143, Ref. 8
Bofinger, H.E.: Ref. 12

bogs: 14

borrow pits: 69, 133, 134, Ref. 7, Ref. 19
excavation, xxvii, 137, Ref. 19

boulders: 91, 101
brick, broken: 30, 84

bridges: xxi, xxix, 28, Ref. 2, Ref. ¢
road crossing, 159, Ref. 8

bulldozers: 53,79, 137

calcareous soils (see also dolomitic materials: limestone):
76, 82, 91-101

calcium: 76, 82, 97
calcium chloride: xv, 69,71,72
California bearing ratio: xxvii, 34, 83, 87, 124, 126,
133, Ref. 7, Ref. 14, Ref. 15
determination, 133-136

catenas and catenary patterns: 75, 90, 94, 97, 98,
Ref. 5

cement stabilization: 32, 34, 76, 80, 83, 102, Ref. |,
Ref. 14, Ref. 15

cementation: xxiii, 50, 63-64, Ref, 3

Central Africa: xxiv, 75-104, Ref. 5

chemical analyses: 117, 127

chert: 143

classification of soils, see soil classification systems

clays (see also sand clays): xii, 7, 10, 11, 12, 17, 28,
30, 34, 41, 44, 56, 57, 65, 66,76,77,78, 81, 82,
83, 84, 85, 86, 88, 89, 90, 104, 142

black, 82, Ref. 7, Ref. 14

content, xix, 87, 101

clearing of vegetation: 26, 27



climate (see also ary season; rainfall; wet season): xxvi
cold, xvili, 16
influence on plasticity requirements, 30
influence on soil characteristics, xvi, xxvi, Ref. 6
road specifications, xxi

coalfields: 87, 88

cobbles: 43, 57

codes, engineering: Ref. 2

color, see soil color

compaction and compacting equipment: 12-13, 14,
15, 21,71, 86, 137, Ref. 1, Ref. 10, Ref. 11, Ref. 14

computerized methods: Ref. 16
cost estimation, Ref. 15
pavemnent-design, Ref. 11

concrete surfaces and pavements: 31, 89

concretionary gravel, see lateritic-gravels

consolidation (see also compaction and compacting
equipment): 12, 13

construction costs: xviii, 5, Ref. 15

coral: 33, Ref. 15, Ref. 19

Cornell University, Highway Research and Extension
Department of Agricultural Engineering (Ithaca,
New York 14850): 58, Ref. 3

corrugations: xvi, 88, 169, Ref. 16

costs, see construction costs; maintenance cost

cracks: 76

crown on soil aggregate roads: xiv, xxix, 147, 150,

152, 156, 157, 160, 169-179, Ref. 9

measurement, 175-176

crushed gravel: xii, 101-102, Ref. 10

crushed stone: xi, 22, 83, 142, Ref, 15, Ref. 17, Ref. 19

crystalline rock gravel: 54, 55

cuirasse (see also ironstone): 113

curved road, blading: 162, 163, Ref. 8

cut-back asphalt, see cut-back bitumens

cut-back bitumens: 32, Ref. |

cuts: xix, 15-16, Ref, 2

Dart, Olin K., Jr.: Ref. 3

deltas: 40, 42, 45, 46, 48, 64

density of soil: xi, 12, 13, 15, 16, 22, 70, Ref. 7, Ref. 10
maximum, 14, 16, 83

desert regions {see also arid regions; Kalahari soils): 30

deterioration, road: Ref. 15

detrital gravels: xxv, 77, 88, 104, 111, 113, 115, 127

detrital soils, see detrital gravels; sands

diabasic materials, see doleritic materials

doleritic materials: xxv, 77, 84-86

dolomitic materials: 88, Ref. 10

dos Santos, Pimentel: Ref. 2

drags and dragging: xvii, xxviii, 144, 145-147, 151

drainage: (see also drains; subsurface water): xiv,
17-18, 26-27, 28, 30-31, 75,77, 81, 137, Ref, 2,
Ref. 5

drains: 151

driveways: xxix, 160, Ref. 8

dry season: xvi, 169
blading, 151, 152

dust and dusting: 143, 169

earth tracks xx, 26, 28
improvement, 28-31

earthwork: Ref. 4

embankments: xxi, 7, 15, 28, Ref, 2
compaction, 12-13, 15
failure, 14

emulsified bitumens: 32

equilibrium moisture content: 133, 136

equipment-safety: 164, 165

erosion and erosion prevention: 27-28, 31, 100, 175,
Ref. 2

eskers: 40-41, 45, 46, 47, 51, 64, Ref. 3

exfoliation: 76, 95

failures, road: 7, §, 14, 85, 86, 90, 91, 100, 124

farm-to-market roads: 6

Federal Highway Administration, see United States
Department of Transportation, Federal Highway
Administration

felspar (see also syenite; zeolites): 78; 88, 112

fillers: 69, 143

fills: 14, 15-16
compaction, xix, 22, Ref. |

fines (see also clays; silts): xiv, xvi, 143, 152, Ref. 13
plasticity, xxiii, 50, 62, 126, Ref, 3

fissures: 76, 112
flexible pavements: 31, 32-34, Ref. 7, Ref. 11, Ref. 14

frost action (see also frost boils; frost heave):
16-17, Ref. 11
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frost boils: 16-18

frost heave: xviii, 17
gabro: 110, Ref. 6
geomorphology: 102, 103

Ghana: xxvi, 109, 110, 111, 112, 113, 114, 115, 118,
119, 120, 124, 126, Ref. 6, Ref. 13

glacial gravel deposits: 39-43, Ref. 3

glaciers: xxii, 40

gneiss: xxv, 77, 78-82, 86, 110, Ref. 6, Ref. 10

gradation of granular materials (see also grading envelope):
xi, xv, xvi, xviil, xxiii, 11, 19-20, 50, 56-61, 64-66,
69,72, 83, 101, 133, 136, Ref. 1, Ref. 3, Ref. 10,
Ref. 11

graders: xvii, xxviii, xxix, 29, 144, 161, 163, 164, 165,
Ref. 8

grading (see also shaping; slopes; reshaping): xiii,
xxx, 15, 20, 33, 34, 169-175, Ref. 9

grading envelope: xv, xxiv

granite: xxv, 77, 78-82, 86, 88, 99, 110, 111, 112,
117, Ref. 6, Ref. 10

granular materials (see alsc gradation of granular
materials): xiv, xxiii, 18, 22, 27, 29-30, Ref. 9

granular stabilization: xix, xxi, 19-22, Ref. |
grass: 27, 100
gravel bases, see base courses

gravel formations (see also glacial gravel deposits):
xxvi, 110-114

gravel landforms, see glacial gravel deposits

gravel particle characteristics: 54, 101, Ref. 3, Ref. 16
size, Xxi, xvi, xxiiy xxvi, 10, 50, 56, 101, Ref. 3

gravel sources: xxi-xxii, 39-66, Ref. 3, Ref. 5
location, xxi-xxii, xxv, 39-49, 75, 102-103, Ref. 5
evaluation, xxii, xxv-xxvi, 50-66, 109-129, Ref. 3,

Ref. 6, Ref. 7

gravel surfaced reads (see also surface treated roads):
xi, xvii, xix, xx, Xxviii, xxix, 26, 30, 63, 65, 72,
79, 86, 136, 170, Ref. 15

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; igneous formations; lateritic gravels; limestone;
mica and micaceous gravels; phyllite gravel; profiles
of gravel landforms; quartz and quartizitic 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: 61

hand labor: xvii, xxviii, 53, Ref. 2

Highway Research Board {(now Transportation Research
Board) (see also Transportation Research Board):

11, Ref. 9, Ref. 17

hilltops: xxix, 161, Ref. 8

hilly gravel deposits: 51, 54, 62

Hodges, J.W.: Ref. 15

Huang, Eugene Y.: Ref. 17

hydrometer analysis: 11

igneous formations: xxvi, 3%, 90, 91, 99, 110, 111, Ref. €

improved roads: xxi, 26, 28-31, Ref. 2, Ref. 12

India: 30, 119, 120

intersections: xxix, 156-161, Ref. 8

iron and iron compounds (see also ironstone): 97, 112,
113, 114, 117, 127, Ref. 6

oxide, 76, 78, 83, 88, 91, 110, 112, 122, 123, 124,

Ref. 6

ironstone: 93, 113, 136, 137

Kalahari soils: 82, &3, 94, 104

kames: 40, 41, 45, 46, 47, 64, Ref,. 3

Kelley, E.F.: Ref. |

Kenya: Ref. 15

Krinitzsky, Ellis L.: Ref. 13

lakes: 42

laterite and lateritic soils (see also lateritic gravels):

30, 84, 94-99, 103, 104, 109, 111, 117, 137, Ref. 7,
Ref. 14

lateritic gravels (see also laterite and lateritic soils):
xvi, xxiv, xxv, xxvii, 33, 91, 109, 126, 136, 137,
Ref. 6, Ref, 13, Ref. 15
nodular, xxv, 76, 84, 91-101, 104, Ref. 13

lime stabilization: 32, 34, 80, 85, 92, 100, 101, 102,
Ref. 1, Ref. 14

limestone: 8%, Ref. 10
gravels, xxvi, 54, 55, 63, 77, 88, 110, Ref. 6

limonite: 85, 86
linear shrinkage test: 30, 87

liquid limit: xiv, xviii, xix, 12, 20, 30, 62, 69, 87, 92,
Ref. 7, Ref. 14

load carrying capacity (see also California bearing
capacity): xi, 12, 27, 32, Ref. 15, Ref. 17

load tests (see also California bearing ratio): Ref. 14

Los Angeles abrasion value: xxvii, 116, 119, 120, 121,
122, 125, 126, Ref. 6, Ref. 14

low cost roads: xviii, 5-22, Ref. 1, Ref. 2, Ref. 12

low volume roads: xi, xiii, xviii, xix, xxi



Lyon Associates (6707 Whitestone Road, Baltimore,
Maryland 21207); 128, Ref. 7

macadam: Ref, 12

maintenance costs: xviii, 5, 6, Ref. 8§, Ref. 15
manual methods, see hand labor

maps, 75, 102, 114, Ref. 5

mathematical models: Ref. 16

mechanical stabilization, see granular stabilization
Mehra, S.R.: Ref. 2

metamorphic rock and gravel: xxvi, 99, 110, Ref. 6

mica and micaceous gravels: xxv, 76, 77, 78, 80,
86-87, 110, 112, 113

Millard, R.S.: Ref, 2

mine wastes: 75, Ref. 5

minerals (see also alumina; aluminum; calcareous soils;
calcium; calcium chloride; iron and iron compounds;
silica oxides and silicates): 76, 85, 86

moisture content (see also optimum moisture content):

12, 86, 133, 134, Ref. 10, Ref. 12

of soil binder, 21, 22

moisture retention (see also moisture content): xii

Morin, W.J.: Ref. 7

National Association of Counties (1735 New York
Avenue, N.W., Washington, DC 20006): Ref. 8

National Crushed Stone Association (1415 Elliot Place,
N.W., Washington, DC 20007): Ref. 1l

National Highway Research Program: Ref. 10

National Sand and Gravel Association (900 Spring Street,
Silver Spring, Maryland 20910): Ref. 11

National Slag Association (300 South Washington Street,
Alexandria, Virginia 22314): Ref. 11

Nigeria, Northern: 84
Nyasaland: 88, 90, 91, 95, 97, 100, 102, 103
Odier, L.: Ref. 2

optimum moisture content: xviii, xx, 11, 12-13, 14, 16,
22, 135, Ref. |

outwash: 40, 42-43, 45, 48, Ref. 3

overburden: xxii, 50, 52, 54, 76, Ref. 3
formation, 45-46, Ref. 3

particle sizes (see also gradation of granular materials;
grave! particle characteristics): 10, 11, 19-20,
29-30, 32, 83, 87, Ref. 7, Ref. 16
distribution, 29, 33

Patrick, David M.: Ref. 13

paved roads: Ref. 15
crossing, 157, Ref. 8

pavement design: 26-34, Ref. 11, Ref. 12, Ref. 14
payment: 71,72

peat: 14, 104

pedology: 75-76, 77, 102, 103, 109, 110

personnel safety: 164, Ref. 8

petrology: 102, Ref. 5

phyllite gravel: xxvi, 110, 117, Ref. 1

pits, see borrow pits

plasticity (see also plasticity index): xxi, xxiii, 11,

12, 30, 34, 50, 58, 62, 72, 126, Ref. 1, Ref. 3
limit, 12, 33, 62, 89, 133, Ref. 7

plasticity index: xiv, xviii, xix, 12, 20, 30, 69, 72,
79, 86, 88, 90, 92, 93, 94, Ref. 7

porosity: 79
Portuguese East Africa: 77, 91

potholes: xviii, xxix, 152, 154, 169-175, 176, 179,
Ref. 9, Ref. 17

power shovel: 53
profiles of gravel landforms: 45 193
quarries: 69, Ref. 19
quartz and quartzitic materials: xxv, xxvi, 96, 97, 143
gravels, xxv, xxvi, 33, 76, 77, 78-82, 88-90, 91, 101,
104, 112, 113, 117, Ref. 6, Ref. 15
quick wash test: xxiii, 58-61, 62, 64
railroad crossing: xxix, 158, Ref. 8
rain forest: xxvi; 112, 113, 115, 127, Ref. 6
rainfall (see also rain forest; wet weather): xxvi, 27,

75,76,77,78, 82, 86, 88, 91, 97, 110, 111, 114,
133, 136, 151, 152, Ref. 5

ravelling: xv, 29, 56
red soils: Ref. 7, Ref. 13, Ref. 14
reshaping: «xiii, xviii, 27, 145, 152-154, 155, 160, Ref. 8§
Rhodesia:
Southern, 77, 79, 80, 82, 83, 84, 85, 86, 87, 88, 90,
91, 93, 94, 102, 103
Northern, 82-83, 87, 88, 90, 91, 92, 93, 96, 97, 99,
100, 101, 102, 103, 104
rigid pavements: 31, 89

river gravels: 33

rivers: 77, 84, 90, 142
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roads {see also bitumen surfacing and bitumen surfaced
roads; failure, road; farm-to-market roads; gravel
surfaced roads; low cost roads; secondary roads):
construction, 69-72, 109-129, Ref. 1, Ref. 2, Ref. 4,
Ref. 12
design, xx, Ref. 7
performance, 100, 110, 123, 126
rocks: 31, 33,79
crushed, 32, 89, Ref. 13
soft, Ref. 19
weathering, &89, 90, 110, 11!
Rolt; J.: Ref. 15
Roston, J.P.: Ref. 10
rotary drilling: 53
ruts and rutting: xiii, 27, 29, 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, 114-119,
Ref. 3, Ref. 7

sand clays: xxv, 19, 31, 33, 81, 83-84, 88, 90-91, Ref. 1
sand equivalent test: 30, Ref. 7
sands and sandy soils: xii, xvi, xxv, 7, 10, 17, 18, 22,
27, 40, 41, 43, 44, 45, 54, 57, 66, 69, 80, 81,
82-84, 110, 142, Ref. |
detrital, K, 77, 104
fine, 17, 18
sandstone gravels: xxvi, 54, 55, 77, 82-84, 117, Ref. 6
sandveld: 80, 82

Savannah soils: xxvi, 111, 113-114, 117-118, 119,
127, Ref. 6

schistose materials: 93
gravels, xxvi, 77, 80, 86-87, 110, Ref. 6

sea shells, crushed: 142

secondary roads (see also low cost roads): 6, 19
sedimentary gravel: xxvi, 110, 111, Ref. 6
sedimentation test {(see also hydrometer analysis); 11
shale: xxvi, 54, 55,77, 87-88, 110, 142, Rei. 6, Rei. 14
shaping (see also grading; reshaping): xxix, 179

shells, see sea shells, crushed

shoulders: xxviii, 150, 153, 155, 162

sidehills: xxx, 179, Ref. 9

sieves and sieve determinations (see also aggregates;

gravel particle characteristics): xxiii, 10, 11, 12,
58, 62

silica oxides and silicates (see also felspar; mica and
micaceous gravels; zeolites): 117, 122, 123, 124,
Ref. 6, Ref. 13

silts: xii, 7, 10, 11, 12, 17, 18, 29, &1, 44-45, 56,
57, 65, 66, 88, 104

size grading, see gradation of granular materials
slag: 22,71,72, 142
slake durability values: 136

slopes: 169, 172, 173, 174, 175-179
measuring, 171, 177-178

smoothing: xxviii, 145-151, 160, Ref. 8
snow: 152
soil aggregate roads: Ref. 17

soil classification systems: xi, xviii, 10, 76, 110, 111},
Ref. 7, Ref. 13

soil color (see also clays; red soil): 76, 78, 81, 82,
83, 84, 87, 88,90, 91, 93, 112, 114, 117

soil formation, see grave! formations

soil properties (see also aggregate impact value; gradation
of granular materials; Los Angeles abrasion value;
moisture content; plasticity; specific gravity; water
absorption): 9, 11, 119-129, Ref. !, Ref. 5, Ref. 7,
Ref. 13, Ref. 14, Ref. 17

soundness test: 118-119, 127

specific gravity: xxvii, 72, 115, 116, 119, 121, 125,
126, 127, Ref. 6, Ref. 7

specifications: xiv, xxiii, xxvii, 133-137, Ref. 1, Ref. &4,
Ref. 7, Ref. 13, Ref. 14
base courses, xix, xxi, 69-71, 133-136, Ref, 7, Ref. 13
gradation, 56-61, 64
gravels, xvi, xxiv, Ref. 3

Spencer, James W.: Ref. 3, Ref. 9
stabilization of soil surfaces (see also bitumens; cement
stabilization; granular stabilization; lime stabilization):

xiv, xix, 32, Ref. 7, Ref. 14, Ref. 17

stage construction (see also improved roads): Ref. 2,
Ref. 12

stockpiling: 71,72

stones: 69,72, 101, 110
screenings, 22

Strahan, C.M.: 19-20

streams, gravel deposits in: 43-44, 142, Ref. 3

subbases: xix, xxi, xxv, 18, 31, 34, 79, 86, 87, 94,
Ref. 1

flexible pavements, 32-34
specifications, 133-136, Ref. 9, Ref. 13

subgrades: xix, xxv, 14, 18, 31, 79, 87, 94, 134, 137
strength, xix, Ref. 1, Ref. 12



subsurface water: 79, Ref. |
surface treated gravel roads: 13-14
surfacings and surface courses {see also all-weather
surfaces; bituminous surfacing and bitumen surfaced
roads; bituminous wearing courses; gravel surfaced
roads; surface treated gravel roads): xv, xxiii, 7,
20-22, 29, 30, 70-72, 142-165, 169-179, Ref. 9,
Ref. 12
paved, 157, Ref. §, Ref. 15
permanent, 30-34
specifications, 133-136, Ref. 4, Ref. 7
swampy areas: 14
swelling tests: 87
syenite: 90

tamping (see also compaction and compacting
equipment): 71

Tanganyika: 94
tar: 32, 88, Ref. 1
terraces: 40, 43, 45, 48
testing of gravelly material: 114-119
Todor, Peter C.: Ref. 7
topography: 114, Ref. 6

granitic soils, 81

relation to overburden thickness, 46
top-soil roads: 19
Townsend, Frank C.: Ref. 13
traffic-bearing capacity, see load carrying capacity

Transport and Road Research Laboratory (Crowthorne,
Berkshire RG11 6AU, U.K.): Ref. 5, Ref. 12, Ref. |5

Transportation Research Board (see also Highway
Research Board) (2101 Constitution Avenue, N.W.,
Washington, DC 20418); Ref. 10

turnout drains: 28

undisturbed soils: 14, 16

Unified soil classification system: xi, Ref. 13
unimproved road: xx, 26, 27-28, Ref. 2
Union of South Africa: 76, 80, 85, 86

UNESCO, see United Nations Educational, Scientific
and Cultural Organization

United Nations Educational, Scientific and Cultural
Organization (UNESCOQ) (7 Place de Fontenoy,
75700 Paris, France): Ref, 2

United States Agency for International Development
(320 21st Street, N.W., Washington, DC 20523):
128, Ref. 7, Ref. 18
United States Army Engineer Waterways Experiment
Station (P.O. Box 631, Vicksburg, Mississippi 39180):
Ref. 13
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.W.,
Washington, DC 20590): Ref. 4
valley bottoms: xxix, 161, Ref. &

vegetation (see also 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: 115, 116, 119, 120, 125, 126, 127,
Ref. 6

water table: xxiii, 50, 63, 91, 101, Ref. 3

waterlogging (see also bogs; swampy areas); 27

watering: 71,72

wearing surfaces (see also all-weather surfaces;
bituminous surfacing and bitumen surfaced roads;
bituminous wearing courses; gravel surfaced roads;
surface treated gravel; surfacings and surface
courses): xvii, xix, Ref, 1

weathering: 79, 88, 89, 90, 91, 94, 109, 110, 111, 114,

118-119, Ref. 13

determination of overburden thickness, 46
chemical, 85, 112, 118

weepholes, see drains

wet weather: 29, 100, Ref. 2, Ref. 13

windrow: 70, 149, 151

Zambesi River: 77, 84

zeolites (see also felspar): 85
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