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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 movemerit
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, guality, 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
arez now the more developed countries, and
some is continually produced in both the less
and the more developed countries. Some cf 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,
ei 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 desempenan un papel impor-
tante, existe una necesidad universal y domi-
nante de crear sistemas viales que provean un
medcio asegurado pero relativamente poco cos-
toso para el movimiento de gente y mercancias.
La mayor parte de esta necesidad se soluciona-
ria con la construccion de caminos de bajo vo-
limen que generalmente moverian Unicamente
de 5 a 10 vehiculos por dia y qgue pocas veces
moverian tanto como 400 vehiculos por dia.

El planeamiento, disefio, 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
épocas de desarrollo de lo que ahora son los
paises mas desarrcllados, y alguna se produce
continuamente en estos paises asi 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. Peiu 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, I'exploitation agricole, la distri-
bution des produits alimentaires, I'accés aux
services medicaux, I'acceés aux matériaux et aux
marchandises, a I'information et aux autres ser-
vices, dépendent en grande partie des moyens
de transport. Bien que les transports par voie
ferree 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 5 a 10 vé-
hicules par jour, ou plus rarement, jusqu’'a 400
vehicules par jour.

L'utilisation des connaissances actuelles en
technologie, qui sont acceéssibles dans beau-
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undocumented and exists mainly in the minds of
those who have developed and applied the
technology througi 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 Researcl.
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 cn

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 tecnologia por necesidad.
En cualquier caso, los conocimientos en exis-
tencia sobre la tecnologia de caminos de bajo
volumen estan grandemente esparcidos geoyra-
ficamente, varian bastante con respecto al idio-
ma y su forma, y nc se encuentran faciimenie
disponibles para su aplicacién a las necesida-
des de los paises en desarrollo.

En octubre de 1977 el Transportation Re-
search Board (TRB) comenzo este proyecto es-
pecial de tres afos de duracién 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 volumen. Con el
consejo y direccion de un comite de iniciativas
para el proyecto, el TRB define, produce, y
transmite productos informativos a través de una
red de corresponsales en paises en desarrollo.
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 econdémico 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 I'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 qualité, et la perfor-
mance de ces routes. La majeure partie de cette
technologie a été produite durant la phase de
développement des pays que {'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 cetie 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 diiiérentes, et ne
sont pas assez aisément acceseibles pour étre

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

En octobre 1977, le Transportation Research
Board (TRB) initia ce projet, d'une dure de 3 ans,
sous le patronage de I'U.S. Agency for Interna-
tiona! 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 tracé,
la construction, et I'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 I'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 I'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 Commiittee

The Steering Committee is composed of experts
who have knowledge of the physical and social
characteristics of developiny 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-
meiit 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 |nteract|ons
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 personsles 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
dela tecnologia de transporte en exislencia y
experiencia en su uso.

Las funciones importantes del comité de ini-
ciativas son las de ayudar en la definicién 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 interaccion 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 fa
preparacaén y transmisién 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 sohre temas

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

Comité de direction

Le comité de direction est composé d'experts
qui ont & la fois des connaissances sur les ca-
_ractéristiques physiques et sociales des pays en
voie de développement, sur leurs besoins au
point de vue transports, sur la technologie ac-
tuelle des transports, et ont aussi de I'expé-
rience quant & I'utilisation pratique de cette
technologie.
Les fonctions majeures de ce comité sont
d'abord d'aider & définir les usagers et leurs be-
soins, puis de définir leurs besoins en matiére

de documentation, et d'identifier I2s 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 I'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 -

vii
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sﬁbjects. and proceedfﬁgs of low-volume rcac:
conferences that are totally or. parti_al!y 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 bétween 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 16 provide in:
teractions between the project and the user

fr .

- 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 m4s amplios, y los expedientes de
conferencias de caminos de bajc volumen que
estan totalmente o parcialmente amparados por
el proyecto. El personal de proyecto prepara los
compendios a razon de unos 6 por ano; se utili-

.zan consultores para preparar las sintesis a

razon de 2 por ano. Se publicara por fo menos
un expediente de conferencia durante el pe-
riodo de tres anos. En breve, este proyecto pre-
tende producir y distribuir entre 20 y 30 publica-
ciones que cubren mucho de lo que se conoce
de la 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
como 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 proyecto y
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 dialogos 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 a 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 synthéses par an sont ecri-
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'abjet de ce projet est de produire et dis-

séminer entre 20 et 30 documents qui couvriront
_l'essentiel des connaissances sur la technologie
des routes & faible capacité.

Interaction avec les usagers
. Un certain nombre de mécanismes sont utilisés

- pour assurer l'interaction entre le personnel du

projet et la communauté d'usagers. Un bulletin
d'information est publié dans chaque numéro ag
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 & résoudre s.r place cer-
tains problémes techniques spécifiques. En ou-
tre, des conférences tenues soit aux Etats Unis,
soit a I'étranger, sont I'occasion d'un échange
d'idées entre notre personnel et les usagers.
Finalement, des colloques annuels sont or-
ganisés pour les étudiants des pays en voie de
développement qui étudient dans les universites
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, it is the
material that passes through a 3-in sieve
(partucle 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 partlcles

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 Gerieral

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 tamanos de particula
del suelo, es aque! material que pasa por un
tamiz de 3 pulgadas (tamano de particula — 76
mm), y es retenido por un tamiz N° 4 (tamafo de
particula— 5 mm). En el sentido mas amplio, el
Sistema de Clasificacién de Tierras "“Unified” ce-
fine la grava como un suelo de grano tosco en el
cual mas de la mitad del material es mayor que

el tamiz N° 200 (tamano de particula - 0,08
mm), y mas de la mitad de la porcidn 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 tamarios de particula
desarrolla un efecto de engranaje, que se co-
noce como resistencia mecdnica. 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 serd. La densidad es una fun-

Exposé

Historique et description

Les routes économiques sont, pour la plus
grande partie, des routes de terre. llyena -
quelques unres dont la couche de surface est
faite de matériau granuleux grossier qui
comprend du gravier et de la pierre broyée.
Pour l'ingénieur routier, le mot “gravier” peut
avoir deux définitions. La premiére, définit le
_gravier comme étant un matériau qui passe l'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 rnoitié de
la fraction grossiére, c'est & dire le matériau dont
les grains sont plus grands que 0,G8 mm, est de
dimension plus grande que le tamis no. 4 (di-
mension des grains 5 mm). Nous allons retenir
et examiner cette seconde aéfinition du gravier.
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well-graded mixture iras a mini:num of voids.
The spaces between the qravel particles are
keyed with sand. The voids oetween the sand
particles are partially filled with gilt 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 io
minimize ravelling and to seal the surface. For
gravel bases that will have a bituminous surface,
a smaliler 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 helow 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 proger
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

~ion de una graduacion correcta. Cuando una
mezcla bien graduada se compacta correcta-
mente con la humedad éptima, 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 cadi-
mentos y arcilla. La cantidad de sedimentos y
arcilla que se encuentra en la grava es muy im-
portante, ya que estos materiales tienden a
ablandarse cuando se mojan. Una cierta canti-
dad de sedimentos y arcilla es deseable en una
superficie de grava para reducir la desintegra-
cion y seliar la superficie. En las bases de grava
donde se colocara una superfici2 bituminosa, se
puede permitir una menor cantidad de seaimen-
tos y arcilla porque la caracteristice de retencion
de humedad que &stas poseen puecle 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,
o 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 :amizado. Normalmente la
grava triturada correctamente compactada ten-
dra mas resistencia porque las formas angula-
res se mueven menos que las formas redon-
deadas que se encuentran en !a grava de
ribera. El tema de este compendio es 1a estabili-
zacion mecénica o granular, que significa la
mezcla de varios tamafnos de material para for-
mar una mezcla densa bien graduada.

Un mélange adéquat de grains de dimensions
différentes, résulte en un phénomene 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 volumétrique, du matériau est élevé, plus
ce matériau est résistant. La densité, ou poids
volumeétrique, est fonction de la granulométrie,
Un mélange ayant une courbe granulométrique
convenable, compacté a la teneur en eau opti-
mum, aura un minimurn 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 ii
s'agit de gravier routier, car ces matériaux ont

-tendance a se ramollir quand ils sont mouillés.

Pour une cot'che de surface en gravier, une cer-
taine quantité d'argile et de silt est désirable,

pour amoindrir les chances de désintégration, et
sceller la surface. Pour une couche de base en

. gravier, qui sera revétue d'un tapis hydrocar-

boné, on doit avoir une plus petite quartité de
silt et d'argile, car la teneur en ea': ue ces fines
peut étre la cause du ramollissement, et de la
rupture de la base, quanrd I'humidité est bloquée
par un revétement imperméable.

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
qu'il ait une bonne granulométrie. On paut aussi
ameliorer la qualité de ce gravier, en le concas-
sant, et en le remélangeant de fagon adéquate,
aprés qu'il ait été passé au tamis. Un gravier
concasseé, compacté de fagon convenable, sera
normalement plus résistant, car les arétes vives
des éléments concassés, résistent plus au dé-



shapes found in bank gravel. The blending of
vartous sizes of material into a well-graded
dense mix is called mechanical or granular
stabilizatior: 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 Iraffic 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 stcne,

laterite, or stahilized soil; they aenerally do

not have a high type of paved surface but,

at the upper traific volumes, may be

primed, have single surface treatments, or

be chip sealed.

This compendiur. 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 tc 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 4C0O
(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 generalmerte 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 el
material en situ, excepto tratar de situar la ali-
neacion del camino sobre los terrencs 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 forina se eleva la superficie y se forma un

placement, que les tormes 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 stabilisaticn
mécanique est le théme de ce recueil.

Objet de ce recueil

LLa 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 4 400 ADT (classe 2). Les routes de la
classe 1 sont généralement non-revétues, ou
sont nivelées sans apport de matériaux. Les
rouies de la classe 2, ont des revétements,
soit graveleux, soit roche concassée, soit laté-

rite ou sol stabilisé ; en général, 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-
lonnées. '
Ce recueil donne dez 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 corirebas, qui
seraient facilement inondés. Quand il se forme
des orniéres, et qu'un reprofilage est néces-
saire, le sol doit étre nivelé en partant des bords
de la route vers le centre. De cette fagon le ni-
veau de la route est releve, le bumbement de sa
surface est assuré, et cela permet au drainage
de se faire.



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

Soil may be mechanically or chemically
stabilized. Comipetidium 7 discusses
mechanically stabilized granular surfaces but

xcludes chemically stabilized soil. The process
of soll modification with cement, lime, asphalt, or
other materials is a possiuvle 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 itseif. 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 grave! differ. The base-course
requirements call for a much cleaner gravel, i.e.,
a grzvel 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 desague superficial.

La tierra puede ser estabilizada mecénica-
mente o quimicamente. £! Compendio 7 exa-
mina la estabilizacion mecanica de superficies
granulares, pere no el suelo quimicamente es-
tabilizado. Ei proceso de modificacion del suelo
con cemento, cal, asfalto u otros materiales esta
identificado como posible tema de un futuro
compendio.

Cuando ia superficie granular de un camino
se reviste con asfalto, aquélla se convierte en la
capa de base bajo el pavimento. Segun la defi-
nicién supracitada, éste consiste Unicamente en
un iino riego superficial. Aunque el t: atamiento
superficial asféltico provee impermeabilidad y
requiere menos mantenimiento, agrega poca re-
sistencia a la estructura del firme misma. Ade-
mas, presenta ciertos problemas en la seleccién
del mate+al granular que formaré la base de dis-
tribucién de carga.

El problema mds importante es la cartidad 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 més bajos.

Después de manipuiarse, la grava, natural o
mezclada, nunca mantiene una graduacion
constante. Por esta razén hay husos granulomé-
tricos para todas las especificaciones. Un huso
granulomeétrico consiste en una sefie de desig-
naciones de tamano de tamiz y un porcentaje
aceptable minime y maximo del material que
puede pasar por cada tamario de tamiz. El huso
granulométrico toma en consideracién las varia-
ciones introducidas en las operaciones de mez-
clado y esparcido. Normalmente el huso qranu-
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-
bilisation mécanique des matériaux granuleux,
et exclut la stabilisation chimique des sols. Les
procédés de modification des sols par I'addition
de ciment, de chaux, de bitume, ou d'autres ma-
tériaux ont été choisis comme sujets d'un pro-
chain recueil.

Quand on met un revétement bitumé, cur 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’'apres 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
nécassite moins d'entretien, il n'ajoute guére a la
capacité portante de la route elle m&me, et pré-

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

Le nrobléme le plus important est celui de la

‘quantité d'eléments fins, (argiie 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 beauzoup 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, scit & I'état naturel, soit quand il est
meélangé. 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. ¥ tere is no probability
that the material wili be repaved with an asphal-
tic surface before it requires additional replace-
ment gravel due to ‘oss, wear, or strenqgth 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 th.e moisture in to pre-
vent the surface from raveiting) by periodic addi-
tion of calcium chloride or sodium chloride until
the bituminous wearing course is added. High
trarfic 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 max;mum size

grava de superficie se sobreponen un poco.
Una solucion para el problema de la gradua-
cion e la superficie y la capa de base es ia uti-
lizacion de la grava que cae en el area de su-
perposicion 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 mezcilado y
nisparcido 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. Gi hay intencion 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 aplicacidn periédica de cloruro de
calcio o cloruro de sodio, hasta que se agregue
la capa superficial bituminosa. Si hay gran vo-
lumen de transito o un. gran cantidad de lluvia
se deberd aumentar las aplicaciones de cua!-
quiera de los cloruros.

Una segunda consideracién en la grava a uti-
lizarse en las superficies de camino y en las
capas de base con tratamiento superficial de
asfalto, es el tamano 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 chaque
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 l'autre.
Une des solutions du probléme surface de
roulement/couche de base, est d'utiliser ie gra-
vier compris dans la zone chevauchante. Ce
matériau est alors acceptable & la fois pour la
couche de base, et paur 1a surface de roule-
ment. Ceci demande un contréle trés soigné des
operations de mélange et d'épandage, parce
que I'éventail des pourcentages passants est
considérablement réduit. S'il est improbable que
le matériau soit revétu d'une couche hydrocar-
bonée avant qu'il ne nécessite une addition de

gravier pour pallier aux pertes et & l'usure, ou
pour le renforcer, cette opération ne doit pas
étre entreprise. Si I'on sait que le gravier sera
revétu dans un proche avenir, comme c'estle
cas dans I'aménagement progressif, on peut uti-
liser le gravier comme couche de base, et entre-

. tenir la surface (assurer 'numidité, de la couche

inférieure pour éviter la désintegration) en ajou-
:ant périodiquement du chlorure de calcium ou
du chlorure de sodium, jusqu'a ce qu'on ajoute
une couche de roulement hydrocarbonée. En
cas de grosse circulation, ou de fortes pluies, il
faudra augmenter la fréquence de ces traite-
ments.

Quand on utilise du gravier pour la couche
de base, et pour la surface de roulement
et que ce gravier est revétu par une couche hy-
drocarbonée, les dimensions maximales des
agrégats, sont & 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 suriace 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 stabitity or excessive slinperiness 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-suriaced roads. The exact cause of
corrugations has been the subject of many in-

tamano maximo de agregado no debera exce-
der 3 de pulgada (20 mm).

Las gravas que se encuentran en los ciimas
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 desarroliado 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 tropicos. Las reco-
mendaciones para las gravas de ambas zonas
climéticas varian 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 lateritico 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 carécter excesiva-
mente resbaladizo durante la ¢poca 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-

honne surface de roulement. Pour assurer ceci,
les dimensions maximales des agrégats ne de-
vraient pas excéder 3 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-
quelles ils se sont formés. Nous reconnaissons
cette difféerence dans ce recueil. Les différentes
fagons 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 I'autre, mais sont
beaucoup plus consistantes pour les graviers de

climat tempeére, 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 tempérées, mais en fait, ils peuvent
jouer un réle tout a fait satisfaisant dans leurs
pays d'origine. Les graviers latéritiques présen-
tent, en outre, des problémes de gradation,
causes par leurs singulieres caractéristiques
mécanigues. 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 afiect 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 mainterance
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 presion del neumatico del vehi-
culo afectan la formacién de estas corrugacio-
nes. La velocidad de formacién de las corruga-
ciones es influenciada por (a) la velocidad del
transito, (b) el tipo de material de superficie, (c)
la condicién del bombeo del camino, y (d) el vo-
[imen del transito.

No se conoce ningun 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-
tenimiente deberdn repetirse cada vez que se
determine necesario. Se deben ziiminar estas
corrugaciones antes de que se forme una capa
dura. Si no, sera 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 diseno, construccién o man-
tenimiento para resolverlos. Se da importancia a
través de los textos seleccionados, a que los te-

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

Les problémes d'entretien d'une route en gravier

sont universels. La téle ondulée apparaft deés 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 qu'elle est causée, par une
interaction entre les véhicules qui circulent sur la
route, et le matériau dont est construite la
surface de roulement. Les ondulations sont
crees par le rebondissement rythmique des
roues des véhicules. Le poids, la suspension, la
pression des pneus d'un véhicule, sort '
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
bombtzement 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 a pneus,
gratte-t6le a lames, télards, balayeuses
mecaniques, et (c) niveleuses ou graders. La
fréquence d'entretien sera fixée par
I'observation directe. Sitt que les ondulations
prennent corps, elles doivent étre effacées de
fagon systématique, avant qu'elles ne se
durcissent, autrement, I'emploi du profileur
devient indispensable, et cela résulte en une
opération beaucoup plus complexe.

Les nids de poule se forment 1a ot Yon a
utilisé des matériaux de qualité infarieure, 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, ot 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 1s
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 bath 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 Pioceedings, 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 110 such thing
as a low-cost road but only roads that are the
least expencive. 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 princinles that
should be observed in the construction of low-
volume roads. These include (a) consideration cf

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 porcion de una disertaci:n
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 construccién vial. Define el
costo verradero de un camino como la suma de
los costos de construccion y mantenimiento. &n
este sentido no existe tal cosa como un camino
de bajo costo, sino que hay caminos que son
los mas econdémicos. 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 ia constiuc-
cion vial. Estos conocimientos llevaron al desa-
rrollo de sistemas de clasificacién de suelos ba-
sados en ia graduacion, limite liquido e indice
de plasticidad. Para la construccién vial en ge- .
neral las propiedades mas importantes de los
suelos son su granulometria, su plasticidad, y su
humedad 6ptima.

Luego presenta algunos de los principios que
se deberan observar en la construccion de ca-
minos de bajo voliumen. Estos incluyen (a) la -
consideracion de la resistencia de subrasante,
(b) la compactacién correcta de rellencs, (c) el
uso correcto de los materiales excavados de los
cortes, (d) el tratamiento de las subrasantes en
tramos excavados, y (e) la divisién de la estruc-

Dans ce recueil no. 7, nous allons identifier et
discuter ces problémes, ainsi que la fagon de
les traiter, lors des dimensionnement,
construction et entretien de la route. Les textes
choisis mettent 'emphase sur l'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 routiére, sont discutés. Ces
connaissances ont mené au développement des
systemes de classification des sols basés sur
I'analyse granulométrique, la limite de liquidité et
l'indice de plasticité. Pour la construction



subgrade strength, (b) proper co,Daction 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 tne 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 euch 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 o0 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 volimen. 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
accién 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 mas alto
que en las capas de base. Asimismo, es desea-
ble un mayor indice de plasticidad en el agluti-
nante. Si tal mezcla con estabilizacion 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 maierial como capa
de base a causa del aumento del contenido de
humedad. Por esta razén las especificaciones
para capas de base de grava granularmente es-

routiere, 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
mécanique, des structures de la chaussée, est
introduit. Dans la construction de routes
economiques, des mélanges stabilisés

mécaniquement, sont utilisés comme couche de
base pour les revétements hydrocarbonés, et
aussi comme couche de surface. Les
caracteristiques du liant naturel, qui sont
determinées par la limite de liquidité et l'indice
de plasticité, sont différentes pour les graviers
utilisés ccmme 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'oppose de la
couche de base, une teneur en argile plus
élevée, et une plus haute limite de liquidite,
peuvent étre admises. Il est généralement
desirable que le liant naturel ait un indice de
plasticité plus élevé. Si un mélange, stabilisé



overlap. Thus, it is possible to design a base-
course mixture that will also be satisfactory for a
surface course. This is desirable for stage con-
struction (when the mixture is to be used as a
surface) until some later time when increased
traffic warrants a bituminous surface treatment.
~ The mixing and placing cf such a material are
critical. It the material lacks uniformity, it will not
function properly either as a base course or as a
surface course. v
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 end
Malntenance (UNESCO, 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
bulidozers. 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 li-
quido y un indice de plasticidad més 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-
cion por etapas donde la mezcla a utilizarse
como superficie serd cubierta por un tratamiento
bituminoso cuando el aumento de transito lo jus-
tifica. La mezcla y colocacién 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
méaxima y con humedad ¢ptima. 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 — Materiaies de construccion vial y
disefio de pavimento) fué extraido de Low Cost
Roads: Design, Gonstruction and Maintenance
(Caminos de bajo costo: disefo, construccion y
mantenimiento) (UNESCO, 1971). Habla de! 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 fagon, est recouvert
d'une surface hydrocarbonee, la teneur en eau
qui I'a rendu cohésif en temps que couche de
surface, s'accroit, parce que les pertes dies a
I'évaporation sont réduites ou méme éliminées.
Cette augmentation de la teneur en eau cause
frequemment la rupture compléte de ce
matériau, quand 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
surtace. Ces spécifications permettent moins
d'éléments fins dans le liant, et éxigent une
limite de liquidité plus basse et un indice de
plasticité moins élevé.

Les spécifications requises pour les couches
de base et de surface stabilisées mécanique-
ment, se chevauchent. Par conséquent, il est
possible de calculer un mélange qui sera 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,
quand ie mélange doit servir de couche de sur-
face pendant un certain temps, jusqu’au mo-
mient 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 rcads 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 o. 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 bace 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 prov»de 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 comun 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-
neraimente 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, (c)
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 granuiar) 0

por la superposicién de una capa de un material
mas estable. El texto presenta ias especifica-
ciones tipicas para la graduacidn utilizada en

la estabilizacién 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 lluvioso, tropical
lluvioso por temporada y 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 tensidn 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 deuxiéme texte consiste er 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-
gee” est déefinie comme une piste rudimentaire,

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

Une route aménageée est définie comme le
premier stade de I'aménagement d'une piste en
terre. Ce stade comprend, en géneral ; (a) des
terrassements pour remblayer les zones mal
draineées, 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 degosits, 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 par: Zescribes 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 o 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) maximurn gravel sizes ex-

Ioz aminos de bajo volumen el revestimiento bi-
tuminoso consiste solamente en un fino riego
superficial. Por lo tanto, la base debera ser re-
sistenie 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 ias 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

(Ubicacién 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 depdésitos
de grava por la accion de glaciares y de arroyos
actuales. Describe el desarrolio 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 indicacién de que se ha formado un
depdsito por la accion de agua.

La segunda garte describe la evaluacion de

sur les riviéres, (c) 'amélioration cu trace et du
profil en long et (d) I'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 mélangeant
des matériaux d'apport au sol naturel, (stabilisa-
tion mécanique) ou en le recouvrant d'une cou-
che d'un matériau plus stable. Dans ce texte on
trouvera un tableau de fuseaux granulometri-
gues pour couches de roulement, et un autre
tableau qui indique la plasticité recommandée
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 trés important de ce re-
cueil. La fonction principale des couches de
base et de fondation consiste & répartir les
charges imposées par la circulation. Le revéte-

. ment hydrocarboné des routes économiques ne
- se compose gue d'un mince enduit d'usure.

Donc, la base elle méme doit résicter aux effets

_ - affaiblissants de I'eau. De plus, la surface supe-
- 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 ct de fondation. |l
donne aussi les fuseaux granulométriques typi-
ques 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 l'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 depose par I'eau courante.

La seconde patrtie explique comment on éva-
lue les gisements éventueis de gravier, et enu- .
mére les informations que l'on doit rassembler
pour décider de I'exploitation d'un gite éventuel :
(a) la proximité, pour les besoins ims:iédiats et
futurs ; (b) 'accés par une route existante et (c)
la cubature et la profondeur de I'emprunt. Le



pected, (d) graaation 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 technique can be used to deter-
mine what, if any, combinations of these sources
will produce a suitable gradation for surface
gravel, base gravel, or both.

The fourth text is excerpted from Standard
Speciitcdlions for Construction of Roads and
Bridges on Federal Highway Projects: FP-61, as
reprinted in March 1968 by the Bureau of Public
Hoads, 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 caractzristicas 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 ac! nivel freatico,
y (g) el grado de aglutinacion.

Se describen las técnicas de evaluacién 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 descripcion 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 solucidn grafica
para la combinacién 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 producirian una graduacion 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 construcciéon de cami-
ncs y puentes en proyectos federales de carre-
teras: FP61) de la reimprimicién 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
(Seccién 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 evaluer
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 (y) le degre de ci-
mentation.

Las méthodes d'évaluation utilisées pour la
détermination 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-
que au probléeme 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 quatriéme texte choisi est extrait de Stan-
dard Specifications for Construction of Roads
and Bridges on Federal Highway Projects : FP
61 (Normes pour la construction des routes et
des ponts des projets routiers fédéraux) (réim-
pression de Mars 1968, Bureau of Public Roads,
U.S. Federal Highway Administration). Les ex-
traits comprennent la section 200, Base en ag-
gregats et la section 200, Surface en aggrégats.
Chaque norme comprend (a) une description
de I'ouvrage & exécuter, (b) les matériaux a utili-
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- Each specification includes (a) a description
of the work, (b) the materia's 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
Centrai Africa. Similar soils are found throughout
the trorics.

cion del trabajo (b) los materiales a utilizarse,
incluyendo husos granulométricos aceptables,
(c) requisitos para meétodos de construccién, (d)
métodos de medicion, y (e) criterios de pago.
Estas especificaciones indican la diferencia
entre los requisitos de piasticidad para gravas
de superficie y de base. Pueden utilizarse como
base para el desarrolio 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 ejempio 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-
lumen. 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 construccién de caminos en
Africa Central) (Departamento de Investigacion
Cientifica e Industrial de Gran Bretana, Road

Researcih Laboratory, 1960). Repasa los suelos,
y particularmente las gravas, disponibles en
Africa Central. Se pueden encontrar suelos simi-
lares en todos los paisas 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 afo),
(b) gravas cuarciticas y arena-arcilla en las
areas de lluvia normal y de mucha lluvia (mas
de 760 mm por afo) y (c) gravas nodulares late-
riticas y gravas calcareas en las areas de
mucha lluvia (més de 42 pulgadas o 1020 mm
por ano). El primer grupo, gravas y arenas detri-
ticas, se divide en los siguientes sub-grupos
segun la petrologia de ia roca matriz: (a) mate-
riales graniticos, gnéisicos y cuarciticcs, (b)
gravas y arenas de piedra arenisca, (c) materia-
les deleriticos (término inglés) o diabasicos
(término americano) y basalticos, (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 unités de me-
sure et (e) les critéres de paicment par unité de
mesure. Ces spécifications indiquent les diffe-
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 granulométri-
gues des graviers de zones tempérées. Cepen-

- dant ces graviers ont &té utilisés avec succes

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

Le cinquieme 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 quartziféres et



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

materials derived from shale; and (f) 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 econémicamente. Se incluye
una breve seccidn sobre los métodos de locali-
zar depdsitos de grava. ‘

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

sobre las gravas lateriticas de Ghana. Aunque
ro todos los palses tropicales poseen laterita en
todas sus formas, el estud.o 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) metamérfico — lu-
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 chdte de

" pluie annuelle est de plus de 760 mm et (c) les
graviers calcaires et latéritiques noduleux des
régions ou les chites 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-mere :
(a) matériau granitique, quartzifére, gneiss, (b)
graviers et sables gréseux, (c) dolérites et maté-
riaux basaltiques, (d) graviers micacés et schis-
teux, (e) matériaux schisteux, et (f) les graviers
calcaires.

La description de chaque matériau est don-
nées ainsi que leurs critéres 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
eéconomique est discutée. Une courte section

sur les méthodes de prospection des gisements

de gravier est incluse:

Le sixiéme 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 iaté-
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 cal-
les qu'on trouve dans les tropigques.

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; (c) metamorphic — shale, phyliite,
schist' and (d) sedimentary — sandstone, lime-
stone. The four climatic regions include (a) coas-

tal savannah with 25-30 in/year (635-760 mm/
year) rainfall, (b) rain forest zone with 70-120 in/
year (1780-3050 mmyyear) rainfall, (c) forest
zone with 560-70 in/year (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
Y2-in (12.7-ram) and restrained on 3s-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 rcad pavement performance, a re-
lative rating of lateritic gravels is suggested.

gadas (1780-3050 mm) de lluvia por afio, (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. S
Se tamizaron muestras de material cascajoso
tipico de varias localidades, hasta quedar sola-
mente el material que paso 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 calificacién relativa de las gravas
lateriticas. Esta recomendacién se basa en los
estudios anteriores, estas investigaciones, y los
datos recogidos en el campo sobre el rendi-
miento del pavimento. Las calificaciones fueron
compiladas en el texto en la Tabla 1 —"Range

of Various Properties of Four Groups on Basis of
Performance”. Las calificaciones del rendi-
miento de la grava en pavimentcs 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 c'e la norma briténica), (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 extraldo
de Laterite and Laterit. > Soils and Other Prob-

~ lem Soils of the Tropics — Volume I, Instruction

Manual (La larerita y suelos lateriticos y otros
suelos problematicos del tropico— Tomo Il, Ma-

métamorphique, phyllade, schiste ; et (d) grés
sédimentaire. Les quatre régimes climatiques
sont : la savane cétiere avec 635-760 mm de
pluie par an (25-30 inches), la forét humide avec
1780-3050 ram 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 été 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 échantillcns ont été en-
suite soumis & des essais divers de résistance

mécanigue, 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, corrohore par
des données sur la durabilité des chaussées, un
classement relatif des graviers latéritiques est
proposé. Ces catégories sont illustrées dans le
tableau no. 1 de la communication : Range of
Various Properties of Four Groups on Basis of
Performance (Portee 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 eté faits pour en
arriver ¢e classement des graviers latéritiques
sont (a) essai de résistance mecanique des
agrégats (modifié du British Standard), (b) essai
de résistance mécanique des agregats (British
Standard), (c) essai Los Angeles (abrasion), (d)
essai d'absorption d'eau (24 heures) et (e) essai
de poids spécifique.



These ratings are compiled in the text in Table 1
—Range ol Various Properties of Four Groups
on Basis of Perforrnance. The gravel's perfor-
mance ratings in pavemients 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 — Vulume II, Instruction Man-
ual (USAID, 1975). It provides information about

acceptable specifications for pavement and
base-ccurse construction using lateritic gravels.
These speciiications allow the use of materials
that would be unacceptable, if the standard
specifications 1iven 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 |, of the same -

publication (see bibliograpny, Ref. 14).

&

nuai de instrucciones) (USAID, 1975). Provee in-
formacién sobre las especificaciones acepta-
bles para la construccién de pavimento y capa
de base, utilizando gravas lateriticas. Estas es-
pecificaciones permiten la utilizacién de materia-
les que serfan 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 extraido 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

A

presenta la misma infermacién en mucho mas
detalle en el Capltulo 12 del Tomo | de la misma
publicacién (ver Ref. N° 14 de la bibliograffa).

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

Los agregados son suelos gruesos o particu-
las minerales. Todas las gravas mencionadas
anteriormerite en este compendio caen en esta
clasificacién. 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 septiéme 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 ia 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 l'indice portant
californien CBR d'un matériau extrait d'un lieu
d'emprunt spécifique, est illustrée. Une méthode
qui permet de modifier I'indice CBR pour repro-

duire les conditions de pluviosité réelle, est pré-
sentée. Des méthodes d'excavation de lieux -
d'emprunt sont discutées. Les procédés de
compaction qui doivent 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 Engin zers (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 aciivities 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 isto be
done when the road is dry, care must be taken
not to 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.

Ei reperfilado consiste en remezclar la base
de agregado para obtener una combinacién co-
rrecta de finos y distintos tamanos de agrega-
dos y cuchillar este-material combinado para
formar una superficie con un bombeo correcto.
Puede resultar necesario afadir 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, (e) en la inter-
seccién de un camino y una via de acceso, (f)
en la cumbre de una coiina (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. Le™ routes a trés basse circulation peu-
vent étre entretenues manuellement avec des
pics, des pel'es, des paniers et des balais. La
plupart du termps on utilise des niveleuses au-
tomotrices.

L'entretien des surfaces gravelées peut de-
mander leur aplanissement ou leur reprofilage.

L'aplanissement de la surface se fait en baissant

le versoir de la niveleuse en avant, pour produire
une action de balayage plutot que d'entaille. Si
l'aplanissement est fait quand la route est séche,
il faut faire trés attention de ne pas racler trop
profondément pour ne pas endommager la
croute dure. .

Le reprofiiage consiste a remélanger la base
d'agrégats, pour obtenir un mélange satisfaisant
de fines et d'agrégats de tailles différentes, et
ensuite & 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 ol la chaussée est raboteuseoua
éte érodée par I'eau. La crodie qui reste devra
étre ecrasée pendant les opérations de mé-
lange, soit avec la lame de la niveleuse, soit
avec ie scarificateur. Quand la route de terre est
séche, le travail de reprofilage deit 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 agregats et une route pavée, (c)
aun 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 valiées, 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 aggrecate surface roads,
(b) tne intersection of aggregete 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 manuat in conjunction

with Selected Text No. 4, Grading lllustrated, m
- Compendium 5, Readside 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 ielationships 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 downbhill direction. This

completo de la operacion de motonivelacidn
leyendo este manual junto con el texto selec-
cionado N° 4. Grading lllustrated (Nivelacion,
llustrada), del Compendio 5, Roac'side 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 que 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 aquelios 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 y la
pendiente del bombeo y (b) la formacién de ba-
ches y el resultante de la pendiente del bombeo
y la pendiente longitudinal. Se llega a la conclu-
sién de que la formacion de baches es una fun-
cion dei 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 aceptabie aun
cuando no es una caracteristica ideal de disefio.
Se presentan figuras que proporcionan una guia
para (a) la seleccion de !.1 “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 neuviéme texte s'intitule : Crown on Soil-
Aggregate Roads (Le bombement des routes en
agrégats) et a éte publié dans le Highway Re-
search Record 31, (Highway Research Board
1965). Le probléme des nids de poules dans les
routes de graveleux en forme le théme.

Les nids de poule ont tendance & apparaitre
plus souvent sur les routes de graveleux dont le
bombement est moins accentué, que sur celles
dont la pente transversaie 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 e phénomene de la formation
des nids de poule est fonction de la résultante
du profil en travers et de la pente longitudinale.
Le calcul de Ia pente maximale résultante, bien
que n'etant pas l'outit idéal, peut étre utile quand
on doit decider 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 irnplication of this misconception is a less-
than-desired crown slope on the uphill side of
the road that increases the chances of potholing
nn that side. Sidehill lncations 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.

formacién de baches, y (b) la determinacién 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 ojo en las laderas de colinas tien-
den a inclinar el bombeo cuesta abajo. Este
fenémeno 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 iaderas 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 nara 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, y libros que podrian ser nombrados,
no es el propdsito de esta bibliografia contener
todas las posibles referencias que se relacionen
con el tema de este compendio. La bibliograffa
contiene unicamente aquellas publicaciones
basicas que hubieran sido seleccionadas si no
hubiera un limite al nimero de paginas en este
compendio.

port & un risque acceptable de formation de
nids de poule et (b) la détermination du bom-
bement minimum qui produira cette pente résul-

tante pour des pentes longitudinales variées,

sont incluses.

Il est aussi remarqué que les conducteurs d&
niveleuses, quand ils font le reprofilage “& i'oeil”,
sur un terrain a flanc de colline, ont tendance a
bomber la route vers le bas. Ce phénoméne est
probablement causé par le fait que la topogra-
phie influence la conception de la verticale et de
I'horizontale du conducteur. Le résultat pratique
de cette conception erronée, est un bombement
moins que désirable du cdté 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 bréve 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 ptiblications apparentees
au théme des textes choisis. Bien gu'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 réfé-
rences possibles ayant rapport au sujet de ce
recueil. Donc, cette bibliographie, telle qu'elle,
se rapporte seulement aux publications dont
nous avons choisi des extraits, ou aux textes de
base que nous aurions choisis aussi, s'il n'y avait
pas de limites quant au nombre de pages de ce
recueil.



Selected Texts

This Lection of the comper.dium 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 el
texto seleccionado ha sido reproducido en el
compendio mismo.

Los numeros de pagina del texto original apa-

recen dentro de los recuadros. Los nimeros de
pagina para el compendio estan fuera de los re-
cuadros y aparecen en el centro del margen iz-
quierdo o derecho de cada pagina. 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-
blicacion original. Este material generalmente
incluye una pagina titulo, un indice, 0 ambos.

Los asteriscos que han sido agregados al indice

original significan lo siguiente:

*Algunas paginas (o partes de pégina) en
esta parte de! 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 da étre rédui-
tes pour pouvoir étre placées dans I'encadre-
ment. Le texte original n'a pas été changé
sauf pour quelques explications qui ont éte
insérées. Dong, si le texte original contient des -
erreurs, elles sont reproduites dans le recueil.

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

I'extérieur de I'encadrement, soit & droite, soit &
gauche de la marge extérieure des pages, et est
celle qui est citée dans la table des matiéres et
dans l'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 ét¢ 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 péagina) en esta parte de la pu-
blicacién original han sido omitidas.

**Todas las péaginas 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 omitic'o texto original. Er varios luga-
res el texto seleccionado contiene notas aclara-
doras que han sido introducidas por el personal
del proyecto. Teales 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'édi-
tion originale ont été omises.

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

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

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

Les lignes brisées sur ies pages des textes
choisis indiquent les endroits ou le texte original
a été omis. A certains endroits, les textes choisis
contiennent des explic-ations 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

L0.-COST RO..DS
By E. F. Kelleyl/

For presentation at Sacornd Annual Highway Conference
Virzinia Military Institute
November 13, 1948

Low-cost roads have becn discussed so exhaustively during

recent yoars that it is difficult to approach the subject from
a new angle and to say anything that is cssentially different
from what already has been said repecatedly. So much has bsen
said, and 80 conv;ncingly, that many people interested in high-
way construction believe that there actﬁally are such thipgs

as low-cost roads, ‘

The cost cf‘a road includes more than the mere cost of con-
struction. It includes also the cost of maintenance. then we
add tha two together we et the true cost of the road, Costs
are relative and no one has given any adcquate idea of theimux-
imum number of dollars which can be spent for a road which is |
in thQ low=cost class. UevhaVe high-type expensive roads;lwe
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 con;trﬁction
and mnintenance of roads which will scrve the traffic adequately

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

1/ Chiof, Division of Physical Researcﬁ,f?uﬁliﬁhﬁédds‘ndm.

i
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Excludud from this discussion are ths roads which cost little
to build but which are very oxpensive to maintain in a satisfac-
tory conditibn if, in fact, it is cven possible to give them sate
isfactory maintenances Such roads frequently are 1mpdssab1e in
tha cerly spring, cspecially if.the wintcr has becon severe, and
the annual maintcnancc ma2y involve what amounts almost to annual
reconstruction. Such roads ara cheap roads in torms of initial
cost but they arc not low-cost roads in torms of totai cost, which
includes maintenance.

If, in fact, there 2re no low-cost roads, what do we mean
when we use that turm, lost of us are guilty, at one time or
anothor, of using a loosu terminalogy which convoys our idecas to
those who think in tho sanc torms but which is not cloar, or may
e#en be unintolligible, to those who arc not so familiar ﬁ;th the
subject, Evory trade and every profossion has its jargon which
is understood perfectly by the initiatc but which is mcaninglcss,.
ar convceys the wrong moaning, to others. Highway engincers are
no exception and whcn thoy spunk of low-cost roads most of them
are reanlly thinking of ronds for light traffic. Roads for light
traffic, somctinub called sceondary roads or fam-to-market roads,
are the subjcct of tais discussion. |

These roads arc of great imﬁoftnnco in our transportation
system ahd they may bo éipocted to incrcasc in 1ﬁporcancc in the
futurc, .Greatcr sorvice will be demanded of thou as tho consoli-
dation of rural schools continuos and a furthor load will be
placad on thom by the docentraiized industrialigation of rural

aroas uhich'will’rcgnirc the workaer to usc thea for his daily

travel to and from tiac nill or factory.,
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It has bogn s=2id repeatodly, but it cannot bc said too often,
that soil is thc foundation of the road and as such is thc most

- important constituunt of the roid structurc. If thc foundation

- fails thu rozd fails. also soil is th: most commonly uscd of
road-building materials. Soil materinls such as gravel, sand and
the finc-graincd silts ond clays arc used in ombankmgnts, in basc
courscs and, in the léwcst-typu roads, in surfaco courses. Therec-
fore, a knowledge of soil churacteristics, and thc applicati on of

- this knowledge in highway construction, is csscntial.

The developacnt of our knowledge of soils to the point where
it has a practicnl value in its application to highway construc-
tion is of comparatively rocent date. It is interosting to re-
call that only twenty ycars ago highway ongincers knew practically
nothing of the engineering propertics of soils and, norcover, very
fow avidenced any great concern about this most important road-

- building material. The general attitﬁdc at that time was -that we
must take what nature has given us, whether good or bad, and that
any offort to improvc bad conditions was hopocless. Now it should
b2 rcecognized that the situation h:s changed completoly. Highway

| enginesrs have availabla a fund of infornation concerning soils
which, if utilized, will grc:ly improvo the quality of highway
construction and low.r thc ultinate cost. Thore arc still those
;n the highway cngincerihg profesSion who refusc to concern them-
solvos scriously with the most effective utiliz~tion of soils

2nd who appear to be indiffercnt to the rdvantages to be gaincd by
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putting into practice tho knowludgo which has beon daveloped.
These sngineours cre now in the ninority and their numbors aro
'dwindling rapidly a8 thc knowlcdge of soils bccomos more widely
disscminated. It is not-too much to say that today thc highwa&
cngincor who attenpts tb build roads without putting into practice
the oxisting knowledge of soils is inviting failurcs which could
bo avoidsé., Such fiilures incrozse ultimate costs by incronsing
the cxpenditurcs requifed for inintcnance or roconstfuction.

In this conncction it is interesting to rccall an oxperi-
mont2l road which was constructud about 20 ycars ego Sy onc of
the State highway departments in coopcration with the Public Roads
administration, Two types of basc-coursc material were obtained
fron local dcposits and worc placcd on the oxisting road bed.
Ono of then proved to bo good and the othur onc poor. At the tiho
of this construction we knuw practically nothing about soils and
how their charactsristics affoet thoir perfornance in road bascs.
However, during the next fow ycars a great doal of information on
this subjoct w1s davclopad, - chore thc oxperinent was concluded
it had been dutermincd that tho imported bise-course matarial
which gave poor servico wias :ctuxlly inferior to the nateriali
which oxistud in the originzl road bud. Beenuse of ignorance of
tho facts that we hive now, thu uxpenditure for this base-course

.matorial had buen 2 waste of moncy.
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as has been said, a use ful knowlodgc of the ongina»ring pro-
pertics of soils as 2pplicd to highway conatruction has becn de=-
volopud during thc past twcnty yecars. Thce Public Roads ,dninis- -
tration takcs pride in having becun 2 pioncer in this developrent
work. When it was started therc wore nany who were eritical or
contenptuous of such rescarch work on the ground that it was a'

- waste of timo and money to cngase in.an undortaking from which it
wos hopuiess to oxpoct usceful rosults. s thc work prozrossecd
and it basnnevapgnrcnt that thore was something in this new idea,
it was takon up, first by onc State highﬁay department, and then
by anothor and anothcr in rapid succassidn. And covery Scate

~ which undertook to apnly the principlrs of soil scicnce to high-
way construction addad to our storc of information barausc, aftor
all, soils cngincgring is not an cxact science any more than is
eny other branch of cnginecrihg. It is an art in uﬁich certain

- scientific principlcs are applicd to prdctical.ongincering pro=-
blems and the limits of application arce detcrminod by experience.
The more there 18 of cx»erience, the nore informztion we have ro-
garding tho practical applica;ion of the scientific principles

- and the limivs within which thcy may be aprlicd,

Today cvery State highway departuent in the United States,
to a groater or 1cssé: degrec, is making some usc of soils engi-
nceriﬂg in its constfuction work and is obscrving tho results.

. Every road that is built to cmbody. cortain principles of design
is, in offect, an cxporimental road if the facts are observed

and recorded for futurc usoc.
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From this viawﬁoint; thc Unitad States has becomo & vast labora-
tory in which rusonrch work on soils is const~ntly in prograss,

Thc combini2 ond cooperative offort of tho St-te highway
dep:rtm&nts ~nd ths Public Rouds administration has davelopad
our prescnt know!l.:dge of soils. .8 comparad with the situation
wiich oxisted only a fow yuars ago, a great advancement has been
made but it shouid not be inferred fron what has becn said that
wo have reachad or svsn approached the ultimate gozl, Fifty years
fronm now our succossors, from the vantage point of thoir superior

knowledge, may look bicikk with wondur at our gropings in the dark,

" Thc research work which has resultcd in such phenoricnal progress

must be continugd and cxtenced if wo are to make the wost cffec-
tive use of tha money cxpendud for road construction. The Vir-
ginii Department of Aighways is to be congratulated on its for-
ward-looking attitudo in making provision for the continutibn of
this reaoﬁrch.

Soil materials include, in tho duscending order of particle
siza, gravel, s.nd, 8ilt and clay. all materials which will pass
the No. 200 siocv: (Qith siove opunings of approximatoly 0.003
inch) may be classed s 8ilt and clay. M:aterinls ret~incd on the
Ro. 200 sisve are classsd 28 sand nd zraivel. Soils range in
character from gr-nular anterials, in which gravel and sand pre-
dominate, to the finc~-graincd plastic soils in which silt -nd
clay predominatc. Thc grenular materinls arc the best for roxd-
building purposcs. The finc-grainad silt-clay soils zre less de-

sirable and sone of the hcavy clays are so poor that their
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usc should bc avoided if possiblc. Frequontly their usc cannot
bo avoidud and dupend.ncu must bu placed on tho rcsults of past
rescarch to insure th:t th. bust rasults possiblec will be ob-
tained,

Early in its roscarch work on soils tho Public Roads .<dmin-
istration duveloped 1 classific-tion of soils which has bucn
widoly usod by the Stato highway departmants. In this classifi-
cation the soils wore dividud, on the basis of thuir physical
propertias, into the more iamportant groups. liore rucently tho
Highwey Research Beerd has adoptud 2 simplificd and improved
classification which, essuntially, is a revision of tho original
Public Roxs classification. In tho now classification the soils
ero divided up into a :umber of groups ontirely on tha basis of
groding, liquid limit and plasticity index. The classification
of a soil by this or any other mothod docs not givc the final
answer by any .wc2ns but it is a very useful tool for the highway
engincer.

For highway construction in general thc most important pro-
perties of a soil arc its sizc grading, its plasticity dnd its
optinﬁn moisturc contont.

Tho complote size grading of a soil may bc determincd by
sisve analysis of tnv coarscr fraction and hydromctur analysis of
tho fincor friction. Tic hydromcter antlysis is a scdimentation
tust by moans of which it is possible to dutorminc thc grain sise
of the scil particles cown to thosc of microocopic sizc, Its
value lies in tho fact that by its use it is possiblo to extond
the grading analysis through the fine siscs and dctormiro the
purcentnge of silt and the porcontego of clay. There arc times

1"
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when this informntisn 18 import.:nt. Whon the separation of
the silt and clay fractions is not important, th: grading may
be determined contircly by sicve anzalysis. In this case the
charicter of thu fins fraction is judgud by the results of the
pmucm tosts, '

The plastic pripertics of 2 80il are muvasurod by the liquid
limit, the plastic limit and thc plnstiéfzndex. Jithout bucom-
ing too technical we mny dofine the ligquid limit 2s that mois-
ture content at which thc soil is on thu dividing line botwrcen
the 1iquid and thc scmi-solid state. When it is in the semi-
solid state it is plastic. Thc plastic limit is the moisture

_ contunt at which th2 soil is on the dividing linc batwuen the

somi-solid and the solid state. The pi:stgéfandex is the dif-
fercnco betwean thesu two moisture contents and dofines the
moisture range within which the scil is in thc sumi-solid state
and is in a plastic condition.

a knowledge of the optimum moisture contenﬁ is important
in 21l types of construction which involve the consolidation
or donsification of soil meterials. This is bucausc the sta-
bility of a soil mass, or its s«bility to support lowqa. is

depcndent in 1 groat degrec on its demsity. For a given amount

of compactive offort tha donsity of a consolidnted soil is de-

pondent on its moisturs content. .8 the moisturc content is
incrsased the density incroascs to a maximum and thon docroascs
with furthor incraascs in moisturc. Thoe moisture content at

maximum donsity is callcd the optimun moisturo and it is highly

‘important to compact enbankments and base courses 1t a moisturc
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content which is 1t or near this optimum. . soil mass of high
density &8 much noro rcsistant to the acﬁinn 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 difl'crunce between success or failure of tho con-
struction. The optimum moisture of a given soil is dcrendent
on tha amount of compactive effort ox;cnded in its consolidation.
« high compactive offort rcsults in a higher density and a
lower optimum moistur. content than docs a lesser compactive
effort. Therefore, on & given job the optimum moisture and
maximum donsity ars dehandent on the soil itsclf and on the
iype of compacting oquipment and the mannor or amount of its
usc.

The porforumance of the rathcr simple tests bhat have been
described is not spoctacular and the soils engincers who con-
duct them arc sometincs accused, facotiously or otherwisa, of
playing with mudpias. Nevertheless, they are important since -
the success of the work may be derondent on thom, ‘

The for:going discussion has boen preliminary to a consid-
eration of samc of the rincinics which should be observed in
the constructi.n of roads for light tr-ffic. Except as they
portain particulzrly to low-type surfaces, thosc principles
ara equally applicablic t> the construction of roads for heavy
traffic. However, they are szocially important in the case of
dight-traffic roads sincc tho lowser types of construction, such
as surfaca~treatcd gravel roads, do not have as grcat an ability

to resist the detrimental &nd destructiva cffocts of poor

13
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subgrade or foundatisn conditions as do concrote pavomunts,
concruty pavemunt with its high beam strensth, mny function
in a reasonably satisf-ctory manner on an unstable subgrade
whore 28 on the s sﬁbgrnde 1 grivel surface which is lacking

-in beum strength, would fail completoly.

The natural undisturbed 8oils upon which fills are con-
structed ronuirc somo consideration although this is a fact
which is somctimes overlooked. If the foundation soil under
the fill is too weak to support thorlond it %ill be displaced
by the suporimposad weight and the embankment will £ail by sub-
sidence. With ordinzry soils and fiils that =ro not excessively
high this is not gencrally a problem of great importance. How-
over, when fills arv to be built across peat boys or through
swanpy ar¢as or when tho fill is to be of unusual height it dous
proegcnt a prablom which should be given careful study. a def
tailed considoration of this subject is buyound the scope of
this discussion. It is sufficient hefe to point out that under
certain rather special conditions fills should not be built
without a carcful prelininay investigation of the foundation upon
which the fill will r.st.

In the construction of tha f£ill itself the importanco of
conpactinc‘thc s0il to aximwa density ae optimﬁm uosisturc cone
tent has alruady beon mentioncd. Adegquatc compaction is 1mpor;
tant in 111 fills but it is more importint in high £ills than
in low oncs bacause tho failures which may othsrwise result are
1ikcly to be more severe and mora costly to repair. The proce=

duro, once pravaloent, of building fills by cnd dumping is nn
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longer considered good practice. Instead of this the soil
should be spread in rclatively thin layeri which will give a
compacted thickness o»f thc gencral order of 6 inches and each
layer should be thorouzhly compacted before the succeeding
layer is placed. The type of roller used for compaction is
not importinc if the desired density is obtained. Decpending
on circumst:nces, shecpsfoot tamping rollers, rubber-tired
wobble-wheel rollers, or smdoth-foace steol rollers may be used.
Satisfzctory densitics may also be obtained with the earth-
hauling equipment used on the job. Howaver, it is difficult to
control the uniformity of oparation of such equipment over the
area to be compacted and the resplt rmay be a lack of uniformity
in the densivy of the finished e¢mbanknent.

In addition to the improved embankment structurc which re-
sults fron the compnction of filis, therc is an immediato practi-
cal benefit to the contractor. Compacted soils are resistant
to the absorptisn »f water with the result that there is less
delay in construction opecrations bscause of muddy conditions
following rains. '

The grading of a hizhway usually involves the construction
of a succession of cuts =nd fill#. If it wcre not for the cuts
through hills or along hillsides manyvof our troubles with soils
would not develop.' Kowever, in a cut of any depth the grade
linc may intersect a number of laycrs of the svil profile and
the lower layc:s of soil, being less waeathered than the upper
layers, arc frequently lcss suitable as roid-building materials.
Sometimes the soil taken from the bottom of a cut is so poor

that it should be wasted. In other cases the poorur material

10
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from the bottom of thc cut is suitable for use in the lower
portion >f a £ili but not in the top portion. In still other
cases all of thc material taken from a cut is of good quality
end may be used in fill construction withuut any special 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 bestv
material in t*2 bottom of th: fill and the poorest material on
top, uhich is the roverse of the order of placement which is
-desirable. This shsuld be avoided to thc extent necessary and
practicable and tho bettervmnccrials taken from the top of the
cut stored in stockpilas for subsequent placemont in the upper
portion of the fill. The extent to which chis‘iS'necessary is,
of course, depondent on tha character of the soil.

The natural soil in its undisturbod state in a cut may have
less density than the similar soil which has been compacted.in
the adjacent fill. Vhen this condition occurs the undisturbod
80il in the cut will have less abiiity to support loads than
does the compacted scil in the £ill. This deficiency is fre-
Quently corracted by lossenineg tiio subgrade soil in tho cut to
a depth of a1 fiot or morc and rocompacting it by';olling t> max-
1qum dansicy at ontimum moisture,

In climates whore freezinr temperatures are prevalent dure-
ing the wint.r season, the so-called frost boils are a constant-
ly rocﬁrring sourcc of trouble and cxpense unlcss positive means
ara taken to corraect tio conditioms which rroduce them. Depend-

ing upon 801l ind climatic conditions, detriucntal frost action



http:compacted.in

Compendium 7 - | | Text

- 1l4 -
may rosult in 1 diffcrential heaving of the pavement, sometimes
28 much as a foot, or it may rasult in little noticeable change
in olevation of the pavement., The differential heaving m&y be
80 sevcre as to damaje the pavement or resulit in # hazard to .
traffic. Ynuther thorc is heaving or not, thce end rasult of
detrimontal frost action is the frost boil and this does not
dovelop until the weather moderates and the ground thaws. Then
the soil becomss saturated with free wator which cannot escape
rzpidly and th; result.is a soft mud which cannot support
traffic. Frequently the road surfacc breaks up and thd road
bcecomes 1mpas$1bla. It is a matter of commeon observation that
these frost boils are most likely to dsvelop in cut scctions
although fill sections are nit necessarily immune to them. Tle
impassable sections of tand which davélop may be short but they
may be sufficient t, render the entire highway unsuitable for
traffic for a neriod of several weeks during the spring.

Detrimental frost action is usually associated with fine
sand and silt, although it may occur in thu coarser sonds if
these arv not drained. Tac hénvy clays, otherwise the puorest
materials for road canstruétion, arc not a cource of this type
of trouble; .

In a road urnder construction, the danger of future frost
boils may be avoided by proper attontion to tho results of the
soil survey. The recurrance of frost boils ﬁhat davelop in rﬁads
in service may be prgventud by recanstfuction of thc offonding
scction. For undraincd sand pockets which would otherwise be
saturated the rimedy may be drainage. However, this condition

18 the oxcertion rathsr than th: rule and drainage is generally

17
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- ineffective in the very fine sands and silty_lntcrlall; Here

the remedy is to remove the guestionable material and replace

1t with selected granular naterial or sandy soil or to blanket
it with such material to a depth of at least two feet. Merely
to repair the surface cf a road which has been damaged by frost
boils is a waste of woney 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 4s alive to

the importance of this problem and is«engéged 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 examrle, a gravel

base course with a low-type bituminous wearing éourse such as
a surface treatnent. 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 oourﬁe. 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 adil material, preferably granular, which

is superior in supporting strength to the underlying subgrade
8oil. It serves to distribute the weight of traffic to the
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.-laker soil which supports it,. |

As has bean said, the ~avement on a low-traffic road us-
ually consists of a nonrizid 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
léast 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 #reas, notably in the southeastern States,
some of the natural top soils are suitable for us§ in road bases
or surfaces without any change in their compoaition but this
situation is the cxcepﬁion rather than the rule. Generally
speaking, even the best materials that are available, such as
sands and gravéls, are lacking in certain cha:acperistica'uhich
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 produciig a
- stable mixture by combining 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
80il materials on the performance of gravel, sand-clay and top-
soil 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 t.» granular-stabilized type and'
as early as 1917 he recormended a size grading of soil materials
for the best roads of this class. Of necessity, Dr. Strahan's

19
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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 propefties of the fine¥gra1ned 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. Strahan'a'ﬁioneer investigations have given us
the additional information that is needed to insure success
with granular stabilization. To the requiraments for mechani-
cal grading have been addod'those which control'the,character-
istics of the binder material. The quality of the soil b;nder
is now determined bty the tests for liquid limit and plaSticity_
index. 4s a result we may nov write spacifications for granu- _

lar-stabilized mixtures with isaurance that they will funétion

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 baturinous surface at a later
dite and thus converting the:a to base zourses. It is important
to recognize that the reqpirenents'of granular stabilization .
are not the same for a base course as tney are for a surface
cohrae. In road surfaces exposed to the abrasi#e action of

traffic the soil binder should have ¢ greater cementing power

‘than is required in base courses. And so in surface courses,

88 compared with base courses, a higher clay content and a highf
9 11quid limit may be permitted and a higher plasticity index
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of the so0il binder is generally desirable. The deleterious |
effect of moisturc on the stability of this more active soil
binder is minimized or overcome in a road surfacg 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 wearinz course is covered with a bituminous
surface, evaporation losses are reduced or eliminated, the
moisture content increases and complete failure may, and fre-
quently does, result. Therefore the Qpecifications for granu-
lar-stabilized gravel base courses differ from those for sur-

‘face courses in that they nermit less fine binder material ahd
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 pranular-stabilized
base courses and surface courses overlap sufficiently so that,
with care, it is possible to desipn a base-course mixture which
will also be satisfactory for a surface course. It is desir- |
able to do this if it is the 1nt§ntion.to use the material ini-
tially in a surface course and ultimately as a base course for
& 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-siabilized base course are

two; a properly designdd lixture'and its adecuate compaction
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during construction. The mixture should consist of granular
natefials 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 particlés. 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. Iﬁ
is equally important to compact granular-stabilized base courses
to naximum density at optimum moisture content. Otherwise the
base course is likely to consolidate under tfaffic and disrupt
or destroy the bituminous wearing course.

Given granular materials of satisfactory gradingvand soil
binder of suitable quality it is possiblé to construct satis-
factory base courses of the granular-stabiliied 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 equaily suitable. VYhen these nmaterials
are ecoionically available this type of construction is the

least expensive that can be used for light-traffic roads.
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ROADMAKING MATERIALS
AND PAVEMENT DESIGN

41 SCOPE

There is an enormous range in design requirements between the

" simple earth track and the multi-lane main ht;piwa . In mon
developing countries many of the roads consist of simple tracks on
which the main work done is the clearing of vegetztion. At this
stage there is no call for quantitative structural design, but there are
principles of design which, if followed, will produce a reasorable
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 suitablz
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 siver
crossings are provided and the roads are given an all-weather run-
ning surface, usually of natural gravel or other stable material d
from deposits near the line of the road, or a mixture of su
nu;esrials. 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. Secticn 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 di .

In this chapter, the only aspects of drainage considered are those
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conceming the removal of surface water from the road. However,
road drainage is of such imporrance that Chapter 5 has been
devoted to this subject.

42 UNIMPROVED ROADS

Atitsinception the unimproved road isa rudimentary track formed
Oy 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
carthworks 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 pussible. 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 shouid be located on the more sandy and

ranular soils in well-drained situations, avoiding waterlogged and
ow-lying areas prone to flooding. Where it is not possible to
avoid such areas, low embankments must be built at this stage.
Trees and scrub should be cleared well back fiom the ruunin
surface so that the drying effects of wind and sun can have fi
play in drying the road surface. In heavily-wood=d country it is
desirable for trees to be cleared for a distance frota the road equal
to the average height of the tree cover. In the tropics, on roads
with a north-south crientation, it is an advantage to increase the
clearance distance up to 14 times the height of the trees.

Under traffic the roads become rutted and reshaping is needed.
This should consist of blading soil inwards from outside the road
edges and serves to raise the road bed, provide a cambered surface
and initiate a drainage system (Fig. 4.1). The simpler e ient of
digging out the rutted soil and throwing it to the road edges to
expose a fresh scil surface will result in a sunken road prone to
waterlogging and impassabie to traffic in the rainy season. The
establishment of grass up to the road edges assists in preventing

27
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Wrong V22
I
o LA W

(2D

NH /222

Earth from roadway
and ditch

Water from ditch and
surrounding country
draining on to road

Typical sunken road

Right

Earth bladed from
side drains

Properly maintained earth track

Fic. 4.1. Correctly and incorrectly mainssined earth track.

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

43 IMPROVED ROADS

The first stage in improvement from the earth track generally in-
volves earthworks to provide or raisc 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
numbser 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 25 running surfaces in wet weather. In general, it will be
necessary to improve the stability of the running surface either by
' rmxmg imported materials with the in-sifu 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 fiii 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 rnixtures 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 und 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) $Smm (§ in)t 475 mm (& in)t

19 mm (} in) 100 —_ —

9-5 mm (§ in) 80100 100 —_

475 m:n (4 in) 60 -85 80-100 100

2:36 mm (No. 7) 45-70 50 -80 80-100
425 um (No. 36) 25—45 2545 30-60

75 um (No. 200) 1025 10-25 10-25
* Not les than 10% should ke retsined betwoen each pais of ruch ivo sieves specified for use, excepting the

'mah:mniﬁd"mhmhﬂmmu).mnddlhummmﬂpmnphuﬂn-
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Table 4.2 FLASTICITY CHARACTERISTICS PAEFERRED POR GRAVEL SURFACINGS

: Liguid limit Plasticity Lincer?
Climate not 1o exceed index range shri
%) Co* %)
Moizt temperate and wet
tropical 35 | 49 24
Seasonal wet tropical 40 6-15 37
Arid 55 15-30 7-14
* There are some soill that possess & sructure which is not easily broken down by trafiic, ¢.g. some Lateritic sad con-
cretionary woils. With these, higher limit may be ble. There are other s0iks with ¢ structure that is broken
down by trafic. Thws sny varistioms from the limin be based only om fully collaced Jocal experi
t The kinear shrinkage tewt has the advantage of requiring only very mn. i equip Another simple text requiring
very littke skill [ ment s the 537d Equivalent Test?. E V i ibe limio in the

qui p # 0ot available to p
Mcﬁmuhdaﬂrihw&ummmh&wﬁmw.ﬂmn,

of aggregate to 19 mm (3 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 decori-

. posing rocks. In India a special form of mechanically stable sur-
facing has been developed in which broker: 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 prz-
dominate, it mdy be possible to obtain suitable surfacing material
by secking 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). : L

44 ROADS WITH PERMANENT SURFACES
4.4.1 TERMINOLOGY ’

Broadly, there are two t of constructien, ‘flexible’ pavements
in which the running surface is made of bituminous materials and
‘rigid’ pavements wgcre 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 develo 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 suzfacing, 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
Concrete wrfecihﬁ Base
<~ s v Y
.. Base Sub-base
(if required) Aif required)
Subgrode of natural soit Subgrade of natural soit
Rigid pavemant Flexible pavement

FG. 4.2. Structural elements of flexible and rigid pevements.

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,

K}
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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 termiriology) 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 cither by blending it with lighter oils to produce cut-back
bitumens or by emulsifying it in water.

4.42 BASES AND SUB-PASES 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 (} in) under 2 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. o

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 he 425 um
(BS. 36) sieve should not exceed 6%, 49 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 $35 mm 475 mm

(9 in) (1§ in) @ in) A in) (f id)
75 mm (3 in) 100 - —_ — —_
38 mm (14 in) 80-100 100 -— —_ —
19 mm (3 in) 6080 80-100 100 —_ —_—
9:5 mm (§ in) 30-65 40-75 80-100 100 —
473 mm (f} in) 25-55 30-60 5085 80-100 100
236 mm (No. 7) 20— 45 25-50 I-20 50-80 80-100
425 um (No. 36) 10—-30 15-30 15-35 25-50 25-55
75 pm (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 decotnposed. Such particles
will rapidly break down to clay when used in the road. Gravels
from tge 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 uscful additional criterion for sub-bases is that they should have
a California bearing ratio (C.B.R.) of not less than 25% 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
astrong base that is both impervious and resistant to the weakening
effect of water.
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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, pednlo-
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
o locate and evaluate the gravel sources so important to the economical construct-
tion and maintenance of local rural roads.

ACKNOWLEDGMENTS
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gestions concerning the formation of glacial gravel deposits.

Carl S. Pearson and other staff members of Cornell's Agronomy Department
suggested the locations of some of the gravel landforms which areused as examples
in this short course,

John G, Broughton, State Geologist, provided helpful advice onavailable geolo-
gic information pertaining to gravel landforms in the State., He also furnished the
photographic copy of a portion of a new geologic map of the St, Lawrence Valley
(Figure 20),

Charles D. Ditmars helped prepare the visual aids and suggested the technique
for evaluating the plasticity of the binder soil fraction.

Mrs. Josephine Wilson typed these notes and assisted with the layout. James
K, Zstes prepared the cover, Frank P, Deane assisted with the illustrative sketches.,
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INTRODUCTION

Gravel deposits should be considered as valuable natural resourzces 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. I this graveliing had been confined to an area the
sizse of a football field. the compacted gravel would reach upward about 1.3 miles.
By ths time we've compleated our proposed Erwin construction, we will have used
the equivalent of the football fieid piled 4.1 milen high.

As our tupply diminishes, it seerus that we're going to have to do some pros-
peacting or detective work to "uncover" all of the posajible sources of granular ma-
terial in our area. Just as geiger ccunters are used in prospecting for uranium,
there sre some simple tools that we can use in becoming good gravel prospectors.
Of course, we cculd forget the prospecting techniques and scatter the countryside
with 50 foot driil 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 ars not going to locate graval. Yet,
it "'she" did leave any gravel deposits, we should conuider it our responsibility to
find them.

This short course is divided into two parts. In Part I, we will consider the
variou: %:chniques for the location of potential gravel sources; and in Part II, we
will bricily consider how we should evaluate the suitability of these sources for
highway use.

PART I _LOCATION OF POSCIBLE 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-
nine him in a crowded hotel lobby.) But even before we talk about the recognition
of gravel sources. we thould 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 thase 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 Stats.
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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 portionof 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 t=rraces. 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
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that the flowing water was not clear but "muddy", carrying or dragging soil
materials ranging in sise 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.)

S0, 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 Jayars
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 ] 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.

- - . — '\Vz?.-—-
- - - ;\\\\‘\‘_. -‘ v
- T e -
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Do,
Fig. 2 Formation of an 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
intooroverone 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 covered by 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.

A/ :I‘; /3.”;{/ "y I///I /;// M /;I { ’j ;// ; ‘ll} ZI ah

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

d. Deltas. Granular deltas ars deposits of sand and gravel formed when a
rapidly flowing stream, carrying or dragging ccarse 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 buiii 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 usualiy 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 snd dragging the debris along with it.
As this rushing melt water emerged from the face of ihic 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, isxving
relatively clean deposits of sand and gravel.

As this process continued, 'overloaded' streams of glacial melt watar 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 relativelylarge areain contrasttoeskers, kames, beachridges
or deltas. There ar- usually remnants of oldstreams which contributed to the deposit,

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

Figure 1.
77
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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 been modified 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 of these
T — 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 leastoccasionally)
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
a. Al (point x in sketch), its speed is decreased
Promig and coarser materials are likely to settle
out. Such changes in grade are likely places
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
strearn channel is a likely spot for gravel
deposition.

c. The inside of streain bends is a likely
spot to look for granular materials. The
movement of waterarounda bendin a stream
is similar to the movement ofa cararound a
bend in a road. Cars have a differential be-

——S T — cause the ""inside' wheels travel more slowly

d.

Croas - Secion than the "outside ' wheels. By the same rea-
soring, it is quite obvious that flowing water
Fig. 9 Favorable conditions tends to slow down on the inside of a bend and
for deposition of granu- may deposit sand and gravel in this area.
larmaterials 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 fasi flowing stream spills over its bank,
the speed of the overflow is immedia‘ely 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 deponits 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
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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 amall.

B. Profile Develooment On Gravel Landforms

When glacial gravel deposits were originally formed, they consisted of
relatively clean sand and gravel throughout their dopth. 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.
As water soaked into the ground, sii*
and clay particlss were carried down-
ward. Of course, climate and topo-
graphy influenced the amount of water
available for infiltration. Weathering
caused some breakdown ofgravel par-
ticles and these finer materials were
leached downward. So, in the upper
area of theprofile we have an"A"hori-
zon, which has been generally leached
of fines. We also have a "B'! horizon
where these fine-textured particles have
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.

a. b. c.

Fig. 10 Stages in soil profile de-
velopment.

€. Over the years, this profile development has continued. Both the "A' and
“"B' horizcns 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 relativelydeep overburden may
be due to an overwash of finer sands and silts. In such cases, stripping must ex-
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tend deeper than the xone 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-
theleas,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, deitas,
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 scopr, we -
can quite easily be foolad. 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.

-12-
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-ridge with fairly steep side slopes

-bothside 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

-often wet or marshy at base of ridge

Fig. 11 Esker near Malloryville, N.Y.

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

-fairly steep side slopes

-average height 50 feet

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

-sparse vegetation, especially near
top

-oftenwet or marshy at base of knob

-isolated ridge or series of parallel
ridges

-top of ridge approximately lzvel

-slope toward ''lake' is steeper

-sharp break in slope at base of
ridge

Fig. 13 BeachridgeinMonroe County, N.Y,

-'13.
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-usually located on side of a hill

-usually fairly steep slope (outer slopy),
bench on top - may be bisected by glen
or gully

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

-fairly sparse vegetation

-often wetor marshy atbase of delta

-usually flat topography

-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

-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 grave} 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.
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(A |
| NOTE: Rule 2- Check Available Agricultural Soil Maps !
! Rule 3 - Check Available Geologic Information I
| Rule 4 - Rely On Aerial Photographs As The Most |
| Complete Inventory Of Possible Gravel !
: Deposits :
: The text concerning the above rules has been deleted since |
y it deals specifically with New York State. :
| I
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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';
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 deponit

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
kighway use, we should know how it will act when it is wet. Two gravel
mixtures, having identical gradation, may behave quite differently 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 togethar 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-
velopmeat?

The cost of evaluating a possible gravel deposit, building an access road, and
opening a face is more or less fixed - regardless of the sise of the deposit. It is
reasonable, then, that if two or more possible sources are withinreasonable haul-
ing distance to our jobs. we should first consider the largest source. Other things
being equal, we should select first the source having the least ''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. Qf 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'* depozits, 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 scurce for evaluation is to move in a powsr
shovel or bulldozer and clearanopen face for inspection. This is a fairly expensive
operation which, considering the slight chances of success in some areas, may not
be justified. Before a face is opened, it eeems 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 toopena source where the overburden ie
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 depreassions may seem
"closer 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 concon-
tration of water is likely to have caused deeper pro.

LN

J_.‘.o,.5.....,;,....?;‘,":;'-;"2;"1?‘.{ file development as well as a wash of surface soils
Fig. "34" Open a likely into the lower areas.
gravel source
where overbur- The question might well bc raised, 'Is one test
den is thinnest, hole enough?*. The answer depends on how much you

want to know about a source before you developis 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 Iind changes in the quality of material if we dig decper in a particular spot
or if we move over 50 feet and dig another test hale. 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 fcet 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 to. . The technique is slow and unless
there is nothing else for the men to do, the operation is expensive. Hand diggirg
might be used to strip the overburden in order to #ee if the matarials just below
appear water assorted. Hand digging to grester depthc is usually impractical.

b. Rotary drilling. If equipmentis available, a screw type rotary drill maybe
usedto probe gravel landiorms. 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-
blesare present. In addition, materials brought up by ascrew augerare sufficiently
mixed so that it ie difficult to determins the presence and, especially, the depth of
clay seams, fine sands, etc.

¢. Bulldozer or power shovel. This type of equipment, once at the site, may
rapisly dig a trench through the overburden into the parent material. Thedepthof
the trench is limited although a person may quite carefully inspect the parent ma-
terial that is exposed. Moving such equipmentto several possiblesources 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 modeorate rental
vate

2) casily and quickly moved from place to
place

3) fast digging of inspection trench

4) trench wide enough for inspectionof face

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

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

D. Zvaluation Techniques

Our evaluation of u 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 wil! assume that a tractor-mounted backhoe has been used %o open a
trench.
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Note: Care and judgement must be exercised in entering the
trench and disturbing ite 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 {s
variable and, if the location of our trench
has beenproperly selected, the overburden
here is likely to be at a minimum, It may
bedesirableto strip one or more additional
small areas in order tobetter evaluate the
average overburden thickness.

Fig. 36 On hilly deposits, over-
burden is 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 (rom the trench, we have to ask ourselves a very prac-
tical question, Ie¢ this material a relatively clean, water assorted sand and gravel?
If it looks very ciayey and has but a {ew, if any, rock fragments (most of them fat),
we might as well backfill the trench and move someplace else. If it doee appear to
be predominantly sand and gravel, quite clean and with 1nunded, well-worn gravel
particles, we can continue our evaluation,

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

We canget a preliminary estimate of thetype of gravels likely to be encountered
by studying the bedrock map in Figure 37. The map i* most helpful when consider-
ing relatively amall deposits of local origin. Gravel particles in some of thelarger
deposits, placed by glacial mzlt waters, originated far to the north and the bedrock
mapis of less value. The agricultural Soil Survey report, in describinga 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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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 ie available in drug stores.)

Gocd aggregate,

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

Crystalline rocks bresk aharply when struck with a hammer. Fresh facs
shows definite particles of varicus sizes and usually various colors. Suit-
ability as aggregate is indicated by soundnees when struck with a hammer,

Shale breaks into flat, flaky pieces when struck with a hammer, Individual
particles in shale are tco small to be seen with the naked eye. A broken
fuce usually shows some color banding. Shale is usuzlly a poor aggregate,
If it 19 very easily broken with a hammer, it is definitely unsuitable. The
harder shales may be suitrble 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 sce how easy
they crack. A piece of gravel, resistant to the impact of a hammer, is likely to be
suitable for highway use.




Compendium 7 | Text

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 compucted lift. If we compact our baaes
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 minimurn 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
[l the very fine materials, silt and clay, which
3 tend to soften when wet. For gravel road
M work, a certain amount of silt and clay is
~ desirable in ordertominimize ravelling and
seal the surface. For gravel hases 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.
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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-
facingthe silt ind clay content should not exceed 10%. Materialused inthe top few
inches of the base ideally should contain even less silt and clay - perhapsless than

5% .

b, Sampling and preparation of sample for testing. One key word, represen-
tative, should describe any sample taken for testing, Test results referonly 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 geam 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 representonly 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 iton a
plece of canvas and mix it well. Remove
any stray cobbles larger than about 2-3
inches. With a shovel handle you canquar-
ter thelarge sample in orderto getasmal-
ler, yet representative sample for testing
purposes. This technique is illustrated in
Figure 40, After quartering, discardquar-
ters b and d and thoroughly mixquarters a and c, This is a 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 quarteringprocess, place quarters a and c
(about 10 pounds total)in a bag 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 to place thebag(s) of material ona firm surface anddriveover
‘them several times with either a loaded truck (Figure 41) or a roller to simulate
conditions during construction. If any breakdownis to occur, it should be accounted
for in the test,

c. Telting 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, the dryma-
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 a percentage 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
asieved dry, the percent silt and clay will be 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- i
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 equipm.ent and supplies:

- a clean pail

- a flat pan or large cake tin

a piece of hardware cloth with 8 squares to the mc‘t o
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 tle 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 dry weight 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 aeconds 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 thematerial 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 ‘*~ gravel., Material which can be
worked t r.,- thehardware cloth is sand; the
materia’' »i*+lied 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.




Compendium 7 | Text 3

Example;
Arsume we have learned from the quick-wash test fh;t:

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

- weight of dry sand and gravel = 8 1bs. 6 os.
(subtracting these we learn that:)
- weight of silt and clay =11b. 2os.

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

- weight of gravel = 5 1bs. 3 os.
- weight oi sand = 3 1lbs. 3 o%.

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 1bs. 90z. =0.6 1bs.
20z. =0.1 1bs. 10 0z. = 0.6 1bs.
30z. =0.2 1lbs. 11 08. =0.7 lbs.
40z. =0.25 1bs. 12 0s. =0.75 1bs.
50z, =0.3 lbs. 13 0. =0.8 1bs.
6o0z. =0.4 1bs. l4 0. =0.9 1bs.
7o0s. =0.4 lbs. 15 ox. = 0.9 1bs.
8ox. =0.5 1bs. 16 0x. =1.0 lbs.

From this table we can conver: our weights ae follows:

Weight of gravel = 5,2 lbs.
sand = 3,2 1bs.
silt and clay = 1.1 lbs.

Total weight ........... 9.5 lbs.

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 1bs.) ;'—2 x100 = 55%
3.2

Sand (3.2 1bs. of the total 9.5 1bs.) 5 x100 = 33%,
1.1

Silt and Clay (1.11b.of thetotal 9.5 1bs.) < x100 = _12%

Tomcono.o-.- loo%

-4,6.,
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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 bituninous surfacing.

3) Hand-feel evaluation, With experience, a highway superintendent may
estimate the general suitability of a gravel mixture by " - el", 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
materis 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, t'.e ball will still retain its shape. Mater-
{al with small quantities of silt and clay(suitable for base courses)react sorne-
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 coursema-
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 2 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.

47
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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 la.mple 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 sharacter-
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 acreen and rtb 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
ina small bowl. Add water twoor three drope
i atatime, mixing andkneading thoroughly with
4 your fingers, Don't add toomuchwater 8o 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 of win-
dow screen, b. Form the material in your hands until

you have a snake-like shape about ! 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-
sible '"snake' is obtained. You will reach an end point where the 80il will crumble
rather than roll thinner.
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Fig, 46 Estimating plasticity,

6. Position Of Water Table

their wells,

7. Degree Of Cementation

Fig. 47 Cemented gravel,

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

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

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 crumbling. These muterials, ifwell
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
concern, 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
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 froma nearby stream, In
some instances, nearby farmers can provide information base on the water level in

In some gravel deposits, especially those
containing considerable limestone, we will
find cementation of the sand and gravel parti-
cles. This ia 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% % 8ilt 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 (is 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 requiremeants 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 aand, etc. The dot-
ted area is enclosed by these lines. The cross-hatched area represen's gradationa
containing less 8ilt and clay and, hence, suitable for gravel baseso.

After a quick-wash test on a particular source, suppose we find a gradation of

-50-




.'S-

A'Av sur
A'/A'AvA a0 @ - suitable for gravel bases
AY/\NNAVAVA

NAV) YAVAVAVANS
DAV, (AVAVAVAYA

- AVA'I‘V’VQV‘V VAW
& /NN NN NNNN B
L L YAVAVAVAVAVAVAVAVAVANI
- SAVAV AVAVAVAVAVAVAVAVA

R AYAY!IAV“V \VAVAVAVAVANSS
LSENTN \/ \WAVAY

XA NINININISINININININ, o
Aa;'.%mVAVAWQVVVVQV N/ \/\

s AANIN SN NN " V’VA 20
JAVAVAVAVAVAVAVAV/ v’ ’ ‘ %Q JAVAVAN

%V‘;VVV#V#;V ‘Me““

[4 4
§ ¢ 8 & & &
8 Triangular chart for combining materials.

% SILT ¢ CLAY

. wnjpuadwo)

£ X8l



Compendium 7 Text

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 :o, 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 ;ounen.

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 cither a base course or surface course. Let's assume,
though, that about a mile from this source, we have a sand deposit that tests }0%
gravel, 85% sand, and 5% silt and clay (point D}. Alone, neither T 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 s 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 pradation suitable for a surface courte, chooss
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 TD. In this ex-
ample the length is 4.52 inches. Also measure the length of:
ED. Length 1.73 inches
LC. Length 0.79 inches

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

length EC 0.79
length CD x 100 or 4.52 x 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 3,1

length CD * 100 or S 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.

%C =

This technique is equally well suited to "cleaning up” a tou-dirty gravel source
or, conversely, adding binder soil to a too-clean gravel source. The matarials may
be thoroughly mixed on the roadway with a grader or, preferably, a rotary mixer.
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PREFACE

This hook, Standard Specifications for Constraction of Roads
and Bridues on Federal 1lighway Projects, Is Issned primarily
for usc Iin the construction of ronds and bridges on Federal
highway projects under the direct supervision of the Bureau
of I'ublic Roads. When so designated in the contract of a
project, it becomes n contract document, hinding upon the par-
ties signatory to the cuntract. For simplification in reference,
this book may be cited as “FP’-61,” lodicating Federal projects
specifications ixxuecd in 1961,

Division I of thiz book deex not include some of those pro-
vislons whose counterparts are customarily found in the cor-
responding  divisicns of highway construction specificatlon
book«. All construction contracts of the IBurean of Publir Roads
are awarded under Faleral ’rocuremcent Regulatlons promul-
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part of cach contract and which are included in each project
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materials, and construction methmds thnt are generally appli-
cable to direct Federal higshway contracts, but it s adaptable
for use by other highway agencies. :
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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 azgresate, whichever is called for in the
bld schedule, placed aod compacted on & prepared roadbed in
accordance with these specitications and 1o conformity with the
lines, grades, thickness, and typical cross section shown on the
plans. Co

Malterials

200-2.1 Gravel. Gravel shall consist of hard, durable parti-
cles or Iragnients of stone or gravel, and a filier of fand or
otLer 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 nay elect.

200-22 Crushed Agrregate. Crushed aggregate shall con-
sist of hard, durable particles or fragments of stone, slag, or
rravel crushed to the revuired size, and a filler of sand or other
finely divided mineral matter. When produced from gravel,
ot less than 50 percent by weight of tho conrse aggregate
shall be particles having at least one fractured face and, if
necessary te meet this requirement o to eiiminate nn excess of
filler, the gravei shall be screened nore crushing,  AQ suit-
able oversize materinl less than 10 inches in diameter shkall be
crusied,

Crushed slag shall e blast-furnace slag, reasnnably uniform
In density and quality, and shalt have g ralded weight of at
least 70 pounds per cubie foot when tested in accordance with
AARIIO T 19, .

200-23 General Requirements for Gravel and Crushed Ag-
Rregate. 1n addition to the requirements In articles 200-21 and
200-2.2, gravel and crushed aguregate xhall be uniformiy graded
from coarse (o fine and <hall conform to the requircments given
In table 200-1 for the zrading ealled for in the bid schedule,

The portion of the material retained on a No. 4 xievp shull be
known ax conrse aggresate, and that portioa pussing a No. 4
sleve shall be known as tiller,

11

200-2.3

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

Coarse agsregate shall have a [rrcentage of wear of not more
than 50 nt 500 revolutiors ns determ:ned by AASHO T 96

For all gradings, that - ~rtion passitz a No. 40 sieve, Includ-

Ing blending filler, shall . nonplastic or shall have a liquid
limit of not more than =7 ~nd a plasiicity Index of not nmiore
than G as Jdetermined by 4. " " S and T 91, respectively.

The grading porcentages specified in table 200-1 skall apply
to the wmaterial after 1t has been processed on the rond as well
as when tested at the pit or other source of supply.

Table 209-1.—Grading requirements for aggregate: Percentage
by weight passing square mesh sieves, AASHO T 112and T 27

CGruding
Bln'oh
d tlon A B B-1 (o] C-1 D D+ E E-1
dincho ] w00 (...t PO S
2inch. .. _ ...} 100 go0 | s lIfToTt ———-

184inch_.__ 100 4. ... . ... ceeemae
l’l,nch . 70-100 100 100

3iinch. 90 |omeeaa. 70-100 100 100
3f inch. 4575 |.._._.. 50-%0 |-eoeeec]iemnn..
No.4... 30-60 | 30-60 3363 | 458
No. 10.. 20-50 |. 25-% 0-{0
No.40........_ 10-30 §..._... 15-20 {....... 20-38
Nc.200.__..... 15157 o0-10 4515 o-10] ss-13

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

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

200-25 Calcium Chloride, Calclumn chloride shall conform
to the requirements of AASHO M 144,

Construction

200-3.1 Pits and Quarries. Borrow plts and quarriex shall he
cleared and grubbed in accordance with the requlrements of
section 100.  Cleanup saall be performed as provided in article
83(f1).
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200-3.6

2003.2 Preparation of Roadbed. Roadneg, including shout-
ders, shall be constructed, prepared, and finished as provided
utuler setion 107, .

200-1.3 Placing. The base shall be placed on the prepared
roadbed aml compacted in fayers of the thickuess shown on the
plans. When more than one layer is required, cach layer shall
be sluped angd compacted before the succeeding layer Is placed.

The placing of material sh:ull begin at the point designated
by the engineer. Placit,:s shall e from spreader boxes or from
vehicles especially equipped to distribute the material in n uni-
form layer or windrow, The fayer 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 hauling 1s done over previously placed material, hauling
equipment shall be routed as mniformiy as possible over the
entire area of previously constructed layers.

200-3.4. Adding Blending Material. When additional fine
aggregate or filler is required wd it Is to be blended with the
material on the road, the blending materia} shall be uniformly
placed with sprender buxes or other approved devices.

20035 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 miixers, or other mixing
cquipment, During the mixing, water shall be added In the
aAmount necessiury to provide the optimum molsture content for
compacting as specified in article 200-3.6. Wlhen uniformly
mixed, the mixture shall be spread smoothly to a uniform
thickness or, in case of the top layer, to the Cruss section shown
on the plans.

The contractor shnijl so schedule his operations as to assure
completion of spreading within 48 hours after processing,

200-3.6 Compacting. Immediately following tin :1 spreading
and smoothlng, each layer shinll be compacted to tihe full width
by means of smouth-wheel power rellers or pmeumatic-tired
follers meeting the requirements of section 109, Each 100 cubje
Furds, compacted measurement, of materinl placed shall reeeive
at least 1 hour of coutinuous rolling. Relling <hal} proyxress
gradually from the sides to the center, parallel with the center-
Yine of the road. and shall contlie untif an the surface has
been rollwml, Any Irregularities or depressions that develop
ghall be correctd by lovxening the materiai at these places and
adding or removing material until the surface s smooth and
uniform. Along curbs, headers, and walls, nwl at all places
Qot acvessible to the roller, the base materlal shall be tamjusd
thorvughly with mechanical tampers. The matcrial shall be

13

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

The amount of rolllug and tamping ns required above |a
estimated as the minimuom necessary for adequate compuiction.
During the progress of the work. the engineer may make density
tests in accordanee with AASIO T 145, modified to include only
muterials passing s X -inch sieve, and f he finds the density
Is less than 100 perecat of the maximum deusity as determlnel
by AARIIO T 99, Method C, the contrnetor shall perform adi].
tional rolling or tsmping as may be necessnry to obtaln that
density.  Other types of tield density tests may be used for
control purposes after density values corresponding to those
obtalned by AASHIO T 147 have bheen established.

The engincer may permit compaction with trpes of equipment
other than those specified above, provided he determlnes that
use of the alternative equipment wil) conslstentiy produce den-
sities of not less than 100 percent, determlned as provided abore..
The engineer's permission for tice of alternatlve compaction
equipmnent shall be given in writing and shall set forth the con-
ditions uidler which the equipment is to be used.

200-3.7 Thickness Requirements, The thickness of the com-
Pleted base shali not vary more than 142 Inch from the thickness
shown on the plans.

Immediately after final compaction of the base, the talckness
shall be measured at one or more points in each 300 linear feet
of base. Measurements shall be made by means of test holes
or other approved methods. The polats for mensurement shall
be seleeted by the engineer at random locatlons within enck
300-foot section In such manner as to avold any regular pattern.
Various points on the eross 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
fadicates a variation from the thickness shown on the plans of
more than the allowable tolerarce, additional mensurements
shall be taken nt intervals of approximately 25 feet until the
measuremenits indicate the thickness Is within the allowable
tolerance. Any area not within the allinwvable tolerance shall
be corrected by removing or adding materlal as necessary and
shaping and compacting as specified,

The culting of test holes and refilling wizh materlals properls
compacted shali be done by the contractor under the sapervision
of the engineer.

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

74
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200-5.1

pans, and a 10-foot stranightedge applled at right angles and
parallel, respectively, to the centerliue of the roadbed, the varia-
tion of the surface from cach testing edge between any two
contacts with the surfuce shall at no puint excewd t4 inch for
the crown template and 7 inch for the straightedge.

200-3.9 Calcium Chloride. When called for in the bid sched-
ule, ealeium chloride, in the amouat specificd in the special
provisions or designated by the engincer, shall be spread uni-
formly over the surface of the finished base course.

200-3.10 Stockpiling. When Indicatiid on the plans, bnse-
course malerial shall be stockpiled in the amounts and at the
locations so iundicated. Stockpiling shall be performed in ac-
cordance with the requicements of sectiou 305. I'rior to stock-
piling the material, the sites shall be cleared, cleaned, and
leveled.

If the contractor elects to produce and stockplle aggregates
prior te placement on the roadbed, the aggregates shall be
stockpiled In accordance with the requirements of cection 305.

Measurement

200-4.1 The rardage or tonnage to be paid for shall be the
pumber of cubic yards measurcd in the vehicles, or tons of
material, Including all filler, placed, bonded, and accepted in
the compieted course or placed in authorized stockpiles.

When slag is economlically avallable, the bid schedule will
contain alternate pay items for crushed aggregzate and for slag.
The estimated tennage shown under each pay item will. be
based on an assumel average bulk specific geavity of available
aggregates and no further adjustment in payment will be made
due to variation In the specitic gravity of the agrregate used.

The qunntity of calciun chloride to be paid for shall be the
number of tons furnizhed, wlhether or net applied to the base,
and the number of tons actualiy applied.

Payment

200-S.1 The quantities, determined as provided above, shall
be pald for at the contract price per unit of measurcment, re-
spectlvely, for each of the particular pay itews lizted below that
is shown in the bid =chadule, which prices and payment =shall
be full compensation for furnishing and placing all materials,
Including all labor, equipnent, tools, and incidentals necessarcy
to complete the work presceribedd in this sectlon, except that when
the vid schednle contains an extimated quantity for “Watering,”
ary watering required shall be ald for as provided under
sectlon 108.

75

200-5.1

Pay ftem No. and name

200¢1)
200(2)
200(3)
200(4)
200(5)
200(06)

Unit of measurement
Gravel base, grading, Cuble yand.
Gravel hase, gradlng— .. Ton.
Crushed aggregate base, geading . Cable yard.
Crushed aggregate base, grading— Ton.

Furnishing calcium chloride__...__. Ton.
Applying calchun chlorkile o caaaaa. Ton.
76
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Division II, Part 3

CONSTRUCTION DETAILS:
SURFACING AND PAVEMENTS

Section 300.—AGGREGATE SURFACING

Description

Article 300-1.1 This work shall cousist of & course composed
of gravel or crushed apszregate, whichever Is called for in the
bid schedule, constructed on a prepared roadbed in accordance
with these specifications and in conforumity with the llnes,
grades, and typical cross sections on the plans.

Materials

300-2.1 Materials shall conform to the requirements of see-
tion 200, except as to grading and plasticity of aggrega.e.

Gravel and crushed apggregate shall meet the requirements

“given in table 300-1 for the grading eailed for in the bid
schedule.

For all gradings, that portion passing a No. 40 steve, Includ-
ing blendiag filier, shall have a liquid limit of not more than
35 and a plasticity Index of not less than 4 nor moze than 0 as

. determined by AASLIO T 89 and T 91 respectively.

Construction

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

Table 300.1.~Grading requirements for aggregate surfacing

Poreeh voves ARSIS BVIE M
mesh gioves 1 an o
Riove designation for Urading—

wi-100
SS-A8

300-L.1

Measurement

300-4.1 The rardage or tonnage of surface-course material to
be paid for shall be the number of cuble yards, measured ia
vehicles, or tons, including all filler, placed, bonded, and ac-
ceptedl In the completed course or placed In authorized
stockpiles.

When slag is economlcally available and nieasurement Is by
weight, the bid schedule will contain alternate pay items for
stone (or gravel) and for slag. The estininted tonnage stiown
under each pay item will be based on an assumed average bulk
gpecific gravity of avallable azgregates and no further adjust-
ment in payment will be made due to variation In the specifie
gravity of the aggrezate used.

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

Paymant

300-5.1 The quantities, determimed as provided above, shall
be paid for at the contract price per unit of measurement.
respectively, for each of the particular vay Iteins listed delow
that is shown in the bié schedule, which prices and payment
shali be full compensation for furnishing and placing ail ma-
terials, including the labor, equipment, tools, and Iacidentals
necessiry to complete the work prescribed in this section, except
that when the bid schedule contains an estimated quantity for
“Waterlng,” any waterlng required shall be paid for as pro-
vided under section 108.

Pay itcm No. and name
300(1) Gravel surface course,

Unit of measuremen?

grading Cuble yard.
300(2) Gravel surface course

grading. Ton.
300(3) Crushed aggregate surface course,

grading s Cuble sard.
300(4) Crushed aggregate surface course,

grading. Ton.
300¢(5)  Furnishing caletum chloride oo .. Ton.
300(0) Appising caleinm chloride.ooooooo Ton.
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ROADMAKING GRAVELS AND SOILS IN CELTRAL AFRICA
By | & E Clare, 8. Sc., AR.I.C,
Tropical Section, Road Research Laboratory

INTRODUCT ION

IN PLANNING the road system of a developing territory it 1s essential to
systematize knowledge of the roadmaking materials that are available, The
present Bulletin reviews the soils, and particularly the gravels, avallable
in Central Africa, -the nucleus of the information being that obtained during
a visit to the Federation in May and June, 1958, undertaken at the 1nv1tat10n
of the road authorities there.

After a brief discussion of some of the factors influencing soil-
formation in Central Africa, this Bulletin groups the gravels and solls
encountered there 'nto three categorles depending on the rainfall under which
they occur, In the low rainfall area the petrological characteristics of
the underlying rock have a great influence on the propertles of the solls
derived from it, and sub-categories can be recognized on this basis. In areas
ol Intenmediate or nigh rainfall, althouch the parent rock is still Important, the
large-scale geological structure of the land affects soll formation to a
greater degree by influencing drainage, Sub-categorles have yet to be
distinguished here, but i1t 1s thought that the catena concept - that of a
serles of solls formed on the same parent rock but under different dralnage
conditions - may be useful.

Effort in locating gravel deposits can be greatly reduced by examination
of geologlcal, agricultural and forestry maps, and of landforms revealed by
aerial photographs. The occurrence of mine waste materlials useful for
bullding roads in economically important areas is noted.

FORMATION OF CENTRAL AFRICAN SOILS

Soils are formed by natural forces acting on rocks over long periods of
time and, lilke other products of evolutlion, thelir appearance and behaviour
are much influenced by their history. The recognition of this in
agricultural research has led to a new branch of soll science = pedology -.
in which the processes of soll formation are studled. This has permitted the.

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

-in the fleld of the results of laboratory ressarch and of better methods of
land utilization. Pedological techniques enable large areas of solls to be
examined systematically with a limited effort and, since the road engineer 1is
also concerned with the properties of large, albelt elongated, areas of

. ground, these techniques 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,
whicn has shown that soils in similar pedologlical groupings behave similarly
when subjected to-soil-cement stabilization, (1)

Curing the authorts visit in 1958 it was found possible to classity
gravels occurring In Central Africa on a pedological basis in broad terms.
naving relevance to road engineering. To 1llustrate this classification it
13 first necessary to discuss briefly the major physical and chemical factors
affecting soll formation.

Flssures occur in rocks both between adjacent mineral crystals, and on a
larger scale due to stratification, cooling or earth movements. Cracks also arise
by exfollatlon, due to solar heating (Plate 1), and by relief of overburden
load following denudation, Rainwater percolating through these fissures
breaks up the rocit $till further by leaching.out the more soluble
constituents, This water drains down to lower-lying parts of the topography
where the dissolved material is deposited, following evaporation during dry
perlods, Water also erodes material from the surface of the ground and
deposits it In lower-lying areas. The amount of annual rainfall has there-
fore a fundamental Influence on soil formation, and in Central Africa it is
probably the most important single factor. Willlams has drawn similar
conclusions for the soils in the Unicn of South Africa. (2)

Where rainfall is low, massive rock formations weather to discrete,
Interlocking particles or aggregates. Although sometimes statned with 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 significant part in
aetermining the nature of the soil formed on it, (3)

In higher rainfall areas, the more intensive disintegration produces
cravels and solls 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 proportions of clay are formed from the decomposi-
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 dralnage i{s Impeded these compounds accumulate as a result

" of -evaporatlion, forming deposits of nodular lateritic and calcareous gravels,

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

evaporation, is an additional soil-forming factor, Relict soils are
formed when material accumulated under a climate of high rainfall is

preserved Into a succeeding low-rainfall 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 soll. In pedological

surveying, profiles are described verbally, and those with similar character-
i1stics are grouped together (morphological classification).

"DETRITAL GRAVELS AND SANDS
(Yow rainfall area)

The best examples of detrital gravels are found in areas of the
Federation where the annual rainfall is below about 20 in. (Flg. 1) and
weathering of the rock 1s light, These 1nclude the major portion of
Southern Rhodesia, with the .exception of areas around Salisbury and the

~mountains on the Portuguese East Africa border. They also 1nclude a strip
of Northern Rhodesia running parallel to the Zambesl river.

Six sub-groups can bve differentliated on the basis of the petrology of

. the parent rock, and a more detalled examination of the country might well
reveal more. The sub-groups are: '

1. Granite, gnelssic and quartzitlc materials

2, Sandstone gravels and sands

3. Doleritic .and basaltic materlals

4, Micaceous and schistose gravels

5. Materlals derived from shale

8. Limestone gravels

(77’635) 3
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Flg. 1. Ralnfall areas in Central African Federation.

Granitic, gneissic and quartzitic materials

Graovels., These usually retain the colour and texture of the original
rock tu: cohesion is often slight, The largest particles, which may be up to
severda! inches In size, ~onslst elther of quartz lu ps or crystal clusters of
quartz, fclspar and, to .. lesser extent, mica in which weathering has not
destroyed the bonding, Both individual lumps and crystal clusters are often
stained red by iron oxide, but in the mass the predominant colours are white,
cream, buff or light brown. Clay 1s elther absent or 1s present in only
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" limited proDOftions. The larger quartzitic particles are often cublcal
or rhombohedral, with sharp edges, glving a harsh gritty feel,

The gravels are easily worked with bulldozers or Jiggers, although the
rate of wear of cutting edges may be high owing to the abrasiveness ana
dryness of the material. A number of cutting slopes were observed to be
stable with angles in the nelghbourhood of 90°, suggesting high internal
friction probably supplemented by coheslon due to dry clay. These steep
slopes occur in areas where the total ralnfall 1s low anc tne Intensity ls
high, Cut-off drains 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 thase surrounding tiiem
and these have to be avolded in working the pit, CGnelss 1s sald to weather
more extenslvely than granite, ylelding deeper deposits.

The volume of gravel avallable In a pit Is related to tiie depth of dis-
integration of the parent material, which 1s influenced by the land form, the
sub-surface water regime and the susceptibllity of the rock to weathering,
The latter depends on the spacing and distribution of joints and the
connexions between them, Close and vertical fissuring allows deeper
weathering than widely spaced and horizontal joints, Weathering 1s also
influenced by porosity, whicn can reflect the granularity of the rock.

Gravels developed on granitic, gnelssic or quartzitic parent rocks are
conmon in the Federation and provide excellent material for subgrades, sub-
bases and bases, provided that the proportion of clay 1s 1limited, This 1s
evaluated by the plasticity index{(4) which, in Southern Rhodesla, 1s limlited
for different applications, 1.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 similar type of riaterial ('alsintegraied granite:'‘ the
South Carolina State Highway Department requires a plasticlity index of not
more than 8 when 1t 1s used in unsurfaced gravel roaas. S

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

(77625) 6
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Mlca 1s a common constituent of granite and gneiss and 1s resistant 0
weatllering, so that it occurs {n gravels formed on these rocks. It has been
estimated that mlca occurs as a signifi-ant impurity in half the granitic
and gnelssic gravels of Southern Rhodesla, and to an objectionable extent in
about 10 per cent of them, The properties ol micaceous and schistose
gravels will be discussed in more detall subsequently. The gneissic gravels
ire sald to be more contaminated with mica than are the granitic materials.

Sands. 'Granitic sandveld! is the name given to a coarse-grained
sendy soll derived from granites and in:1sses and covering about 60 per cent
of the area of Southern Rhodesla, Inciuding the economically 1lmportant
tctacco-growing areas. Mitche11(8 has reviewed i1ts 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
dlsintegrated rock. It 1s suitable for rill, but not for base construction
in 1ts natural state, but tests at the Road Research Laboratory have shown
that it shouid be quite sultable for stabilization with cement, (7) and this
has been confirmed by Holden at the Central Road Laboratory in
Southern Rhodesla. (8) During the 1939-45 war the pavements at the Royal
Alr Force stations at Guinea Fowl and Norton, in Southern Rhodesla, were laid
vith cement-stabilized granitic sandveld. When these were inspected in 1958,
nelther airfield had been used or maintained 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 laye.s in each case was in a
satisfactory condition. Similar hardstandings were laid at the airfields at
Heany, Thornhill, Cranbourne, Belvedere and Kumalo. The state of these
16-year old pavements supports the indication from laboratory work that this
material should be sufficlently durable for use in road bases covered with
bituminous surfacings. In the granitic areas, supplies of gravel with a low
clay content, sultable as-dug for base construction, are becoming scarcer and
more expenslive to obtain, Cement-stablllized granitic sandveld should
provide a satlsfactory alternative, and the use of hydrated 1ime as stabilizer
would also be worthwhile investigating in view of the abundant sources of
limestone in Southern Rhodeslia, The successful stabilization of decomposed
granite with hydrated lime has been reported from Natal in the Unlon of
Souih Africa. (9)

Experiments at the Road Research Laboratory(7) and by Van de Merwe in
Southern Rhodesia(10) have shown that the granitic sandveld should be suitable
for certaln types of bituminous surfacing, Such surfacings could well be
used in conjunction with stabllized bases of the type described, in which case
there would be scope for the use of travelling mixing-and-laying plant
capable of mixing elther type of material with resulting econamy in the cost.

Sotls. Thompson, reviewing the granitic soils in Southern Rhodesia from
the agricultural point of view, classifies them into five ‘categories’. (11)
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Table 1 hLas been drawn up on the basis of this classification and indicates
characteristics relevant to road engineering, It should be noted that
Thompson's classification relates to the whole of Southern Rhodesia, and is
not limited to the areas with rainfall lower than 30 in. per annum, As a
rule granltic solls tend to be deeper as the annual rainfall increases,

e 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 troples ('black cotton s0il') which tend to be calclum-
saturated. For a glven texture, a ‘Mopani' clay of this category would be
expected to be more cohesive and less permeable than the corresponding cotton
scll, ani to be more subject to vclume chanres, However, practical experi-
enc: suggests that such clays are not difficult to deal with, (6)

ISandstone gravels and sands

Gravels.  Near Chipinga, Southern Rhodesis, grevelly material is being
won from decomposing sandstone. The materfal is light red-brown in colour,
witn the rough surface texture of sandstone, and the larger lumps are
rectangular and up to several Inches in size. The sandy overbarden 1s thin,
presumably because it has been removed by erosion of the steeply sloping
ground. Clay 1s noticeably absert, and sand is the main constituent of the
fines, It has been used successfully in an unsurfaced gravel road on the
main route to Umtali, where, at the end of the wet season, 1t provided a
surface wiich was dense, hard and frze from corrugations,

Sandstone gravels would be expected to provide, without further treatment,
very satisfactory materials for the bases uf bitumen-surfaced roads since the
absence of clay should much reduce the 11ability to soften under wet
cond! tions. The lack of clay may also make for increased liablility to
duscing and corrugation on unsurfaced gravel roads, in dry weather.

Experiernce in Southern Rhnodesia suggests that some sandstone gravels can have
a8 high flnes content, however, and these may be stablilized with cement to
provide suitable base materials,

Sands. A material of major importance in the Federation 1s the
Kalahar!i sand (Gusu sand) which ocecurs in Barotseland in Northern Rhodesia,
and to some extent in the west of Southern Rhodesia. Ic 1s aeollan, the
particles being of a much more 1limited size rarge than those of the granitic
sandveld (Fig. 2),

Two varleties were noted, a red and a white. The white sand lacks
cohesion when dry and provides a poor running surface on an earth road. The
red variety, on the other hand, 1s muclh more 3table, for example giving a
Steep slope to a cutting seven miles south of Victorla Falls on the road to
Wankle, in Southern Rhodesla. In Livingstone, Northern Riodesla, the
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Fig. 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 Kalahar! sand wes carrying urhen traffic very
satisfactorily. The stabllity was not regarded as being sufficiently high
for the sand to be used as a base, however, and the Municipality are planning
experiments at this site at which cement-stabilized sand will be compared with
gravel and crushed stone. Several earth roads in the adjacent Katombora
area were observed to have good runnlng surfaces when the red sand was
traversed, but ruts and instability were sncountered when the sand was white,
The lower stability of the white material relative to the red 1s belleved to
be due to the cementing effect of a small proportion of iron oxide present in
the latter. {lay 1s also present, however, and Mitchell (12) has shown that
the California bearing ratio of sand compacted to the British Standard
maximum density and soaked falls from 25 to 6 when the plasticity index rises
from O to 20 per cent. :

Millard *3) nas reviewed road construction methods in Kalahart sand areas
8nd other possible base material encountered there. These include sand-clays
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sultable for earth roads and nodular laterite (see p.17) as well as sheet
laterite ('bog-iron'), concretionary limestone ('chebi-chebi') (see p. 24) and
broken dbrick, all of which should be suitable for gravel roads, or far
bitumen-surfaced roads after suitable treatment.,

Work at the Road Research Laboratory(7) has shown that Kalahari sand
should be sultable for the bases of bitumen~surfaced roads cfter stablliza-
tion with cement, and for the wet sand=mix process using & per cent of cutback
bitumen and 2 per cent of hydrated lime, Other tests ulso 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 stabilizing Kalaheri sand.(14) At the time of
the visit the lengths stabllized with bitumen were in the best conditlon, and
it 1s felt that this additive 1s the most promising of those available. In
this connexlon it may be of interest that full-scale trlals are in hand with
" sand-bltumen mixes in Northern Nigeria, These are being undertaken by the
Road Research Laboratory 1in collaboration with the Federal Government and
consulting engineers, and their obJect 1s to determine the minimum bitumen
content and thickness necessary for bitumen-stabllized sand road bases.

Another sand of interest, developed on the forest sandstone formation,
occurs in the northern and north-western parts of Southern Rhodesia, particu-
larly in the Zambes! basin., A sample examined at the Road Research
Laboratory was rather flner than the Kalaharl sand (Fig. 2), and non-plastic.
Tests also 1ndicated that it should be sultable for stabilization with
cement, (i5) The grading suggests that, like the Kalahari sand, 1t should
be sultable for some form of bituminous stabilization.

Basaltic and dolrritic 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 Falis and
Livingstone, The basaltic gravels are grey or brown in profile and occur in
flattish country, whereas the doleritic dykes are encountered in cuttings,
Both tend to be overlaln by a black, highly plastic clay containing rounded
boulders of rock more resistant to weathering than that originally surrounding
it. These boulders are often brought to the surface by some mechanism that
15 possibly associated with the pronounced swelling and shrinkage of the clay.

Weathered basaltic gravels, irrespective of thelr grading, are regarded
as suspect In Northern Rhodesia, because it 1s belleved that further
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Compendium 7 Text

decomposition may take place on uig road, (16) A similar view was expressed
in Southern Rhodesla. Fallures are known to have occurred at the following
sites:

(1) Sulawayo to Victoria Falls road, experimental length of cement-
stabllized basalt gravel base, bltuminous surfacing.

(11) Victorla Falls to Livingstone road, lime-stablilized basalt gravel
base, bitumen surfaced. .

On the other hand, good results have so far been obtained with basaltic
material at the following two alrflelds, which were Inspected:

(1) Runway at Victoria Falls airfield, tar-stabilized hasalt base,
bituminous surfacing.

(11) Runway at Livingstone airfleld, crushed basalt slurried with clay
on top, biltuminous surfacing.

Fallures have also occurred on roads in the Union of South Africa where
certaln doleritic gravels have been used, and Will1ams(2) has noted that
unsound materials occur in regions where the annual ralnfall exceeds 20 in.,
and sound materials where the rainfall 1s less. Weinert(17) notes that good
performance may be due either to & low secondary mineral content of the
dolerite or to low rainfall. If the South African experlence can be applled,
the basalt In the major formation running parallel to the south-eastern horder
in Southern Rhodesia might well be usihle for road construction, since the
rainfall In thls area 1s below 20 In. per year. At the two slites 1n
Southern Rhodesla where fallure was observed the annual rainfall exceeded this
value; 1n thils connexlon 1t 1s interesting that the successful stabllization
of decomposed dolerite witii hydrated lime is clalmed in Natal (8) where the
rainfall 1s also high, although the durabllity of the treatment 1s not yet
Known.

basalts and dolerites are known to be prone to rapid chemical weathering.
Secondary minerals such as zeolites and flaky chlorite are often present in
the porous parts of the groundmass ('amygdales'). Some types of basalt and
dolerite are belleved to be unstable because they cuntain relatively large
proportions of clay and limonite produced hydrothermally in the interstices of
the rock after geological formation, These materials are locked in the
spaces between crystals of more stable primary minerals, and are liberated when
a large area of rock surface 1s exposdd tu molsture as, for eXample, when
crusher-run material or weathered rock gravel is incorporated in the base of a
bltumen-surfaced pavement. One possible explanation for the satisfactory
performance noted 1n the two Rhodeslan alrflelds 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 is distinguished from
materlal liable to disintegrate by the sodium sulphate crystallization
test, (18)  Another method, based on the coefficient 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 applied to the dolerites since with them, the clay 1s
contalined Ins.de the stones rather than surrounding them.(195

Fallures have been recorded on roads in areas of the State of Victoria
in Australla, where gravel derived from weathered basalt has been used, (20)
In this case external contamination by clay seems to occur, e,g. from the
over=burden. The material 1s belleved to be suitable 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 fallures in the State of Oregon in the
U.S.A., when examined petrologically has been found by Scott to contain
secondary minerals, such as clay and Limonite, in proportions of 35 per cent
or more, (21)  Rock containing less than 20 per cent of such minerals gives
little trouble, Methods used in Oregon for recogniziing good rock and improv=
ing poor material are given in the Appendix,

Micaceous and schistose materials

Gravels. lllca 1s a common consr.!tuent of the gravels In Central Africa
derived from granite and gneliss. (ravels and 801ls derived from schistose
rocks also occur, Individual particles have a flaky shape, a smooth soapy
feeling when hardled and a variable texture, When excavated for use on the
road, the oriertation of the flakes that has been imposed by nature is lost
and they assume a random Arrangement with a high volds content. Such solls
cannot easily be compacifi with normal rollers, It 1s possible that vibratory
rollers would be more erfective hut even S0 the compacted strength of the soils
1s not 1ikely to be very high. They are generally permeable and when the
moisture content !ncieases, a very large and rapid fall in strength occurs,
€.g when raln falls on earth or gravel roads. Further, hydration during
weathering 1s known to cause blotite mica to swell, an undesirable
characteristic in a potential base material,

Schist and mica can also contaminate other, apparently more satistactory,
materials. In one instance recorded in the Copperbelt of Northern Rhodesia,
a sllghtly micaceous 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 slippery when wet, and finally rutted and failed
completely.,

' In Southern Rhodesia the plasticity indices required with visibly micace-
Ous gravels and soils are much lower than for granitic materials. The
upper limits are:
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For bases in bitumen-surfaced roads = P,I. not more than 2 per cent
For sub-bases - P.1. not more than 6 per cent
For imported subgrade n = P,1. not more than 10 per cent.

Soils. Solls containing mica are poor foundations for roads, ard in
Northern Rhodesla the thickness of base Indicated by the C.B.R., test Is
multiplied by a factor of 2, as a rule-of-thumb. The andesite schists of
Southern Rhodesla are szld to be potential sources of expansive clay, and as
such are undesirable in roads even as f1ll material.

Micaceous solls tend to glve rather higher results in the liquid-;and
plastic-1imit 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 soil
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 Rhodesia, carbonaceous shale occurs next
to the coal measures worked by the mine, and 1s the source of 'fire-clay', a
materlal produced by spontaneous combustion of the shale. This 1s simildr in
nature to the burnt colliery shale often used in roads in the coalfleld areas
of England and Scotland, the properties of which have been examined at the
Road Research Laboratory, (22)

The fire-clay at Wankie, which 1s a red or white flaky m~terial of
gravelly texture, has been used successfully on the runway as a base protected
by a surface dressing. This pavement was inspected and found to be 1n very
good condition, apart from one Or two very small areas of softening of the
base. This 1s thought to be due to the presence of {nsufficiently-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 main roads.
This is a difficulty also encountered in the United Kingdom, and it is
avolded by testing, in the laboratory, samnles of material from the various
potential sources, and by visual selection when working the source chosen,
In Southern Rhodesla, as in the United Kingdom, swelling tests are made on
fire-clay using the apparatus and technique developed in California for use
with the bearing ratio test.,

Visual selection at the pit 1s useful and a high degree of discrimina-
tion can be reached by a trailned plant operator, but it 18 not always
posslble to prevent unsound matertal being used. To improve the quality of
the material, 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 50-150 e.v,t. tar 1s produced a> the Wankie Colliery and experiments are now
in hand at the Central Road Laboratory, Salisbury, to develop methods for
emulsifylng tar for use in roadmaking. Experience in the United Kingdom
suggests that either of these two binders could be potentially useful additives
for improving the performance of the Wankie fire-clay in road bases,

In view of the importance of the Wankie area as a centre in which
Industries based on coal and coal chemicals will develop with the consequent
need for more roads, there would appear to be scope for an investigation inton
the fire-clays on the llnes of those made in the United Kingdom. The objects
would be to select materlal that gives the best service when laid in roads,
and to develop simple visual or other methods for identtifying such material
during extraction.

Limestone gravels

Limestone, malnly dolomitic, outcrops at numercus places in 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 in the territory, experience with the material
1s good, and 1t 1s said to be more resistant to corrugation than granitic
gravel, possibly because of cementation due to solution and redeposition of
calcite, More clay can be tolerated in limestone gravels for unsurfaced
roads, and the maximum plasticity index allowed IR Southern Rhodesia is
20 per cent.

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

In areas of the Federation 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 quartzitic gravels and sand-clays occurl over the greater
parts of Northern Rhodesia and Nyasaland, and constitute the most abundant
group of gravels In the areas where the annual rainfall lies between 30 and
40 in. (Fig. 1).

Gravels. A typical residual quartz gravel contalns discrete angular
lumps of whole or shattered quartz which are opaque, sometimes white, but more
often red due to iron oxide staining, Siity 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 its 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
bitumen-surfaced roads.
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Where major seams or veins of quartz have run through an otherwise
fairly fine-grained rock, boulders of quartz may be encountered in the
residual gravel (Plate 2) and unless removed these may present difficulties
in grading or stabilizing the material for use in a road base. In the
construction of the new Woodvale Airport near Bulawayo, the expedient has
been adopted of screening out the boulders and crushing them to a8 maximum
slze co venlent for use in concrete pavements.

. M N Gantle F round __,
wroumd sopes siopes o
M’:‘q Grovel Sond Cley

Flg. 3. (a) Physical 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, because of
thelr resistance to weathering, stand out as hills in undulating country,
Alluvial quartz gravels are formed by the movement and deposition at lower
levels of residual quartzitic material, Characteristically, the particles
are more rounded than in the residual gravels and large boulders are absent,
makinz 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 reduction in the speed
of flow of surface water. Pedologically-recent gravels occur near the
surface on terraces in the higher reaches of rivers, while older deposits
occur deep in the anclent channels of the more mature rivers, where water
currents have been faster in the past,

The residual quartzitic gravels are a g0od deal more wldespread than
thelr alluvial counterparts in Central Africa, and the commonest variety
appears to be developed on rciks containing a significant proportion of clay-
forming constituents. The clay content 1s therefore often sufficlent 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 moisture, and failure of the pavement may result, In
Northern Rhodesla 1t has been found that the addition 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 Rhodesla, probably owlng to the lower intensity of chemical
weathering, the depth of quartz gravel formations is seldom more than 2 feet,
and often variable over a short distance. The plasticity index is sald to
vary both vertically and horizontally, necessitating close control and mixing
by bulldozer on the quarry floor.

Sand-clays.  iuch of the igneous rock in Nyasaland is fine-grained
syenite, which contalns much less quartz and more clay-forming constituents
than the igneous rocks found elsewhere in the Federation.

For this reason quartz gravels are less common than in the other
territories, thelr place being taken by residual sand-clays, generally of a
deep red colour and a medium texture. These s01ls provide earth roads that
have good running surfaces in the dry season but are rather weak when wet,
With good drainage, they provide fair foundations for gravel and bitumen-
surfaced roads. In areas of Nyasaland where good base matarials are scarce
the stabilization of these residual sand-clays has Interesting economic
possibllities and the Public Works Department has begun to experiment with
the process.  For reasons of financial stringency, some stablllzed bases
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have beeri made toc thin to support the traffic loads that they had to carry,
In some Instances these bases were only 3 in. thick on coheslive soil andé such
fallures as have occurred cannot be any condemnation of soll stabllization,
With bases of adequate thickness, soll stabilization should be able to contri-
bute much to road construction 1 Nyasaland, particularly as there 1s now an
active Materials Laboratory within the Department capable of evaluating the
s0ills avallable.

In one pit in Northern Rhodesia, a quartzitic gravel was seen containing
what appeared to be boulders of 6 to 8 in., in size. Close 1inspection 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
rainfall 1s greater than 40 in. per annum, a nodular ferruginous gravel
occurs, known locally as 'laterite', which 1s widely used in roadmaking. The
reglons concerned are principally the two areas of Northern Rhodesia flanking
the Congo Pedicle, and including the economically important Copperbelt, They
also 1nclude a proportion of the higher ground in Nyasaland, and a small area
near the Portuguese East African border in Southern Rhodesia.

In Northern Rhodesla and Nyasaland the gravel consists of spherical
nodules of iron oxide or hydroxide with a comparatively uniform range of
particle sizes In the neighbourhood of ¥ in, In dlumeter, embedded 1n a matrix
of sand and clay. The nodules vary 1n hardness, some requiring a hammer-
blow to break them while others may be crumbled in the hand. There 1s often
a notlceable reduction in the hardness as the depth below ground surface
increases. When broken open a nodule is sometimes found to be harder on the
outside, progressing inwards 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 in some areas of a
pit as the remnants of a former quartz intrusion. In pits containing
mixtures of quartz gravel and nodular laterite, the nodules sometimes
overlie the quartz pebbles and sometimes vice versa.

The colour of the gravel 1s regarded as a good indicator of its qQuality,
particularly in respect of the hardness of the nodules. Thus, a profile of
good gravel when wet is usually dark brown or red while a yellow colour
indicates poor material, Differing colour 1n residua). soils has been
attributed by Wnite(24) to variable spacing of the joints in underlylng
i1gneous rock. Close jolnting encourages deep weathering, low water-table, -
penetration of air and oxidation of iron salts to the redcder ferric state,
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while wider spacing of joints results in less cxidized, yellow material.

The content of clay also influences the quality; in general the nodular
lateritic gravels contain more than the quartzitic gravels (Fig., 4), and have
higher 1iquid limits and plasticity indices. The variability of the clay
content 1s high and In a series 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-stabllized road, from Kafulafuta to Fisenge in Northern Rhodesia,
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Liquid 1imit and piasticity 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 varied between 10 and 30 per cent, Some of this
variabllity may be associated with vertical variations in the clay content

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

In Northern Rhodesla, the plasticlty index requirements for unstr.oilized
nodular lateritic graveis are:

- For bases in bitumen-surfaced roads - P.I1. not more than 10 per cent
For sub-bases - P.1. not more than 25 per cent

In addition, 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 vary'ng from
1 to 6 ft, with an average of 2 ft, They are particularly useful when they
occur over basic parent rocks since alternative higher quality 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 1lke the Kalaharl sand, which is
deficlent in aluminium compounds, do not exhibit self-cementation,

In many parts of Southern Rhodesia long, level ridges of schist occur,
capped with several feet of ironstone having characteristically rounded edges.
These are probably nodular lateritic gravels, formed under an older, wetter
climate, and which have resisted erosion better than the overlyling 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
plasticity Index of these materials varies from 8 to 30 and they can provide
good sub-bases or stabllized b:ses, although transport 1s sald to be expensive.

- No cementation is exhibited.
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The plasticity index requirements in Southern Rhodesla for soils that are
visibly lateritic are:

For bases 1n bitumen-surfaced roads - P.I. not more than 8 per cent
For sub-bases - P.I. not more than 18 per c:nt
For imported subgrade = P.1. not more than 30 per cent

Concretionary laterite.  This is a ferruglnous rock-llke deposit related
to the nodular lateritic gravels, occurring in some instances with them.
Thus in some proflles, the numbers of nodules increase with depth until they
coalesce to produce a vesiculated mass containing soll in the volds, or with
the soll leacned away. When this material 1s exposed by erosion and
subsequently desiccated, 1t has a dark brown or black appearance, 1s hard and
.durable, and has to be excavated with explosives and heavy rippers. This
form 1s sometimes known as 'caprock'. When concretionary laterite occurs
under damp con:iitlons, however, i1t is a good deal softer and can be readily
"excavated by hand. It hardens on exposure to the atmosphere and is properly
fnown as 'Buchanan's laterite' after its discoverer. Material of the caprock
variety has been noted in Nyasaland by Schofield(25) as reefs marking the 1ine
of emergence of ground-water on the slopes of hills. The surrounding soil is
believed to have been eroded away exposing a hard, black lateritic crust which
overlles yellow and red-laterite of the softer concretionary type. When
lumps of the crust break away, they are sald to harden further, yielding black
honeycombed blocks. 0f thirty such deposits examined by Schofleld, all were
small and 1solated, and about one-half contained workable quantities of pave-
ment material, between 5/0NQ and 15 000 cubic yards covering one or two acres.

Soil associations. The ways 1n which nodular and concretlonary
lateritic materials are formed 1s not yet fully understood so that 1t 1s
Impossible to classify them completely. However, certain of the major
factors underlying their 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(28) in Tanganylka and later applied to tropical solls in
inany other countries. It consists of a sequence of soils formed on the same
parent roci, the vertlcal sectlon of which has the form of a geometrical
catena (Flg. 3). The sequence develops as the result of the physical and
chemical redlstribution of the products ¢f weathering of rock on high ground.
Physlcally, rock particles which are malnly of quartzitic material or residual
clay are washed down the slopes of hills and deposited at distances from the
crest inversely proportional to thelir sizes, gravel being laid on the higher
and clay on the lower slopes, Chemically, the more soluble rock constituents

(77625) 20)




Compendium 7 | Text 5

s

PLA

in the P.w.D. gquarry at Lilongwe, Nyasaland
v 1

Fxfollation of an exposed rock surface due to solar heatin

(77625) 21




(8254L)

22

Large quartz boulders in a gravel pit near Kitwe,
Northern Rhodesia

PLATE 2

. wnipusdwo)

S ol



Compendium 7 | | Text

such as the zlkal!es, calcium and magnesium, iron and aluminium move (in

the order given) from the higher to the lower levels dissolved in the
ground-water. Following evaporation cf water from the surface of the
ground they are deposited at the iower levels, the least soluble compounds =
those of 1ron and aluminium - belng deposited first.

Thus, Haine notes that laterites useable 1n road construction often
occur at the adges of “vlels® or low-lying, level ground. (27) Calcium and
magnesium, and to scme extent the alkalies, accumulate at the lowest levels:
being extremely soluble, most of the alkali finds its way through the rivers
to the sea.

These physical and chemical effects probably operate together, and local
differences 1n the redistribution of sand and gravel offer one explanation
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 thelr variation in time and over the different scales of rellef,
are important factors In gravel formation, their examination in detail in
future work might be rewarding. This might reveal local or regional
correlations between the occurrence of lateritic materials and climatologlcal
indices that would be of service to engineers in 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(28)
has noted that such 'creep gravels' occur in Nyasaland, and can provide use-
ful pavement material. e also finds that the best-developed catenary
sequences occurred in areas with over 45 inches of rainfall per year.

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

Ballantyne, 1n the recent reconnalssance soil survey of the Copperbelt

in Northern Rhodesla, (28) has noted that there are two characteristic
topographical forms assoclated with lateritic outcrops. He regards the
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Fig. 5. Laterite Reef Development from a Catenary Soil Assoclation
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laterite as occurring in a zone following the surface contours of the ground
at a greater or lesser depth, Figure 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 soll preserved in between, Such an association is
found on the Basement igneous rocks, which are predominantly of the granitic
type. On the younger, metamorphic group of rocks of the Katanga series,
the assoclation is shown (Fig, 6(b)), where a flatter-topped hill slopes
steeply dewn to the stream, and the soil cover 1s preserved over all except
the edge of the laterite,

Loterite

(4)  Matomorphic rock

Fig. 6, Topographical forms assoclated with laterite outcrops in
Northern Rhodesia (Ballantyne).
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Road performance. Nodular lateritic gravels are widely used in
Central Afrlca, as elsewhere, for gravel roads. In this 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,
Tli» absence of large boulders makes them easler to hundle 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 Rhodesia, where grass was being encouraged to grow through a
relatively coarse-graded gravel to bind it and resist erosion.

In the wet season, how2ver, the nodular gravels soften more readily than
thelr detrital counterparts and, when all-weather service is needed, practice
18 to provide a bituminous surfacing which offers protection against rain,

In such circumstances, the best of the nodular gravels, i.e. those with the
lowest clay contents, can provide satlsfactory base materials. Thus three-
quarters of the length of the base for che iain runway at Lusaka Alrport in
Northern Rhodesia was constricted in 1951 with nodular lateritic gravel and is
still 1in excellent condition, However, as has been noted, the clay content
in some plts can be variable, and this can result in fallure of local areas

of base, since drying of the gravel 1s prevented by the bituminous surfacing,
In view of the proportion of the cost of a road that is invested in the
bituminous surfacing, i1t has been found to be well tiorthwhile adding some form
of stabllizer to the gravel to ralse the lower 1limit of the strength of the
material and Insure against base fallure. In Norihern Rhodesla this has been
done very successfully with hydrated lime, as described in Overseas Bulletin
No. 9, {16) about 4 per cent belng needed with the nodular lateritic gravels.
Hore than 300 miles of bitumen-surfaced main road have been constructed in
this way since 19850, Cement has been used, but only on a restricted scale,
the only instance known teing that of the bage for the maln runway at Ndola
Alrport constructed in 1953,

Experiments in Nyasaland have indicated that the technique of 1lime
stabilization can be applied successfully to the nodular laterites
encountered there, (30)

Occurring 4s they do in areas of comparatively high rainfall, the site
corditions under which nodular lateritic gravels are used are less advanta%eous
than those under which the other types of gravel are employed. Williams (31)
has noted thres circumstances in which the advantages of stabilization are
particularly applicable to the nodular materials., First, bituminous
surfacings are seldom completely impervious so that water can, in practice,
penetrate to the base, an observation that 1s supyorted by experience in
Northern Rhodesia, 8econdly, water tends to erode the material at the edge
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of the bltuminous surfacing and enter the base from the side 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
satisfactory performance of the lime-stabilized nodular laterite roads in
Northern Rhodesla suggests that the lime helps on all three scores.

Calcareous grovels. Calcareous analogues of the nodular lateritic
gravels were encountered at one golnt in the Shire Valley in Nyasaland.
According to Muir and Stephen{32) these are derived from seepage water flowlng
fram calcareous rocks on the Lupata Hills on the south side 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 lateritic material, but tie
nodules did not appear to have such a high mechanical strength,

CRUSHED GRAVELS

It has recently been suggested, particularly from the U.S.4., that
crushing offers a means of improving the quality of roadmaking gravels, The
materials to which this idea particularly applles are those with larger pro-
portions (say more than 20 per cent) of boulders and stones retained on the
1 - or 14~1in, sleves, Some of the quartz gravels of the Federation are of
this type. The principal advantages of crushing are:

(1) By limiting :he maximum size of stone, handling and spreading, e€.g.
by mechanical means, are made easier, 101

(11) The grading 1s made to approach more closely to the "Fuller* curve,
desirable in mechanical stabilization, because 1t increases the stability
of the mixture.

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

(1v) The angularity of the larger particles 1s increased, (particularly
of alluvial matcrials) thereby increasing the strength,

There 1s no doubt that such crushing will improve the quartzitic gravels,
making them easier to handle and lay without serious segregation and improving
their strength when compacted. The amount of improvement will vary consider-
ably. With some 1t may be sufficient to convert a marginally suitable gravel
into an adequate base material for bitumen-surfaced roads, With others it
may nnt, and the only trial of this must be in field experience,
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Stabilization of these gravels with cement or 1ime involves chemical
processes which bind the soll particles together to produce a new material
with inherently greater strength and resistance to the weakening effect of
water,

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

METHODS OF LOCATING GRAVEL DEPOSITS

Most gravel deposits in Central Africa are at present located by teams,
which include experienced surveyors who have developed by practice remarkable
skill 1n finding good roadmaking material. Once the general 1ine of a road
has been decided, such gravel-prospecting teams take to the field for perlods
up to several months, living in temporary housing or caravans in the area and
using simple testing equipment.

The experience of these surveyors 1s btased on thelir 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 associations with soil, In all three territories,
guldance 1s available from the large~scale maps prepared by the geological
surveys and, as might be expected, these give most information about the
areas where economic minerals occur. Pedological information 1is also
becoming available through the soll-survey activities of the Foderal Depart-
ment of Agriculture., Thus, a pedological map of Southern Rhodesia is in
the press; 1t recognizes thirty (agriculturally significant) categories of
soil, differentiated on the basis of the parent rocks. In Northern Rhodesia,
a preliminary soil 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 soil assoclations. In Nyasaland the small amount of soil=
survey work has been limited to the examination of specific problems, for
example In the tea-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
deposits often carried a particular type. of vegetation, Thus, in
Matabeleland in Southern Rhodesla a small un-named bush is sought, while
in Northern Rhodesia the Muzuku tree Is used as a gravel Iindicator.

Trapnell and his collaborators(34) have prepared a map of Northern Rhodesia
showing areas carrying simila: types of vegetation, end the descriptions of
the broad textural types of 3nil associated with them enables the simple
engineering map, shown in Fig. 7, to be drawn. More detailed mapping ot
8011 type on the basls of vegetation association may be possible with further
research, although it must be recorded that Ballantyne found no such correla-
tion possible in the Copperbelt area, owing possibly to the annual bush fires
and shifting cuitivation. These limitations would not be expected to apply
in more sparsely vegetated and populated areas,

Aerial photography has bLeen used successfully in the location of gravel
and concretionary laterite In Nyasaland, (28) and more recently, before the
reconstruction of the Great East Road, in Northern Rnodeslia. A start has
also been made 1n Southern Rhodesia, (27)  The further utilization 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 deslgn of earthworks, bridges and culverts, as well as
gravel location.

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

At present this is compensated to some extent by the very wide personal
experience of the personnel concerned. With the expansion of the country,
which will undoubtedly continue, the sparsity of recorded kncwledge 1s likely
to restrict the rate of discovery of new resources of road materials. The
time would therefore appear to be ripe for the experience of the gravel
surveyors to be recorded in msnual form, and for studies to be made to extend
the usefulness of geomorphological, pedological and botanical observations

in gravel location,
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Lateritic Gravel Evaluation for Road Construction

By J. W. S. de Graft-Johnson,' Herbhajan S. Bhatia,> Members, ASCE,
and A. A. Henmond®

INTRODUCTION

Laterites and lateritic soils are extensively used for road and airfield
construction in many countries in Asia and Africa. The presence of such
soils over vast areas in the tropics make their use very convenient and
economical. Lateritic soils are a product of tropical weathering and they
vary in their properties from very soft to extremely hard varieties. The hardness
of these materials changes with the continuous cycles of wetting and drying
in the profiles. In order to appreciate fully the factors contributing to the
hardness of lateritic gravels, some studies in the past had been conducted
by Akroyd (2), Novais Ferreira (1), de Graft-Joknson, et al. (8), Vallerga,
et al. (21) and Hammond (12). These studies provide some useful data on
the mechanical strength of lateritic agyregates 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 affcct 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. SMi1,
November, 1972. Manuscript was submitted for review for possible publication on
November 30, 1971,

'Dir., Buiking and Road Rescarch Inst., Kumasi, Ghana.

2Principal Research Engr., Building and P.oad 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 ficld, ensuring & 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
(AI)—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 iato 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 rucks. 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 "o 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-textural classification namely, laterite rock
and boulders and lateritic gravelly materials. The materials belonging to these
groups were either residual primary laterities or nonresidual secondary laterites.
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Fig. 1.—Geological Map of Ghana Showing Locations of Samples

The present profile studies in Ghana by the B.R.R.1., 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, cerbondioxide and

m
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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 Zons 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 whet 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 abundanty 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,0,; Alumina Al,0,.

3. Mechanical Strength Tests—Aggregate Impact Test (Standard) (B.S. 812—
1960); and Los Angeles Abrasion Value (ASTM, C 131-64T).

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
prednminant factors contributing to ""\¢ 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 yellowizh brown. Generally the hard and matured aggregates
were predominantly dark in color while the softer varieties were light in
color. The topography of a site had a definite influence on the color of
the soil and gravels, at various levels. Generally under humus top soil at
the upper slops, the color of the materials was dark brown to deep red.
The color changes from orange brown to redish brown at mid slopes and
yellowish brown to light red on lower slopes and valleys. The colors tend
to reflect the degree of hydration of iron and alumina in the profile, as
a result of hydrological factors. : :
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Flakiness, Elongation Indexcs and Angularity Number.—The shape of the
lateritic gravels studied were rounded, subrounded, angular, elongated and
flaky as shown in Fig. 4. Genenally 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 anguler 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.
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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 al} 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, (all 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 Betwesn 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 mincrals
in the parent rock had some influence on the chemical nature of the residual
lateritic materials. :

As a result of tnis study it could be remarked that matured gravels with 117
dark brown or reddish brown color on very well drained sites (generaliy .
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 aumina
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 Ghara 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 _Agdrogato 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 tc ;t. The results were expressed as the percentage
of the affected pizces to the total number of aggregates in each test. It
was noted that sedium 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-II, 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 . . . . . ()
AIV=315-100Gswithrvalueof0.727 . .. ................ Q)
LAA = 327 ~ 100 Gs with rvalue of 0.716 . . . . . A )
AIV = 625 WA + 4.38 with rvalue of 0.849 . . ............... )
LAA = 6.25 WA + 15.15 with rvalueof 0.830 ......... e e e (5)
LAA = 0.95 AIV + 11.6 with rvalueof 0.810 . . . . ... .. e ©)

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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(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 I 4+ 14.50 with rvalueof 0.642 . . .. ........... (v
¢,0,

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 Si0,/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 carlier 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.




Compendium 7 | Text 6

1200 NOVEMBER 1872 M 1

sl
-

1
¥

‘%O:&‘ﬁ rane

Fig. 13.—Relationship Between Aggregste impact Value snd 80, /(Fe, 0, + A1,0,)

124

"‘\\ '

-
!
}
1
3
2 }
; 1
" — "X':"——t
; | -\

)L SR S S S |

Semked C.O.RN-%

Fig. 14.—Correlation Between C.B.R. Values of Whole Base Materisi and AIV of
Coarss Lateritic Gravel Fractions from Trunk Road Fsllure Studies in Ghans.




Table 1.—RudedeFoueruuonMofm

Texts Excellent Good Fair Poor Source
1) 2) 3) (4) (5) )

Aggregats Impact value
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Aggregste impact value

(standard) <30 30-40 40-50 >%0 Present study
Los Angeles Abrasion

value <40 40-50 50-80 >80 Present study
Water-abeorption (24 hr) <4 4-8 -8 >8 Present study
Specific gravity >2.85 255-2.75 2.75-2.58 <2.58 Presant study
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Field investigations were carried out recently in Ghana to study the general
performance of lateritic gravels in the road pavements. In order to limit
the scope of the study to only gravelly soils, materials having more than

* 50 % 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 Siew,.
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
cither 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

l. 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 & 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 Aorasion 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,
aad 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 I1.—-NOTATION

The following symbols are used in this paper:

Al = acid igneous rocks;

AlV = aggregate impact value;
Al,0, = alumina;

BI = basic igneous rocks;

Fe,0, = femric oxide;
LAA = Los Angeles Abrasion value;
Met = metamorphic rocks;

r = correlation coefficient;

Sed = sedimentary rocks; and
Si0, = 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. 1deally, specifications should be
used as a guide, for both the engineer and contractor in the
petformance of work outlined in the contract documents.

SPEZIFICATIONS 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 deternuned by the design period which
is the accumulated equivalent standard axle Joadings 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 shows for
each classification. These 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 matcrial.

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
aud plotted as shown on the !ower right of Figure 6.1. An
acceptable practice of selecting an appropriate CBR value 1s
that which corresponds to a 90 percent confidence limit,
i.c., 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 V1 base course. An
alternative would be to use “selective” excavation which
wculd eliminate areas exhibiting the lower CBR values. The
borrow area would then receive a higher classification.

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
& preireatment 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
thows 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 unti)
the annual rainfall excecds 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) ........c.euunren.. (6.1)

The band in Figure 6.4 represents the range of mois-
ture contents which should be considered in the detes.
mination of the design CBR of the subgrade. Table 6.2 gives
the range of moisture contents to be used in examinifig the
CBR valuc of the respective layers for design purposes.

TABLE 6.1
Specifications, Base and Subbase Materials
Base Qassification
Criteria Subbase
1 ] v v vi

Detign CBR +100 80 70 €0 50 25-40
Maximum traffic ACSALBD 107 107 2x108 9x10° sx10 -
Gnadation 1 1 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 Granularmetne Modulus 490 528 550 580 600 615 630

AESALBD - Accumulated Equivalent Standard Axle Loadings in Both Dircctions
Granularmetric Modulus ~ Pescent passing 1, 3/4, 1/2, 3/8, 4, 10, 40, 200, -~ sieves.
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RESUL;I’S OF LABORATORY TESTS

CBR=  50-60-65-70-75-80-80-90-90-90~110
STATISTICAL TEST
CBR NUMBER ' PERCENT >
50 11 100 , Yoor ,
. <5 SO~ >~ —>
wE 2} |
70 8 73 b 6o I
75 7 64 wE ol '
R I
80 8 55 & g 40 |
- 3k
90 4 30 Z& 20/ !
&2 1o} !
1o | 9 w 0 11 1
0 30 100
CBR
CBR= 85~ CLASS XX
FIGURE 6.1 — CLASSIFICATION OF BASE COURSE MATERIAL
TABLE 8.2
Recommaended Moisturs Range for Evaluation of Design CBR Values
Annusl Rainfall
Stvctural -
Layst <800 mm 800 to 1300 mm > 1500 mm
30ia N0 60in ' $01a
Bane ' oNC OMC - 1.25 OMC 4 day soak
Subbase oMC ONC- 1.5 OMC 4 day soak
Subgrade 04-056PL 0.7-120L 0.9-152L

Conditions: Wates table at least 1 meter below pavement surface and good surfoce 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 studics 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 V1 base courses or subbases can be uscd for control

purposes.

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

Several iypes of durability tests were evaluated In
Volume I Chapter 8. The most promising of these is the
sdake durability test. A tentative spesification of a
minimum slake durability value of 95 is recommended for
ironstones and concretionary gravels when these materals
are to be used in the susface course.

TABLE 8.3
Recormmmended Gradations
Sieve
1 2 3 4
1S0* ASTM-E1S
50 mm Yia 100 100 100 100
ns 11/2 80-100 90-100 100 100
28 1 50-100 70- 100 85-100 100
19 34 45-100 60- 100 75 -100 100
103 12 35-100 45 - 100 65-100 90-100
9.5 38 30-90 40- 100 55-100 80-100
4.7 No. 4 20-70 30-178 45-80 35-88
2 10 10- 50 28-60 35-63 3548
425 40 5-38 20-43 30-45 20-40
1 200 0-29 15-38 25-40, 15-30

*1S0 Intemational Standards Ozganization, Geneva, Swilzesland,
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SPECIFICATIONS FOR EXCAVATION OF BOR.
ROW AREAS, COMPACTION EQUIPMENT AND
COMPACTION REGUIREMENTS

Excovation of Borrow Areas®

In developing the layout of a borow site, ares
stilization ond dranage (especially dunng the rainy season)
ste key facton to consider. Il scrapers are to be used. the
botrow it should be excavated from an uphdl position
down, and the futrows made by the scrapers should be
continuous and provide for drainage away fiom the pit.
However, if power thovels are 10 be used, the pit should be
excavateC fiom a down hull position up. This technique will
permit natural diainags and prevent local ponding. All
$inpped sod should be plrced tn a location outside the
boriow area, While the wonsione ot concietionary gravel is
being excavated, care should be taken to prevent excavation
into underlying clayey wit. If silt i mired in with the
botrow material duning excavation, 1t mest be washed oul
psios to placement, otherwuse senous local (atlure may be
expecied. Most latentic soil can be excavated with a wrapes
o0 & sctaper puthed by a bulldoszer. Howeves, the wonstone
sun be excovaied with a bulldozer with 3 35 to 45¢m
tipper tooth. Blastig to excavate laterite is relauvely im
practical because the laterite has a high natural potosity.

Compactivn Sauioment®

{1) lronstone o concretionary gravel (Laterite)
During excavation, transpottation, and compaction, zi
effort should be made to prevent unnecessary structural
adation of te latente, therefose. compaction should be
t and shaping kept 1o a minimum 10 avord high sheas
stresses. The seference to “light compaction™ is to indicate
that hghtes rolicrs and good monsture conteol should be
to obian the specified denuty and that heavy
compactors should nol be used a3 panacea 1o all compac-
tion processes. For the wormhole latene, the 7,258 to
9,720 kg vibiatory stee]l wheel tolier gives the best result.
Fou pellet latente, the 4,536 10 7,258 kg sieel wheeled of
pocumatic tite rolless are the mont effective.

{2) Lateritic Soils

In Thailand, s variation of a sheeps{oot toller was uscd
sflectively in compacting a Lateritic soil. The rojfer is similas
0 » sheepsloot 1rdler except that the feet ase flatter and

S From US Army Corpr of Enginners (1968},

have 8 larger surface area. It has the capability of
compacting thuck hifts, for example, a 30 cm foose bift can
be compacied to » 1S cm. However, the locse Lift thickness
8 usually linuted 10 |5 cm and 13 compacted to a thickness
of 8 10 10¢m. Conttary to popular opinion, the sheepsfoot
toller can be used =ffectively if the weight of the rolles is
reduced (usually by only half fiting the drum) and the
roller 18 pulled slowly to avoid high shear stresses. The
45360 kg roller can be used, but the load and tire pressure
sie cnucal. they must be sdjusted 1o approximately
22680 kg and 6 3 to 7.7 kgiem ! respectively. A vensatile
roller which provides the “compaction action” of both a
sicel wheel and a sheepsloot i the “Hyster” Grid Roller.
Ttus type of 1oller should prove 1o be very effective in the
compaction of both latesite and laterite souls,

Latentec soids compacted on the wei ude of OMC ofien
Bve 3 spongy section instead of 3 suitable compacted Isyer.
A good tule of thumb for the field is 1o apply wates a1 2
petecnt less than the lab optimum moistuze content.

Compaction Requirements

The specified compaction requirements have been
developed thicugh analysis of the deflection and compac-
tion relationslups discussed in Volume | Chapter 12. The
recommended density requirements shown in Table 6.4 are
expressed as & function of the depth beneath the surface of
the pavement. The requitements are applicable to natural
wubgiades in which case the required compaction will
prewent excessive defllection of the layer but do not
necessatily provide for the development of shear strengths
tequired in the stability of high fills.

TABLEGA4
AECOMMENDED COMPACTION REQUIREMENT FOR
COMPONENT STRUCTURAL LAYERS AND NATURAL

SUBGRADE
Degth Befow Surface Compaction
0-25ecm( 0~ 101n) 100% AASHO MOD
23 -45cm (10 - 18in) 95% AASHO MOD
45 - 60 em (18 - 24 in) 160% AASHO STD
60 - 90 cm (24 ~ 36 in) 95% AASHO STD
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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
maintatn.

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. Bluding Aggregate
Surfuces can help crews 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 ares and conditions, such as
terrain and climate.

This guide can be useful for new and experienced foremen,
motor grader operators, and mull.i-purpose crews working on
aggregate surfared roads in states, cites, townships, as well
as in counties.

L wnipuadwo)

8 Ixal



Contents

** WHAT!‘!‘SALLA%T ...D..'..II'.I......II...".I 1

#% AGGREGATES AND AGGREGATE SURFACED ROADS. :

gates
Fine Material (Fines).....cvvuivneennneecnesnnnnes é

Equipment Used On Aggregate Surfaced Reads cesesses 8

#% MAINTAINING AGGREGATE SURFACES:
SMOOTHING AND RESHAPING................ P {1
h“&i“.......l...ll..........-... ..... .l.......lo

Crown....ooeeeenene ceescsssssessencrsnnsnnnas oo ld
Crust ..oovvverrannee cessesssssarcsssen R [ ]
Passes Over Surface ......... esesvssescsessnsssaseslB
Shoulders......c.ccvuu.. eeessrecsscavcersesesccseeld

Dry Weather Blading «..cccevevenennenenerencene 2

Drains (Weepholes) ceouiveeereeneniensescencenee2
Reshaping ............. ssssaces . 1 |

Reshaping The Road Surface

And Aggregate Shoulders ........ cesssse ceeressees 28

Reshaping The Road Surface Without Reshaping

The Shoulders....... L ]

** BLADING UNDER SPECIAL ROAD CONDITIONS...... 32
Intersection Of Aggregate Surfaced Reads.............. 32
Iatersection Of Aggregate Surfaced And Paved Reads. .. 34
Read Cressing Railroad Tracks . c.cccovvveenneccenconss 38

Read Crossing Bridge .....ccovcvvnvvercicennsccncesa 38

A‘l'r‘v".v.-l-Di.ltllnt.lt!ll!llllllilllb.llll!!l‘
oll“illlopllcreul)............-..-.......--..u....c

Atmtm("\'dkyu(w............-..-...-.....-ﬂ )

Curved Rondn s ooveeieieiorenssecescrecnconconcsseesdd
** CONDITIONOF BLADE......c.couvuuininnnnnnananesd]
** PERSONNEL AND EQUIPMENT SAPETY .vveveeeeeee 89

. wnipuadwo)

g8 oL

il



vl

< Resdway (Hosd) >
(Right-Of-Way)
< Rosdbed »
G———Read Surfsce——mrey
{Traveled Way)
Shoulder—> | | &~ Should Shoulder—> €—Shouider
\\‘/_

Aggregates And
Aggregate Surfaced Roads

All roads, even those that carry small amounts of traffie,
should be built of materials and soils that will make them
passable in all kinds of weather.

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

Coarse soils or mineral particles are called aggregates.
Those that are very hard and not easily broken up are best to
use for road surfaces and shoulders. The main types of

aggregates are:

® Crushed stone — made by breaking or crushing rock,
usually limestone

® Gravel and natural sands — usually found in river beds or
as natural deposits in old stream iedn

® Slag — a by-product of iron and steel manufacturing

® Burnt clay or expanded shale — a by-product of heavy
industry or commercially produced as aggregate material

Other local materials make good aggregates for road
surfaces:

® Crushed sea shells — found in areas along the Gulf Coast
and close to oceans

¢ Natural soil — suitable for road surfaces in some parts of
the Midwest, such as Kansas
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® Crushed basalt — a fine-grained hard rock
® Chert — a quartz-type rock
BLENDING AGGREGATES

The proper blend of different size aggregates on a road
produces a surface thatl can be used in all types of weather. An
aggregate surface is most economical for roads carrying low
vk;lulmu of traffic because materials are usually available

ally.

To make a wearing surface, different size aggregates are
blended together and spread across the road base, The largest
size is usually no more than % inch. Blending different sizes
allows the pieces to lock and pack (compact) together to make
a strong, tight surface. :

Different Size Aggregates Compact For A Streag Wearing Surfses

Fine Material |Fines}

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

¢ Fine material, often called binder or mineral filler, is a
very important part of the mixture becsuse when water is
added, it acts like cement to hold the aggregate together

Aggregates Of Different Sizes Are Rlended With Finss

* Withcut enough fines, moist aggregate will not dry to

form a hard wearing surfaee

¢ Dust blowing from an aggregate surface indicates that

fines are blowing away

el
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FQUIPMENT USED ON AGGREGATE SURFACED
ROADS

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

B

- R
A RN ]

Other kindﬁ of cquipment used to maintain AggRregate
surfaced roads are:

® 'ull type blades
e Underbody blades
* Drags (single or multiple blade)

Small drags are often pulled behind light-weight equipment
(mower tractors, pick-ups, ete.) during the spring break-up,

rimarily to aerate the road surface to speed up drying.

ormal blading with a heavy grader would oaly 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 80
great there are not enough motorized graders available.

Regardless of the kind of equipment, the method used to
maintain aggregate surfaced is nearly the same.
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Maintaining Aggregate Surfaces:
Smoothing And Reshaping

To keen 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
¢ Blading to reshape aggregate oo road surface and
shoulders

What It Is

SMOOTHING
The surface of the road is smoothed by dragging.

Smoothing is usually done when l;xre?e? 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, colling action created by the curve of the
ﬁ:g:‘;"s moldboard helps compact the road surface as it is

Blading speed will depend on the grader, pressure of tires
andeondfﬁonouhe surfaca. Going teo fast will cause the
grader to bouncz, ing ¥. good /=5 imposaihle.

10

How To Do .lf

TO DRAG THE ROAD SURFACE:

® Check grader blade (cutting edge) to make sure it is in
good condition

. Shil’tmoldboardsoendol’bhdeisuedge dmdlndn‘

beginning of shoulder

¢ Tilt moldboard forward to get a dragging rather thar
cutting action (see picture, page 12)

¢ Angle moldboard at about 30° to 45° to spread loose
material to center of the road

® Lean or clightly tilt front wheels about 10° to 15° from
thcveﬂhfindhcﬁonwurdhmbhdo

: (Contixued, page 13)

1
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How To Do It

(Continued from page 1)

* 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

® Stop to repair minor bad spots such as holes, rutted areas
and poor surface drainage conditions. Always have a
shovel available

, wnjpuadwon
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What It Is

Crown .

A road must be bladed so that the center is higher than the
edges to allow waler to drain into ditches as quickly as
possible. That is cailed blading a crows on the road.

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

¢ The amount of crown is the amount of slope on the road.
For good drainage, a road should have a crown of *s to *A
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 faster 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 aew cuttinéegfes)
to rebuild the A-type crown (See Reshaping, pages .)

The best way to insure that 2 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 nug:g of
the amount of crown as the road is being bladed.

14

How To Do It

TO BLADE A CROWN ON THF. ROAD:

® Jaise 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 (;.Eg

oy

Crewn Gaxge Meuated Ou Contrel Panel

® Be careful not to cut too deeply at the shoulder of the
road. Deep cutting will leave a groove near edge of the
road and shoulder; this will stop drainage of water from
the road into the ditch

|
e Road Swrisce 13 20° Wil —e———r) o Bhoulder
€ 10’ > |& 10’ >
Edge Of Road Sarface
Centar Of
8" Higher Than Edge
B o B g iy .
vl Vo — \

w _/

A Crows ¥ Inch Per Fost On Road With Surface Width Of 20 Fest Is A
Crows $ Inches High

15
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What It is

Crust

Properly blended aggregate and fines will dry to form a
hard crust that provides a wearing surface. The crust 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 co

letely
break down the crust and the road will need reshaping.

16

How To Do It

TO AVOID BREAKING CRUST:

* Put only enough pressure oa blade to smooth surface and
excess material acroes the surface

. wnipuadwon
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What it ls

Passes Over Surface

One pass over a road surface blades that surlace one time.
For most roads, one pasa an eacA side of the center line of the
surface (one round) 1s 2nourh to smooth bezause the grader
blade is usually wide enough to caover oze-hall of the surface.

When you blade, aggregates usualiy 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
:‘hotgl.derwdmvennywindmwhnbymﬁrupmwmur

How To Do It

TO HANDLE WINDROW DURING PASSES:

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

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

For First Pase, Move Blade Te Edge Of Reed

And Angle Blade
r.m..rauumr.cm.am
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What It Is

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 30 — it
should be b in the same manner.

. :I:eoulders must be sloped 30 water will draia into the
iteh

— The slope of the shoulders mus¢ be equal to or slightly
greater than the slope of the road surface 1o allow for

drainage

mmuwwhhuuumm
The Resd Burface

How To Do it

TO BLADE SHOULDERS:
* Blade so shoulder siope is equal to or slightly greater
than slope of road surface

¢ Always blade so the inside of the shoulder is as low as the
outside edge of the road surface. (You do this so water
will drain from the road into the ditch, minimizing the
chance of forming a secondary ditch )

¢ Blade shoulders as needed 1o recover loose aggregate and
valuable fines and to destroy unwanted vegetation

s Spread loose ate and fines from shoulder scross
road surface w%uﬂd the crown and stabilize surface

aggregate

On Nerrow Roads, Swrtace Extesds To Of The Read. Thare bs
Litde, if Asy, Shoulder e

4
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What It s

Draics |Weephole<!
Waier must drain quickly to k 8 road in good conditica,
ﬂﬂmantﬂu’ﬂneﬁcdmm& in the

How To Do it

TO BLADE IN DRY WEATHER:
-mmwrmwm-mmm
eutting action
¢ Angle moldboard at about 30° to 45° to wiudrow loose
aggregule (o edge of the road

* Spread loose cver raad surface whes blading
Wm:gmhnhham

¢ When sprickle woler o uggregate th s beiag
m:»dmgm

¢ When windrows are left, make cuts (drains or
&wmm:imnmm from
¢ Periodically. blade across shouldars and remeve
muubndmdmuﬁnhnﬂmhu-)
art as a curb $o hold water on the

Dralas Is Windrow Lot Water Drain Inte Dinch

L wnjpuadwo)
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RESHAPING
W'arodhvﬂmmmwnmm‘m

AMlWO‘MﬂMWM.m
potholes

Mhmuvdmm‘thwuhabma
proper dﬁmnddiﬂauuhwndm
Whes remixing, need to dﬂhu?“
e ma,
’:ﬁm,wdm

and fines to road particularly in rough
spots or washed-out places. .

The maintenance of a proper erust can
SR e e e i o
coarse and fine . with . form

crust.

The art of proper is a cut-and propesition
mumaumu&m'&nm-m

w

. wnjpusdwon

8 8L




What it Is

Reshaping The Road Surface And Aggregate Shouldecs
Mixing of fines and aggregates in reshaping requires
thnoi::puswithth‘ndor.Widtbdthemdmﬂmnd
shoulders, amount of locee aggregates, and depth of potholes
and washboard ridges dotermine how many passes are

The surface of the road must have the proper crown after
reshaping is completed.

Shoulders musi slope downward from the of
surface toward the dilch so that water draining
surface will continue to drain across the

i
HH

How To Do It

TO RESHAPE ROAD SURFACE AND SHOULDERS
(APPLIES ONLY TO AGGREGATE SHOULDERS, NOT
DIRT SHOULDERS):
® Check with your fcreman to see if more aggregats or fines
need to be added to sus-face and shoulders, particularly
in rough spots or washed-out places
o Shift moldboard 20 end of blade is at outside edge of
shculder for the first pass
(Coatinuad, page 29)

Shilt Bade T2 Outside Edge Of Shaubier On First Pres
7

¢s!

|}
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How 'I_’o 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 aggregute rolls across blade

® Put enough pressure on blade to cut shoulders and
wash ridges

® Scarifying, when necessary, should go as dcep as the
'avirage pothole or washboard — usually two to three
inches

® Watch blade action very closely and continuously adjust

controls to get good cutting and mixing action

® Check to see if mcre passes are needed in the same
direction to continue mixing, cutting to bottom of
potholes and ridges, and to windrow aggregate to center
of the road

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

© Blade shoulder downward to ditch 30 slope is at least as
muech as slope of the road ‘

. wngpuadwo_o
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What It Is | How To Do It
Reshaping The Road Surface Without Reshaping The TO RESHAPE ROAD SURFACE WITHOUT RESHAPING
Sheulders SHOULDERS:
The road can be reshaped without reshaping the shoulders. * Shift moldboard so end of blade is at edge of the surface
mblqﬂmmnhmmexuptmmm and at inside edge of shoulder for the first pass
are not uded.

* Follow the same blading operation you do for reshaping
road surface and shoulders (see pages 28-27)

agl
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Blading Under Special
Road Conditions

Some road sactions require special attention when they are

0

What It Is

INTERSECTION OF AGGREGATE SURFACED ROADS

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

How To Do If

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.)

L wnjpusdwo)
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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 grads where they intersect.

How To Do It

WHEN BLADING INTERSECTION OF AN AGGREGATE
SURFACED ROAD AND PAVED ROAD:
‘e 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

e AR Yevy

Eliminate Crown Ou Aggregats Surfscad Read At Peist It Intersects

Paved Read
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What It s

ROAD CROSSING RAILEGAD TRACKS

The crown should be gradually eliminated on each side of

the railroad tracks, so that at the pa: t the road intersects
tracks, there is no crown in the m. ¢ " the

A te must not be bladed onto the crossi . It will get
wedged m the flanges and could cause derailme:{ g

To maintain a good approach to crossings, in many cases,
You may need to use your hand shovel. 8 _

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 railroed 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 tosee if an extra pass or two is needed to eliminate
crown and to meet the grade of the railroad tracks

L wnjpusdwo)
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What It Is

ROAD CROSSING BRIDGE

Most wood bridge floors or decks do not have a crown;
however, decks of most other bridges, particularly concrete,
have crowns of varying degrees.

Regardless 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
l;r@dgesot.lutitistheumeheightutbedeckorﬂoorofthe

How To Do It

WHEN BLADING A ROAD CROSSING A BRIDGE:

* Gradually shape crown on the road to [it the bridge floor,
starting about 50 to 100 feet from ends of the bridge

® 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

* Do not let aggregate build up on ends of bridge. Drive
onto bridge, drop blade, put grader in reverse and pull
off excess aggregate. Doing this also helps smooth the
approach

69l
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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 etfge 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 humg:in the road grade line), the crown in the
:ihriveway must be eliminated at its junction with the edge of

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 raize blade and deposit loose aggregate in front of
driveway

® Make extra passes, if necessary, to smooth entrance into
the driveway

41

L wngpuadwoo

8 ol




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 downhill will
cut through the surface and can cause slick grades and excess
aggregate at the bottom of the hill. _

Den't Serape Aggregats O4f A Hilltep

AT BOTTOM OF VALLEYS [SAGS]

Control grader blade when blading a read 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.

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

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

e Be carcful not to cut too heavy going downhill as grader
speed increases; shift to lower gear; do not use blade as
a brake

Dea't Pile Loocse 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 needad to insure a smooth
surface with proper crown at the bottom of the valley

43
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What it Is

CURVED ROADS

On 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 vchicle to stay on the road as it
goes around the curve.

The crown is gradually eliminated just before beginning the
curved 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 road is wet or covered with snow.
However, the curved part of the road should be banked
enough so that a vehicle traveling at a safe speed around the
curze will not pull to the shoulder on the outside edgs 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 intc 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)

* Do not blade any crown on curved part of the road

* Change road surface from a crown to superelevation and
back to crown smoothly and gradually

¢ Slope shoulder on the superelevated part of road
downward from edge of the road surface to the ditch

(See picture, page 46.)
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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 needs replacing

€9l
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Personnel And Equipment Safety

rating & grader on the road, especially when traffic is
&g.ctﬁbehanrdm. Safety hazards can be reduced by
using adequate personnel, equipment, and signing safety
measures.

£

FOR SAFETY:

¢ Always wear a Aardhat when bdlading

» tlw_ag; wear safety shoes and appropriate safety gear on
the j

¢ Put colored {lags on each end of moldboard when biading

* Have Slvw-Moving Vehicle triangle on back of grader

* Use flashing salety light on grader when blading

* Turn on grader headlights when blading agaiost traffie

* Sce that a visible fire extinguisher is on the grader and
make sure it is properly charged

* Watch in rear view mirror for Lraffic wunting to pass

* Make sure there is 3 hand shovel in good condition oa
the grader

® Whea blading downhill, put grader transmission in low
range {or braking power

* Always ground blade when leaving grader
* Shilt blade to center of thy grader and lock it when
grader

. wnjpusdwon
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® Always remove ignition key when le
unattended Y aving grader
® tse signing and proper flagmenwhere needed to warn

tralfic of work in A .
unattended progress or as warning if grader is left

* Signs and sign locations should conform to the Aexual Oxn
Uniform Treffic Control Devicss (MUTCD) or the official

mnﬂonmtﬁceon&oldwieu(dpmnﬂ)torym
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Labor-intensive construction of gravel surface in Oaxaca, Mexico.
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Compendium 7 Text 9

Crown on Soil-x\ggrcgatc Roads

J. W, SPENCER
Highway Research and Extensicn Engineer, Department of Agricultural Engineering,
Cornell University

This paper summarizes a studyof 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 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 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 malzdies of soil-aggregate or gravel roads.
Materials with good mechanical stability and hence immunity to rutting, and even
materials protected against the dry weather proklems 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-
served that potholing is generally more severe on {lat, or nearly flat, longitudinal
grades. This study has explorea 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 1955, 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 (0.02to0.041t/1t).
A 1949 publication of the U. S. Burcau of Public Roads (2) svggests 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 Ilinois, Huang (3) noted a relationship hetween crown and pot-
hole formation, Categoriesused were high crown (' in. /it ormore), lowcrown (% in. /ft),

“andnocrown. Longitudinalgrade was not indicated. Inun earlier study of crown vs pothol-
ing of soil-aggregate roads in Indiana, Illinois, MissouriandKansas, Burggraf (4) 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

Puper cponsored by Cormittee on Soils-Caleium Chloride Stobilization and presented at
the Lith Annual Mecting. :
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49

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 %2 in. /ft on level sections and would reduce it only to 0,4
in. /Tt on a 5 percent grade. Burcarafl suggested that "for ordinary purposes, the
longitudinal gradient factor may he disregarded... ."

Still carlizr recommendations or standards of practice coencerning crown slope were
perhaps as much the result of observation and experience as of specific investigation,
Design sugpestions are quite plertiful 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 cach 4 or 6 ft between curbs
wherc 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 abpears that
Warren's corrections for longitudinal grade were as much related to foothold as to
hydraulic or road performance considerations. In 1910, Zahniser (7) considered longi-
tudinal grade in suggesting that for "rougher cartways," the crown (in ft) should be
equal to the width of the roadway divided by 24 times the percent longitudinal grade.

In 1916, an ASCE committee (8) recommended that the crown slove on gravel roads be
from ‘% to 1 in. /1t. Longitudinal grade was not considered in the tabulation of recom-
mended crown slope [or various roadway surfacings. The words ""the practice gener-
170 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 relatcd 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 ft and were generally used full width: narrower roads were not sclected to avoid
tracking situations likely to leave a W cross-section. Traific averaged 50 to 150 veh/
day. Mcasurements 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 25J ft along both sides of each of
these roads, transverse slope and longitudinal grade 'vere 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. Mecasurements 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 crest of the crown. The previ-
ously calibrated liquid-level devices gave longitudinal grade over the wheelbase of the
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Figuwre 1. Devices for measuring {a) transverse slope, and (b) longitudinal grade.

m

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 ‘s in. /ft 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 slopc 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 classified as trace, deiinite 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 twoor morcobservations 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 fre-
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),
0.01t00.02ft/ft (equal to or greater than 0,01 but less than 0,02), etc.
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Resultant
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Figwe 4. Definition of maximum resultant
slope.

With the total length of each bar made
equal to 100 percent, the percent of ob-
servations of no potholes in each crown
slope range is indicated by the portion of
bar length extending to the left of the

severity with increase in crown slope.

than in Tompkins County, N. Y.

[LY4L
~ NOPOTHOLES . .

ft/n

erown Slope
o8 POTHOLES

7/8
- / £/

Figure 5.

vertical line. Portions of bar length to the right of the vertical line indicate the per-
cent of oliservations 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 pothoiing was observed, there is a more delinite trend of decrease in

Trends in the data from this study are somewhat similar to those reported by Huang
(3) from his work in lllinois. The frequencies he found of no potholing, slight potholing
and severe potholing at no cr~wn (% 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 cf flatter
topography and, hence, generally lesser longitudinal grades in Champaign County, Ill.,

Maximum Resultant Slope vs Potholing. —A comparison of Figure 6 with Figure §

replaced by maximum resultant slope.

suggests a more definite relationship when potholing frequency is plotted against maxi-
mum resultant slope than when it is plotted against crown slope ajone. Frequency of
pothole observations as well as severity of potholing decreuases 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 resuitant 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 pagsing 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

3/4
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Relation of crown slope to
frequency and severity of potholing.
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, Longitudinal Grade vs Potholing. —Fig~
ure 7 indicates the relationship between
longitudmal grade only and the frequency and severity of pothoting. 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 pothohng 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 reasoncd
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 mnay drain or even obscure the slight depression. Another factor may be the
longitudinal orientation of traffic which tends to pound down gencrally longitudinal spill-
ways for glight depressions or birdbaths left from grading or shaping operations. High
velocities of runoff are not an unmixed blessing, of course, since erosion also causes
maintenance problems on soil-agsregate 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 mininmwum tolerable crown on
soll~aggregate 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 alope is less than an ideal approach, if enly because frequency and severity
of potholing appear to be related to orientation as weli as amount of this maximum re-

. sultant slope. In-addition to acknowledsing 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. Suclh deviation would perhaps
most frequently be caused by the longitudinal velocity component of runoff on grades
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N !// centerline, Until addition:l study suggests
& o8 A z a more rcliable design characteristic than
\ e'y\;/- R maximum resultant slope, however, it may
w o7 " AT T be more valid to base selection of minimum
o e L 7 tolerable crown in a particular situation
-t 3 /4—/ // Ys (for an acceptable frequency and severity
»n 06 // of potholing) on this characteristic than to
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<ZI 05 — —A any attention to longitudinal grade,
- B / 74 Figures 6 and 8 may be useful as guides
3 04p/2 P & for design. Assuming that about 9 to 1
D | / ,/ ' odds against definite or severe potholing
W 33/87] Vv s are acceptable, a minimum tolerable maxi-
a / // mum resultant slope in the range of 0.04
S ontV/Al _4 to 0.05 ft/ft might be % in./ft (Fig. 6).
2 // Where longitudinal grade is absolutely
= ol =|/8/ ol flat, a minimum crown slope of % in./ft
é : /2 would, of course, be indicated. Where
s A T 3 4 5 ¢ 9 thereis some longitudinal gradient, Fig-

[4
0 Ol 02 03 04 05 06 ure 8 indicates the extent to which erown
nmight be lessened and still maintain the
LONGITUDINAL GRADE- ft/ft desired resultant slope, For example, if
longitudinai grade is about 2 percent,
Figure 8. Maximum resultant slope for minimun; crown slope could probably be
varfations in longitudinal grade and crown beiween 74 and /2 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 dotted 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 omitted because of
the probability of intentional banking or warping of the cross-section.

Measurement of Crown, —Crown measurements were made with the liquid-level de-
vice shown in Figure 10, With the gallon jug placed approximately (by cye) at the center
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Figure 10. .\busurcment‘and.rccording 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 werce 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 it was drawn through the plotted road surface clevations on each _
side of the road. ‘At the interscction of these straight lines representing average crown
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Figure 11. Determination of crown tilt.

a7

Figure 12, Mcasaring transverse terrain slope.

slope were crected 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 be 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-scction, 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 50 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 a. 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.

Results

Crown tilt in relation to transverse terrain slope at the 66 poiuts 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 66 points together (ignoring whether sectlons were in cut, {ill or
cut-fill), it is noted in Fizure 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
2Y 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-
tlons, 15 cross-sections were tilted downhill in contrast to only 2 uphill, Althougk
frequency of downhill tilt appears generally to be related to transverse terrain slope,
the amount of tilt does not.

There are too few points in Figure 13 to make any conclusive statements concerning
relative tendency to tilt road crown downhill on cut, fil}, 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 downhifl
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-
£1l1, fill and cut cross-sections, respectively,

The significance of such small angles of tilt may be questioned. It should perhaps .
be pointed out that a road with intended crown slopes of 4 in, /ft 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. /1t,
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CONCLUSIONS

Potholing of soil-agpregate roads, though generally related to crown slope, appears
to be more closely related to sume resultant of crown stope and longitudinal grade.
The maximum resultant slope, though less than an ideal design characteristic, may be
uscful as a guide in selecting minimum tolerable crown. Figures 6 and 8 provide a
ruide 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 slepe. Although soil-aggregate 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 Crosion 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 Bani, Bolivia.
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la publicacion cuyo titulo se dié en la parte (b).

(d) Disponibilité des documents: ce paragra-

_phe indique les deux fagons dont le lecteur peut

acqueérir les documents: (1) L'édition est épui-
sée, mais une certaine bibliothéque détient ce
document et il peut étre consulté. (2) Le docu-
ment peut étre commandé & I'organisation dont

le nom et I'adresse sont indiqués ici. L'ordre de
commande doit inclure toutes les informations
données dans les parties (b) et (c).

(e) Analyse: ce paragraphe est une analyse
du texte dont le titre est cité dans la partie (b).

lllustration (from Comp. 1)

(a) Reference number

{lustracion (del Comp. 1)

illustration (du Recueil 1)

Reference 5

v

(a) Nimero de referencia
(a) Numéro de la référence

(b) Title
{b) Titulo
{b) Titre

(c) Bibliographic data

A REVIEW OF HIGHWAY DESIGN PRACTICES IN
DEVELOPING COUNTRIES

—=—e————> Cron, Frederick W. Washington, DC: international

{c) Datos bibliograficos
(c) Donndes bibliogreahiques

(d) Availability information

Bank for Reconstruction and Development; 1975 May,
57p.

ey O7der from: International Bank for Reconstruction and
Development, 1818 H Street, N.W., Washington, DC
20433,

r—-) The design standards of some 130 highway projects

financed by the International Bank for Reconstruction
and Development between 1960 and 1970 are re-
viewed, and areas of agreement between the stand-
ards of the 63 countries studied are identified;
practical highway standards based on these areas of
agreement are sketched for the guidance of planners

(d) Disponibilidad de la informacién
(d) Disponibilité des documents

(e) Abstract
(e) Resumen

in developing countries. The roads discussed here,
fall into three functional categories: a small group of
expressways, freeways and toll roads carrying large
volumes of traffic; a very large group of 2-lane
hNghways carrying a wide range of traffic volumes

(e) Analyse

‘ {(c) above.
{b) y (c).

données dans les parties (b) et (c).

The order should include all information given in parts (b) and
El padido deberi incluir toda la informacion dada en las partes

L’ordre de commande doit inclure toutes vln informations

serving both local and long distance traffic; and a
smaller group of low-traffic tertiary or special
purpose roads euisting primasily for land service.
Comments are made on the problem of classifying
highway standards, and on the comparison of stand-
ards.  Conclusions regarding standards for the
capacity~- related elements of design and standards
for the velocity-reiated eiements of design (radlus of
curvature, stopping sight distance, passing sight
distance) are discussed, as well as the horizontal and
vertical ciearances for bridges. The standard live
loadings for bridges. the structural capacity of
pavements and legal load limits are covered, and
concluslons relating to pavement design, design
standards for  2-lane  highways,  incremental
development of highways, and levels of service ‘are
nresented.




SELECTED TEXT REFERENCES

Reference |1
LOW COST ROADS

Kelley, E.F. Lexington, Virginia: Proceedings of the
second annual Virginia Highway Conference; 1948.
variable paging. (November 1, 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,
praper 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 r¢quired, 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 thc 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-
tlon, are covered. Traffic and design speeds, design
related to vertical alignment and horizontal align-
ment, and cross-section elements are discussed;
deslgn 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
stabillty 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 malnte-
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 GRAY{:L SOURCES
FOR HIGHWAY USE

Spencer, James W.; Dart, Olin K., Jr. Ithaca, New
York: Cornell University, Department of Ag)ricultural
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.VW., 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 ot possible gravel deposits. The advantages of
aerial photographs, their availability, and costs are
discussed. The orientation of the acrial photographs
for study and the recognition of gravel landforms
from such photographs are described. Characteristics
that must be noted about a possible gravel dpposit are
listed, and questions to be considered before opening
the deposit are 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 ceimcntation.
Comments are also made on the combining ol
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.

Out-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, - .terials, and construction methods that are
ger..ally applicable to direct the Federai 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, UK.

The more important roadmaking gravels and solls
occurring in the Central African Federation are
described, and their known engineering charzcteris-
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
categorics 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
is 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 crainage 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 uscful 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. SMIl;
Proceedings Paper 9375; 1972 November; pp. 1245-1265.

Order from: American Society of Civil Engineers, 3453
East 47th Street, New York, New York 10017.

This study investigated the factors responsible for the
formation and mechanical strength of coarse laterlte
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); metamorphlc (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 (inodified from the British standard),
the aggregate impact value (British standard), the Los
Angeles abrasion value, water absorption, and the
speclfic gravity test. The study showed that topogra-
phy and geology had considerable influence on the
mechanical properties of residual materials. The
primary residua) gravels from well-drained profiles
generally had high concentrations of jron 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 EYALUATION AND HIGHWAY
DESIGN STUDY FOR UNITED STATES AGENCY
FOR INTERNATIONAL DEVELOPMENT,
VOLUME I, 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 Technlcal Information Service
3285 Port Royal Road, Springfield, Virginia 22161,

This is an instructional manual for ficld inspectors
and laboratory technicians who work on engineering
and construction projects that utilize tropical soils.
The enginecring descriptions, procedures, and specifi-
cations described are a consolidation of information
obtained from Volume I: Laterite and Lateritic Solis
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 Tralning 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-suricced 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 keeplng
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 (intcrsections 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 Mecting January 13-17, 1964 and the
44th Annual Meeting January 11-15, 1965. Washington,
DC: Highway Research Board; 1965; pp 48-58. (ng!\-
way Research Record No. 91).

Order from: University Microfilms International, 300
North Zceb Road, Ann Arbor, Michigan 48106.

This paper summarizes a study of the relationship
between road surface 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 severlty 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,
caution in "by eye" shaping of soll-aggregate roads in
such locations 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, 2101 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-
tlons and gradations. The aggregates tested were a
granite-gneiss, a crushed gravel, a dolomitic ilme-
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
PAVEIMENTS

National Crushed Stone Association; National Sand and
Gravel Assoclation; National Slag Associatlon; 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 whlich
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 ]2
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 Resea: :h Laboratory,
Crowthorne, Berkshire RGI1 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 tratfic 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 sutgrade strength is discussed.
In arid areas, 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 Engincer Watar-
ways Experiment Station, Soils and Pavements labora-
tory; 1976 June. 214 p. (Final Report-Wes-TR-S-76-5;
report #1AD-£026505/85T).

Order from: National Technical Information Service
5285 Port Royal Road, Springficid, Virginia 22161.

Laterization processes were studied and samples of
laterite gravel were collected at 40 sites in Thailand,
Australia, Brazil, Ghana, Portugucse Angola, and
Georgia (USA) to determine classification, field
associations, genesis, and engineering propertics im-
portant in road and airfield construction. Lateritic
solls are self-kardcning and may contain laterite rock
or nodular laterite gravel. Tropical soils that are not

self-hardening and that lack appreciable laterite rock.
or laterite gravei are calied 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 frec draining.
Laterite gravel is of primary importance in construc-
tion. Laterite rock requires crushing, and self-
hardening laterite may be difficuit to identify and
thus may be confused with tropical red soils. Fotelgn
engincers have found that two official U.S. speciiica-
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.1.; Todor, Peter C. Baltimore, Maryland:
Lyon Associates, Inc.; 1975. 369 p. (Performed jointly
with the Brazilian National Highway Department, Road
Research Instiiute; report #f FB-267 262).

Order from: National Technical Information Service,
5285 Pori Royal Road, Springfield, Virglnia 22161.

This product of 5 years of worldwide research gives a
comprehensive description of tropical soils including
their chemical; mineralogical and physical properties
and engineering behaviors, as well as their appropri-
ate classificition. A new pavement design procedure
developed in the tropics for tropical application Is
described, and a practical range of strength values
attainable by stabilizing troplcal 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
scils including true lateritic soils as well as those
undergoing laterization were studied. -The ore
descriptive pcdological classifications are preferred,
and it is noted that variations in properties among
groups in dlfferent ciassification systems should be
established in each country. Correlations of proper-
ties of red tropical soils are established that can be
used in ldentiflcation 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 13
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 model
ceupable 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 scctions located on asphaltic concrete roads
with crushed stcne bases. The unpaved-road sample
consisted of thirty-cight 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 raterial, 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, 1.G.; Furry, R.B. Soil Compaction and Corruga-
tions. Highway Research Board, Washington, DC; 1973;
pp. 54-62 (Highway Research Record 438).

Ordér from: Transportation Research Board, Publi-
cations Office, 2101 Constitution Avenue, N.W.,
Washington, DC 20418.

A mathematical mode] 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 rcpresented irregularities in the path of a
moving wheel. The program was exccuted 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 sccondary variables were
expresscd 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 damping 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 Propertics
of Soils and Soil-Aggregate Mixtures. Highway Re-
scarch 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 ai.d washboards was
definitely associated with the volume of traffic, the
type of surface material, and the drainage condition
of the road surface. Although the findings are
admittedly limited to the types and conditions of the
roads studied, It is hoped that the data may be of
value in further understanding the formation of
putholes 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 Enginecring, 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 fcr 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 selection is discussed with details
of preliminary and ficld reconnaissance as well as
detzils 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 and 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, tulf, caiiche, and laterite. A’

sample quarry problem, information on retaining

walls, and further advice on cxploration and operation .

of pits and quarries are included in appendices.
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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, seleried 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.
Organizativns 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 aquellos que son ne-
cesarios para el entendimiento de la materia del
compendio.

Los vocablos del tema que no son nombres
propios aparecen en letras minusculas. 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 informacién sobre
la materia. Por esta razén se dan las direcciones
postales de cada organizacién que aparece en
el indice. '

Los numeros que siguen a un vocablo del
tema, nombre personal, 0 nombre de organiza-
cion son los numeros de pdagina del compendio
donde el vocablo o nombre aparecen. Lis 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 bibliograffa..

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'exposé,
les textes choisis, ou la bibliographie. Les
mots-clés sont ceux qui sont le plus élémen-
taires & la compréhension de ce recueil.

Les mots-clés qui ne sont pas c'es 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 matiere de ce recueil. Le nom de famille est
suivi des initiales des prénoms. Les organisa-
tions citées sont celles qui ant fait des recher-
ches sur le sujet de ce recueil 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


http:selec.ed

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 numeros de pagina indicados
bajo los términos que siguen a las palabras see
also.

La explicacion anterior esta sub3|guuente-
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 réfe-
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 apres 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.

" Illustration (from Comp. 1)

Selected Text page numbers
Nimeros de pagina en los Textos-

llustracién (del Comp. 1)

lllustration (du Recueil 1)

Subject term and see a/so terms

Seleccionados
Numéros des pages des Textes Choisis

Organization name and address
Nombre y direccidn de la organizacior
Nom et adresse de ‘organisation

Overview page numbers and
reference numbet
Niimero de pigina.on 1a Vista

>

——— National Association of Australian State Road Author-'

General y niumeros de referencia

Numsro des pages de I'Expass et
numéros des références

Subject term and seg term
Vocablo de! tema y término see (ver)
Mot-clé et see

Personal names
Nombres personales
Noms propres

no-passing markings and signs: 31, 95, 132

[ non-passing sight distance, see stopping sight distance

Vocablo del tema y términos see also
fver tambiénj
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.

Odier, L.: Ref.3

Oglesby, .H.. 231, 233, 234, 239, 240, 241, 242, Ret.14

Selected Text page numbon and reference
number

NAmeros de pagina en los Textos
Seleccionados y nimaero de referencia

Numéros des pages des Textes Choisis et
numéros des reférences
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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; Portuguesa East Africa;
Rhodesia; Tanganyika; Union of South Africa -
aggregate impact value (AlV): 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. 8,
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 Civii Engincers (345 East 47th
Street, New York, New York 10017): Ref. 6

arld regions (sec 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, 2]-22,
31, 33, 34, 80, 87, 88, 89, 90-91, 94, Kef. |, Ref. 4,
Ref. 12, Ref. 15

construction specifications, 69-71, 133-136, Ref. 7,
Ref. 9, Ref. 13 ‘
flexible pavements, 30-34, Ref. 11

beach ridges: 40, 42, 45, 47, Ref. 3
bearing capacity, see load carrying capacity

bid schedules: 72

‘binders: xix, 143, Ref. 1, 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, €9, 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. 4
road crossing, 159, Ref. 8

buildozers: 53, 79, 137

calcareous soils (see also dolomitic materials: limestone):
76, 82, 91-101 o

calciums 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. 1,
Ref. 14, Ref. 15 '

cementation: xxiii, 50, 63-64, Ref, 3
Central Africa: xxiv, 75-104, Ref. 5
chemical analyses: 117, !27
chert: 143
classification of soils, see soll classification sys’tems. '
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, &9, 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 seasonk xxvi
cold, xviii, 16
influence on plasticity requlrements, 30
Influence on soil characteristics, xvi, xxvi, Ref, 6
road specifications, xxi

coalfields: 37, 88

cobbles: 43, 57

codes, engineering: Ref. 2

color, see soll 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
pavement-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, Rei. 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

culrasse (sec also iromtoﬁe): 113.

curved road, blading: 162, 163, Ref. 8

cut-back asph'alt, see cut-back bitumens

cut-back bitumens: 32, Ref. ! -

“cuts: xix, 1516, Ref. 2
Dart, Olin K., Jr.: Ref. 3
celtas: 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. I5.

detrital gravels: xxv, 77, 88, 104, lil, 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: xvil, xxViii, um, 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: 154

driveways: xxix, 160, Ref, 8

dry season; xvi, 169
blading, 151, 152

dust and dusting: 143, 169

earth track: xx, 26, 28
Improvement, 28-31

earthwork: Ref. 4

embankments: xxi, 7, 15, 28, Ref, 2
compaction, 12-13, 15
{allure, 14

emulsifled bitumens: 32

equilibrium fnoisture contents 133; 136

equipment-safety: 164, 165

‘erosion and erosion preventlon. 27-28, 31, 100, 175,

Ref. 2
eskers: 40-41, 45, 46, 47, 51, 64, Ref. 3
exfoliation: 76, 95 
failures, road: 7, 8, 14, 85, 86, 90, 91, 100, 124
farm-to-market roads: 6 ’
Federal Highway Administration, sce United States
Department of Transportation, Federal Highway

Administration

felspar (see also syenite; zeojites): 78, 88, 112

. fillers: 69, 143

filis: 14, 15-16
compaction, xix, 22, Ref. ! .

fines (see also clays; silts): xiv, xvl, 143, 152, Ref. 13
plasticity, xxiii, 50, 62, 126, Ref. 3

fissures: 76, 112

{lexible pavements: 31, 32-34, Ref. 7, Ref. 11, Ref. 14 .

frost action (see also frost boils; Irost heave):
16-17, Ref. 11
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frost boils: 16-13

frost heave: xvili, 17

gabro: 110, Ref. o
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
glaclers: xxit, 40
gneiss: xxv, 77, 78-82, 86, 110, Ref. 6, Ref. 10

gradation of granular materials (see also grading envelope)

xl, 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, xxvili, xxix, 29, 144, 161, 163, 164, 165,
Ref. 8

grading (see also shaping; slopes; reshaping): xiil,
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, Rel. 6, Ref, 10

granular materials (see also gradation of granular
materials) xiv, xxiii, 18, 22, 27, 29-30, Ref. 9

granular stabllizatibn: xix, xxi, 19-22, Ref. 1
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 particie characteristics: 54, 101, Ref. 3, Ref. 16
slze, xl, xvi, xxii, xxvi, 10, 50, 56, 101, Ref. 3

gravel sources: xxi-xxii, 39-66, Ref. 3, Ref. 5
Jocation, xxi-xxit, xxv, 39-49, 75, 102-103, Ref. 5
_evaluation, xxii, xxv-xxvi, 50-66, 109-129, Ref. 3,

Ref. 6, Ref. 7

gravel surfaced roads (see also surface treated roads);
xl, 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 Jandforcas; 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, xxvill, 53, Ref. 2

Highway Research Board (row Transportation Researzn
Board) (see also Transportation Research Board);
11, Ref. 9, Ref. 17
hilitops: xxix, 161, Ref. 8
hilly gravel deposits: 51, 54, 62
Hodges, J.W.: Rel. 15
Huang, Eugene Y.: Ref. 17
hydrometer analysis: 11
Igneous formations: xxvi, 34, 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,
13, 114, 117, 127, Ref. 6
oxide, 76, 78, 83, 88, 91, 110, 112, 122, 123, 124,
Ref. 6
ironstone: 93, 113, 136, 137
Kalaharl soils: 82, 83, 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 laterltic gravels)k
30, 84, 94-99, 103, i04, 109, 111, 117, 137, Ref. 7,
Ref. 14 ‘
lateritic gravels (see also laterite and lateritic soilsk
xvl, 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: 84, Ref. 10
grﬂvels’. xxvi, 5". 5-, 63, 77' 88. “0, 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, 27,732, Ref. 15, Ref. 17

Joad tests (see also California bearing ratio): Ref. 14

Los Angeles abrasion value: xxvil, 116, 119, 120, 121,
122, 125, 126, Ref. 6, Ref. 14

low cost roads: xvill, 5-22, Ref. 1, Ref. 2, Ref. 12

low volume roads: xi, xili, xviii, xix, xxi



Lyon Associates (6707 Whitestone Road, Baltimore,
Maryland 21207): 128, Ref. 7

macadam: Ref. 12

maintenance costs: xvill, 5, 6, Ref. 8, Ref. 15
manual methods, see hand labor

maps, 75, 102, 114, Ref. 5

mathematical movels: Ref. 16

mechanical stabilization, see granular stabillzation
Mehra, S.R.: Ref. 2

metamorphic rock and gravel: xxvi, 99, 110, Ref. 6

mica and micaceous gravels: xxv, 76, 77, 78, 80,
36-87, 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 soii binder, 21, 22

molsture retention (see also moisture content): xil

Morin, W.].: Ref.7

National Association of Counties (1735 New York
Avenue, N.W., Washington, DC 20006): Ref. 8

National Crushed Stone Association (1413 Elliot Place,
N.W., Washington, DC 20007): Re{. 1l

National Highway Research Program: Ref. 10

National Sand and Gravel Association (900 Sprirg Z.reet,
Silver Spring, Maryland 20910): Ref. 11

National Slag Asscciation (300 South Washington Street,
Alexandria, Virginia 22314): Ref. 11

Nigerla, Northern: 84
Nyasaland: 388, 990, 91, 95, 97, 100, 102, 103
Odier, L.: Ref. 2

optimum moisture content: xviii, xx, 11, 12-13, 14, 16, -

22, 135, Ref. 1
outwash: 40, 22-43, 45, 48, Ref. 3

overburden: xxii, 50, 52, 54, 76, Rei. 3
lonnation, 45-46, Ref. 3

particie sizes (see also gradation of granuiar materials;
gravel particle characteristics): 10, 11, 19-29,
29'30. 32, 83, 87, Refo 7' Ref. 16
-distribution, 29, 33

Patrick, David M.: Ref. 13

paved roads: Ref. 15
crossing, 157, Ref. §

pavement design: 26-34, Ref. 11, Ref. 12, Ref. 14
payment: 71,72

peats 14, 104

pedology: 73-76, 77, 102, 103, 109, 110

personnel safety: 164, Ref. 8

petrology: 102, Ref. 5

phyllite gravel: xxvil, 110, 117, Ref. 1

pits, see borrow pits

plastlcity (see also plasticity index): xxi, xxtil, 11,

12, 30, 34, 50, 58, 62, 72, 126, Ref. !}, Re{. 3
limit, 12, 33, 62, 89, 133, Rel. 7

plasticity index: xiv, xviil, xix, 12, 20, 30, 69, 72,
79, 8¢, 88, 20, 92, 93, 94, Ref. 7

porosity: 79
Portuguese Last Africa: 77, 91

potholes: xviii, xxix, 132, 154, 169-175, 1,6, 179,
‘Ref. 9' Ref. 17

power shovel: 53
profiles of gravel landforms: 45 193
qQuarries: 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: xxili, 38-61, 62, 64
rallroad crossing: xxix, 158, Ref. 8
rain forest: xxvi, 112, 113, 115, 127, Ret. 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: iil, xviii, 27, 145, 152-154, 153, 160, Ref. 8
Rhodesla:
Southern, 77, 79, 80, 82, 83, 34, 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; iarm-to-market rcads: gravel
surfaced roads; low cost roads; secondary roads):
construction, 69-72, 102-129, Ref. 1, Ref. 2, Ref. &,
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, 111
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. 1
detrital, K, 77, 104
fine, 17, 18

sandstone gravels: xxvi, 54, 55, 77, 82-84, 117, Ref. 6

. sandveld: 30, 82

Savannah soils: xxvi, 111, 113-114, 117-118, 119,
127, Retf. 6

schistose materizis: 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 analysisk 11
shale: xxvi, 54, 55, 77, 87-88, 110, 142, Ref. 6, Ref. 14
shaping (see also grading; reshaping): xxix, 179

shells, sez 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, L1, 12
38, 62 .

silica oxides and silicates (see also felspar; mica and
micaceous gravels; zeolitesl: 117, 122, 123, 124,
Ref. §, Ref. 13

silts: xii, 7, 10, 11, 12, 17, 18, 29, 41, 4445, 56,
37, 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, 145151, 160, Ref. 8

snows 152
soil aggregate‘roads: Ref. 17

sol! classification systems: xi, xviii, 10, 76, 110, 111,
Ref. 7, Ref. 13

soil color (see also clays; red soilk 76, 78, 81, 82,
8), 84, 87, 88,90, 91, 93, 112, 114, 117

sol! formation, see gravel formations

soil properties (see also aggregate impact value; gradation
of granular materijals; Los Angeles abrasion value;
moisture content; plasticity; specific gravity; water
absorption): 9, 11, 119-129, Ref. 1, 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. &, Ref. 7

specifications: xiv, xxiii, xxvii, 133-137, Ref. 1, Ref. &,
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 aiso 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,
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. 1
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, 14,2-165, 169-179, Ref, 9,
Ref. 12
paved, 157, Ref. 8, Ref. |5
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. |
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-soll roads: 19
Townsend, Frank C.: Ref. 13
tratfic-bearing ~apacity, see load carrying capacity

Transport and Road Research Laboratory (Crowthorne,
Berkshire RG11 6AU, U.K.): Ref. 5, Ref. 12, Ref. 15

Transportation Research Board (see also Highway
Researcii Board) (2101 Constitution Avenue, N.W.,
Washington, DC 20418): Ref, 10

turnout drains: 28

undisturbed solls: 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, Scientiflc
and Cultural Organization

United Nations Educational, Scientific and Cultural
Organization (UNESCO) (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. 8

. 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): 27 185

watering: 71,72 '

wearing surfaces (see also all-weather surfaces; |
bltuminous 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, 9%, 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



Project Publications

The publications listed below have been
produced in the Transportation Technology
Support for Developing Countries project
and may be ordered from TRB postpaid at
the prices shown,

Compendium 1:

Publicacidnes del Proyecto

L os compendios citados abajo fueron pub-

licados en el proyecto de Apoyo de Tcch-
nologia de Transporte para Paises en
Desarrotlo y pueden ser pedidos franco de
porte al TRB a {23 precios inditados para
cada publicacién.

Transportation Research Board
National Research Couricil

2101 Constitution Avenue, N.W,
Washington, DC 20418 USA

Geometric Design Standards for Low-Volume Roads. $12.00
Normas de disefio geométrico para caminos de bajo volumen.

Publications du Projet

Les recueils cit.s ci-dessous ont éte publiés
|par le projet sur la Tectinologie des Trans-
pc: is pour les Pays en Voie de Développe-
ment et peuvent &tre commarrdés en port-
paye au TRB. Les prix sont indiqués pour
chaque publication,

Normes de dimensionnement géométrique pour routes a faible capacité.

Compendium 2:

Drainage and Geological Considerations in Highway Location. $12.00

Consideraciones de drenaje y geoldgicas en la ubicacion de carreteras. -
Considérations sur les facteurs de drainage et de géologie qui influencent
le choix de I'emplacement d’une route.

Compendium 3:

Small Drainage Structures. $12.00

Pequefias estructuras de drenaje.
Petits ouvrages de drainage.

Compendium 4: Low-Cost Water Crossings. $9.00
Travesias de agua de bajo costo.
Ouvrages de franchissement d’eau économiques.

Compundium 5:

Roadside Drainage. $9.00

Drenaje del borde de la carretera.
Drainage des bas-cotés de la route.

Compendium 6:

Investigation and Development of Materials Resources. $10.50

Investigacion y desarrollo de recursos de materiales.
. . ! 3 N [ 3 -
Investigation et developpement des gisements de materiaux routiers.

Compendium 7:
Gravas.
Les graviers.

Road Gravels. $9.00



