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Project Description

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

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

Descripción del proyecto

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

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

Description du projet

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

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

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



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

ln October 1977 The Transportation Research
Board (TRB) began this 3-year special project
under the sponsorship of the U.S. Agency for ln-
ternational Development (AlD) to enhance rural
transportation in developing countries by provid-
ing improved access to existing information on

the planning, design, construction, and mainte-
nance of low-volume roads. With advice and
guidance from a project steering 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.

ln addition to the packaging and distribution
of technical information, personal interactions
with users are provided through field visits, con-
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rrollado y aplicado la tecnología por necesidad.
En cualquier caso, los conocimientos en exis-
tencia sobre la tecnología de caminos de bajo
volúmen están grandemente esparcidos geográ-
ficamente, varian bastante con respecto al idio-
ma y su forma, y no se encuentran fácilmente
disponibles para su aplicación a las necesida-
des de los países en desarrollo.

En octubre de 1977 el Transportation Re-
search Board (TRB) comenzó este proyecto es-
pecial de tres años de duración bajo el patroci-
nio de la U.S. Agency for lnternational Develop-
ment (AlD) para mejorar el transporte rural en
los países en desarrollo acrecentando la dispo-

nibilidad de la información en existencia sobre
el planeamiento, diseño, construcción, y man-
tenimiento de caminos de bajo volúmen. Con el
consejo y dirección de un comlté de iniciativas
para el proyecto, el TRB define, produce, y
transmite productos informativos a través de una
red de corresponsales en países en desarrollo.
Las metas generales para el impacto final del
trabajo del proyecto son la promoción del uso
efectivo de la información en existencia en el
desarrollo económico de la infraestructura de
transporte y de esta forma mejorar otros aspec-
tos del desarrollo rural a través del mundo.

Además de la recolección y distribución de la

coup de pays, peut faciliter l'étude des projets
de construction, tracé et entretien, de routes à
faible capacité dans les régions rurales des
pays en voie de développement, surtout en ce
qui concerne l'économie, la qualité, et la perfor-
mance de ces routes. La majeure partie de cette
technologie a été produite durant la phase de
développement des pays que I'on appelle main-
tenant développés, et elle continue à être pro-
duite à la fois dans ces pays et dans les pays en
voie de développement. Certains aspects de
cette technologie ont été documentés dans des
articles ou rapports écrits par des experts. Mais
une grande partie des connaissances n'existe
que dans I'esprit de ceux qui ont eu besoin de
développer et appliquer cette technologie. De
plus, dans ces deux cas, les écrits et connais-
sances sur la technologie des routes à faible
capacité, sont dispersés géographiquement,
sont écrits dans des langues différentes, et ne
sont pas assez aisément accessibles pour être

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

En octobre 1977 ,le Transportation Research
Board (TRB) initia ce projet, d'une duré de 3 ans,
sous le patronage de l'U.S. Agency for lnterna-
tional Development (AlD), pour améliorer le tran-
sport rural dans les pays en voie de dévelop-
pement, en rendant plus accessible la docu-
mentation existante sur la conception, le tracé,
la construction, et I'entretien des routes à faible
capacité. Avec le conseil, et sous la conduite
d'un comité de direction, TRB définit, produit, et
transmet cette documentation à I'aide d'un ré-
seau de correspondants dans les pays en voie
de développement. Nous espérons que le résul-
tat final de ce projet sera de favoriser I'utilisation
de cette documentation, pour aider au dévelop-
pement économique de I'infrastructure des tran-
sports, et de cette façon mettre en valeur d'au-
tres aspects d'exploitation rurale à travers le
monde.



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

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

Major functions of the Steering Committee are
to assist in the definition of users and their
needs, the definition of information products that
match user needs, and the identification of in-
formati'onal and human resources for develop-
ment of the information products. Through its

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

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

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

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

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

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

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

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

Productos informativos
Se preparan tres tipos de productos informati-
vos: los compendios de la información docu-
mentada sobre temas relativamente limitados, la
síntesis del conocimiento y práctica sobre temas
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En plus de la dissémination de cette docu-
mentation technique, des visites, des conféren-
ces aux Etats Unis et à l'étranger, et d'autres
formes de communication permettront une inte-
raction constante avec les usagers.

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

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

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

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



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

lnteractions W¡th Users
A number of mechanisms are used to provide in-
teractions between the project and the user

community. Project news is published in each
issue of Transportation Research News. Feed-
back forms are 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.
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un poco más amplios, y los expedientes de
conferencias de caminos de bajo volúmen que
están totalmente o parcialmente amparados por
el proyecto. El personal de proyecto prepara los
compendios a razon de unos 6 por año; se utili-
zan consultores para preparar las síntesis a
razon de 2 por año. Se publicará por lo menos
un expediente de conferencia durante el pe-
ríodo de tres años. En breve, este proyecto pre-
tende producir y distribuir entre 20 y 30 publica-
ciones que cubren mucho de lo que se conoce
de la tecnología de caminos de bajo volúmen.

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

yecto en cada edición delaTransportation Re-
search News. Se transmiten, con los productos
informativos, formularios de retroacción para
que los recipientes tengan oportunidad de decir
cómo benefician los productos y cómo pueden
ser mejorados. A través de visitas semianuales a
los países en desarrollo, el personal del pro-
yecto adquiere directamente de fuentes origina-
les sugerencias para el trabajo del proyecto y
puede asistir directamente en problemas técni-
cos específicos. Surgen oportunidades adicio-
nales para la interacción con los usuarios a tra-
vés de conferencias internacionales y naciona-
les en donde participa el proyecto. Finalmente,
se organizan diálogos con estudiantes de paÊ
ses en desarrollo que están inscriptos en uni-
versidades norteamericanas.

synthèses de connaissances et de pratique s'ur
des sujets beaucoup plus généraux, et finale-
ment des comptes-rendus de conférences sur
les routes à faible capacité, qui seront organi-
sées complètement ou en partie par notre projet.
Environ 6 recueils par an sont preparés par no-
tre personnel. Deux synthèses par an sont écri-
tes par des experts pris à I'extérieur. Les
comptes-rendus d'au moins une conférence se-
ront écrits dans une période de 3 ans. En ré-
sumé, l'objet 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 à faible capacité.

lnteraction 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 de
Transportation Research News. Des formulaires
sont joints aux documents, afin que les usagers
aient I'opportunité de juger de la valeur de ces
documents et de donner leur avis sur les
moyens de les améliorer. Au cours de visites
semi-annuelles dans les pays en voie de déve-
loppement notre personnel obtient de première
main des suggestions sur le bon fonctionnement
du projet et peut aider à résoudre sur place cer-
tains problèmes techniques spécifiques. En ou-
tre, des conférences tenues soit aux Etats Unis,
soit à l'étranger, sont I'occasion d'un échange
d'idées entre notre personnel et les usagers.
Finalement, des colloques annuels sont or-
ganisés pour les étudiants des pays en voie de
développement qui étudient dans les universités
américaines.
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Overuiew
Background and Scope

Compendium 7: Road Gravels states that low-
volume roads are constructed mostly of soils.
When these soils are coarse granular materials
at the proper gradation, a road surface that has
a load-bearing capacity can be constructed
using mechanical or granular stabilization. The
proper blend of particle sizes produces an inter-
locking effect, or mechanical strength, when it is
properly compacted at or near optimum mois-
ture content,

Coarse granular materials, or gravels, are not
always available within an economic haul dis-
tance of a road construction site, especially in
many developing areas of the world. When a
simple track is constructed with in situ material,
the problem of inferior materials can be solved

by closing the road during periods when it is
structurally unsound due to excessive moisture
content, i.e., during the rainy season, During the
dry season, road users grope their way through
clouds of dust, following ruts and avoiding
potholes because of the difficulty in maintaining
a reasonable running surface at a justifiable cost
on a road constructed of inferior material.

These conditions are accepted by the road
user when the traffic volume is low. However, as
the traffic increases-especially if the traffic is

commercial in nature, i.e., trucks and buses try-
ing to operate at a profit-added pressure is
placed on the roadbuilder to improve the riding
characteristics and all-weather capability of the
roadway.

Vista General
Antecedentes y alcance

En el Compendia 7: Gravas se dice que los
caminos de bajo volúmen se construyen
mayormente de suelos. Cuando estos suelos
son de material granular tosco en la correcta
graduación, se puede construir una superficie
de camino con capacidad de carga utilizando la
estabilización mecánica o granular. La mezcla
correcta de tamaños de partícula produce un
efecto de engranaje, o.resistencia mecánica,
cuando se compacta correctamente con
humedad óptima o casi óptima.

Los materiales granulares toscos, o gravas,
no siempre se encuentran a distancias
económicamente factibles para su transporte

hasta lazona de construcción, especialmente
en muchas de las áreas en desarrollo a través
del mundo. Cuando se construye un sendero
sencillo con materiales in situ, para solucionar el
problema de los materiales inferiores se puede
clausurar el camino durante los períodos
cuando es estructuralmente defectuoso debido
a excesiva humedad, es decir, durante la época
de lluvia. Durante la época de sequía, los
usuarios pasan por grandes nubes de polvo y
sobre roderas y baches porque es difícil man-
tener una superficie de rodamiento razonable a

un cesto justificable en un camino construído
con materiales inferiores.

Exposé
Historique et objectif

Dans le recueil no.7, nous avons formulé que
les routes à faible capacité sont, la plupart du
temps, des routes de terre. Quand cette "terre"
est constituée par des matériaux granuleux
grossiers, de granulométrie adéquate, on peut
obtenir, à I'aide de la stabìlisation mécanique,
une route dont la surface aura une bonne capa-
cité de portance. La compaction d'un mélange
adéquat de grains de dimensions différentes,
résulte en un phénomène d'accrochage ou ré-
sistance mécanique, quand ce mélange est

compacté à, ou presqu'à, sa teneur en eau op-
timale.

Les matériaux granuleux grossiers, ou gra-
viers, ne se trouvent pas toujours à une distance
de transport économique, surtout dans les pays
en voie de développement. Quand il s'agit d'une
simple piste de terre construite de matériaux in

situ, on peut résoudre le problème de la qualité
inférieure de ces matériaux en interdisant I'ac-
cès à cette piste durant la saison des pluies,
quand I'humidité excessive la rend dangereuse.



lmproving road surfaces made from inferior
material is neither inexpensive nor simple. lt is
accomplished by the addition of some alien
material or combination of materials that react
chemically with the native soil to improve its
physical properties. The selection of the chemi-
cal additives, commonly called stabilizers or
binders, differs depending on the classification
of the native soil to be stabilized.

Rationale for This Compendium

Many additives can be used to chemically
stabilize soils. Some additives-for example,

molasses, salt, fly ash, phosphates, and lignin
sulfonate-are products of local industries.
These additives are of limited interest because
their use is restricted to those small areas where
they are available at a reasonable cost. Although
their use should certainly be investigated by
highway engineers who have access to such
products, Compendium B is concerned with
more widely available stabilizers, i.e., lime, ce-
ment, and asphaltic or bituminous products.

Chemical stabilization involves a series of
problems. All must be solved successfully to
construct a suitable roadway. Because of the
number and variety of these problems, many

El usuario acepta estas condiciones cuando
el volúmen de tránsito es bajo. Sin embargo,
cuando el tránsito aumenta-especialmente si
es comercial, es decir, camiones y autobuses
utilizados con fines lucrativos - se presiona al
constructor de caminos para que mejore las
características de rodamiento y la capacidad
para toda temporada del camino.

No es barato ni simple mejorar las superficies
de camino hechas de material inferior. Se realiza
añadiendo algún material ajeno o combinación
de materiales que reaccionan químicamente
con el suelo nativo para mejorar sus pro-
piedades físicas. La selección de estos aditivos
químicos, llamados estabilizadores o aglu-
tinantes, depende de la clasificación del suelo
nativo a estabilizarse.

Exposición razonada para
este compend¡o

Hay muchos aditivos que se pueden utilizar
para estabilizar los suelos químicamente. Al-
gunos aditivos-por ejemplo, melaza, sal,
ceniza volátil, fosfatos y sulfonato de lignina-
son productos de industrias locales. Estos pro-
ductos son de interés limitado ya que su utiliza-
ción se limita a aquellos lugares donde se
pueden obtener a costo razonable. Sin duda al-
guna deben ser investigados por aquellos in-
genieros que tienen acceso a tales productos,
pero el Compendio I se interesa en los estabili-
zadores obtenibles en cualquier lugar, es decir,
cal, cemento, y productos asfálticos o
bituminosos.

Pendant la saison sèche, les usagers de la piste
avancent à tâtons à travers des nuages de
poussière, en suivant les ornières, et en es-
sayant d'eviter les nids de poule, tout cela car il

est difficile de garantir une surface de roulement
adéquate pour un prix justifié, quand cette piste
est construite en matériaux de qualité inférieure.

L'usager acceptera ces conditions si la circu-
lation est très modeste. Par contre, quand la cir-
culation augmente, particulièrement si celle-ci
devient commerciale, c'est à dire inclut des ca-
mions et des autocars essayant d'opérer à pro-
fit, la situation change et on va faire pression sur
les responsables du réseau routier pour obtenir
une route praticable en toutes saisons et ayant
une bonne qualité de roulement.

L'amélioration des routes construites avec des
matériaux de qualité inférieure, est une opéra-
tion qui n'est ni simple, ni peu onéreuse. Cette
opération consiste à ajouter un ou plusieurs ma-
tériaux, de façon à obtenir une réaction chimi-
que quand ils sont mélangés au matériau in situ,
qui améliorera ses propriétés physico-

mécaniques. La sélection de ces adjuvants
chimiques dépend de la classification du sol
que l'on veut stabiliser chimiquement.

Objet de ce recue¡l

On peut utiliser toute une gamme d'adjuvants
pour effectuer la stabilisation chimique des sols.
Certains d'entre eux peuvent être les produits
d'industries locales, tels que la mélasse, le sel,
les cendres volantes, les phosphates, le ligno-
sulfite de sodium (sous-produit de la fabrication
de la pâte à papier). Ces adjuvants sont d'un in-
térêt limité car leur utilisation est restreinte aux
endroits où on peut se les procurer à des prix
raisonnables. Bien que, dans ces conditions,
I'utilisation de ces produits devrait certainement
être considérée par les ingénieurs routiers, nous
allons examiner dans ce recueif , les stabilisants
les plus usuels que I'on peut trouver partout: la
chaux, le ciment, et les produits bitumineux.

La stabilisation chimique des sols implique
une série de problèmes que I'on doit résoudre



engineers have had unpleasant experiences
with soil stabilization projects. This compendium
identifies and offers solutions to some of these
concerns.

The first problem relates to the identification of
the soil or soils to be stabilized on a given proj-
ect. Because various soils react differently with
each stabilizer, poor identification of soils leads
to the improper selection of a stabilizing agent.
Furthermore, a few soils cannot be stabilized
with any degree of assurance using any of the
conventional stabilization methods. Once the soil
has been identified, the stabilizing material can
be determined.

A second problem is determining the amount
of stabilizing agent to use. Various laboratory
tests are outlined in the selçcted texts to deter-
mine the needed admixture rates. lnexperienced

engineers who attempt to make use of these
tests should watch for the following:

.1. Any test procedure should be read care-
fully to determine whether the percentages ref-
erenced are by volume of dry material or by dry
weight of material. A further precaution to be
taken with bituminous cutback or emulsified
material is to check whether the percentage
specified (either by weight or volume) is for the
entire material as applied or only for the asphal-
tic cement portion of the material.

2. The soils used in the test procedures must
be representative of the soils in the field. The
test results are not transferable to other soils.

3. The stabilizing agent, the water used, and
the curing temperature affect the test results.
They should be consistent throughout the testing
procedures, and they should be representative

En la estabilización química hay una serie de
problemas que deberán resolverse antes de
poder construir un camino adecuado. A causa
de la gran cantidad y variedad de problemas,
muchos ingenieros han tenido malas experien-
cias con relación a los proyectos de estabiliza-
ción de suelos. Este compendio identifica y
ofrece soluciones para algunos de estos
problemas.

El primer problema se relaciona con la iden-
tificación del suelo o suelos a estabilizarse en un

determinado proyecto. Ya que cada suelo reac-
ciona diferentemente con cada estabilizador, la

mala identificación de los suelos causa una in-
correcta selección del agente estabilizador.
Además, algunos suelos no se pueden es-
tabilizar de modo seguro con los métodos con-
vencionales. Una vez identificado el suelo, se
puede determinar el material estabilizador.

Un segundo problema es la determinación de
la cantidad de agente estabilizador a utilizarse.
En los textos seleccionados se explican varios
ensayos de laboratorio utilizados para determi-
nar las cantidades necesitadas de aditivos. Los
ingenieros de poca experiencia que tienen in-
tención de utilizar estos ensayos deberán
ocuparse de los siguientes detalles:

1. Todos los procedimientos de ensayo debe-
rán leerse cuidadosamente para determinar si

los porcentajes a los cuales se refieren son por
volúmen de material seco o por peso seco de
material. Además, con respecto al material
bituminoso fluidificado ("cutback") o emul-
sificado, se deberá averiguar si el porcentaje
especificado (por peso o volÚmen) es para todo
el material tal como se aplique, o Únicamente
para la parte de cemento asfáltico.

2. Los suelos que se utilicen en los ensayos

avec succés si I'on veut aboutir à une qualité de
roulement convenable. A cause du nombre et
de la diversité de ces problèmes, beaucoup
d'ingénieurs ont été soumis à des expériences
désagréables lors de projets de stabilisation
chimique. Dans ce recueil nous allons essayer
d'abord d'identifier ces problèmes, puis de leur
trouver des solutions.

Le premier de ces problèmes est relatif à
I'identification du sol ou des sols à stabiliser.
Comme différents sols réagissent différemment
avec chaque stabilisant, une mauvaise identifi-
cation d'un sol conduit à une sélection inexacte
d'un stabilisant. En outre, il existe quelques sols
qui ne peuvent pas être stabilisés en utilisant les
méthodes conventionnelles de stabilisation. Une
fois que le sol est identifié on peut déterminer le
stabilisant à utiliser.

Un deuxième problème concerne la quantité
de stabilisant nécessaire. Plusieurs essais en la-
boratoire, pour la détermination du dosage ap-
proprié des adjuvants sont esquissés dans les
textes choisis. Les ingénieurs peu familiarisés
avec ces essais devront faire très attention aux
points suivants:

1 . On doit lire très attentivement les instruc-
tions avant de commencer I'essai, pour détermi-
ner si les dosages se réfèrent au volume de ma-
tériau sec ou au poids de matériau sec. De plus,
avec les bitumes fluidifiés (naguère appelés les
cut-backs) ou avec les émulsions de bitume, il

faut vérifier si ce dosage, pondéral ou volumé-
trique, se rapporte au matériau dans son en-
semble tel qu'il va être appliqué, ou seulement
pour la partie ciment asphaltique du matériau.



of the material and conditions encountered in
the actual construction of the road.

4. The test procedures used should realisti-
cally represent the construction techniques
available in the field, especially the mixing and
compaction operations.

5. The test results found in the laboratory will
be more favorable than test results from the
finished field product.

The proper application of the stabilizing agent
in the field presents a third problem. The field
engineer must also know if the percentage to be
applied is by weight or by volume. The uniform
application of the additive is very difficult unless
specialized equipment is used. However, the
proper rate of application is often a problem
even with specialized equipment.

A fourth problem concerns the proper mixing
of the stabilizing agent and the soil. This prob-
lem may also involve the preparation of the soil
before the application of the stabilizer. Heavy
clays must be pulverized before proper mixing
can take place. lf a granular material is to be
added to an in situ material, it must be
thoroughly blended before introducing the addi-
tive. The use of different types of construction
equipment to mix various stabilizers with soil is
fully explained in the selected texts. However, no
amount of explanation will assist the engineer
who tries to shortcut the mixing procedure to in-
crease production rates.

A fifth problem is the proper use of water. A
soil undergoing chemical stabilization does not
react to moisture in the same way as a soil being
mechanically stabilized, because the water is in-

deberán ser representativos de los suelos en el
campo. Los resultados de ensayo no son trans-
feribles a otros suelos.

3. El agente estabilizador, el agua que se
utiliza, y la temperatura de curado, afectan los
resultados de ensayo. Deberán ser consistentes
durante todos los procedimientos de ensayo y
deberán representar el material y condiciones
que realmente se encontrarán en la construc-
ción del camino.

4. Los procedimientos de ensayo que se utili-
cen deberán representar, en forma realística, las
técnicas de construcción disponibles en el
campo, especialmente las operaciones de
mezclado y compactación.

5. Los resultados de ensayo del laboratorio
serán más favorables que los resultados de en-
sayo del producto terminado del campo.

La correcta aplicación del agente es-
tabilizador en el campo es el tercer problema. El
ingeniero en el campo deberá saber también si
el porcentaje a aplicarse es por peso o volúmen.
Es muy difícil aplicar el aditivo uniformemente, a
menos que se utilice equipo especializado. Fre-
quentemente la aplicación del aditivo es un
problema aunque se tenga este equipo.

Un cuarto problema es el mezclado correcto
del agente estabilizador y el suelo. Esto puede
exigir la preparación del suelo antes de la apli-
cación del estabilizador, Las arcillas pesadas
deberán pulverizarse antes de poder mezclarse
correctamente. Si se agrega material granular al
material in situ, éste deberá mezclarse bien
antes de aplicar el aditivo. En los textos selec-
cionados se explica cómo ulilizar los distintos
tipos de equipo de construcción para mezclar

2. Les essais en laboratoire doivent être faits
sur des échantillons représentatifs des maté-
riaux que l'on va utiliser dans la construction rou-
tière, prélevés directement et de façon adéquate
dans les gîtes ou les emprunts, car les résultats
des essais ne peuvent pas être transférés d'un
sol à un autre.

3. Le stabilisant, I'eau, et la temperature de la
cure, influencent les résultats des essais. Donc,
il est important de les garder constants durant
les essais, et de s'assurer qu'ils soient représen-
tatifs des matériaux et des conditions tels qu'ils
seront sur le chantier, lors de la construction de
la route.

4. Les méthodes d'essais employées de-
vraient refléter, de façon réalistique les procé-
dés que I'on va utiliser sur le chantier, surtout en
ce qui concerne le malaxage et le compactage.

5. Les résultats des essais faits en laboratoire

seront plus favorables que les résultats des
mêmes essais faits sur des échantillons prélevés
sur la route une fois qu'elle a été construite.

L'application du stabilisant en chantier pose
une troisième problème. L'ingénieur routier doit
savoir si le dosage de stabilisant est calcufé en
poids ou en volume. ll est très difficile d'obtenir
une couche uniforme d'enduit sans avoir recours
à des engins spécialisés. Même avec ceux-ci,
une vitesse d'application adéquate n'est pas
toujours facile à obtenir.

Un quatrième problème est causé par le mé-
lange du stabilisant et du matériau. Ce problème
peut aussi mettre en jeu la préparation du maté-
riau avant I'addition du stabilisant. Les argiles
lourdes doivent être pulvérisées avant le ma-
laxage. Si I'on doit ajouter des granulats au
matériau in situ, il faut prendre la précaution de



volved in the chemical reactions of most chemi-
cal stabilization processes. Quite frequently the
optimum moisture content may not give the
densest mix or the strongest end product. The
rules-of-thumb that are often used to determine
the proper moisture content for mechanlcal
stabilization may result in failure of a chemically
stabilized material. Because the water is in-
volved in the chemical reaction, certain im-
purities in the water may also inhibit proper
chemical stabilization.

A sixth problem focuses on the compaction of
the stabilized material. Each stabilizing agent
requires its own compaction technique. Chemi-
cal stabilization is time dependent. The neces-
sary compactive effort, the optimum moisture

content, and the maximum dry density vary de-
pending on the time lag between application
and compaction. Cement-soil stabilization is
most sensitive to compaction time delay. The
strength of the finished soil-cement product de-
creases very rapidly as the time between mixing
and compaction increases. lncreasing the mois-
ture content during the mixing operation some-
times will reduce the loss of strength due to this
delay. Many engineers, however, do not fully
appreciate the critical nature of the mixing-
compaction timing of soil-cement.

A seventh problem is the curing of the
stabillzed material. While the cation exchange
and flocculation-agglomeration reactions occur
very rapidly in lime stabilization, all other chemi-

los diversos estabilizadores con el suelo. Sin
embargo, no hay explicación que valga si el in-
geniero trata de acortar los procedimientos de
mezclado para aumentar la velocidad de pro-
ducción.

El quinto problema es el uso correcto del
agua. Un suelo que se está estabilizando
químicamente no reacciona a la humedad de la
misma manera que un suelo que se está es-
tabilizando mecánicamente, ya que el agua
toma parte en las reacciones químicas de casi
todos los procesos de estabilización química.
Frequentemente la humedad óptima no da
como resultado ni la mezcla más densa ni el
producto resultante más resistente. Los métodos
empíricos que muchas veces se utilizan para
determinar la cantidad correcta de agua en la
estabilización mecánica podrían resultar en el

fracaso de un materìal estabilizado
químicamente. Asimismo, ya que el agua toma
parte en la reacción químrca, ciertas impurezas
en el agua pueden inhibir la correcta estabiliza-
ción química.

Un sexto problema es la correcta compacta-
ción del material estabilizado. Cada agente es-
tabilizador requiere su propia técnica de com-
pactación. La estabilizacìón química depende
del tiempo. El esfuerzo necesario de compacta-
ción, la humedad óptima y la densidad seca
máxima varían según la demora entre la aplica-
ción y la compactación. La estabilización de
cemento y suelo es la más sensitiva a esta de-
mora. La resistencia del producto resultante
disminuye rápidamente a medida que se au-
menta el tiempo entre el mezclado y la compac-
tación. Si se aumenta el contenido de humedad

bien les mélanger avec celui-ci avant d'intro-
duire l'adjuvant. Le mode d'emploi de plusieurs
engins pour mélanger les différentes sortes de
stabilisant, est expliqué en détail dans les textes
choisis. Cependant aucune explication, si dé-
taillée soit-elle, ne pourra venir à I'aide de l'ingé-
nieur routier qui va essayer de prendre un rac-
courci dans cette opération pour soit-disant
augmenter la vrtesse de production.

Un cinquième problème à consrdérer est celui
de I'eau. Un matériau en train de subir un traite-
ment chimique, ne réagit pas de la même façon
à I'eau qu'un sol qui subit la stabilisation méca-
nrque, car l'eau elle même est associée aux
réactions chimiques de la plupart des procédés
de stabilisation chimique. Souvent la teneur en
eau optimale peut ne pas résulter en le mélange
le plus dense ou le matériau final le plus solide.
Les moyens empiriques qur sont souvent utilisés
pour déterminer la teneur en eau nécessaire
pour la stabilisation mécanique peuvent avoir

pour résultat la rupture d'un matériau stabilisé
chimiquement. Le fait que l'eau est un des
agents réactifs peut aussi signifier que si l'eau
est impure, la stabilisation chimique ne se fera
pas correctement.

Le sixième problème concerne le compactage
des matériaux stabilisés. Chaque stabilisant
exige sa propre technique de compactage. La
stabilisation chimique se fait en fonction du
temps. L'effort de compactage, la teneur en eau
optimale et la densité sèche maximale varient
selon les délais entre l'application et Ie compac-
tage. La stabilisation au ciment des sols est par-
ticulièrement affectée par les délais de compac-
tage. La résistance du sol-ciment décroît au fur
et à mesure que le temps entre le malaxage et le
compactage s'accroît. En augmentant la teneur
en eau durant le malaxage on peut quelque-
fois réduire la perte de résistance causée par
ces retards. Cependant, beaucoup d'ingénieurs
ne sont pas assez conscients de la nature cru-



cal reactions described in the selected texts
continue over a considerable period of time
along with a continued strengthening of the end
product. Curing techniques vary from material to
material. The recommendations given in the
selected texts should be followed to ensure that
the stabilization project will not be damaged by
premature use.

An eighth problem is the maintenance of the
stabilized material. The selected texts indicate
that chemically stabilized soils are primarily
used as base courses. One reason for this is
that the chemical stabilization imparts structural
strength to the soil, but it does not necessarily
improve its ability to withstand the abrasive ef-
fects of traffic. Another reason is that chemical

stabilization does not, by itself , ensure that the
stabilized soil will be impervious. Thus, several
of the selected texts recommend that all chemi-
cally stabilized soils receive at least a prime coat
of bituminous material. This material will assist in
curing and also will protect the stabilized soil
from traffic and water.

The number and magnitude of the problems
described here illustrate the engineering difficul-
ties inherent in the chemical stabilization of soils.
Many low-volume road engineers do not have
the opportunity to become expert in the art of
chemical soil stabilization. The costs involved
and the avoidable mistakes made in the past
usually cause inexperienced engineers to con-
sider chemical soil stabilization as a last resort.

durante la operación de mezclado, esto a veces
reduce la pérdida de resistencia debida a la
demora. Sin embargo, son muchos los in-
genieros que no entienden totalmente la crítica
importancia de la regulación del tiempo entre
mezclado y compactación de suelo-cemento.

Un séptimo problema es el curado del mate-
rial estabilizado. Mientras que el intercambio de
catión y las reacciones de floculación-
aglomeración ocurren rápidamente en la es-
tabilización con cal, todas las otras reacciones
que se describen en los textos seleccionados
continúan durante un período considerable de
tiempo junto con un aumento contínuo de resis-
tencia en el producto resultante. Las técnicas de
curado cambian de material a material. Se de-
berán seguir las recomendaciones en los textos
seleccionados para evitar daño por el uso pre-

maturo del proyecto de estabilización.
El octavo problema es el mantenimiento del

material estabilizado. Los textos seleccionados
indican que los suelos estabilizados se utilizan
primordialmente para capas de base. Una de
las razones es que la estabilización química le
da resistencia estructural al suelo pero no
necesariamente mejora su resistencia a los efec-
tos desgastadores del tránsito. Otra razón es
que la estabilización química por sísola no
asegura que el suelo sea impermeable. Por esta
razon los textos seleccionados recomiendan
que a los suelos estabilizados se les dé por lo
menos una capa de imprimación de material
bituminoso. Este material ayudarâ en el curado y
protejerá el suelo estabilizado del tránsito y del
agua.

La cantidad y magnitud de los problemas

ciale de I'intervalle malaxage/compactage des
sol-ciments,

Un septième problème concerne la cure du
matériau traité. Les réactions cationiques et de
coag u lation/ag g lomération se produisent très
rapidement dans le traitement à la chaux, mais
les autres réactions chimiques qui sont décrites
dans les textes choisis continuent à se produire
pendant un temps considérable, et à augmenter
la résistance du matériau traité. Les méthodes
de cure sont différentes selon les matériaux. Les
recommandations données dans les textes
choisis devraient être suivies très attentivement
pour s'assurer que I'opération de stabilisation ne
soit pas ruinée par une circulation prématurée.

Le huitième problème à considérer concerne
I'entretien des matériaux traités. Les textes choi-
sis indiquent que les matériaux stabilisés chimi-
quement sont utilisés principalement comme
couche de base. Une des raisons pour ce choix

est que le traitement chimique augmente la ré-
sistance fondamentale du sol mais n'améliore
pas nécessairement sa capacité de résistance à
l'effet abrasif de la circulation. Une autre raison
est que la stabilisation chimique par elle-même
n'assure pas f imperméabilité du sol traité. Par
conséquent, plusieurs textes choisis recom-
mandent que tous les sols traités chimiquement
reçoivent un enduit d'imprégnation hydrocar-
boné. Ce traitement hydrocarboné facilitera la
cure et protégera le sol stabilisé des effets de
I'eau et de la circulation.

Le nombre et I'ampleur des problèmes dont
nous venons de parler démontrent les difficultés
inhérentes à la stabilisation chimique des sols.
L'ingénieur qui construit des routes à faible ca-
pacité n'a pas toujours I'opportunité de devenir
un expert en I'art de la stabilisation chimique
des sols. Les frais en jeu, les erreurs qu'on au-
rait pû éviter, sont les raisons pour lesquelles les



However, soil stabilization, when rjone properly,
can be a viable option for the road designer and
builder.

Discussion of Selected Texts

The first text comprises two excerpts from Low
Cost Roads; Design, Construction and Mainte-
nance (UNESCO, 1967; English translation,
1971). The first excerpt describes soil stabiliza-
tion using cement, lime, and bitumen. lt presents
a general description of soil types that are suita-
ble for stabilization and of the physical factors

that limit the use of these soils. The text discus-
ses the 4ormal application percentages of the
various stabilizers and the minimum or maximum
proportion of fines required by each stabilizer. lt
also outlines some of the laboratory tests that
can be used to evaluate the suitability of soils for
stabilization and to determine the strength of
stabilized soils.

The second excerpt describes the construc-
tion of the roadway. lt stresses the shaping of
the roadway base because the surface of the
base determines the smoothness of the thin
bituminous surface applied over stabilized base
materials on low-volume roads. lt also describes

aquípresentados nos dan una idea de las difi-
cultades ingenieriles inherentes en la estabiliza-
ción quimica de suelos. Muchos ingenieros de
caminos de bajo volúmen no tienen la opor-
tunidad de convertirse en expertos de este arte.
Por razon de los costos y las equivocaciones
que se podrían haber evitado en el pasado, los
ingenieros de poca experiencia consideran la
estabilización química como último recurso. Sin
embargo, la estabilización química correc-
tamente realizada puede ser una opción viable
en el diseño y construcción de un camino.

Presentación de los textos selecc¡onados

El primer texto se compone de dos extractos
de Low Cost Roads; Design, Construction and
Maintenance (Caminos de bajo costo; diseño,
construcción y mantenimiento) (UNESCO, 1967;

traducción al inglés, 1971). El primer extracto
describe la estabilización del suelo utilizando
cemento, cal, y betún. Presenta una descripción
general de tipos de suelo que son aptos para la
estabilización y los factores físicos que limitan el
uso de estos suelos. El texto habla sobre los
porcentajes normales de aplicación de los di-
versos estabilizadores y la proporción mínima o
máxima de finos requerida por cada es-
tabilizador. Resume algunos de los ensayos de
laboratorio que se pueden utilizar para evaluar
la aptitud de los suelos para la estabilización y
para determinar la resistencia de suelos es-
tabilizados.

El segundo extracto describe la construcción
del camino. Se da importancia a la formación de
la base del camino, ya que la superficie de la
base determina la uniformidad de la fina super-
ficie bituminosa que se aplica sobre materiales

ingénieurs inexpérimentés considèrent le traite-
ment chimique des sols en dernier recours.
Malgré tout, le traitement chimique des sols peut
être une option viable lors de la conception et
de la construction des routes.

Discussion des textes choisis

Le premier texte est en réalité deux extraits du
livre Low Cosf Foads; Design, Construction and
Maintenance (Routes dans les pays en voie de
développement; conception, construction et en-
tretien) (UNESCO, 1967; traduction anglaise,
1971). Le premier décrit la stabilisation ou trai-
tement chimique des sols à l'aide de ciment, de
chaux, ou de produits bitumineux. Ce texte pré-
sente une description générale des genres de
sols propices à ce traitement, et les facteurs
physiques qui limitent l'emploi de ces sols. Les
dosages utilisés normalement, et la proportion
minimale ou maximale d'éléments fins requis par

chaque stabilisant, sont indiqués. Certains es-
sais en laboratoire, qui sont utilisés pour juger
des possibilités de stabilisation d'un sol et dé-
terminer sa résistance après le traitement, sont
expliqués.

Le second extrait décrit la construction de la
route. On met I'emphase sur le profilage de la
couche de base parce que la qualité de la sur-
face de cette couche déterminera la régularité
de I'enduit hydrocarboné mince qui constitue le
revêtement de surface appliqué sur les maté-
riaux stabilisés des routes à faible capacité. Le
procédé de compactage est décrit, et le rapport
entre l'énergie de compactage, la teneur en eau
optimale et la densité sèche maximale, est ex-
pliqué. Le texte passe en revue les diverses fa-

çon de mesurer Ia densité sèche in situ pour dé-
terminer le taux de compactage. Des directions
quant au nombre, genre et location des essais
nécessaires pour contrôler le compactage sont
présentés.



the process of compaction and explains the rela-
tionship among compactive effort, optimum
moisture content, and maximum dry density. The
text discusses the use of field-density tests to
determine the amount of compaction. lt presents
guidelines for the types, numbers, and locations
of tests required to control the compaction oper-
ation.

This text also addresses the major compo-
nents of the construction of stabilized soils in
both mix-in-place and premixed construction.
Special emphasis is placed on the proportioning
of the stabilizer and its proper mixing with the
material to be stabilized.

The second text, Soi/ Stabilization: A Mission
Oriented Approach, is a report that appeared in
Highway Research Record 357 (Highway Re-

search Board, 1971). lt describes the Soil
Stabilization lndex System (SSIS) developed for
the U.S. Department of the Air Force. This sys-
tem assists engineers with limited experience in
soil stabilization.

The text presents a series of flow charts that
can be used in selecting the type and amount of
stabilizer for a given soil. These charts include
both chemical stabilization and mechanical
stabilization; both alternatives should be
evaluated before any decision is made. The
SSIS deals with lime, portland cement, bitumi-
nous materials, and combinations of these
materials. The soils criteria used in the system
require determination of relatively simple soil
properties.

Other inputs to the system include (a) use fac-

de base estabilizados en caminos de bajo vo-
lúmen. También describe la operación de com-
pactación y explica la relación entre el esfuerzo
compactivo, la humedad óptima, y la densidad
seca máxima. El texto habla sobre los ensayos
de densidad realizados en el campo para de-
terminar lá compactación. Presenta una guía
para los tipos, números y ubicaciones de en-
sayos que se necesitan para controlar la opera-
ción de compactación.

Este texto también habla sobre los com-
ponentes principales de la construcción de
suelos estabilizados, mezclados in situ tanto
como premezclados. Se da especial importan-
cia al proporcionamiento del estabilizador y su
mezclado correcto con el material a es-
tabilizarse.

El segundo texto, Soil Stabilization: A Mission
Oriented Approach (Estabilización del suelo:
un enfoque práctico), es un informe que
apareció en Highway Research Record 351
(Archivo de lnvestigación Vial 351, Highway
Research Board, 1971). Describe el sistema de
índice para la estabilización del suelo (SSIS) de-
sarrollado para el Departamento de laFuerza
Aérea de los Estados Unidos de Norte América.
Este sistema asiste a los ingenieros con poca
experiencia en la estabilización de suelos.

El texto presenta una serie de diagramas que
se pueden utilizar en la selección del tipo y can-
tidad de estabilizador para un suelo deter-
minado. Estos diagramas incluyen la estabiliza-
ción química y mecánica; se deberán evaluar
ambas alternativas antes de llegar a una deci-

Les composants les plus importants pour la
construction de sols stabilisés soit sur place, soit
en centrale, sont examinés. On met I'emphase
sur le dosage du stabilisant et le mélange de ce
stabilisant avec le matériau à traiter.

Le deuxième texte, Soil Stabilization: A Mis-
sion Oriented Approaclr (Stabilisation des sols:
une approche systématique), est un rapport
paru dans le Highway Research Record 351
(Highway Research Board, 1971). Ce rapport
décrit le Soil Stabilization lndex System (SSIS)
qui a été développé pour le U.S. Department of
the Air Force. Ce système a été conçu pour ai-
der les ingénieurs dont I'expérience est limitée
quant à la stabilisation des sols.

Une série de tableaux est présentée pour la
sélection du stabilisant et son dosage pour les
différents sols. Ces tableaux sont à la fois pour
la stabilisation mécanique et la stabilisation chi-
mique puisque les deux alternatives doivent être

considerées avant la décision finale. Le SSIS
traite de la chaux, du ciment portland, de maté-
riaux hydrocarbonés et de combinaisons de ces
matériaux. Les critères de sols utilisés dans ce
système éxigent une détermination des caracté-
ristiques des sols assez simple.

Les autres données que I'on peut entrer dans
ce système comprennent: (a) facteurs d'utilisa-
tion (couche de base ou couche de forme) (b)
facteurs climatologiques y compris les tempéra-
tures et les chûtes de pluie (c) facteurs de cons-
truction y compris le matériel disponible et le
temps de construction et (d) les conditions re-
quises de performance in situ du sol stabilisé.
Après avoir entré ces données, on peut obtenir:
(a) le stabilisant à utiliser, (b) le dosage du stabi-
lisant, (c) les sols qui ne se prêtent pas à la sta-
bilisation, et (d) l'élimination de la possibifité de
stabilisation à cause des conditions climatiques
ou du manque de matériel adéquat.



tors (subgrade or base), (b) environmental fac-
tors including both rainfall and temperature, (c)
construction factors including the type of
equipment and the time available, and (d) field
performance requirements for the stabilized soil.
The output from the system includes (a) the
stabilizer to use, (b) the amount of stabilizing
material to use, (c) the soils unsuitable for
stabilization, and (d) the elimination of the pos-
sibility of stabilization due to climatic conditions
or lack of appropriate equipment.

It must be stressed that this system is not a
substitute for structural pavement design. Fur-
thermore, some of the output is airfield oriented.
The complete list of references used to compile
this system is included in the selected text. This

list will assist the reader in identifying the data
that were developed directly for highway con-
struction practices.

The third text is Sfate of the Art: Lime Stabili-
zation (Circular 180, Transportation Research
Board, 1976). This report represents the state
of the art in lime treatment based on a com-
prehensive analysis of current practice and the
literature. lt contains four major areas of informa-
tion-soil-lime reactions, properties and charac-
teristics of lime-treated soils, soil-lime mixture
design, and lime-stabilization construction.

Lime stabilization can be divided into two
separate reactions: Cation exchange and
flocculation-agglomeration occur quite rapidly
when soil and lime are thoroughly mixed, and

sión. El SSIS trata con la cal, el cemento Port-
land, los materiales bituminosos, y las com-
binaciones de estos materiales. Los criterios
utilizados en el sistema requieren la determina-
ción de propiedades relativamente simples de
los suelos.

Otros datos de entrada utilizados por el
sistema incluyen (a) factores de uso (subrasante
o base), (b) factores del medio ambiente, in-
cluyendo la lluvia y la temperatura, (c) factores
de construcción, incluyendo el tipo de equipo y
el tiempo disponible, y (d) los requisitos de ren-
dimiento en el campo del suelo estabilizado.
Los resultados proporcionados por el sistema
incluyen (a) el estabilizador que se debe utilizar,
(b) la cantidad de material estabilizador que se
debe utilizar, (c) los suelos que no son apro-
piados para la estabilización, y (d) la elimina-
ción de la posibilidad de estabilización debida a
condiciones climáticas o falta de equipo apro-
piado.

Deberá subrayarse que este sistema no
reemplaza el diseño estructural del pavimento.

Además, algunos de los resultados propor-
cionados son para uso en campos de aviación.
Se incluye en el texto seleccionado la lista com-
pleta de referencias que se utilizó para compilar
este sistema. Esta lista ayudará en la identifica-
ción de los datos que se desarrollaron es-
pecíficamente para las prácticas de construc-
ción vial.

El tercer texto es State of the Art: Lime Stabili-
zation (El estado del arte: estabilización con cal,
Circular N' 180 del Transportation Research
Board, 1976). Este informe representa el estado
del arte en el tratamiento con cal, basado en un
análisis comprensivo de práiticas actuales y
literatura técnica. Contiene cuatro áreas prin-
cipales de información - las reacciones entre la
cal y el suelo, las propiedades y características
de los suelos tratados con cal, el diseño de
mezclas de cal y suelo, y la construcción con
estabilización con cal.

La estabilización con cal se puede dividir en
dos reacciones separadas: El intercambio de
catión y la floculación-aglomeración ocurren

Nous appuyons cependant sur le fait que ce
système ne peut remplacer le calcul des chaus-
sées. De plus, certains des résultats sont orien-
tés vers la construction des champs d'aviation.
La liste complète des références utilisées pour
compiler ce système est incluse dans le texte et
aidera le lecteur à identifier les données se rap-
portant directement à la construction routière.

Le troisième texte est Sfafe of the Art: Lime
Stabilization (Etat de la question: stabilrsation à
la chaux) (Circular 180, Transportation Re-
search Board, 1976). Ce rapport présente l'état
de la question sur le traitement à la chaux, en
prenant pour base une analyse d'ensemble des
méthodes actuelles et de la littérature technique.
ll contient quatre sujets principaux: réactions en-

Tre le sol et la chaux, propriétés et caractéristi-
ques des sols traités à la chaux, le calcul des
mélanges sol/chaux, et la construction avec le
traitement à la chaux.

Le mode d'action de la chaux peut être divisé
en deux parties: un échange cationique accom-
pagné d'une réaction de floculation/aggloméra-
tion, qui se produisent très rapidement quand la
chaux et le sol sont mélangés intimement, et des
réactions pouzzolaniques sol/chaux qui sont
fonction du temps et sont influencées principa-
lement par les propriétés du sol en train d'être
traité.

Quand on leur adjoint de la chaux, pratique-
ment tous les sols fins démontrent une diminu-
tion de leur plasticité, une amélioration de leur



soil-lime pozzolanic reactions are time depen-
dent and are influenced primarily by the natural
properties of the soil being stabilized.

Practically all fine-grained soils exhibit de-
creased plasticity and improved workability and
volume-change characteristics when mixed with
lime. However, not all soils exhibit improved
strength, stress-strain, and fatigue characteris-
tics. The properties of lime-soil mixtures depend
on many variables. The most important variables
are (a) soil type, (b) lime type, (c) lime percen-
tage, and (d) curing conditions, including time,
temperature, and moisture. More important,
however, is the fact that these variables are in-
terdependent. The effect caused by a change in
a given variable depends on the levels of the
other variables.

The major objective of the mixture design pro-
cess is to establish an appropriate lime content
for construction. Design-lime contents generally
are based on an analysis of the effect of varying
lime percentages on selected engineering prop-
erties of the soil-lime mixture. lt is important to
note that different design-lime contents for the
same soil may be established depending on the
objectives of the lime treatment, i.e., pavement
structure or subgrade and the mixture design
procedure chosen. Mixture design procedures
should be flexible enough to allow the exercise
of judgment when unusual stabilization objec-
tives are contemplated.

There are essentially three recognized lime
stabilization methods - in-place mixing, plant
mixing, and pressure injection. ln-place mixing

rápidamente cuando el suelo y la cal se
mezclan a fondo, y las reacciones puzolánicas
de suelo y cal dependen del tiempo y son in-
fluenciadas principalmente por las propiedades
naturales del suelo que se está estabilizando.

Casi todos los suelos de grano fino, cuando
se mezclan con cal, demuestran una reducción
de plasticidad y mejoría en manejabilidad y en
las características de cambio de volúmen. Sin
embargo, no todos los suelos demuestran
mejoría en las características de resistencia,
esfuerzo-deformación, y fatiga. Las propiedades
de las mezclas de cal-suelo dependen de
muchos factores variables. Los factores más
importantes son (a) tipo de suelo, (b) tipo de cal,
(c) porcentaje de cal, y (d) condiciones de
curado, incluyendo el tiempo, temperatura, y
humedad. Aún más importante es el hecho de
que estos factores dependen el uno del otro. El
efecto causado por un cambio en un factor de-
terminado depende de los niveles de los otros
factores.

El objetivo principal del proceso de diseño de
la mezcla es el de establecer un contenido
apropiado de cal para la construcción. Los
contenidos de cal de diseño se basan general-
mente en un análisis del efecto de porcentajes
variables de cal sobre ciertas propiedades in-
genieriles de la mezcla de cal-suelo. Es impor-
tante observar que se pueden establecer distin-
tos contenidos de cal de diseño para el mismo
suelo, dependiendo de los objetivos del
tratamiento con cal, es decir, estructura de
pavimento o subrasante, y el procedimiento es-
cogido de diseño de mezcla, Los procedimien-
tos de diseño de mezcla deberán ser Io suficien-
temente flexibles para permitir el uso del juicio
profesional cuando se tienen objetivos excep-
cionales de estabilización.

Hay esencialmente tres métodos reconocidos
de estabilización con cal- mezclado in situ,
mezclado en planta, e inyección a presión. El
mezclado in situ puede subdividirse en tres
métodos: (a) mezclado de la cal con los

maniabilité et de leurs caractéristiques de gon-
flement. Cependant, tous les sols ainsi traités ne
montrent pas nécessairement une amélioration
de leurs caractéristiques de résistance, tension-
déformation et fatigue. Les propriétés des mé-
langes sols/chaux sont fonction de beaucoup de
variables. Les plus importantes sont: (a) le genre
de sol, (b) le genre de chaux, (c) le pourcentage
de chaux, et (d) les conditions de la cure
(temps, température et humidité). Plus important
encore est le fait que ces variables sont fonction
I'une de I'autre, et que l'effet causé par le chan-
gement d'une variable donnée est fonction du
degré de sensibilité des autres variables. L'éta-
blissement de critères pour le mélange chaux/
sol est éxpliqué. L'objectif principal en ce

cas, est de trouver le dosage approprié de
chaux pour la construction. Les critères de choix
des chaux sont basés sur une analyse de l'effet
de différents pourcentages de chaux sur certai-
nes propriétés routières du mélange sol/chaux. ll
faut signaler ici que différents critères de choix
pour le même sol peuvent être nécessaires se-
lon I'objectif du traitement à la chaux, c'est à
dire si l'on va utiliser le mélange pour la fonda-
tion ou le revêtement, et selon la méthode de
mélange choisie. Les méthodes de mélange de-
vraient d'ailleurs être assez souples pour per-
mettre l'exercice du jugement professionel
quand on envisage le traitement à des fins inha-
bituelles.

Essentiellement, il existe trois méthodes de



may be subdivided into three methods: (a) mix-
ing lime with the existing materials already a part
of the construction site or pavement, (b) off-site
mixing in which lime is mixed with borrow and
the mixture is then transported to the construc-
tion site for final manipulation and compaction,
and (c) mixing in which the borrow-source soil is
hauled to the construction site and processed.
This section attempts to describe and sum-
marize modern soil-lime construction proce-
dures and equipment.

The fourth IexI, Field Sfudies on the Pulveriza-
tion of Black Cotton Soilfor the Construction of
Stabilized Soil Road Bases, was published in
Highway Research Record 375 (Highway Re-
search Board, 1970), lt stresses the importance
of properly pulverized soil as a prerequisite for
proper soil stabilization. Black cotton soil (ex-

pansive black or dark gray clay) can be effec-
tively improved using lime as a stabilizer. How-
ever, black cotton soil is particularly difficult to
pulverize. This paper describes a number of
methods that have been tried in the field to
achieve an economical and effective pulveriza-
tion method. lt shows that an acceptable degree
of pulverization can be attained using agricul-
tural machinery, if the soil is within certain mois-
ture content limits.

The fifth text is excerpted from So/-Cement: A
Material of Construction for Road and Airtied
Pavements (Building and Road Research lnsti-
tute, Ghana Academy of Sciences, 1967). This
text states that the combination of soil with ce-
ment under controlled conditions of moisture
and density produces a material of distinct phys-
ical and engineering characteristics. These

materiales existentes que ya forman parte de la
zona de construcción o el pavimento, (b)
mezclado de la cal con suelo de préstamo en
una ubicación fuera de la zona de construcción,
transporte de la mezcla hasta la zona de con-
strucción para la manipulación final y la com-
pactación, y (c) mezclado en que el suelo de
préstamo se transporta hasta lazona de con-
strucción donde es procesado. Esta sección in-
tenta describir y resumir los procedimientos y
equipo modernos en la construcción con cal y
suelo.

El cuarto texto, Field Studies on the Pulveriza-
tion of Black Cotton Soil for the Construction of
Stabilized Soil Road Bases (Estudios de campo
sobre la pulverización de suelo "black cotton"
parala construcción de bases de camino de
suelo estabilizado), fué publicado en Highway
Research Record 375 (Archivo de lnvestigación
Vial 3.15, Highway Research Board, 1970). Sub-
raya la importancia de una correcta pulveriza-

ción del suelo como requisito previo a su es-
tabilización. El suelo "black cotton" (arcilla ex-
pansiva negra o gris oscura) puede mejorarse
eficazmente utilizando la cal como estabilizador.
Sin embargo, el suelo "black cotton" es par-
ticularmente difícil de pulverizar. El informe des-
cribe varios métodos que se han utilizado en el
campo para obtener un método de pulveriza-
ción económico y eficaz. Demuestra que se
puede obtener un grado satisfactorio de pul-
verización con maquinaria agrícola si el suelo se
encuentra dentro de ciertos límites de contenido
de humedad.

El quinto texto fué extraído de Soil-Cement: A
Material of Construction for Road and Airtied
Pavements (Suelo-cemento: un material de
construcción para pavimentos de camino y
aeropuerto, Building and Road Research lnsti-
tute, Ghana Academy of Sclences, '1967). Este
texto afirma que la combinación de suelo con
cemento bajo condiciones controladas de

stabilisation à Ia chaux: le mélange en chantier,
le mélange en centrale, et l'injection de cartou-
ches de chaux. Le mélange en chantier peut
être fait de trois façons: (a) on mélange la chaux
au matériau existant et faisant déjà partie de la
route, (b) on mélange la chaux au matériau
d'emprunt et ensuite on transporte le mélange
au chantier pour la construction finale et le
compactage, et (c) on transporte le matériau
d'emprunt jusqu'au chantier et on le traite à la
chaux selon le procédé utilisé en (a). Les mé-
thodes de traitement à la chaux, ainsi que le ma-
tériel utilisé à ces fins, sont passés en revue
dans la dernière partie de ce texte.

Le quatrième écrit, Field Studies on the Pul-
verization of Black Cotton Soilfor the Construc-

tion of Stabilized Soil Road Bases (Etudes sur le
chantier de la pulvérisation des terres noires
pour la construction de couches de base en sol
stabilisé), fut publié dans le Highway Research
Record 375 (Highway Research Board, 1970).
Cette communication met I'emphase sur la né-
cessité de pulvériser correctement le sol au pré-
alable pour obtenir une stabilisation convenable.
Les terres noires (argile expansive noire ou gris
foncée) peuvent être améliorées efficacement
quand on utilise la chaux comme stabilisant.
Cependant, les terres noires sont particu-
lièrement difficiles à pulvériser. Cette communi-
cation décrit un certain nombre de procédés qui
ont été utilisé en chantier pour effectuer une pul-
vérisation efficace et économique. ll est démon-



properties depend on four main factors: (a) the
nature of the soil, (b) the proportion of soil, ce-
ment, and water in the mixture, (c) the compac-
tive energy used for the molding of the soil-
cement, and (d) the physical conditions, such as
the curing temperatures and age of the soil-
cement mixes.

The text discusses such properties of soil-
cement as volume changes, thermal expansion,
permeability, and strength characteristics. lt
emphasizes the necessity of a soil survey of the
site in the planning of a cement stabilization
project and presents the criteria for selecting
soils that are suitabfe for cement stabilization. lt
describes the important factors in the stabiliza-
tion of soil with cement, including the moisture-

density relationbhip and the durability of the soil-
cement mix. lt defines soils requiring special
treatment such as organic soils and soils con-
taminated with sulphates. The text also discus-
ses the stress-strain characteristics of soil-
cement. lt analyzes the major factors affecting
the strength of soil-cement mixtures, such as the
influence of the cement, the effect of age, and
the effect of curing temperatures.

The text describes the design of road and air-
field pavements using soil-cement. lt evaluates
the basic concepts of design considering soil-
cement as a rigid material and as a flexible
material. lt concludes that design, using either
concept, is overly conservative because soil-
cement- basically a flexible material 

-shares

humedad y densidad produce un material de
características distintivas físicas e ingenieriles.
Estas propiedades dependen de cuatro factores
principales: (a) la naturaleza del suelo, (b) las
proporciones de suelo, cemento, y agua en la
mezcla, (c) la energía compactiva utilizad a para
el moldeo del suelo-cemento, y (d) las con-
diciones físicas, tales como las temperaturas de
curado y la edad de las mezclas de suelo-
cemento.

El texto examina algunas propiedades de
suelo-cemento tales como cambios de volúmen,
expansión termal, permeabilidad, y carac-
terísticas de resistencia. Subraya la necesidad
de una investigación del suelo de la ubicación,
en el planeamiento de un proyecto de es-
tabilización con cemento, y presenta los criterios
para la selección de suelos adecuados para la
estabilización con cemento. Describe los fac-
tores importantes en la estabilización del suelo
con cemento, incluyendo la relación humedad-

densidad y la durabilidad de la mezcla de
suelo-cemento. Define los suelos que necesitan
un tratamiento especial, tales como los suelos
orgánicos y suelos contaminados con sulfatos.
El texto también examina las características de
esfuerzo-deformación del suelo-cemento.
Analiza los factores principales que afectan fa
resistencia de mezclas de suelo-cemento, tales
como la influencia del cemento, el efecto de la
edad, y el efecto de las temperaturas de
curado.

El texto describe el diseño de pavimentos de
camino y aeropuerto utilizando el suelo-
cemento. Evalúa los conceptos básicos de di-
seño considerando el suelo-cemento como un
material rígido y como un material flexible. Con-
cluye que el diseño, si se utiliza cualquiera de
estos dos conceptos, es demasiado restrictivo
ya que el suelo-cemento - básicamente un
material flexible-posee algunas de las carac-
terísticas de un material rígido.

tré que l'on peut arriver à un degré de pulvérisa-
tion satisfaisant en utilisant du matériel agricole,
si la teneur en eau du matériau est entre certai-
nes limites.

Le cinquième texte est extrait de So/-Cement:
A Materialof Construction for Road and Airfield
Pavements (Le sol-ciment: un matériau de cons-
truction pour routes et pistes d'aérodromes,
Building and Road Research lnstitute, Ghana
Academy of Sciences, 1967). Ce texte affirme
que la combinaison de sol et de ciment, sous
certaines conditions contrôlées d'humidité et de
densité, résulte en un matériau aux caractéristi-
ques physiques et de construction très précises.
Ces caractéristiques sont en fonction de (a) la
nature du sol, (b) les proportions de sol, ciment
et eau dans le mélange, (c) l'énergie de com-

pactage utilisée pour le moulage du sol-ciment,
et (d) les conditions physiques, comme la
température de cure et l'âge des mélanges sol-
ciment,

Le texte discute certaines propriétés des
sols-ciment telles que: les variations de volume,
I'expansion thermique, la perméabilité et les ca-
ractéristiques de résistance. On met I'emphase
sur la nécessité de faire une reconnaissance sur
les lieux quand on envisage la stabilisation au
ciment, et les critères de choix des sols qui se
prêtent à ce traitement sont présentés. Les fac-
teurs importants dans le traitement des sols par
le ciment sont le rapport entre I'humidité et la
densité, et la durabilité du mélange sol-ciment.
Les sols qui ont besoin d'un traitement spécial
sont les sols organiques et les sols contaminés



some of the characteristics of a rigid material.
The text presents the criterion for mix design.

It also describes soil-cement construction
methods, including both mix-in-place and
plant-mix construction. lt includes tables on typ-
ical equipment requirements for different types
of mixing machines and the steps in construc-
tion procedures for different types of mixing
equipment. The text also includes a detailed
section describing quality control in the field for

soil-cement construction. Scientific control in the
field should involve subgrade conditioning;
selection of soil; checking the quality of cement
and water; mix proportion; and mixing, laying,
compacting, and curing processes.

The sixth IexI, Variation in Laboratory and
Field Strengths of Soil-Cement Mixtures, ap-
peared in Transportation Research Record 560
(Transportation Research Board, 1976), lt
evaluates the effect of variations of laboratory

El texto presenta los criterios para el diseño
de la mezcla. También describe métodos de
construcción con suelo-cemento incluyendo el
mezclado in situ y e[ mezclado en planta. tn-
cluye tablas sobre el equipo típicamente
utilizado con diversos tipos de máquinas de
mezclado, y las etapas en los procedimientos
de construcción con dlversos trpos de equipo
de mezclado. El texto también incluye una sec-
ción detallada que describe el control de
calidad en el campo para la construcción con
suelo-cemento. El control científico en el campo
debería incluir el acondicionamiento de la sub-
rasante, la selección del suelo, verificación de
la calidad del cemento y agua, la proporción del
mezclado, y los procesos de mezclado, coloca-
ción, compactación y curado.

El sexto texto, Variation in Laboratory and
Field Strengths of Soil-Cement Mixtures (La va-
riación en las resistencias de mezclas de
suelo-cemento en el laboratorio y en el campo),
apareció en Transportation Research Record
560 (Archivo de lnvestigación Vial 560, Trans-

portation Research Board, 1976). Evalúa el
efecto de variaciones de los procedimientos de
diseño en el laboratorio y compara las resisten-
cias verdaderas en el campo con las resisten-
cias de diseño en el laboratorio. Concluye que
pueden ocurrir inconsistencias en el diseño de
laboratorio si no se adhiere cuidadosamente a
factores como moldeo, temperatura, hidratación,
y tiempo de fabricación. Asimismo, concluye
que el mezclado in situ de cemento y suelo
puede producir una variación de 5 por ciento
del contenído teórico de cemento.

El séptimo texto, Changes in the Characteris-
tics of Cement-Stabilized So/s by Addition of
Excess Compaction Moisture (Cambios en las
características de suelos estabilizados con
cemento por la adición de excesiva humedad
de compactación), apareció en Highway Re-
search Record 375 (Archivo de lnvestigación
Vial 315, Highway Research Board, 1970). ln-
dica que la humedad de compactación de los
suelos estabilizados con cemento normalmente
se especifica como la humedad óptima para ob-
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par les sulfates. Les caractéristiques "tension-
déformation" des sols ciments sont aussi di-
scutées. Les facteurs les plus importants qui in-
fluencent la résistance des sols-ciments sont
analysés: l'influence du ciment, I'effet de l'âge,
et l'effet de la température de la cure.

Ce texte décrit aussi la conception de routes
et de pistes d'aérodrome à l'aide de sol-ciment.
Les concepts de base de calcul en utilisant le
sol-ciment comme un matériau rigide ou un ma-
tériau souple sont évalués. On conclut que les
méthodes de calcul de I'un ou I'autre concept
sont trop modérées, car le sol-ciment qui est au
fond un matériau souple, partage quelques ca-
ractéristiques d'un matériau rigide.

Les critères pour le calcul du mélange sont
présentés. Les méthodes de construction du
sol-ciment sont décrites et comprennent le mé-
lange en chantier et le mélange en centrale. ll y
a un tableau sur l'equipement nécessaire pour

différentes sortes de machines mélangeuses, et
un autre qui éxplique pas à pas la marche à sui-
vre pour la construction en se servant de ces
machines mélangeuses. Une section détaillée
sur le contrôle de qualité en chantier est incluse.
Ce contrôle doit comprendre: la préparation du
sous sol; le choix du sol et la vérification de la
qualité du ciment et de I'eau; le dosage du mé-
lange; et les procédés de malaxage, de répan-
dage, de compactage et de cure.

Le sixième texte, Variation in Laboratory and
Field Strengths of Soil-Cement Mixtures (Varia-
tions de la résistance des mélanges sols-ciment
selon les essais au laboratoire et sur le chantier)
a été publié dans Transportation Research Rec-
ord 560 (Transportation Research Board,
1976). Ce texte évalue l'effet des variations qui
existent entre les méthodes d'essais des labora-
toires et compare la résistance actuelle obtenue
sur le chantier à la résistance obtenue lors des



design procedures and compares actual field
strengths with laboratory design strengths. lt
concludes that inconsistency can occur in
laboratory design if factors such as molding,
temperatures, slaking, and fabrication time are
not closely adhered to. The text further con-
cludes that in-place mixing of cement with soil
can show a variation of r 5 percent from the
theoretical cement content.

The seventh text, Changes in the Characteris-
tics of Cement-Stabilized So/s by Addition of

Excess Compaction Moisture, was reported in
Highway Research Record 375 (Highway Re-
search Board, 'f 970). lt indicates that the com-
paction moisture of cement-stabilized soils is
usually specified as the optimum moisture con-
tent to obtain maximum density according to the
standard Proctor test. ln some instances
maximum density may not correspond to
maximum strength. lf compaction of the soil-
cement mix is delayed, the relationship between
compaction moisture and the strength and den-

tener la densidad máxima de acuerdo con el
ensayo Proctor. En algunos casos la densidad
máxima podría no corresponder a la resistencia
máxima. Si se demora la compactación de la
mezcla de suelo-cemento, la relación entre la
humedad de compactación y la resistencia y
densidad del suelo-cemento también cambia.

El texto llega a la conclusión de que la pér-
dida de resistencia y durabilidad del suelo-
cemento causada por una demora en la com-
pactación puede reducirse considerablemente
en muchos casos con la adición de excesiva
humedad de compactación. La resistencia de
marga aluvial y marga arenosa mezcladas con
cemento se incrementó en un 40-50 por ciento
con la adición de un 2-4 por ciento de excesiva
humedad cuando se demoró la compactación.
La marga aluvial arcillosa y el limo estabilizados
con cemento y compactados después de de-
moras, demostraron poca mejoría en resistencia
y durabilidad cuando se añadió excesiva

humedad de compactación. Sin embargo, sí
mejoraron las margas aluviales arcillosas con la
adición de excesiva humedad sin demora en
compactación.

El texto indica que la cantidad de excesiva
humedad que se requiere para máxima resis-
tencia y durabilidad depende del tipo de suelo y
el tiempo de demora entre mezclado y compac-
tación. Excesiva humedad mejora la lubricación
de los agregados granulares de suelo después
de demorarse la compactación, con un aumento
subsecuente de la densidad seca. La humedad
excesiva mejora las propiedades de las mezclas
de suelo-cemento de grano fino compactadas
sin demora, porque aumenta la hidratación del
cemento.

El octavo texto fué extraído de Bituminous
Bases and Surtacing for Low Cost Roads in the
Tropics (Bases y revestimientos bituminosos
para caminos de bajo costo en los trópicos,
Transport and Road Research Laboratory, G.8.,

I

essais en laboratoire. En conclusion, des varia-
tions peuvent exister dans les résultats des es-
sais en laboratoire si on n'adhère pas étroite-
ment aux facteurs de moulage, température, ex-
tinction et temps de construction. Pour terminer,
le mélange en chantier du sol-ciment peut diffé-
rer de 5 pour cent du dosage théorique du ci-
ment.

Le septième texte, Changes in the Character-
rsfics of Cement Stabilized Sor/s by Addition of
Excess Compaction Moisture (Modification des
caractéristiques des sols-ciments par addition
d'eau excédentaire pendant le compactage), a
été publié dans Ie Highway Research Reöord
375 (Highway Research Board, 1970). ll est in-
diqué que la teneur en eau de compactage pour
les sols traités au ciment est d'ordinaire la teneur
en eau optimale pour obtenir une densité maxì-
male selon l'essai Proctor. Cependant, dans cer-
tains cas, la densité maximale ne résulte pas en
la résistance maximale. Si le compactage du
sol-ciment est retardé, le rapport entre la teneur

en eau de compactage et la résistance et
densité du sol-címent, changent.

La perte de résistance et de durabilité qui ré-
sulte d'un d'un délai de compactage, peut être
réduite considérablement si I'on ajoute un excé-
dent d'eau au moment du compactage. La rési-
stances des sols-ciment de marne limoneuse et
de marne sableuse est augmentée de 40 à 50
pour cent quand on ajoute 2 à 4 pour cent d'ex-
cédent d'eau quand la compaction est retardée.
Par contre la marne argilo-limoneuse et les
silts traités au ciment et compactés après un dé-
lai ne montrent guère d'amélioration en rési-
stance et durabilité quand on leur ajoute un ex-
cédent d'eau. Cependant, si I'on ajoute cet ex-
cédent d'eau et que I'on compacte immédiate-
ment, leur résistance et durabilité se trouvent
g randement amél iorées.

Le texte indique que la quantité d'excédent
d'eau exigée pour obtenir la plus grande rési-
stance et durabilité, dépend du genre de sol et
de la période de temps entre le malaxage et le



sity of the soil-cement also changes.
The text concludes that the loss in strength

and durability of soil-cement resulting from a
delay in compaction can be significantly re-
duced in many instances by the addition of ex-
cess compaction moisture. The strength of silty
loam and sandy loam soil-cements was in-
creased by 40 to 50 percent by adding 2lo 4
percent excess moisture when compaction was
delayed. Cement-stabilized silty clay loams and
silts compacted after delays showed little im-
provement in strength and durability with excess
compaction moisture. However, the silty clay
loams were significantly improved in strength
and durability bythe addition of excess compac-
tion moisture with no delay in compaction.

The text indicates that the amount of excess
moisture required for maximum strength and
durability depends on the soil type and the delay

time between mixing and compaction. Excess
moisture improves the lubrication of granular
soil aggregates after delays in compaction with
a subsequent increase in dry density. Excess
moisture improves the properties of fine-grained
soil-cement mixes compacted without delay by
increasing the amount of cement hydration.

The eighth text is excerpted from Bituminous
bases and surfacings for low-cost roads in the
tropics (Transport and Road Research Labora-
tory, U.K., 1977).lt describes full-scale experi-
mental trials supported by laboratory research,
which have prompted proposals of acceptance
criteria for bitumen-stabilized sand bases for
light-to-medium traffic. lt stresses the fact that
the success of bituminous soil stabilization de-
pends on the correct selection of both the type
and grade of bituminous binder. Selection of the
process itself involves a consideration of other

1977). Describe ensayos experimentales
realizados en escala natural y apoyados por in-
vestigación en el laboratorio, que han instigado
propuestas de criterios de aceptación para
bases de arena estabilizadas con betÚn para
tránsito liviano-mediano. Subraya que el éxito de
la estabilización bituminosa del suelo depende
de la correcta selección del tipo y clasificaciÓn
de aglutinante bituminoso. La selecciÓn del pro-
ceso mismo exige la consideración de otros fac-
tores, tales como el tipo o tratamiento del mate-

rial, la planta, y el medio ambiente. Menciona
que los valores mínimos del CBR (California
Bearing Ratio) empapado, que normalmente se
utilizan como criterio para la estabilización de
cal y cemento, presentan problemas en el di-

. seño de la estabilización bituminosa de suelos.
Esto es porque las mezclas bituminosas reac-
cionan viscoelásticamente y son susceptibles a
la temperatura. El informe recomienda que el
diseño de las bases estabilizadas con betún
dependa de la estabilidad de la mezcla, y
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compactage. Un excédent d'eau augmente la
lubrification des agrégats de matériau granuleux
après les délais de compactage, avec une
augmentation subséquente de la densité sèche.
L'excédent d'eau améliore les caractéristiques
des mélanges sols-ciment à grains fins qui sont
compactés immédiatement en augmentant I'hy-
dratation du ciment.

Le huitième texte est tiré de Bituminous bases
and surfacings for low-cost roads in the tropics
(Bases et revêtements hydrocarbonés pour rou-
tes économiques des tropiques, Transport and
Road Research Laboratory, U.K., 1977).ll décrit
des essais expérimentaux à grande échelle, ap-
puyés par la recherche en laboratoire, qui ont
permis de proposer des critères de réception
pour les couches de base en sable stabilisées
avec un liant hydrocarboné pour les routes à
circulation faible ou moyenne. L'emphase est
mise sur le fait que la réussite du traitement aux
liants bitumineux dépend de la sélection appro-

priées de la classe et de la nature de ce liant. Le

choix du porcédé de stabilisation lui-même im-
plique I'examen d'autres facteurs tels que le
genre de matériau et de traitement, la fabrication
et les conditions climatiques. ll est noté que les
valeurs CBR minimales après imbibition qui sont
normalement utilisées comme critères pour le
traitement à la chaux ou au ciment, présentent
des problèmes dans le calcul du traitement aux
liants bitumineux. Ceci provient du fait que ces
materiaux bitumineux sont susceptibles, c'est à
dire que leur viscosité varie en fonction de la
température. Le calcul des bases stabilisées
aux liants bitumineux dépend de la stabilité du
mélange. Ce rapport suggère comme valeurs
minimales pour les routes à faible circulation:

Stabilité Marshall à60' C .... 100kg
OU

Stabilité Hubbard-Field à 60'C ...300ks
Le neuvième texte, Performance Study of



features, such as material type or treatment,
plant, and environment. lt notes that the
minimum soaked California Bearing Ratio (CBR)
values, normally used as a criterion for lime and
cement stabilization, present problems in the
design of bituminous soil stabilization, This is
because bituminous mixtures behave viscoelas-
tically and are temperature susceptible. The re-
port recommends that the design of bituminous-
stabilized bases depend on the stability of the
mixture and suggests these minimum values for
lightly trafficked roads:

Stability, Marshall at 60'C . . . 100 kg
or

Stability, Hubbard-Field at 60'C . . . 300 kg

The ninth tex|, Performance Study of Asphatt
Road Pavement with Bitumrnous-Sfabitized-
Sand Bases, was published in Transportation

Research Record 641 (Transportation Research
Board, 1977).lt describes the construction of an
experimental road using aeolian (windblown)
sand stabilized with bitumen material as a base
course. Several bituminous stabilizers were
used, i.e., two cutback bitumens, a cationic
bitumen emulsion, and cutback tar. The cutback
bitumens and the emulsion were each incorpo-
rated in at least two different percentages. Also,
a 15 percent (by volume) calcareous filler was
added to the windblowrl sand before addition of
the bituminous binders in some of the test sec-
tions. The setting up of the bitumen-sand mix-
tures on the road was studied over a period of 2
years under a light sand seal before a 30-mm-
thick asphalt-concrete surface was placed.

The text describes (a) the details of the exper-
iment, (b) the materials used, (c) the techniques
of construction, (d) the laboratory control during
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sugiere los siguientes valores mínimos para
caminos con volúmen liviano de tránsito:

Estabilidad, Marshall a 60' C 100 kg
o

Estabilidad, Hubbard-Field a 60" C . 300 kg

El noveno \exIo, Pertormance Study of Asphalt
Road Pavement with Bitumrnous-Sfaþilized-
Sand Bases (Estudio de rendimiento de
pavimento de asfalto con bases de arena es-
tabilizadas con betún), fué publicado en Trans-
portation Research Record 641 (Archivo de ln-
vestigación Vial 641, Transportation Research
Board, 1977). Describe la construcción de un
camino experimental utilizando arena eólica
(soplada por el viento), estabilizada con material
bituminoso, como capa de base. Se utilizaron
varios estabilizadores bituminosos, es decir, dos
betunes fluidificados (cutback), una emulsión

bituminosa catiónica, y alquitrán fluidificado. Los
betunes fluidificados y la emulsión fueron incor-
porados cada uno en por lo menos dos porcen-
tajes distintos. Además, se añadió un relleno
calcárea de 15/" (por volúmen) a la arena eólica
antes de añadir los aglutinantes bituminosos en
algunas de las secciones de ensayo. El esta-
blecimiento de las mezclas de betún-arena
sobre el camino se estudió durante dos años
bajo un sello liviano de arena antes de colocar
una superficie de asfalto-hormigón de 30 mm de
espesor.

El texto describe (a) los detalles del ex-
perimento, (b) los materiales utilizados, (c) las
técnicas de construcción, (d) el control de
laboratorio durante la colocación de las capas
de base experimentales, (e) los estudios de
campo realizados después de completarse la
capa de base y después de la colocación del
pavimento, (f) las conclusiones hechas al final

Asphalt Road Pavement with Bituminous-
Stabilized-Sand Bases (Etude du comporte-
ment des chaussées en asphalte avec base de
sable stabilisé aux liants hydrocarbonés), fut pu-
blié dans leTransportation Research Record
641 (Transportation Research Board, 1977). La
construction d'une route expérimentale dont la
couche de base est faite de sable éolien stabi-
lisé aux liants bitumineux est décrite. Plusieurs
stabilisants bitumineux ont été utilisés: deux bi-
tumes fluidifiés ou cut-backs, une émulsion ca-
tionique et du goudron fluidifié. Les cut-backs et
l'émulsion cationique ont été réspectivement mé-
langés à au moins deux dosages différents. De
plus, dans certaines sections de la route, on a

ajouté 15 pour cent (volume) de filler calcaire au
sable éolien avant I'adjunction des liants bitu-
mineux. Le comportement de prise des
mélanges sable/bitume recouverts d'une mince
couche de sable, a été étudié pendant deux
ans, avant la pose finale d'un revêtement de 30
mm de béton asphaltique.

Le texte décrit (a) les détails de l'étude, (b) les
matériaux utilisés, (c) les méthodes de construc-
tion, (d) les examens de contrôle au laboratoire
pendant la construction des diverses couches
de base expérimentales, (e) les études sur le
chantier après la construction de ces couches
de base, et aprés avoir revêtu la chaussée, (f)
les conclusions de cette étude, et (h) l'extrapola-



the laying of the experimental base courses, (e)
the field studies carried out after completion of
the base course and after the placing of the
pavement, (Ð the conclusions drawn from the
study, and (h) the extrapolation of performance
results to heavier traffic conditions.

The construction method, known as the wet-
sand process of bituminous stabilization, in-
cluded the addition of water to the sand and
sand-filler blend before the additon of the binder
to increase the density and shear strength of the
finished product. The arbitrary compaction of
this wet sand (moisture content approximately
10-12 percent before stabilizing with binder)
also improved the inherently poor stability of the
dry sand. As a result, the stabilization plant was

able to move over the sand bed at the required
speed without undue slippage. The optimum
condition for compaction of the stabilized mate-
rial was determined by means of a vane-shear
apparatus.

Bibliography

The selected texts are followed by a brief bib-
liography containing reference data and
abstracts for 24 publications. The first nine de-
scribe the selected texts. The other 15 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

del estudio, y (h) la extrapolación de los resul-
tados de rendimiento a condiciones de tránsito
de mayor volúmen.

El método de construcción, que se conoce
como el proceso de arena mojada de es-
tabilización bituminosa, incluye la adición de
agua a la arena y la mezcla de arena-relleno
antes de añadir el aglutinante, para aumentar la
densidad y resistencia al esfuerzo cortante del
producto terminado. La compactación arbitraria
de esta arena mojada (cuyo contenido de
humedad es aproximadamente 10-12 por ciento
antes de la estabilización con el aglutinante)
también mejoró la estabilidad pobre inherente
de la arena seca. Como resultado, la planta es-
tabilizadora pudo trasladarse sobre la base de

arena a la velocidad requerida sin excesivo res-
balamiento. La condición óptima para la com-
pactación del material estabilizado fué deter-
minada por medio de una veleta.

Bibliografía

Los textos seleccionados son seguidos por una
breve bibliografía que contiene los datos de re-
ferencia y abstractos para 24 publicaciones. Los
primeros nueve describen los textos selec-
cionados. Los otros 15 describen publicaciones
que se relacionan a ellos. Aunque hay muchos
artículos, informes, y libros que se podrían nom-
brar, no es el propósito de esta bibliografía con-

tion des résultats obtenus à des conditions de
circulation plus intense.

La technique utilisée pour la construction,
connue sous le nom de "wet sand process"
(procédé au sable humide) demande I'adjunc-
tion d'eau au sable et au mélange sable/filler
avant I'adjunction du liant pour augmenter la
densité et la résistance au cisaillement du maté-
riau final. Le compactage, arbitrairement décidé,
de ce mélange de sable humide (teneur en eau
d'à peu près 10-12 pour cent avant stabilisation
avec le liant) améliora aussi la stabilité, plutot
médiocre, du sable sec, et permit de pouvoir
faire avancer l'enrobeur automoteur-auto-
chargeur à la vitesse désirée sans que les roues

glissent à vide. La conditìon optimale de com-
pactage du matériau stabilisé a été determinée
à l'aide de l'appareil à palettes.

Bibliographie

Les textes choìsis sont suivis d'une brève biblio-
graphie contenant des données de références
et des analyses de 24 publications. Les neuf
premières décrivent les textes choisis. Les au-
tres quinze décrivent des publications apparen-
tées au thème des textes choisis. Bien qu'il y ait
beaucoup d'autres articles, rapports et livres qui
pourraient être inclus, I'objectìf de cette biblio-
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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,

tener todas las referencias relacionadas con el
tema de este compendio. Contiene únicamente
aquellas publicaciones de las cuales se selec-
cionó un texto o las publicaciones básicas que
se hubieran seleccíonado si no hubiera un límite
al número de páginas para este compendio.
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graphie n'est pas d'énumérer toutes les référen-
ces possibles ayant rapport au sujet de ee re-
cueil. Donc, celte bibliographie, telle qu'elle, se
rapporte seulement aux publications dont nous
avons choisi des extraìts, ou aux textes de base
que nous aurions choisis aussi, s'ìl n'y avait pas
de limites quant au nombre de pages de ce re-
cueil.



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

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

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

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

*Some pages (or parts of pages) in this part
of the original document appear in the

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

Los números de página del texto original apa-

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

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

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

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

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

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

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

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



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

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

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

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

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

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

"*Todas las páginas en esta parte del docu-
mento originaltambién aparecen en eltexto
seleccionado.

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

cos en el índice de las publicaciones respecti-
VAS.

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

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

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

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

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

Les lignes brisées sur les pages des textes
choisis indiquent les endroits où le texte original
a été omis. A certains endroits, les textes choisis
contiennent des explications qui ont été
insérées par notre personnel. Ces explications
sont entourées d'un encadrement en pointillé, et
commencent toujours par le mot NOTE.
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NO?E: The deleted material does not
pertaín to chemic al stabilí z ation.

4.4.2.3 Stabilísed soil (cement, lime and bitumen)

Soil stabilisation offers one of the best forms of base construction
for use in tropical and sub-tropical countries. A wide variety of
soils may be used. Apart from organic soils and some other rather
rare soils that because of chemical contamination react unfavour-
ably with cement and lime, the only physical factors limiting the
use of soils for stabilisation are:

(i) that it must be possible to break the soil to a fine tilth in order
to mix in the stabiliser, and

(ii) that the soil should have an adequately stable grading.

A suitable criterion is that the coeffìcient of uniformity should
be greater than 5 and preferably greater than 10. The coeflìcient
of uniformity is the ratio of the sieve size through which 60/s
of the material passes to the sieve size through which 10/o of the
meterial passes.

The important characteristic of stabilisation rvith cement and
lime is that the relatively high strengths that may be obtained with
dry compacted soils are retained by the mixtures when they be-
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co¡lte wct. The mixturcs. particuhrly r.irh ccnlcnt, may attain
stre'gths considcrably in exðcss ot'rhoie of thc conrpacted áry soil.
Hieh strengths arc not nc-cessarilY an adr.¡¡rtar¡e'sincc thcv are
acconrparric:d by' shrinkage ancl cr..:king to relic.ri. i¡rtcrnal ,t.ärr.r.
Thus the pro¡lortion of ce¡'crt or li¡'è requiretl uornrallv ra'ses
t'r*u'ccn 3 lnd 7o,, by rvcieht of thc dry soil.l0

with li¡ne stabilisatio', clay minerais are necessary in the soir
for the stabilisarion reacion to proceed. A usetìrl n'o.'king li¡nit is
th¡t the soil should conrei' ,rt lcist l5oro oitrncs passine thË'425 ¡rrn(IlS. 36) sievc ar¡cl have a plasricity indcx oiar lcast lÒo,o. Ccnicnt
mav be u¡e{ to sr¡bilise both plasric and non-plastìc soili

The suitalrilitv of soils for srabilisarion s'irh ce¡nent or rime is
judgcd on the resulrs of laborator)' tesrs. The simplest test is e
sirnple wetting and drying resr ro judge *'herher mìxtures retain
their strc¡rqth rvhen rveted. Quite usõtul resulrs can be obtained
by subjective assessment usine hand and e ye. Â form of this tcst
has been recommcnded by thi portland Cer'ent .A,ssociation and

-r9optg4 as. standard by the American Society for Testing and
Materials.l I

In testing the strength of stabilised soils the c.B.R. test is widelv
used for tesrirrg.gr_avelly soils *'hcreas the unconfined cornpression
test is often used with finer textured soils. Both tests are oftån made
at an age of se'en days cornprising thrce da's moist curing follorved
b1'.four drys imnrersion in rvatãr. Since rhe strength oistabilised
soil nlixrures is criticalli' dependent on remperatu're, rvherc strict
compa.rability betlveen results is needed thè temperature should
be rnaintained consrant (+ 2'C) during rhese sèven days. The
curing temperarure se_lccted in tropical countries *'ill norrnally be
bciwecn 25"C and 35oC, the preciic level bc'ing that at which'it is
po^ssible to ¡naintain an evcn iemperature in a Iaboratory without
refrigeration.

Guiding criteria for laboratory tests are as follows:
(a) C.B.R. 'fc.ç¡. A.C.IJ.R. vaiue of B0-1009i, at thc dcnsity to

which thc soil will bc cornpaced in rhe fic'ld.
(b) Uncon-fitted Cotnpression Tist. Critcria arc nrore uncerrain

.lVing probably' bctrvccn 350 and 1700 kN/m2 (50 and 250
lb/in2) with the samc qualitìcario¡r on rhc denìity of test
spccirncns. Fig. 4.3 shorvs r2' r3 rhc rclatio¡r bctwec¡i C.Il.R.
ancl unconfined conrprcssivc strengrhs for a rvide range of
soils and it is suggu-stcd that thc unconfincd comprc*ssive
strcngrh rcquircmcnt for the differcnr soils can bc takcn as
that corrcsponding to a C.B.R. of 1001o.
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In all but very dry areas it is important to examinc thc effects of
moisture on thc stabiliscd materials by testing specitnens that have
been immcrsed in water. Specimens should be prepared at the
maxi¡num dry density obtained in the BS. compaction test,
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F¡c. 4.3. Rclation betv¿n C.B.R. and wtr.\tltÅc.l co,nprcssive strcn¿thJ'or soíkcnent mi-utu¡cs.

2'5 kg (5'5 lb) rammer nrethod since this is usually close to the
density achieved in the field. Altematively, a series of tests at a

range of densities should bc r¡ndertaken so that the strength at
field density' mav be intcrpolated.

The stabiliser content i¡rdicated from the test mav have to be
adjusted frorn a knou'ledce of horv etlbctivelv the stabiliscr rvill be
spread ancl nrixcd u'ith the soil in thc tield. With hand sprerding,
amou¡rts of cement oiless than 8 kg/m2 (15lb/yd'?) or oflrydrated

o Sond
A Silty sond
o Sondy ctoy
a Heovy ctoy
A Concrêlronory
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lime of less than 6'5 kg/-t (lzlblydz) for a 15 cm (6 in) thick base
are diffrcult to distribute unifbrmly.s With most soils the stabiliser
requirement will be of the order of 11 kg/m2 (20 lb/yd2) for a
15 cm (6 in) thick base and amounts exceeding 16 kg/mz (30lb/ydJ
are usually uneconomical. To perform the mixing operation
effectively, plant should be capable of pulverising the soil so that
75o/ooîa,ll material other than stone or gravel will pass the 4'75 mm
(*r i") sieve when mixing is completela. If soils mixed with these
proportions of stabiliser fail to harden satisfactorily they are not
necessarily unsuitable for stabilisation. It may be possible to over-
come the difñculty by modifying the stabilisation process and ex-
pert advice should be sought.

Bitumen finds its main use in stabilisation with sandy soils. Its
function is in supplying the cohesion that is lacking in such non-
plastic soils. Best results in the field are achieved with well-graded
sands in which the proportion of material passing the 75 ¡rm
(BS. 200) sieve does not exceed iO!/o and is non-plastic. The
cheapest method is to employ the sand'"vithout drying or heating.
In wet areas this is accomplished by using up to 2ofo of hydrated
lime as an adhesion agent in conjunction with a cut-back bitumen
containing special acids to react with the limels. In dry areas
where the natural moisture content of the sand is low, a normal
cut-back bitumen or bitumen emulsion may be used. With some
sands, it may be necessary to use heated sand with a harder bitumen
to obtain sufiìcient stability.

Generally the proportions of bitumen required range between
4 end 60/ by weight of dry sand, the higher proportions being
necessary with fine sands. Recent experience has indicated that
with well-graded sands, adequate cohesion and stability may be
obtained with bitumen contents as low as 2ofo.ro

All stabilised soils require the protection of a bituminous sur-
facing. If not so protected, they are likely to be rapidly abraded by
trafiìc. With cement- and lime-stabilised soils the first bituminous
treatment is generally a prime-coat of fluid cut-back bitumen.
This prime coet may also function to assist in the curing of the
stabilised soil by inhibiting the evaporation of moisture.

NOTB; Text deleted for contínuíty.
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6.4 SHAPING

The riding quality of a road surface depends on the smoothncss of
the upper surface of the pavement and it is this quality which
determines the comfort or discomiort experienccd by the road
user. A poorly finished surface gives an uncomfortable ride, in-
creases the maintcnance cost both for the road itself and for the
vehicles travelling over it and increases hazards bv allowing puddles
to fon¡r during periods of rain.

Although shaping is desirable at all stages of road construction,
particular attention should be given to the shaping of the surface of
the subgrade, sub-base, base and surfacing la1'er. In road-building,
succeeding layers are placed in a loose state on top of the pre-
viously compacted layer and any inequalities in the depth of loose
material placed leads to an uneven surtãce. Rectification of this
unevenness is often a time-consuming operation and in many
instances is rvasteft¡l of material, since it is thoroughly bad practice
to attempt to scrape offth.'high spots and distribute the material
in thin lay'ers in the hollorvs, especiallv on base layers. Such thin
la¡'ers of material do not bond eñèctivelv rvith the mass of the base
layer and will subsequently 'peel otf under traffic.

Thin bituminous surfacings are the norm in developing coun-
trigs and the riding quality must be built into the base layer. Thc
motor grader is rvidely used to shape natural gravel and soil
rvhether stabilisecl or not and is rapidlv superseding manual
methods. With harsh base materials of large particle size, such as

cmshed stone, spreading ma1'be carried out b)'spreader boxes or
by paver, but hand finishine ¡nav srill be needed.

The motor gracler is virtuallv irrdispensable norvadays both
for road construction and for mai¡rtenance, its uses rangirrg tìonr
spreading and shaping pevenrcnt and e¡nba¡rkmcnt la1'ers. a¡rd the

'triÍnrning of cutting and e¡rrbankment slopes, to the digging of
ditches. A skillcd opcrator is csscntial n'hen high sta¡rdards oifìnish
are required and unskilled operation can appreci:rbly dirninish its
usefulness.

In torvns and cities, road surtãces nrust gencrally be fìnished to
precise levcls in rclation to t,ootp:rths and adjlccnt propcrtr'. On
rural roeds the surface nrust bc built to prc'cise lc'vels on bridgc
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approachcs;elscs'hcrc it is ofno qrcat co¡ìsequencc if fi¡r¡l surf¡ce
levels cliflèr by' 5 to 7 cm (2 or 3 in) fro¡n rhe design levcls. The in¡-
portant co¡rsideratio¡t is to provicle e true run¡ring surtàce of good
ridi¡re qualitv and rvith rhe correct ca¡nbcrs and superelcvation on
bends. Sta¡ldards of irnish for rhe ditlèrent layers of co¡rsrrucion
are inclicetcd in Table 6.1. These standards are nor diñìcult to
achieve a¡rd, if thel' arc conrbined rvith aclcquate design a¡rd care
in conrpactinq the ditlèrc'¡rt lavers of construction, lvill provide
roads thar keep a goocl riding quality for urany years.

Table ó.1 REcoi\TMENDED srÀNDÀRDs oF F¡NtsH oN p^vEÀtENl L,ìyERs

Surþcc oJ'layu

.\f¿.rir¡r¿r¡ dcprcss;on rrdcr J nr (f0 ft)
straight-cdge

mm in

Subgrede
Sub-b¡sc
B¿sc

Llase u'ith thin bitrrnti¡tot¡s surfacing

fless than 25 nrrn (t in) thickl
Surfacing

50
25

l3

)
I
I

¡
*

On roads with the single or multiple bitumi¡rous surfacê
dressings generally used in developing countries, parricular care is
necessar)¡ in shaping thc surface of the base.

The follorving technique has been used successfully on sravel
bases. The spread and processed loose la1'er of material is shaped
before conrpaction starts. The initial compacring passes are given
by light rollers, pncunìatic-tyred rollers operating at low tyre
pressures being verl'suitable, so thar rhe surface of the layer is not
distorted. Compaction by heavv rollcrs follorvs and then the final
grading (sometimcs called scalping).4 Lastly a coverage with a
smooth-wheeled roller is given to close rhe surface. Using such a
sequence of operations, surface finishes comply'ing rvith the above
rccour¡nendations can be consistently attaineds.

6.5 COMPACTION

The aims in conrpacting soil and other ¡rraterials in road building
are:

11
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(a) to increase the strength of the nraterial and thus obtain the
best use from it as a component in the road structure,

(b) to reduce rvithin tolerable limits subsequenr compacrion
under traffic, i.e. to prevent the road structure frorn being
distortcd and possibly darnaged by differential compactioñ
under traflìc.

The process of compaction consisrs essentially of packing the
particles of scil or other nraterial closer togcther and expelling air.ó
Compaction is measured quantitatively in terms of dry density,
i.e. the rveight of solid material per unit of bulk volume.

The state of compaction achieved is detc'rmined by the emount
and character of the energv applied and the moisture content of the
material. lVith a given cornpactive effort there exists for each soil,
as shown in Fig. 6.4, a moisture content termed the 'optimurn
moisture co¡ìtent' at rvhich a maximum dry density is obtained.
As the compactive cffort increases so the nraximum density is in-
creased and the optimuur moisture content decreases. The effects
of rnoisture content on cornpaced density can be appreciated by
considering the rvater as a lubricant. As the moisture contenr in.
creases, the lubrication given by the water causes the soil to soften
and beconre more rvorkable. 'Ihis resulrs in higher dry densities
and lorver air contents. As the air content becomes less, the water
and air i¡l conrbination tend to keep the particles aparr, and pre-
vent any appreciable decre¿se in air content. The total voids,
holever, continue to increase rvith the moisture content, and
hence the dry density of the soil falls.

An essential feature of the compecion process is thus to adjust
the r¡roisture conte'nr of the material so thãt the compacting plant
can bc fullv effective. Soils as thel'arc obtaincd from tlie excñãdon
ma1' contiin sulTicicnt moisturé for compacrion. It is imporrant
for.conrpaction to be done before dry'ing takes place. Wlrh ex-
pericnce, squeezing a lunrp of soil in rhe hand can þrovide a sirnple
test to i¡rdicate rvhether the material to be cornuactcd is in a
nroisturc corìtcnt ranqc suitablc. for cornpaction.{.'5 At thc' opti-
nrunr ¡rroisture content, the lump so fornred can be broken into
tu'o pieccs s'ithot¡r crumblinq y'et it is nor sulÌìciently plasric to
squccze bets'ce¡r the fineers or more than ligirtlv stain the hands.
The data fror¡r standard spc-cimens nrade i¡ithe laboratorv are a
better guiclc'. With experie'ncc, the ¡noisrure conrenr of soils-can bc
co¡rtrollccl rvithin quite close limits b1'such nrethods. In addirion,
regullr nrcasr¡r('rne¡rts of thc clcnsitics achicved shot¡lcl be nlade so
that consistcntll' high str¡¡drrds of cornpactio¡r will bc. achicvcd.ó
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Snrooth-'n'hceled, pncu¡llatic-tvrcd, vibratirrq lncl shccpsfoot
rollcrs are conunonlv uscd on roacl s.orks. On l,rrge c¡ntxnk-
nrcnts ou rvhich hcavi'cr¡uiprrrent is r¡sc'd this crluiprn.nt rrlo¡re car¡
otìcn sive suÍficicnt .ontp".iion providc.d ir is rourcld sr.stcnratically
ovc'r thc rvhole arca bcing constn¡cted.

The various types of roller operate most ctlèctiycll' under
dillerent condirio¡rs but all are capãble of achieving eood-states of

-o
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F¡c. 6.4. Efect of diffetent amounts oJ rcmpaction on ùy density oJ'sandy day soil.

cornpaction on a rvide range of materials. Smoorh-rvhceled and
oneumatic-tt'red rollers are ali-purpose pieces of plant alrhough
the heavier vibrating rollers can no!\' be considered in this categoiy
also. Vibrating plates, grid and sheepsfoor rollcrs and rhc lighrei
vibrating rollers are iess versatile but it is ahvays rveil rvorrhwhile
to mrtch the cornpaction planr ro the job in hancl cspecially on
large works wherc ¡naximum economy; can accrue.
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Data arc available indicating thc performa¡rce of compaction
c<¡uipnrent with ditferent soils and base materials over a range of
¡¡ioiiturc conditions. ?' 8' e' r0 Fig. 6.5 shorvs typical compaãtion
curvcs for commonly used itcms of compaction plant compactillg
a plastic clayey soil and a well-graded gravel-sand-clay base
¡¡raterial. In general terms smooth-whceleci rollers are most usefïl
in clricr conditions compacting material spread in thin layers and
for surface finishing operations; pneumatic-tyred rollers are more
appropriate in wetter conditions and on thicker layers, and the
selÊpropelled variety is espccially useful in compacting bituminous
surf¡ce dressings. Vibrating rollers and plates are seen to advanrage
on rnore granular well-graded materials, particularly on base
courses. Over-stressing of the lal'er being compacted should be
avoided; rvith well-graded ¡natcrial the range of moisture conrent
can be critical and a spongy unstable condition can develop if it is
cxcecded.e With uniformly-rradcd cohesio¡rless soils cornpaction
pressures ¡nust bc lou' initially and be increased graduallv as the
bearing capaciry of the material iinproves.

In rvorks of an1' magnitude rigorous control of the compaction
process is ahval's desirable and in-situ density determinations,
norrnally using the sand replacement method, are added to the
sirrrple control tcclrniqucs outli¡rcd above. 1l' r2' 13 More rapid and
sophisticated methods of measuring clensity and moisture contenr
arc at present being dcvelopecl using radioactive sources. Partrcular
care is requircd in calibration iithese methods are ro give accurare
rcsults¡4. The required state of conrpaction is normally specificd
relative to a laboratory cornpacrion tesr. To obtain a reliable
average value of the dry densitl' achieved, at least Ç10 in-situ
dctcrminatio¡ts ¡nust be made and the laboratory' conlpaction test
must be carricd or¡t on ex¡ctl,v the s:¡me material. With unstabilisecl
materiels this is easily achieved sincc the laboratorl' rests can be
carriecl out on the soil extracted from the density holes.

The anrount of testing requircd ro conrrol the densiry will be
determined b1' the ¡rraqnitudc of thc ç'orks and b1'the naturc of the
ntaterial and its position i¡r the ro¡d structure. To deterrnine a
rcliablc'average fisure, *rrrrpling points should be' co¡rfi¡red to an
area rvhere ¡naterials arc substantially the sanre ancl rvhich has been
strbjccted to the sanre construction ,.qtr.n.", unclcr sinrilar wc-athcr
co¡rditions. For example, on srabilised base construcrion, in-
dividual arc'as proccssecl rre conrnronly about 100-300 m (1ü)-
3m l4) long and in each such ¡re¡ rhc averaqc srare ofconrpaction
s'ould be dctcrrni¡lcd. About six dr¡' density ãeten¡rinrtio¡ri rvould
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bc appropriatc for.the smallcr areas, increasing to ten on thc larqcr.
Sinrilarly, on earrhworks the ¡narcrial placcã daily would oitcn
lìrrnl a t¡sctul unit for mcasurcrncrit but on largc contracts fivc drv
dcnsity- dctcrminations for every 765 mr (iOO0 cu. yd) placcá
rvould bc appropriatc. ta

-Of 
greater imporrance than the amount of testing is the location

oftest p.oints. While the location of these at chainagJpegs is admini-
stratively simplc it is liable to lead to optimistic reiulis, sincc the
pattern o.f testing will often result in greãter care being raken r.,,irh
compaction at the knorvn test locations. Test points sliould, thcre-
fiore, be selected ar random; simply drar.ving or casting lots for test
locations would be quite appropriate.

ra br e 6' 2 
^ "' i"iïJlJïî:: ïl ;iffï åì:îl?..åH f å ì sBE 

c o N s r srEN rL y

Desuiption ol'layn

Earthrvo¡ks and subgrrdc's
BS. 1377, 1967. Test I I
and ASTM-D. 69fì-6-lT

B¡se and suFbasc lal.ers:
Granul¡r and limt'-

stabiliscd ¡nateri¿ls

Cemclrt- stabilii€d
matcrirls

BS. 1371, 1967. Tcsr I I and
ASTM,D 69&ó.+T

BS. 137/, 1967. Test 12 and
ASTM.D. I557-647

ASTM.D. 55&57

r Â rc rr gc rclrti vc co m p¡( o on E #fi i,l*#*#.î,*, #,]# *. ._,

A1¡'i.th all operation, i, i, .rr.,r,irl ;;;. tevels of compacion
specified are realistic and rhe rolerances required for worË in the
field recogniscd. -Table 6.2 su¡'marises thé stares oi conrp:ìcrion
that are.conrrnonly.specifred in paveme¡ìt a'd subgradc layers and
which ha'e bcen shorvn to be attainable in praòtice i¡r clinrates
ranging fro¡n r¡roisr temperare to arid tropicàI. It is particularly
irnportanr ro recogr-risc that *'irh cenrent-sribilised ¡narc'rials. dclaí
be-t*'et'n rrrixi.g a'd cor'paction rrral' rcstrlt in lo*,cr vahlcs oî
rclarive corlrprcrion bei'g ôbtainecl than rvoulcl be expected rvith
the same soil *'irhout stabiliscr.ls Sta'dlrcl laboratory corrrp,rctio.
tests nraking allorvance tbr this phcnonreno¡r are aúailablèr2 and

95 (uith moisrurc control)
85 (without moisrure control)

t00
or
95

95
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provide a ¡neasure by s'hich the state of cotnpaction of cenrent-
stabilised materi¡ls can be judged.

6.6 QUARRIES, DRILLING, BLASTING AND
CRUSHING

Stone is needed at some stacc in al¡rrost all f-or¡ns of road con-
struction and potcntial quarrv sites rvhich can provide the quan-
titics requircd should be located at an early staee. Geological
survevs rvill be of assistance in locati¡rq stone clc'posits and indicating
the t1'pe of rock likel,v to bc available. A nerv quarr)' should be
carefrrlly planned to take full advantacc of thc terrain in construct-
ing access roads and siting crushing and associated plarrt; ditlbrences
in levels can provide gravitl' loading oi the quarr)' proclucts.
Overburderr and debris should be cleared from rvorking areas and
all-u,eather access provided.

Quarry operation requires skilled personnel and careful adher-
ence to safetl' regulations. Drilling is nornralll' done b1' rock drills
operated by compressed air. Improved performance of operation
rvill be achieved by the use of tungste¡r carbide bits ri'hich should
be kept correctly sharpcned. Modcrn blastinc techniques using
short time delay fuses, the delay being of the order of 10-1000 ms
(1 ms : 0'001 sec), enable large quantities of rock to be broken
out u'ith good freqnrcntation atrd nri¡ri¡nut.¡r qrot¡nd clisturbance.l6
Blasting rvith short time delay fuses enables a large number of
charges to be blasted virtually simultaneousll', thus producing
sufiìcient rock to rnatch the rveckly output of the quarry. Earlier
methods of blasting involved the intermittent firing of snraller
numbers of charges rvith considerable delay' to other operations.

After blasting, the rock is crushed to sizes required on the road.
The size and t1'pe of crushing plant rvill depend on several factors:
the type of rock, the amount rcquired and the specified gradings.
The output of crushing plant should be asscssed bearing in mind
the amounts of stonc likcly to be required;too large a plant will
involve heavy capital expenditure and only operate for short
periods; too small a plant, horvevcr,'*'ill be unable to meet re-
quirerncnts on schedule and work may' rvcll be delayed.

Thc minirnunr rcquirernent to produce chippings of reasonable
shape and size is a plant with t'À¡o-stage crushing, the first to reduce
block stone from 2G-30 crn (9-12 in) to 5-8 cm (2-3 in) and the
second to procluce chippings fronr thc 5-8 cm (2-3 in) stonc. Thc

17
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crushed stone will be stockpiled prior ro use on the road and care
should be taken to avoid rnixing rhe various sizes and contarnination
with soil or other materials. Every effort should be madc ro rcmove
the dust from crushed stone rvhich is to be uscd for bituminous
surface treârmenrs. Even a small quantity ofdust can affccr adhesion
betwcen the stones and bitumi¡tous binders.

6.7 STABILISED SOILS

6.7.1 spRE¡q,DrNG AND MrxrNG oF STABILIsED sorls

Road bases consistins of natural gravels or soils of lor.v plasticity
and stabilised u'ith srnall proportions of cement or hy'dráted lime
have been describ.ed previousll'ancl are'"videly used in developing
countries, especially in tropical and sub-tropical areas. Uii-in-
place methods are generall;- used to incorporate centent and lime
into the natural soil. Mix-in-place may be uscd with birumen but
prenrix plants are rnore cornmonlv used.

W-hen the mix-in-place method is used, the required amount of
stabiliser is spread on the surtace of the soil to be stabilised and then
mi-xg,f in. In the prernix method, the correc proportions of
stabiliser and soil are ¡nixed and then laid on the subgrade ro rhe
reqrrired depth.

6-7 .1.1 Spreading or proportioning the stabíliser

In nrix-iñlplace co"struition the br_qr?."-enr or hvJrated lime
are. sported- on the lavers of soil to be processed, split open and the
stabiliser distributed or.er rhe surtäcl by hand- 1nig. O.O). ft is
essentia.l that ¡hìs spreading.shoulll be carried out circfully since
any lack of unitor¡rrity rvill be refleced in the finishccl bascl.s Bas
sootting should be arranqcd so that each b:rs is locatei r, ,rr. ..u,.Ë
of a'arca rvhich is as ne¿r a sq'are as prrctìcable a¡rd t,or thc usual
quantitv of stabiliscr, I I kg/m2/15 c¡ri basc thickncss (20 lbli'd3/6
in basc -thicknes$, this is achieved rvith bags spotted in ihree
longitudinrl ro\\'s on a 6 m (20 ft) rvide carriagcu.ar'. lVherc bulk
supplics-of srabiliscr rrc. avaihblc a ¡ncchanicãl spic:rder is oticn
usccl a¡rd recerlt rcscarch has shown thr¡t ¡rrcchanic'al sprcadcrs crn
sFrcatl lorv proporrio¡¡s of cer¡rc'nt a¡rcl hvdr:rted lirlrè r¡rorc uni-
t-ornrll' th,r¡i ¡rr¡¡lt¡rrl urcrhods.{ Whcrc bitt¡nlinous bindcrs arc.
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bcirrq uscd thcse arc norttralll' lp¡rlicd throtrgh thc rltcterecl systctn

oi spccirlist'cl n'rixing plirnt.
Úith pl.trr-nrix. rvcigh-batchinc of thc soil is ust¡al. Ce¡lrent ¡nd

li¡ne are sup¡'licd in bags ot kttou'¡r rveiqiìt at¡d bittlntc¡t is pro-
portioncd tri' cithcr rvcight or voluttrc. lt is essc¡ltial th;¡t a close

iheck is kcpr on the quantitie s oistirbiliser usccl b¡'reqt¡l¡r checking
oi the inr'óiccs and stocks, so that rlo gross proportioning error is

overlooked.

6.7.L2 lv'Iixing oJ the stabiliser and soil

Where soils are friable and tìec-florving at the moisture colltent
prevalent i¡l thc fìcld little or no pulvcrisation is required.^The
ãescription of soils as frce-llorving, tliotrrth qttalitative,. is fairly
ciear.'lt depends on the conlbinecl c'l'iècts oi the plasticity and

grading of ihe soil and the prevailing ¡noistttre conditions.- 
The þroduct of the piasticitv index and the perce-ntage- pasing 

.a
125 pni (BS. No.36, ASTM No.40) sievc can usefully dcfine soil
properties for this purposc. Where the procluct does not exceed

1OOC), a widc range of plant has been found to be effective i¡r
mixing these soils;s this range includes agricttltural plant which
efrects nrixing b1' tumbling tire constituents over and over (e-g.

agricultural disc harrorvs ancl ploughs and notor graders) in
.ãdition to specialist machincry such as single or rnulti-pass
machines olthe rotavator or pugnrill t1'pe. (Fig. 6'7)'

In rnix-in-place using ce¡rient or hvdrated lime rvith heavier
plastic soils, pirlverisatioì of thq soil becomes more. irnportant and

machines of ihe rotavator tyPe rvith a positive shredding action are

needed. Evcn rvith these it is usualll' not practicable to stabilise a

soil rvhere its liquid limit and plasticity index exceed 50 and 30o/e

respectivcll'.1? I-lowever, the friable red clay soils comnron. in
tropical areas have bee¡t sttccessfulll' treated although excceding
theie limitsrs. In any' givcn itrstalrce, thc quality of pulverisation
attainable can be checkèd by sieve analvsis and a common require-
ment is that soils should be pulverisecl until 75oio of all ma^terial

other than storle or gravel pìrticles .,vill pass a 4'75 mm (1þ'in)
sieve. le

Water is normally added to soils being stabiliscd rvith cement
and lime after some initial nrixing Passcs of the clry soil and

stabiliser, *'hen nrulti-pass mixiltg methods are ltsed. With agri-
cultural plant, water is-spraycd on the stlrface from borvsers, but

19
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FIc. 6.ó. Spreading æmen! lront ba¡s Jbr a stabilísed road base. Sierra Leone

F¡c. ó'7. rfr.tirrg ren'rr-stabilistd road lr¿s¿ r,irå a mnltí-pass rli.r'rq marlrirre. Kcnya.
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t1'p*tp*y-the moietu¡è-required-in¡o r nrising cltrttrbcr' s'hich
nr"atli' aisists in quick disóersiou through tfie soil ¡rtd reduces

Ëulporatio,r lossci. Whcrô ccntral phnts arc-. errrplol'ed, the

nriiers used for cenlcnt. lirne and bitunrcn st¡bilisatio¡r arc com-
monl.v those used for prcmixed bitunrinous ¡rrrterials. with
fri¡blå and tiee-florving 

-soils, 
co¡rcrete ¡'ixers cen be uscd for

cenlent and lirne stabilis¡tion.
Materials stabilised rvith cement and hydrated li¡ne should be

danrp-cured until the bituminous p-rime coat is-applied. This. is

simpìy achicved by sprayi'g the sur-tãce of the stabilised base rvith
*"t.i"t least three timei aãity (morning, mid-day and evening);
alterlratively the surface may be covered rvith damp sand or poly-
thene sheeting- At least three da1's should e-lapse betrveen the con-
struction of túe base and the application of thc prime coat.
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Grader blade is used to mix lime-stabilized laterite soil (Honduras).
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SOIL STABILIZATION: A M ISSION ORIENTED APPROACH

J. A. Epps, W. A. Dunlap, and B. M. Gallaway, Civil Engineering Department,
Texas A&M University, College Station; and

D. D. Currin, U. S. Department of the Air Force, Kirtland Air Force Base,
New Mexico

The widespread use of chemical additives for improving the physical prop-
erties of soils and soil-aggregate systems has emphasized the critical
need for a classification and indexing system to simplify tle selection of
t}te most desirable chemical to be used for the existing environmental con-
ditions and service demands. Such a system is described in this paper.
The soil stabilization indexing system is subdivided into parts dealing
separately with lime, portland cement, bituminous materials, and com-
binations of these materials. The different criteria for the use of each of
these stabilizers are described in detail with extensive references to tle
literature. A series of flow charts have been developed that can be used
in selecting the type and the amount of stabilizer for a given soil.

oTHE U. S. Department of the Air Force demands and utilizes a broad array of airfield
pavement types, ranging from very austere temporary runways in forward combat zones
to well-engineered, heavy-duty runways designed for the most up-to-date aircraft. Be-
cause many of the existing pavements were built in the early 1930's, a continual pro-
gram of maintenance and reconstruction is carried so that the airfields can accommo-
date modern aircraÍt. New construction is also mandatory, and this includes perma-
nent facilities as well as limited-life pavement systems, many of which are constructed
within very severe time constraints. Expedient construction must take full advantage
of on-site construction materials because all additional materials and equipment must
be airlifted in to ensure rapid response.

The attractive engineering and economic benefits of soil stabilization make it neces-
sary that this construction alternative be considered. Yet, in many cases, the engi-
neer has no past experience or specialized training in soil stabilization techniques. To
alleviate this problem, an index system is required that will allow the engineer to se-
lect the appropriate type and amount of stabilizer. The use of the index system in the
field should require determination of relatively simple properties of the soil. These
soil properties, together witlt suitable use factors and environmental data, should be
used as input to the index system.

AIR FORCE SOIL STABILIZATTON INDEX SYSTEM

An overall systematic approach was used in developing the Air Force soil sta.biliza-
tion index system (SSIS). The development of this system, shown in Figure 1, is dis-
cussed in this section (1).

Type of Stabilization

Chemical stabilization is of primary concern in the SSIS. However, both chemical
and mechanical stabilization must be considered and tfie alternatives evaluated.

Sponsored by Section on Compaction and Stabilization and presented at the SOth Annual Meeting.

1
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Use Factors

The soil stabilization system should be capable of being utilized for (a) theater of
operations use on both expedient and nonexpeàient pavements an¿ (b) zone of interior
use on permanent Pavements.

Expedient refers to short-Iived, high-risk, rapidly constructed pavements, whereas
nonexpedient and permanent pavements have a longer liJe and require an extended con-
struction period. The major difference between nonexpedient and permanent pavements
is that the latter would probably be constructed by civilian firms and the design lead
time would allow more thorough and detailed investigation of stabilization alternatives.
Pèrmanent construction is identical to that used by state highway departrnents for pri-
mary roads, and the index system for nonexpedient construction supplies a I'jumping-

off' point for investigations in permanent construction.
Figure I shows another way in which use factors are entered in the index system by

specifying different subsystems for subgrade and base course stabilization. Subbases
are not considered directly, but they may fall either in the subgrade or base course
subsystems depending on tt¡e material type and desired strength characteristics.

Environmental Factors

Environmental factors might influence the ultimate durability and suitability of the
stabilized soil. They are based primarily on climatological effects. Botl rainfall and
temperature must be considered because either can significantly influence the t¡rye and
amount of stabilizer used as well as the time of the year in which certain stabilizers
can be used.

Construction Factors

Military engineers faced with hasty construction in the theater of operations usually
are faced with limited equipment also. Knowledge of the type of equipment required
for a certain stabilization task may prove to'be a valuable planning tool not only in an-
ticipating the type of equipment necessary to perform a stabilization task but also in
eliminating the use of a particular stabilizer if adequate equipment and time are not
available.

Field Performance Requirements for Stabilized Soils

The desired performance of the stabilized soils is established by the Air Force. In
most cases, this is based on anticipated life of the structure and allowable time for con-
struction. Examples of this information include the recent mobility concepts and vari-
ous other operational requirements that have been developed by the Air Force.

Field Evaluation

The verification of the index system for soil stabilization must ultimately come from
the user, i.e., the Air Force and its military pârtners. On pavement projects where
stabilization has been used, adequate construction records and follow-up evaluations
will be absolutely necessary to verify the adequacy of the stabilized sections. Con-
tinual evaluations of stabilized sections that are already in place will also aid in eval-
uating the ultimate performance of the index system.

Finally, it should be stressed that the SSIS is not a substitute for structural pave-
ment design. In its present form, it will not indicate to an engineer whether a layer
should be stabilized or whether there are structural advantages of stabilizing one layer
instead of another. Rather, the role of the index system is this: If the engineer de-
cides ùo use stabilization, then he should be able to use the index system to tell him
what kind of stabilization to use and how much stabilizer he should use. Soils that are
not amenable to stabilization can be so identified in the index system. If other circum-
Etances, such as climatic conditions or lack of appropriate equipment, rule out the
possibility of stabilization, the index system can also provide this informatlon.
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CENERAL REQUIREMENTS FOR SELECTING STABILIZERS
Several guides have been published that aseiet the engineer in the selection of a sta-

bilizer for a particular soil (?, Ð. These guides indica[e û¡at selection of the stabilizer
is dependent on the location of the stabilized layer in the pavement as well as the soil
type. Systems have been developed for both base course and subgrade stabilization (!),
although only the base course stabilization system will be presen[ed in this paper.

Both the Unified SoiI-Classilication System and the AASHO Soil Ctassificãtiôn System
have been utilized to select soil stabilizers (4, 5). Because both grain size and Atier-
berg limits are necessary inputs to classify -sofls according to eitÍer system, these 2
parameters were used for the initial separation of the soils into specific categories. Inparticular, the percentage passing the No. 200 sieve and the plasticity tndex (ÞI) were
selected.

- Specific guidelines for stabilizer selection are also available from literature pub-
lished by consumer, producer, user, and general interest groups. These guideùnes
are discussed here in detail for lime, cement, bituminous mateliab, and combinations
of these stabilizers.

Criteria for Lime Stabilization

Lime will reaet with most medium, moderately fine, and fine-grained soils to de-
crease plasticity, increase workability, reduce swell, and increase strength (6). In
general terms, the soils that are most reactive to lime include (!) ctayey gravõls, sitþ
clays, and clays. All soils classified by AASHO as A-5, A-6, añd A-i ind some solls
classified as A-2-6 and A-2-7 are most readily susceptible to stabitization with li-me.
soils classiJied according to the unified system as cH, cL, MH, ML, CL-ML, sc,
SM, GC, and GM should be considered as potentially capabte of being stabilized with
lime.

Robnett and Thompson (6), based on experience gained with lllinois soils, have ln-
dicated that lime may be an effective stabilizer with clay contents (. Zpl u iow as ?
percent; and, furthermore, soils with a PI as low as I can be satisfactorily stabilized
with lime in certain instances (8). Armed forces criteria (2) inaicate that the pI shoutd
be greater than 12, while repreEentatives of the National Läre Association 19) tndierte
that a PI greater than 10 would be a reasonable lower limit to utilize.

In view of these suggested criteria, it is believed that the PI of the soil should have
a lower limit of 10 to ensure that a reasonable degree of certainty will exlst for suc-
cessful stabilization with lime.

Criteria for Cement Stabilization
The Portland Cement Association (f O, f f ) indicates that all types of soils can be sta-

bilized with cement. However, well-graded granular materials that possess a floating
aggregate maFix have given the best resutts (12).

Limits on PI have been established by the aîmed forces (Ð, depending on the soil
type. The PI should be less than 30 for sandy and gravelly ñaterials anã less than 20
for the fine-grained soils. These limitations are necessary to ensure proper mixing
of the stabilizer in the soil.

Information developed by the Federal Highway Administration (5) iudicates that ce-
ment should be used as a stabilizer for materials with less than 3lpercent passing the
No. 200 sieve and with a PI less than 20. Thus, this implies that A-2 and A-3 soils
can be best stabilized by cement, white A-5, A-6, and A-7 soils can be best stabitized
by lime.

The authors have selected a mærimum PI of 30 for those soils to be stabillzed with
cement.

Criteria for Bituminous Stabilization

The majority of soil-bituminous stalrilization has been performed with asphalt ce-
ment, cutbaek asphalts, and emulsified asphalts. For tbis reason, only tåese types
of bituminous stabilizers are considered.
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Some of the earliest criteria for bituminous stabilization were developed by the IIRB
Committee on Soil-Bituminous Roads. These criteria were revised and published by
Winterkorn (13). Other criteria have been presented by the American Road Builders
Association fi¿), ttre Asphatt Institute (t5, 16), Herrin (12), Ctrevron Asphatt Com-
pany (19), Dolgtas oil Company (rg), añ-ttrãu. s. Department of the ¡l"ry (39). Æ-
thougti-these criteria were develoþãd for particular tlpes of bituminous stabi-llzers (i.e.,
soil-bitumen made with cutback asphalt), ürey are given in a single ta¡le (Table 1) for
comparison purposes.

Current trends indicate that stabilization with asphalt cements is gaining widespread
application. Requirements for aggregate grading and mixture properties of mixes con-
taining asphalt cement have recently been summarized by the IIRB Committee on Bi-
tuminous Aggregate nases (!1). This survey of criteria together with data pubtished
by the armed forces (!!) sugEests that soils that are nearly nonplastic and contain less
than 18 percent passing the No. 200 sieve are most suitable for hot-mix asphalt cement
stabilization.

Based on tlese criteria, a limit of 20 percent passing the No. 200 sieve, a PI less
than 6, and tÌ¡e product of PI and the minus No. 200 material less than 60 have been
utilized for selecti¡g soils suitable for stabilization by asphalt. Less stringent require-
ments have been used in conjunction with the other stabilization subsystems developed
for the Air Force (1).

Criteria for Combination Stabilizers

Combination stabilization is here defined specifically as lime-cement, lime-asphalt,
and lime-fty ash. Because lime-fly ash stabilization is not expected ûo be a common
stabilizatÍon method used by the Air Force, it will not be incorporated inùo the index
system. The purpose of using combination stabilizers (time and then one or tìe other
stabilizers) is to reduce plasticity and increase workability so that the soil may be ef-
fectively stabilized by the second agent or additive.

Robnett and Thompson (Zg) have reviewed the literature and have suggested that soils
that may be treated by these combination stabilizers are those classiJied by AASHO as
A:6 and A-? and certain soils classified as A-4 and A-5.

Based on these findings, it has been suggested that these combination stabilizers be
utilized with materials that have greater tha¡ 35 percent passing the No. 200 sieve and
that quantities of lime be used sufficient in magaitude to ensure that the PI is less than
the established criteria for either cement or asphalt stabilization as appropriate.

These criteria together with appropriate environmental and construction precautions
as given in Table 2 have been used to establish the base course stabilization system
shown in Figure 2.

This stabilization system separates soils into various groups so t}te engineer may
select the stabilizer suitable for use within these particular groups. This system will
not, however, indicate the amount of stabilizer that must be used for a particular soil.
The following discussion will suggest criteria that will allow the development of appro-
priate subsystems for the determination of stabilizer quantities.

TABLE I
CRITERIA DEVEI¡PED FOR BITUMINOUS STABILIZATION

Developer

Pl¡sticity lndex
Percent P¡ssing Pl¡sticity ¡

No. 200 Sieve Index Percent Passing
No. 200 Sieve

Winterkorn
Amerlcan Road Bullde¡s As$Õci-ation
Herrin
Tbe Asphalt ¡nstitute, Paclfic Coast

DiYision
Chevron Asphalt Company
Douglåe Oil Company

8to 50
0to35
0to30

t8
l0
l0

9to 15
0to25
0to30

6
Nonplastic

7

00
72

29
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. selectign of -TIpq 9J !ime-.r,ime is generally used as an all-encompassing term to
denote either slaked (hydrated) li¡ne or quieklime. Both calcitic limeãnd dolomitic
(high magnesium) lime are availabte in the United States. Although there is some dls-
a_gr.eement as to whether the type of lime influences the strength of lime-soil mixtures(þ-), tfe selection of the lime type is usually predicated Uy avãilalitity of the stabilizer
and safety requirements of the particular job.

Selection of Lime Qua{¡tity-There are fewer definitive criteria for evaluagng thecor@or cement or bitumÍnous materiars.
Eades and Grim (26) trave proposed a short-cut test where the appropriate lime con-

tent is that which wiil-produce a minimum pH of 12.4 one hour aftei miiing. This test
has not been validated for soils on a worldwide basis and should be used wfth caution.

Most autlors have reported that a minimum of 3 percent lime is necessary to pro-
duce adequate reactions in the field (2?). The Air Force (2g) suggests that Z, a, ina S
percent lime be used in coarse soils-(fhose containing 50 percen[ór less pasiine the
No. 200 sieve) while 3, 5, and ? percent be tried tor tine-grained soils tg"e"tã;;h*n 50
pereÍ'nt passing the No. 200 sieve). The Nationat Lime Alsociation recõmmends 3, 5,
and ? percent lime in trial mixtures (2?). With the exception of the pH test descrÍúed,
the lime content must generally be del-ermined by triat mixtures w¡th ttre amount of llme
being the minimum required to produce the desired reactions.MethodsofEvalu@-Severa1typesoftestshavebeenproposed
for lude, but are not limited to, unconiined
compressive strength, CaliÍornia bearing ratio, flexural fatigrre strength, tríaxiat
compressive strength, tests yielding elastic properties, cohesiometer values, and
freeze-tlaw and wet-dry tests. Most of these tests are not used routinely, and saüs-
factory criteria are not generally available. Some of tìe most reliable ¿ái¿ are based
on unconfined compressive strengths developed from research done by fhompson (2g).
Table 3 gives his results.

Durability, the ability of a material to retain stability and integrity over years of
enposure to service and weathering, is perhaps the most difficult to determine. Of the
many tests developed, only a modified freeze-tåaw test shows substantial merit (30).

Figure 3, the lime stabilization subsystem, has been developed from these cri$ria.

TABLE 3

TENTATIVE LIME-SOIL MI]CTURE COMPRESS¡VE STRENGTH REQUIREMENTS

Strength Requirements for Various AntfcfFted
Serv¡ce Condittonsa

Anticipated Use

Residual
Strength

RequirementÞ
(psi)

8-Day
Extended
Soaking
þsi)

Cyclic Freeze-Th¡wc (psl)

3 Cycles ? Cycles l0 Cyclee

Modified subgrade

Subb¿s¿
Rig¡d pevement 20 50 50

Flexible pavement
lO-in. covere t0 S0 60

8-l¡. covere {0 ?0 ?0

5-ln, covere 60 00 90

Bage l0of r3o l3o

90
sod

50

90 120
¡o¿

100 130
6od

ll0 r{{t
?sd

130 160
ræd
l?0 zæ
t sotl

lsltcnglh tcqu¡rcd al rsminðtroñ of t¡lcd cu¡ifrg {tollow¡¡g corurrud¡on} to prw¡dr ¡dequatc r6¡dutl 3trãgth.eAlþrmuh antrciFEted treñgth lollotrôg lilt üntcr !¡posrc.
cl{urùer ol lræ¿c tÞw cyclË ?xpæred ¡n rha liresil lty6 dúring rha firf winr6 ol nica.sFrær!-th.w lrm$h læ r? bñ.d o¡ t0 p¡¡lcyclc G¡eÈ tor ttæ t{tælG ntuã thlt r. brd m I prõkt dy
6lrbli*rd ¡¡g'63¡on *ur,an,ofoul prrcmt rhickné oËtvir{ rhc þbbæ; nqu¡rmnr ¡ru bã.d on 8s¡¡n€q rrd diû¡hn¡6; ritd parÊ
-mt ,cqoi.elMts .pply il møtcd matarith a! urcd a¡ bag @E
lFþxural trægth ¡hq¡ld br cqÉ¡darad ¡n úij(¡il ú¡¡tr.

32



INCREASE FOR LIHE
CONTENTS + 28 OF
ESTIIIATED-LIHE
CONTENT

CONTENT AEOVE WHI
FURTHER STRENGTH
INCREASES ARÊ NOT

SIGNIFICANT

STRENGTH
I'ITH CRITERIA
PRES ENTED .I N

TABLE 3

use I ime

APPROX I}IATE COHPRESS I VE
STRENGTH SPIC I

AT OPTIHUH WATER

CONTENT AND HAXI-
HUH DRY DENSITY

STRENGTH
INCREASE OF

LIHE STABI-
LIZED SOIL

Flgure 3. Subcystem for base course rubilizatíon with líme.
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Cement Stabilization

Information as to general requirements such as gradation and Atterberg limits have
been discussed previously. Most research and conÃtruction with cement-ãoil mixtures
has been performed on soils that have been classified accordi¡g to the AÀSHO ciasstft-
cation systeln. Experience has shown that this approach is satisfactory; but, it does
not-include important soil properties such as clay type, soil ptt, organió coríent, andsoil sulfate content that may influence the suitabiiity of a soiifor ce-ment stabilization.
These effects are discussed in this section.

Effe-cts of-p4, Organics, and Sulfates-The Road Research Laboratory has shown ageneral trend of strength inctease rvith;oils possessing high pH values.' For pH valuesgreater than ?, no ill effects on strength were noted (31). tt¡è porUand Cement Asso-
ciation has conducted. P4 tests on soils, but it has found no general correlation betweenpH and performance (gZ).

Two tests have beEñ proposed to assess the effects of organics on soil-cement
strength. The Portland Cement Association (gQ tras suggested the use of the calcium
adsorption test to determine the presence of oilanics iriõandy soils, but ttris iéit should
not be used for clay soils. Additional research conducted by the porUana Cement As-sociation (92, ¡¡) has shown that the standard colorimétric lests will not identify thepresence of organics satisfactorily.

A satisfactory method for determining the presence of active orga.nic matter, accord-
ing to MacLean and Sherwood (31), is the pH tist conducted on a so-il_cement paste l5
minutes after mixing. This test essentially indicates the reactivity of the soii with ce-
ment; however, the reactivity is not solely a function of the organió content {SZ, g¿)r- 

-

but it is dependent o¡ both the organic conient and the type of oiganics (¡si. '--'"
Studies conducted by Sherwood (36) have indicated thäi suüatðcontenllin soils in

excess of 0.5 to 1.0 percent reduceEe strength of soil-cement mixtures. Simil.arty,
sulfate concentrations in water in excess of 0.05 percent create strength loss. For
these reasons the sulfate content of the soil shoulã be ascertained.

. 
Type of Ce.ment-The influence of the type of cement on the properties of soil-cement

mixtures has been examined by several investigators (36, g?, g-9, iÐ. In general, TypesI' II, III' and V produce only small differences in behaîIorJor ¡nost soits. Thusi Uã-
cause of its general availability and economy, it is recommended that Type I cement
be utilized.

Selection of the Cemgnt QuantÍty-Research performed by the portl¿nd Cement As-socn2,000soilsprovidesäabfordetermininjòe.
ment contents for various types of soils. Cement contents for subsurface soils-are
given in taUle 4 (10). Requilements for soils in various horizons are also specified
by the Portland Cement Association.

TABLE {
CEMENT REQUIREITTENTS FOR VARTOUS SOITS

AASHO Soil
Clâssificat ion

Unified Soil
CL¡ssificetiona

Usuel R.rnce in
Cement Requiiementb "Ë:ïiåL1:"î;t cement content

¡r¡oisturelOénsitu _fotWet-Dryand
I'eJ -, Freeze-ThasTes{s

(per"ent ulweicht) þercent bv wetght)
Percent

by
Volume

Percent
by

We¡ght

Á-l -a

A-l-b
A-2
A-3
A-/t
A-5
A-6
A-7

cw, GP, GM, SìX,
sP, s¡\.t

GM, GP, SM, SP
GM, GC, SM, SC
SP
CL, ML
ML, MH, OH
CL, CH
oH, MH, CH

5to?
?tog
?tol0
8to12
8to12
8ro12
l0 to l{
l0 to l{

3to5
StoB
âto9
7to ll
7to12
8to 13
0to15
10 to 16

3to5to7
{to6to8
5to?to9
?to9toll
8to l0to 12
8tol0to12
l0 to l2 to l{
ll to 13 to l5

5

6
7
I

t0
t0
t2
l3

.¿8¡red or, U S Arr Force ræommendatrons f Jl.bf or most A horr¡on þr15. lhe ceGnt contcnt th@ld bc ¡@caæd a prrccntage Fpinti il thr æil ¡¡ dark g[v ro gr¡y ¡.rd 6 per6¡{a go.or¡ il
rhc nil r¡ blæk
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Methods of Evaluating Soil-Cement
ra
Effi-used !o evaluate the properties of
soil-eement mixtures (¿¡). fnese methods
lnclude unconfined corñ[ressive strength,
flexural strength, modulus of elasticity,
California bearing ratio, plate bearÍng
value, fatigue, R-value, and freeze-tÌ¡aw
and wet-dry tests.

Many of these test methods have not
been used extensively, and satisfactory
criteria are not available. However, the
Portland Cement Association recommends
the use of freeze-thaw and wet-dry tests
and has estabtished criteria (tabte 5) tor
these tests.

The desigrt subsystem for cementbased
on these criteria is shown in Figure 4.

Bituminous Stabilization

TABLE 5

FORÎIJIND CEMENT ASSOCIAT¡ON CRÍTERIA TOR
SOIL.CEMENT MIXTURES USED IN BASE COURSES

Soil-Cement ì,Ve¡ght
I.ss During 12

AASHO Soit Unif¡ed Soil Cycles of Either
Classification Ctassificationa Wet-Dry or

Freeze-Thas Test
þerced)

A-t Gw' GB cM' stl',
sP, sM

A-2-4, A-2-6 cM, cC, SM, SC
A-3 SP

A-2-6, A-2-7 GM, GC, SM, SC
A.4 CL, ML
A-5 ML, MH, OH

cL, cH
oH, MH, CH

aBa*d s @.rcl.t¡on pr*nt€d by U-s. Air Foæ (ll.

r1{

Á-6
A-7

A bituminous binder in 1 of 3 forms is generally used; the forms include cutbacks,
emulsions, or cements. An indication of the t¡'pe of bitumen to use for certain types
of soils hasbeen suggestedby The Asphattlnstitute (!!), Herrin (Y), the U.S. Navy
(3Q), trre Air Force (28), ana Chevron Asphalt Company (rÐ. SeleEion of the proper
bituminous stabilizer should depend on the grain-size distribution in addition to the
function of the stabilized layer in tlre pavement system. Table 6, adapted from Herrin
and prepared by using the soil gradings also suggested by Herrin (1?), and Tabte 7 give
data regarding bitumen stabilization.

Asphalt Cement-Criteria used for selection of the binder viscosity and the quantÍty
of &ñãntJorTãse stabilization vary among state highway departments (4), and a
suitable method based on highway experience is not available. The armed forces, how-
ever, base the selection of asphalt cement viscosity or grade on the pavement tempera-
ture index. Their recommendations have been altered and are used in the design sub-
system (ta¡te e).

The guantity of asphalt can be estimated on a surface area and particle surface char-
acteristic concept such as the California CKE method, or the quantity can be estimated
from experience. Data given in Table 9 can be used to obtain a preliminary estimate
of asphalt content, but these quantities are a grride only. Final selection should be based
on a test performed on tìe asphalt-aggregate mixture.

A recent summary of state practices (21) indicates that both Hveem and Marshall
tests are popular evaluation methods among state highway departments and that criteria

TABLE 6

SELECTION OF A SUITABLE TYPE OF BITUMEN FOR SOIL STABILIZAT¡ON PURPOSES

Mix Sand-Bilumen So¡l-Bitumen Crushed Stones end
Srnd-Gravel-Bitumen

Emulslons

Asphalt cenrents
60 to ?0 hot clin¡ate
85 to 100
120 to 150 cold climate

Cr¡tbacks
See Fig¡¡re 5

Emu¡sions
See Table ll
See Figures 6 and ? to tletermine

vhether cationic or anionic
êmulsion should be used

Cutbacks
See Figure 5

Emulsions
See Table ll
See Figures 6 and 7 to determine

vhether :rtionic or anionic
emulsion should bc used

Asphalt cements
{5 to 50 hot climate
60 to ?0
85 to 100 cold climate

Cutbacks
See Figure 5

Emulsiong
See Table ll
See Figures 6 and ? to determine

whether cationic or anionic
emulsion should be used

35
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ÎABLE ?

ENCINEER¡NG PNOPERT¡ES OF MATERIA¡.S SU¡TABLE FOR B¡TUMINOUS STAB¡¡,¡ZAÎ¡ON

Sehd-Bltumen Soil-Bitumen Sand-Gravel-B¡tumen

Gndation (percent passing)
I'l-in, sieve
l-ln, eieve
%-h. sie"e
No. { sieve
No. l0 sleve
No. {0 sieve
No. 100 sleve
No. 200 gleve

Llquid ltmit

Plaeticity index

50 to 100

36 to 100

Good 3 to 20
Fair 0 to 3 ¡nd 20 to 30
Poor >30

cood <20
Fetr 20 to 30
Poo¡ 30 to {0
Unusble >,10

Good <5

F¡ir 5 to I
Poor I to lã
UnuÉeble >12 to l5

100

50 to 100
{0 to 100

ãto 12

t00

80 to l0{)
35 to l0O

t3 to 50
8to35

0to 12

l¡ote: lrcluds 3t¡ghr modit¡ørion! larer rEdc by Hrrin (!f).

vary from state to state. Marshall method criteria utilized by the armed forces (Z) are
given in Tabte 10 (2). The criteria listed for asphaltic-concràte binder course arã in-
dicated for use r¡fitì coarse-greded, hot-mix base courses, while separate criteria are
given for sand-asphalt. The Air Force has also indicated t}at the asphalt content de-
termined by the Marshall method should be altered depending on the pavement tempera-
ture index. However, this criterion, which was developed for surface cour6es, does
not appear to be warranted for base courses.

The Asphalt Institute (41) recommends Marshall, Hveem, and Hubbard-Field cri-
teria for use in hot-mix bise course design. Specifically, The Asphalt Institute rec-
onmends the same criteria that are utilized for surface courses, but with a test tem-
perature of 100 F rather than 140 F. This recommendation applies to regions having
climatic conditions similar to those prevailing throughout most of the United States and
to bases that are 4 in. or more below t}te surface.

Zoeph (45) recommends Marshall criteria based on studíes conducted in Germany,
while McDowell and Smith (46) have recently presented a design procedure based on
unconfined compressive strõgth and air void criteria.

Recently, attempts have been made to develop a more rational approach to pavement
design. Among others, Monismith (qZ) nr" indicated that elastic and fatigue pioperties

TABLE 8

DEÎERMINATION OF .ASPHALT GRADE FOR
BASE COURSE STABILIZAT¡ON

of asphalt-treated base courses should be
considered in pavement design. These
more rational methods should allow en-
gineers to better assess the engineering
behavior of these stabilized materials.

hvement Temperature lndexS ÂBphâlt Grede
(penetration)

TABLE 9

SELECTTON OF PRELIMINARY ASPHALT CEMENT
CONÎENT FÐR BASE COURSE CONSTRUCT¡ON

l0O to 120
85 to 100
60 to ?0
{0 to 50

Negetive
0to{0
{0 to 100
100 or more

Ìhc am. td ¡ l-yar pc.iod, ot the ¡rc..mntr above 75 F ol
mthly ñagË ot lha d¡ily moximum tmp€ratú.6. Asagr
da¡ly m¡ímum tmp€ratura to. the p¿riod ol ¡æord 5h@ld be ugrd
rts¿ l0 û mø. y!ðß ol ræo.d arc ðwilable- For ræo.d¡ of l8
tten lO yet dur.l¡on. th€ Gord lq the horr6¡ vør rh@ld b€ ur€d.
A rì.g.t¡É ¡ndex rpltr when rc mmthlv Dt¡ga lrccrdt t5 F.
lLgrtrw ¡nd€¡6 se ñaluåted rercly by $btrættng thr l¡reËf
Mthly dG,.gr tom 75 F.

Aggrcgate Shap€ end Surf¡ce
Texture

Asph¿lt by We¡ght
of Dry Aggregate

(¡erccl¡t)

Rounded and smooth

Ângular end rough

l¡¡termedi¡te

I
G

3
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Point on Curve CritÊr11

Test Pmperty Type of Mù For 100-psi
Tiresa

For 200-psi
Tiresa

For 100-psi
Tiresâ

For Zü)-psl
Ti¡eai

14

TABLE IO

CRITERIA OF MARSHALL METHOD FOR DETERMINATION OF OI'NilUM BÌTUMEN CONTEITT

Stability

Unit veight

Floç

Percentage voids
ln total mlx

Percentâ.ge voidg
filled with
bitumen

Asphaltic -concrete
surface course

Asphaltlc -concretc
binder cou¡ge

Send asphelt

Aspheltlc-concr€te
surface course

Asphaltic course
binder course

Sand asphalt

Asphaltic -concr€te
surflce course

Asphåltlc cor¡rBe
binder courae

Sand asphÂlt

Asphaltic -concrete
gurface course

Agphaltic -concrete
binder cou¡se

Sand asphalt

Asphaltic -concrete
surlace course

Asphaltic -concretc
binder course

Sand asphalt

Peå¡ of curve

PeaI of curveb
Peak of curve

Peak of curve

Not uaed
Peak of curvc

Not used

Not ueed
Not used

{ (3)

80 (85)

Pe¿k of curve

Peak of curveb

Per¿k of curve

Not used

Not used

Not used
Not used

{ (3)

6 (5)

-G)
?5 (80)

60 (65F

- G-)

500 lb or hlgher

500 lb or hlgher
500 lb or blgh€r

Not used

Not u¡ed
Not ueed

20 or lesa

20 or lese
20 or leeE

3to5 (2ro4)

?5 to 85 (80to90)

85 to ?5 (?0to 80)
65 to ?5 (?0to 80)

1,800 lb or hlgùer

1,800 lb or hlglrcr

Not ugcd

li¡oa urcd
l{ot slcd

16 or leee

l6 or les¡
16 or legc

troS (2tol)

5to? ({to6)
- (---)

?0 to 80 (?Sto 85)

?0 to 80 (55 to ?5)

- G-)

{to6 (3to5)
õto? (,lto6)

s ({)
6 (5)

?0 (?5)
?0 (?ã)

lFigura in pnrmthsã æ lor @ w¡th bulk-imprcgmrcd tpæ¡t¡c gravity (w.¡d Ebspt¡on græt6 thrn 2,5 p"rtrtl.
Dlt tlr irclus¡on ol .¡phall contmlr ol thæ pointr ¡n thc aËage cils thr þid¡ to fall our¡idc rh€ l¡m¡t¡, rh.ô thc opl¡mm æp,ult trtát dþ.¡ld

be adiuted s rh¿r llE þ¡ds ¡n th. totål m¡x ü! wirhin thc l¡m¡ú,

tiiteria currently used by the ármed forces for binder course utilizing Marshall
mix design methods have been suggested for use.

Cuiback Asphalts-The U.S. Narry (ZO) nas suggested that the grade of cutback cÍrn
be selected based on tìe percentage of the soil passing the No. 200 sieve and the am-
bient temperature of the soil (Fig. 5), The Air Force (?9) and The Asphalt Institute
(15) recommendations are rather general in nature.
-Several methods are available to the engineer for selecting the quantity of cutback
asphalts. The California CKE method could be utilized as could equations developed
Ín Oklahoma (48) and by The Asphalt Institute (1S) Uasea on the surface-area concept.
The equation iãcommended by The Asphalt Institute (tS) is

p = 0.02(a) + 0.0?(b) + 0.15(c) + 0.20(d) (r)

where

p = percentage of asphalt material by weight of dry agg¡egate;
¿ = pêrcêntage of mineral aggregate retained on No. 50 sleve;
þ = percentage of mineral aggregate passi¡g No. 50 and retained on No. 100 sleve;
s = perc€ntage of mineral aggregate passing No. 100 and retâined on No. 200 sieve;

and
d = percentage of mineral aggregate passing No. 200 6leve.

Numerous laboratory tests have been used to determine asphalt contenk for cutback
and emulsified asphalts. These methods include Hubbard-Field, Hveem stability, Mar-
ghaü stability, Florida bearing, Iowa bearing, extrusion, unconfined compression, trl-
ærial compression, R-value, and elastic modulus. Mixing methods, curing conditlons,
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Figure 5. Selection of type of cutback asphalt for stabilization.

rate of loading, and temperature are important variables that must be carefully con-
trolled when these tests are performed.

The Air Force is currently utilizing the extrusion test (Zg) for mixture design. The
uncor¡fined compression test is easy to perform, but sulÏic-ient experience ùo determine
adequate criteria for its use is not available.

CoNTENT OF StLtCA Si02' 7"

l_L- J o s r n u'e ----.1----l* u rxl o*--i- ruee År r v e --.1--*li i i I i i "i. i;ñil;i j

90807060504030200
CoNTENT OF ALKALTNE OR ALKALTNE EARTH OXtDE, %

After Mertens ard Wright (52)

Figure 6. Clasification of aggregates.
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TABLE II
SELECTION OF TYPE OF EMUI.S¡FTED ASP1IALT
fOR STABILTZATION

Percent
Peasing
No. 2ü)

Siev¿

Relatlve Water Conte¡ü of Soll

l¡l¡et
(5 percent or ¡nore)

Dry
(0 to 5 percent)

0 to 5 SS-lh (or SS-Kh)

5 to l5 SS-1, SS-lh (or SS-Ç
ss-Kh)

l5 to 25 SÉi-t (or 8S-K)

SM-K br SS-lhF

SM-K (or SS-f!t, St-tF
8ì{-K

l{otr: O"lrm¡æ trom FþË 0 .nd 7 !¡hatts an mbn¡t t ¡ cltbn¡c
rul¡km b to ba uEd. Añ¡ ÍrtoÌ¡d füighr ll:ll

rsoit :torU uc prmn.d w¡th nrd bcld! uing tlê typ6 ot mcldfht
4ñ¡h¡' Figure 7, Approximate effective nnç of cat-

ionic and anionic emulsions on various type¡

It is important to note tlat not only are
strength or stability criteria necessary for
tåe determination of asphalt content but also
a durability criterion is recomrnended by

TABLE 12

EMUI,SIF'IED ASPHALT REQIJIREMENT

of aggnegates.

most agencies. Typical examples of durability tests are the immersion-compresslon
test utilized by Winterko"n (!Ð and by Riley and Blumquist.(4Ð and moisture vapor
susceptibility that is utilized by Chevron Asphalt Company (!Q), fne Asphalt Institute
(5Q), and Finn et al. (!1).

Emulsified Asphalts-The selection of the grade of emulsion can be conveniently de-
termined from data given in Table 11, prepared by the U.S. Navy (20). Criterta are
based on the percentage passing tìe No. 200 sieve and the relative witer content. The
selection of either a cationic or an anionic emulsion should be based on the type of ag-
gregate that is used. Mertens and Wright (5Ð have developed a method by which aggre-
gate can be classified (Fig. 6) to indicate its probable surface charge and the type of
emulsion (anionic or cationic) selected to satisfy particular aggregate surface c-harac-
teristics (fig. Z).

A prelimina-ry selection of the quantity of emulsion can be obtained from data given
in Table 12 (20). Otl¡er methods based on surface area coneepts have been used by Ttre
Asphalt InstiI-ute (!!) and Bird (53). The final selection of the quantity should be based
on laboratory testing of the asphalt-soil mixture. Because the armed forces are
equipped to perform Marshall tests, and apparently a better testing method with proven
field performance is not available, the Marshall method with criteria suggested by

Percer¡t PaÊring
No. 200 Sieve

Þounds of Emulsified Asph¿lt per 100 lb or Dry Aggrcgate
When Percentege P¡ÊBlng No. l0 Sieec lg

50 or Legg 100

0
2
{
ô
8

6.0
6.t
6.5
6,?
?.0

6.5
6.?
?.0
7.2
?.5

7.7
?.e
1.7
7.5
7.2

?.0
6.?
6.5
6.6

8.?
7.0
7.2
?.5
l.t
?.9
8.2
?.9
7.1
?.3

7.2
?.0
6.?
6.0

6.3
6.5
G.T
?.0
7.2

6.7
6.5
0.t
6,{

7.0 7,2
7.2 ?.t
?.5 7.1
7.7 ?.e?.9 E.'
8.2 Lt
8.{ t.8
8.2 E.l
?.e ì.2
7.7 7.0

?.5 1.7
7.2 ?.ó
?.0 7.,
7.t t.t

10
t2
tt
t8
l0
20
22
2l
2t

7.2
?.5
7.2
?.0
6.7

6.t
0.1
6.0
8.2

?.5
7.7
?.5
7.2
?.0

EFFECTIVE RANGE OF

EFFECTIVE RANGE OF

EARTH OXIOE CONTET{T
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Figure 8. Subsystem for base course stabilization with bituminous mater¡als.
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Lefebvre (!!) i" suggested for use (ta¡te tS).
It should be necognized that this test is per-
formed at 7? F.

The design subsystem for bituminous sta-
bilization is shown in Figure 8.

SUMMARY

A system utilizing currently available in-
formation has been developed to aid the engi-
neer in the selection of a stabilizer or sta-
bilizers for particular soil types. In addition,
design subsystems have been developed to
aid the engineer in the selection of the quantity of stabilizer for particular applicatlons.

Many of the criteria utilized are based on observations and experience gained in con-
structing highway pavements. Because the Air Force is primarity concerned wtth atr-
field construction, validation or adjustment of these criteria may be necessary.

Equipment and environmental factors have not been included in the det¿il desired. In
particular, field durability of the stabilized mixture is not well documented and, thus,
suitable test methods are not always available to evaluate this irnportant facùor.
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TRANSPORTATIONI
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STATE 0F THE ART: LlillE STABILIZATION

Reactions, Properties, Design, Construction

PrcNred by Transponailon Research Board Committee on Lime and Lime-Fly Ash
Stab¡lization

It.TRODUCTION

Yarious forns of line have been successfully utilized
es ¿ soil stabilizing agent for many years including
products Hith varying degrees of purity, llowever,
the nost comonly used products are hydrated high
calciun line Ca(0H)2, nonohydrated doÌomitic lime
Ca(0{l)2.Iþ0, calcitic quicklime Ca0, and dolonitic
quicklime CaO'ü90. The use of quickline for soil
stabilization has increased durj.ng the past few years;
in the United States it noH accounts for nrore than
l0 percent of the total stabilization lime while in
Europe quickline is the major type used.

ll.any significant englneering properties of
soils are beneficially modified by lime treatment.

^lthough 
lire is prinarily utilized to treat fine-

ßrained soils, it also can be used to nodify the
characteristics of the fine fraction of more granular
soils.

There are several objectives for lime treat-
ænt of soils such as to expedite constnrction, nodi-
fy subgrade soils, and inprove strength and durabi.l-
ity of fine-grained soiIs.

Line-treatcd soils have been used in pave-
nent constructiûn as nodified subgrades, subbase
rraterials, and base naterials, The position of the
line-treated soil layer in the paYement system is
controlled by the quality of the Iime-treated soil
and other pavement design considerations. Railroad
sùbgrades have also been successfully stabilized
Yith line.

In this r€port, the najor asPects of soil-
llEe treÂtment are considered. llle rcpoÌt represents
the stste-of-the-årt in ¡ire treatnent based on a
colprehensive analysis of current practice and the
technical literature. For those desiring more de-
tailed information, sn extensive listing of refer-
cnccs h¿s been included.

This ¡eport was prepared by Transportstion
Research Eoard Co¡trnittee A:Jtl3, Line and l.imc-!'ly Ash

Stabitization, Various Task Groups prepåred the
different scctions of tht report. The final vcrsion
of the report was rev iered by Cmi lteo À2J05 prior
to publication.

Numbor 180, Septsmbor 1976

SOIL-LIME REACTIO\S

Genera I

The addition of line to a fine-grained soil initiates
several reactiorìs, Cation exchange and flocculation-
agglomeration reactions take place rapidly and pro- 

,
duce imediate changes in soil plasticity, workabil-
ity, and the imnediate mcured strength and load-
defornation properties. Depending on the character-
istics of the soil being stabilized, a soil-line
pozzolanic reaction nay occur. The pozzolmic re-
action results in the formation of various cenenting
agents which increase mixture strength and durabil-
ity. Po¿zolanic reactions are tine dependent;
therefore, strength development is gradual but con-
tinuous for long periods of time anomting to sever-
al years in some instances, Temperature also af-
fects the pozzolanic reaction. Terperatures less
than 13 to ló9 C (55 to 60o F) rerard rhe reaction
and higher tempe¡atures accelerate the reaction
(Ref 4).

Line ca¡bonation is an undesirable reaction
which nay âlso occur in soil-lime. Construction
should be carried out in such a fashion that line
cârbonation is ninini:ed.

Cation Exchànge md Flocculation-Agglomerãtion

Practically all fine-grained soils display cation
cxchange and f loccu I ati on-a gg lomerat ion reâctions
Hhen treated Hith lire. The reactions occur quite
rapidly when soil md line are intimately nixed.

1ìe general order of replaceability of the
comon catis¡s associâted wi.th soils.is given by tho
lyotropic series, Na+ <Kt .Ca+t .i\lg*' (Ref 50),
Cations tend to replace cations to the left in tho
serics and monovalent cations are ususlly replace-
able by nultivalent cations. The addition of liEe
to a soil in sufficient quantities supplies ân ex-
ccss of Ca++ an¡l câtion exchange Hilt occur, Hith
Ca++ rcplacing dissimilar cations f¡om the exchango
conplex of the soil. In some cases the exchÂnge
cooplex nay be Ca+i sâturated before tho lirne addi-
tlon and cation exchange does not tekc place, or is

Transportation Fesearch Board, National Academy of Sciences, 2101 Constitution Avenue. Washington, D.C. 20418
CTRC{-JLAR

subject areas
25 pavement des¡gr
g, construclion
62 foundations (soils)

64 ¡oil ¡cienc's
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¡lni¡lzcd.
Flocculation snd eggloneratlon produco an

¡ppåront change in texture uíth the cl.y partic¡es
rrclunpingÍ together into lârger sized ilaggregatesr'.
According to llerzog and Mitchell (Ref 55) thc floc-
cu¡ation and agglomeration is caused by the increased
êlêctrolytc content of the pore Hater a¡d as a result
of lon exchange by the clay to the calcim form.
Dlanond and Kinter (Ref 39) suggested that the rapid
forr¡ation of calcium aluninate hydrate cementing
traterials arc significant in the developnent of floc-
culation-aggloneration tendencies in soil-lino
¡i¡tures.

Soll-Lime Pozzolanic Reaction

Thc reactions betHeen line, water, and various
sources of soil silica and ahnina to fom cementing
t).pe ltsterials are referred to as soil-line pozzo-
lanic reactions. Possible sources of silica and
elu¡ina in typical soils include clay minerals,
quartz, feldspars, ¡nicas and other sinilæ silicate
or alrmino-silicate ninerals, either crystalline or
anorphous in nature.

l{hen a significant quantity of line is added
to I soil, the pll of the soil-lime nixture is ele-
yatcd to approximately 12.4, the pH of saturated
llue water, This is a substantial pH increase con-
pared to the pH of natural soiIs. The solubilities
of silica and alunina are greatly increased at ele-
vated pH levels (Ref 60).

In an early study of soil-ti¡e reactions,
Eadee ((ef 43) suggested that the hlgh pH causes sil.-
fca to be dlgsolved ouÈ of the atructure of the cJ.ay
ulnerale, thereby beconlng avallable to conblne slth
the Ca# to fom calclw elllcaces and tha! thls reac-
tfon utll contlnue as long as Ca(OH)2 exlsts 1n the
eoll and there ls avallãble s1llca. Dlanond er aI
(Ref 4f) postulated that the reaction processes in
the highly alkaline soil-line s)¡stem involved a dis-
solution at the edges of the silicate particles fol-
lowed by the precipitation of the reaction products,

Althot¡gh the wo¡k of Eades (Ref 43) and Di-
anond et al (Ref 4l) generally suggest a "through-
solutionil nechânism in which clay lattice compon-
cnts are t'dissolved" fron the clay structure and
¡eprecipitated as CSH and CAH, direct reaction of the
lin€ st the surface of clay nineral patticles has not
bo€n ruled out. Recent Hork in the adsorption of
llue by kaolinite and nontno¡illonite (Ref 40) as
vsll as elect¡on optical Hork on clåy-l.ime-Hater sys-
tens (Ref 85) tends ro suppo¡t the idea thar surface
chenical reactions can occur and new phases may nu-
clcate directly upon the surfaces of the clay par-
ticles. ¡t is also possible that the reactions nay
occur by a conbination of through-solution (solution-
prcclpitation) and surface chenical (hydration-crys-
tallization) processes,

An oversínplified qualitativc view of sono
ty?ical soil-linc reactims is sun¡narizcd belox:

Ca(OH)z >Ca+++2(01)

Ca+' r 2(0tl)- + Sl0¿ (Cla). Slllca) -------> CSH

Cr'+ + 2 ($l)- + ¡U203 (Clay Alurlna) ----> cAI{

A ridc varlcty of hydrste forrns can be ob-
trlncdr depending on reaction conditions, e.g,, quan-
tlty ånd typc of line, soil charactcristics, curing
tlm, ¡nd terqlcraturè. Tfplcal soi¡-limo reactions
¡rc:

Ì¡ollnlto + llne ---> CSll (C/S . O.Z-t)
r CAll r CÂSll (R!f 80)

Kaollnito + llne ---> CÀSH (prehnite) (Ref 93)

tlont¡ûori¡lonito + line ---> CSll (gel) --->
csH (tI) (Rcf 9r)

Montnorillonlte + llno ---> CSH fuel) + hydro-
8etîet C¡{Alll3 (Rêf ff2)

¡'lontnorillonite + line ---l CSH (gef) + CSH (f) +
toberooritc + hydrogarnet

Cley + 1i¡g ---> (1lS (gel) and/or CSH (f) + C4Alt¡ 3 +
C¡Æle (Ref 4r)

Yhere

C.CaO¡
S'SiO:l¡
A . Alz0¡., a¡d
H.HzO.

Thô extent to which the soil-lirne pozzolanic reaction
proceeds is influenced primarily by natural soil
properties. },lith sme soils, the pozzolanic reaction
is inhibited, aìd cementing agents aÌe not exten-
sively fonned. Thonpson (Ref lof) has termed those
soils that react Hith liÍìe to produce substântiel
strength increase, i.e., greatãr than 54,5 N/cnz
(50 psi) following 28 day curing ar 22.ôo C (73o F),
as reactive and those that display linited pozzo-
lanic reactivity, Less than a 34.5 N/m2 (S0 psi)
strength increase, are ca¡led nonreactive.

Sone of the najor soil properties md char-
Bcteristics which influence the lime-reactivity of a
soil, i.e., ability of the soil to react with lime
to ploduce cenentitious naterials, are soil pHr or-
ganic carbon content, natural drainage, presence of
excessive quantities of exchangeablc sodiun, clay
nineralogy, degree of weathering, presence of carbon-
ates, extractâbIe iron, silica-sesquioxide ratio,
and silica-alunina ratio. Detailed srmma¡ies con-
cerning the effects of soil properties on line ¡eac-
tivity are contained in Refs 53, 54, and l0l, It is
enphasized that the maj.n factors controlling the de-
veloprnent of ceÍnentitious naterials in a lime t¡eated
soil are the inherent properties and characteristics
of the soil. If a soil is nonreactive, extensive
pozzolanic strength development witt not be achieved
regardless of li¡re type, lirne percentage, or curing
conditions of tine and temperature.

Those desiring nore extensive and detailed
background infomation on basic soil-line resctions
should refer to the "Interpretive ReyieH" by
Dianond and Kinter (Ref 59) and a recent ccnprehens-
ivo publication by Stocker (Ref 95),

Sl'E¡ary

Soi¡-llúe reactions are conplex and not conpletely
understood at this ti,ne. However, sufficient basic
rmdcrstanding a¡rd successful field experience arê
rvellsble to providc the basis of ân adequate tech-
nology for successfull)¡ utilizing soil-1i¡re stablll-
ration under a Hide variety of conditions. Future
rcsearch fin<lings yill further augnent our technol-
ogy and pernit nore refine¡l engineering decisions to
bc nado concerning line tre8tmcnt of solls.

PROPERTIES À\D CH,{RÂCTERISTICS OF LITE.TREATEO SOTLS

In general, vhen nlxed slth llne all flne-gralned eolla
oxhlblt lnproved plastlclry, uorkabtlfty snd vol@e
change châracterlstlcsi hovever, not all eolls exhlbLt
lnproved strcngth, str€aa-atraln, and fatlgue character-
lltLcs. It should be enphaefzed thrt the prop€rttes of
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Ilæ-aoll Dlrtures are dependent on Mny variablee
(Refs 100 and l0l). So11 type' llne type' lloe per-
cênta8e, and curlng condltlons lncludlng tlne' teDpera*
ture, and nolsture are Èhe nost lnportant varlablea'
lfore loportant, however, the effect produced by any
glven change ln a glven varlable fB dependent on the
levela of the ocher varlables.

At present only linited infornation is avail-
ablo concerning sone of the properties of line-
tr€ated soils, Ncvertheless, in or<ler to effect-
lvely utilize these treated soils as a structural
naterial, it is nccessary to evaluate and sun¡narize
the existing knoHledge concerning the properties
of soil-line nixtures.

Coreaction Characteristics

The conpaction characteristics, i.e., naxinun den-
sity and optinul moistue, are iñportant for two
basic reasons. First of all, an adequate level of
conpaction nust bc obtained in o¡der to achieve
satisfactory results. Secondly, and possibly nore
iñportant, ís the fact that density is used for
field control.

I,lhen conpacted vlth a glven effort' so1l-llne
Elxturea have a loser naxln@ denslty than the orlglnal
üûtreated sofl and the mxlEum denslty nomally con-
tlnues to decrease as the lIme content fs increased.

ln addition, the crptimrm noisture content
inc¡eases vith increasing line contents (Fig. l).
Sinitarly, if the nixture is allowed to cure such
thet substantial cenenting occurs the density would
be further decreased and the optinun moisture in-
cre ased,

Thus, noisture-density relationships are
constantly changing, and it is importânt that the
proper curve be utilized in field construction.
Thus, if curing has occuned, it nay be inpossible
to achieve density; however, it is irportant. to
realize that it is not. necessary to achieve that
density because the reduction is not due to poor
conpaction but rather to the fact that the naterial
is different.

Plasticity and Workability

Substantiâl reduction in plasticity, i.e., reduced
plasticity index PI, increased shrinkage limit, is
produced by lirie treatnent, md in many cases the
soil nay becone nonplastic. Generally, soils with
a high clay content or exhibiting a high initial PI
require greater qumtities of line for achieving the
nonplastic condition, if it can be achieved at aIl.
The first increnents of lime addition are generally
$ost effective in redrrcing pIâsticity, Hith subse-
quent additions being less beneficial (Ref 100).
The reduced plasticity of the lime-treated soil and
its sitty and friable texture cause a significant
inproven€nt in yorkability and expedite subsequent
uanipulation and working of the treated soil. Fig-
ure 2 and Table I illustrate the nanner in which
limo influences the plssticity characteristics,

Volume Orance

Sxelllng potential and swelling pressures normally
are significantly reduced by treatj.n8 clay with
line. These reduced swell chåracteristics sre gen-
crally attributed to decreased effinity for xater of
the calcim saturated cla)'f and the formation of a

cencntltious matrix xhich resists volunetric expa¡-
sion, CBR-swell values of line treåted soj.ls vary,
but it is not rmconnon to decrease swell to lcss
then 0. I percent compared to valucs of 7 to I per-
ceût for the untrcatcd soil (Table 2)' 'l')?ical er-
perslvo prossuros (Ref a9) aro shown in Fig J'

3

Shrinkage due to noisture loss fron the sta-
billzêd soil is of inportance relative to the problèn
of shrinkage cracking, Line treatnent inproves the
shrinkage and suell characteristics of th-e treated
naterials, Figul.e 4 contains data (Ref 37) for typ-
icel Illinois soils.

Field ¡noisture contents of line treated soils
suggest that the moisture content changes in the sta-
bilized naterial are not large and the in-situ water
content stabilizes at approxinately optimu (Ref l0ó).
'lheoretical calculations based on laboratory sh¡ink-
sge data as wcll as field service data fron nany aleas
indicate that for typical field conditions shrinkage
l¡ill not be extensive (Ref 106),

St¡ength

The strength of line-soil nixtures can be evaluated
in nany ways. The unconfined cslPression test is
the most popular procedure while the stabilometer
and CBR tests are used to a lesser extent. These
nethods, however, are definitely not the most appli-
cable or desj.rable. only linited data are available
concerning the tensile properties of lime-soil nix-
tures (Refs 78, 82, 105, and 109), md additional
effort is needed to evaluate the tensile character-
istics of lime-treated naterials.

It should be enphasized that the strength of
a soil-line nixture is dependent on many variables
and that it va¡ies substantially (Refs 100 ¿nd 101).
SoiI type, lime t),pe, Iime Percentage, curing con-
ditions of time and tenperature, and the interac-
tions between these vatiables are the najor factors
influencing strength (Refs 78, 82' and 109).

A distinction nust be made with respect to
curing. An inncdiate beneficial strength effec! oc-
curs with the addition of line due to the imediate
reactions, i.e,, cation exchange, flocculation, and
agglomeration. The long-tem strength gain is pri-
nârily related to the pozzolanic reaction. Thus' it
is necessary to separate the discussion into cured
a¡d uncured strength.

llncured Strength

Irmediately after the addition of lime a substantial
i¡ßprovenent in strength and stability can be ex-
pected (Refs 84 ard 110), These imediate effects
can bo considered to be an expedient for construc-
tion when soft, highly plastic, cohesive soils cre-
ate nobility problens for wheeled vehicles (Fig 5)
or do not provide satisfactory subgrade support for
pavenent construction Ðperations.

Exarnples of the immediate effect of linc
troatÍEnt on cone index, CBR, and unconfj.ned cøt-
pressive strength are shom in Fig 6. From this
figu¡e it is apparent that substantial improvenents
in strength can be realized. In Some cases these
increases nay anount to several hwrdred-percent'

Cured Strength

Unconflned Conpresslon. Unconflned coEpres-
alve strengths of typlcsl flne-gralned solls conpacted
at opttnun nolsture content and denslty (ÀsT¡t D2l6ó)
range from about 17 ¡¡"rz (25 pst) to Eore than 207
N/cn2 (300 ps{) dependlng on the nature of the soll.
Soll,-116e Elxture strength lncreases for Illlnols solls
cured 28 days åt 22.80 C (73o P) range up to âpproxl-
utely t83 N/cml (265 pst) wlth many solle dlsplaytng
lncreases grcater than 70 N/cn¿ (100 pst). Extended
curlng of 56 days at 22.8o c (73o F) of the saEe
Dixtures produced strength increases for some soil-
line conbinations that õxceetled .t50 N/cn¿ (625 psi).
Prolon8ed ctrring for 75 days at,l8,9o C (1200 F) of
tho Alslmo Road Test cmbånkmcnt soil trested Hlth
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ñgurc 1. Typical moisturedensity ralationrhipo (Rof 84!. Figurc 2. Eflocr of l¡me on plasticity char¡cter¡stica ol
montmor¡llooito clayr (Rof 56!.
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Figuro 4. lnllu¿ncc ol pla¡riciry ¡ndcx of naturâl toil on firtt cyclê
drrinkago {Rsl 371,

Figuro 5o. Pertially completed rtsb¡l¡zod subgrado rer¡st5

n¡tt¡ng dur¡ng rain-Oal16-Fort Worth A¡rport.
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Figure 5b. Comparison of ruti ¡n

unùoatcd and l¡me-treated subgrade,
Figure 6, lmmediate effects of l¡mo treatment on
¡rrer¡gth {Rel 84}.
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5 percent line produced an average compressive
3trength of 1090 ll7cn2 ¡tStO psij. ftät¿ d"t" indi-
câte that yith some soil-lime mlxtures, strength con-
tlnues to increaso with tine up to and in excess of
ten years, Tfpical results for various densitles aro
shom in Fig 7.

The difference between the conrpressivc
strengths of the natural ild line-t¡eat.ed soil has
been used as aJ¡ j.ndicâtion of thc degree to vhich
the soil-lire pozzollmic reaction has proceeded
(Ref t0l). Substa¡tiaI strength inc¡ease indicates
that the soil is reactive with line and can probably
be stabilizcd to prorjuce ¿ quality paving naterial,

Shear Strength, tlnconsolidated and undrained
tfpe triaxial testing have been utilized to partially
sinulate field service conditions.

The najor effect of line on the shear
strength of a reactive fine-gtained soil is to pro-
duce a substmtial increase in cohesi.on with some
ninor increase in the angle of internal friction. At
the low confining ptessures nornally considered to
erist in a flexible pavement structure, the'cohesion
increase is of the gr.eatest significalce. For ma-
terials such as soil-line nixtures which are char-
acterized by very high cohesion, it is diffj.cutt to
effectively evaluate the angle of intemal friction.

For the typlcal llme reactlve Illinols solls,
the angle of lnternal frlcrlon for s011-11me mlxturee
ranged frou 25o to 35o (Ref. fO3), The coheefon of
the Elxtures sas substantlalty lncreased ccDpâred to
the natural sofle and coheslon coDtinued to lncrease
vlth lncreased unconffned coupressive strength. Us-
lng the llnear regresslon equatlon shom ln Flg. 8,
coheslon values can be esttuated fron unconflned cou-
Pre6Slve stlen8th results.

It ls spparent thât large shear strengths can
eåslly be developed 1n cured sotl-118e olxtures, It
hag been deoonstrated that lf hlgh quallty nlxtures are
used Lu typLcal flexible pavenent structures, the
strengths would be adequate to prevent shear failure
(Ref. 103). SheaÌ-type fallures generally have nct
been obeewed ånd reported for fleld 6ervlce condltlons.

Tcnsilc Strength, Tensile strength proper-
ties of soil-line mix¡ures are of concern in pave-
!ìent desigr¡ because of the slab actj.on that j.s af-
forded by a nate¡ial possessing substantial tensile
strength. Tvo test procedures, indi¡ect tensile and
flexural, have been used for evaluâting the tensile
strength of soil-line nixtures.

The indirect tensile test is essentially
a dianetral conpression test in which the naterial
falls in tension along the toaded dimct,.'r of the
cylindrical test specinen. Details and a¡ evalua-
tion of the test procedure for soi.l-line nixtures
aro presented in Refs 2, 78, 82, 105, and 109.

T)¡picsl resulrs (Fig 9) indicate that the
rilturcs ca¡ possess substmtial tensi.le strength.
Thc ratio of indirect tensile strength to unconfined
ccmpressive strength in one study (Ref 105) was
found to be approxinately 0.13, chile in another
study (Ref 109) it Has fourd to be nuch lwe¡ as in-
dicated by the following regression equation:

St . 6.gg + 50.ó Qu

xharc

ST' tcnslle stren8th, psi

q.,' unconfined cmpresslve strength, ksi

Tho nost ccarnon ncthod used for evâluating
thô tensl¡e str€ngth of hi¡hway nåterials has becn
thô flo¡ural test. T).pical flexural strcngths of

soil-lime nlxtures (Ref 96) subjected to various
curing conditions are shown in Table i. Indirect
tensile strengths are shown for cmparison purposès.
For ß specific nirture, the ratio of the fleruiat
st¡ength to indirect tensile strength decreases as
strongth lncreases and the ratio is apparently not
thê ssne for all soil-line nixtures,

If the ratio of flexural strength to indirect
tensile strength is taken as apptoxinately 2, a re-
alistic estinatc of flexural strength is 25 percent
of the unconfined strength. The ratio is approx-
inately equival.ent to those reported for line-flyash-
aggregate and soil-cement nixtures.

California Bearing_þ¡þ. The CBR resting
procedur@sed to evaLuate the
strength of line stabilized soils, ,\fany agencies
h¿ve arbitrarily adopted this technique because of
their familiarity with the test. In reality, hwever,
the CBR test is not appropriate for characterizing thô
strength of cured soil-line mixtures,

Extensivs CBR tests have been conducted
(Ref 99) with vatious representative Illinois soils
including soils that reacted well with lime arid also
less reactive fine-grained soils.

Li¡e-treated soils were cured fo¡ 4g houts at
48.9ô C (I20o F) and conpmion specinrens which had not
been cured were placed in the 96-hout soaking cycle
imediately after ccmpaction, The 48-hour curing
period is approxinately equivalent to J0 days at
21.1o C (70o FJ and the nixtutes that yere not cured
prior to soaking had little opportunity to develop
cementitious products fron the soil-lime pozzolmic
reaction. The inrprovements in engineering properties
of the no-cure soil-li.ne mixtures werp therefore pri-
narily due to the cation exchange, flccculation, and
aggloneration produced by the addition of lime. Test
resulrs for the natural soils md the soil-line ni.x-
tures are presented in Table 2. The CBR increases
of thc no-cure soil-1inre mixtures show the benefits
that ca¡ be obtainetl from stabilization without pro-
longed curing. It is apparent that the no-cure
specimens have not developed extensive cementing
âction.

The CBR values for nany of the soil-lil¡e
nixtures cured for 48 hours at 48,90 C (l20o F) are
quite large and definitely indicate the extensive
development of cementing agents. For those nixtures
that display CBR values ol 100 or nore, the test re-
sults have little practical significance md ar€ not
r,eaningful as a measure of strength or stability.
In general, these naterials would also exhibi.t high
compr€ssive and tensile st¡engths, and these types
of tests would provide a better sttength evaluation.
If extensive cmenting âction has not developed due
to either lack of curing time or non-reactivi-ty of
the treated soil, CBR values nay serve as a general
uìeasure of strength; but even in these cases the use
of thc CBR test is questionable.

It is evident that Line treatnent of fine-
grained soils produces increased CBR irrespective of
the length of curing and line-reactivity of tho soil.

Stress-Strain Charact cristlcs

Stress-strain properties are essentlal for properly
analyzing the behaviorat characteristics of a pave-
rEnt structure containing a soil-line mi.xture struc-
tural lây€r. The nrarked effect of lime on the cûr-
pressivo stress-strai.n properties of fine-grained
solls is shown in Fig 10. The failure stress is
increased, and the ultinste strain is decreased for
soil-line nixtures relative to the natural soil. As
Hith strength it i.s neccssary to sepsrate th6 dis-
cussion vith rcgard to whether the soil-lime has
bocn cured or not sincc irnediûto bcneficlal eff6cts
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Firyre 7. lnlluencc ol denrity on thc
llrðgrth of curod ¡o¡l.limo mixtulo¡ (Rcl 991.

Fi0urà 8. Cohosion v¡ unconfinsd compross¡ve rtrengür of
to¡l.l¡r¡ mixture| (Rsf 103).
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Figure 9. lndirect tons¡l€ rtrength of
qrred ¡oil-l¡mo mixture (Bsf 1051,
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T¿ble 2, CBR values for ¡olected rcils and ¡oil-limo m¡xtu.ot f Rel99l. Figuro 10. Typical stress-strain curve¡ for
natural snd lims-treated soil (Ref 1031.
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occu¡ rhlch relatô to i-uproved norkability and con-
ttruction.

lrncurod Soll-LIno

Figure ll shors typical improved stress-st¡ain char-
scteristics yhich occur without curing and indicates
the general naturo of tho nlodification attained from
lilûe t¡eatrent.

As indicated in Fig ll, substantial increases
in nodulus of defornation can be expected. Figure
¡2 illustrates t)?ical stress-strain relationships
for soil and soil-limo yhich were copacted on tñe
vet side of optimrm to sinulate a wet field condi-
tion during constructlon.

Cured Soil-Li!ûe

As a ¡esult of an extensive study of representative
Illinois soils srabilized $ith Iine (Rei t03), i'-
yas possible to dcveLop a gcneralized compressive
stress-strain relation for cured scil-lime mixtures
(fig f3), The nixtur-es studied appeared to be st¡ain
susceptible, and the ultimate strain at maximt¡n com-
pressive stress Has approxinately I percent, tegard-
less of the soil type or cuting period.

Irlodulus of Defornation or Elasticity, It was
found(n@of elas-
ticity at a confining pressure of 1.05 kglcm2 (15 psi)
could be estimated from the rnconfined corpressive
strength of the line-soil nixture according to tho
folloving relation:

E . 9.98 + .124 q.

uhere

E . conpressive nodulus of elasticity, ksi
qu - unconfined canpressive strcngth, psi

For soll-linre pavemcnt layers possessing high
shear strength, the flexural stresses in the nixture
nay be thc controlling design factor. In view óf
this fact, flcxural moduli of elasticity have been
cvaluated for typical cured soil-line (Ref 103),

Typical Illincis soils xere stabilized with
lim, and bems with dimensions of 5.08 cn x S.08 q
x 22.86 cn (2 in. x 2 in. x 9 in.) vere prepared and
cured for 48 and 96 hours at 48.90 C (120o F).
After curing, strain gauges Here attached to the mid-
portion of the bems and the beans were têsted under
thlrd-point loading conditions.

The nodulus of elâsticity in flexure was
ctlculated frm the nment-curvatrrre relationships
for the bearns, and the relationship between the nod-
ulus of elasticity and thc flexural. strength wâs
celculated (Fig l4). For the rmge of data consj.der-
cd, it vas concluded that the regression equati.on
shcr*n in Fig 14 can be used to estinate the flexural
¡odulus of elasticity, It should be noted that flex-
ural noduli yere substantiâtly la¡ger than ccnpres-
slvo Doduli for the sme nixture.

Repeated conpressive loading data for sotl-
llno nixtures are linited. f:ossberg (Ref 4S), util-
izlng a !ìontnorillonitic clay treated with l0 pcr-
cent lime, studied the influence of deviator stress
rnd confining pressurc on resilient nodulus. The
speci-nens rere prepared åt extremly high yater con-
tcnts end loH densities. Consequcntly the data are
not directl)' conparrblo rith field con<litions. The
Seneral relation betwcen resilient nululus and prin-
clpal stress ratio appeared to be Iinerr anJ rcsil-
lent noduti in exccss of ó9,000 N/cn2 (100,000 psi)
rôrc notcd for som test conditions, even under the
r¡ther unfavoráblo testing conditions lnvolving high

Hater content and low density.
I'laxwell and Joseph (Ref ó7) used a field vl_

hratory testing procedure for evaluâting ths strength
of an airfield pavement section containing a 15,2-
ccntineter (6-inch) lime-stabilized subgràde and an
20.3-centineter (B-inch) lime-stabilizeá clay-gravel
subbase, Bssed on periodic field-velocity meaiure-
nents, computed elastic moduli for the ståbilized
subgrade ranged fron ll4,0O0 N/cn3 (165,000 Dsil
following construction ro 392,000 N/cn2 (S68,000 psí)
approximately 2l years afte¡ construction. Sinilar
Cata-for the line-treated subbase Hore 195,000
N/cn2 (196,000 psi) afrer consrruction a¡d 696,000
N/cm/ (1,010,000 psi) 2l years later.

Poissonrs Ratio, Onty Iimited data are
avai lablãEi-]fñõ]3õfi nixtures. Reported values
at stress levels less than 25 percent of ultinate
conprcssive strength ranged from 0.0g to 0.lZ Nith
an at¡erage of 0,11 (Ref 99). These values are in
agreement with those previously teported for rock,
line-flyash-aggregate mixtures, and soil-cement. At
higher.stress levels, greater than 50 to 75 percent
of ultinate conrpressive strength, poisson's iatio
increased, ranging fron 0.27 to 0.37 with ar¡ average
of 0,31. A sinilar type of behavior has been noted
for line-flyash-aggregate nixtures. The influence
of stress level, expressed as a percent of ultj.nate
conpressive strength, on poissonrs ratio for soil-
Iine nixtures is shown in Fig 15,

Ceneral. Since the properties of a soil_
lime ¡rixlur-õ-?h-ange with incicaied cu¡ing tine, it
¡ray not be justified to conduct elabo¡ate tests to
p¡ecisely evaluate properties that will change due
to field curing effects. It nay be more desirablc
to use unconfined conpressive strength or the indi-
rect tensile tesi for evaluating the quality of the
nixtures. Use of cor¡elations in place of testing
is discouraged since these correLations depend on
the conditions for which they were developld md
cm produce large errors. Correlation! should be
used only when there is no other alternâtive or the
desired property c¿rnnot be neasured and then only
r{ith caution,

Fati gile Characteristics

The flexural strength of soil-lime nixtures is in-
portâ¡ìt to its use in subbase and base courses.
Flenral fatigue data devcloped for typical Illinois
soils are shokn in Fig 16,

The response curves are typical of fatigue
in general a¡d are sinitar to the curves nornaliy
obtained fo¡ sinilar natetials such as line-flvaih-
aggregate mixtu¡es aJrd concrete. 'lhe fatigue
st¡engths at 5 nillion stress repetitions of the
Iime-soil mixtures varied fron 4l to 6ó percent of
the ulthate fle¡ural strength Hith an average of
54 pet'cent.

lloro important is the behavior of lime-
treated nixtur€s vhen subjccted to repeated aÞplica-
tions of tensile stresses sr¡ch ås in the indiicct
tcnsile test or the direct tensile test. prelimin-
ary fatigue cxperiÍents using the indirect tensile
test indicated that this test is quite applicable
to the study of limc-treated materlâls (Ref 8l).

Soil-line mixtures continue to gain strength
vlth tinc anil thc ultinate strength of the nixturã'ls a ft¡nction of curing period md temperature. the
nagnitudes of thc stress ¡epctitions applicd to tho
nlxture ate relatively constÂnt throtrghout its design
Ilfc. 'lhereforc, as tho ultin¡te strength of the
naterial increases duo to curing, tho stress leve¡,
ss a perccnt of uttlnato strength, ril¡ decroas6 ¿nd
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Tebte 3. Tcn¡ilc ¡trcngth prçcrriø of ¡oil-limc m¡xturü (Rof 991.
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Figure 13, Gcne¡alized trsrt strs¡n rslûtion¡hip
fo¡ cü¡od.o¡ll¡mo mixturg (Rol 1031.

Figure lil. Rolstion3hip botrveen flexural:trength and
foxur¿l modulu¡ lor ¡o¡l.lime mi¡lurÊ¡ (Rel g9l.

ô
o

ô
3

:'
I
¡l

Figure 15. lnfluence ol stres¡ lorol on
Pobson'¡ ratio (Rel 991.

a

¡

t

Figure 16. Flexural fatiguo response
cr¡rves (Rsl 961.

þt þt tot þ.
Clalar lo faitsTt

Slro¡ñ ¡ taraañt

¡

I

loo

Text 3

i



Compendium I Text 3

tho fatiguo lifo of thô ni.xturo will lncroaso,

Durgbi I ity

The najor durability consideratlon for soil-lime
bixtures is the resistance to cyclic freezing and
thaying. Prolonged exposure to water produces only
slight detrinental effects and the rrtio of soaked
to unsoaked conrpressivo strength is high at approx-
lnatoly 0.7 to 0.85 (Ref 106). Figure t? shows rho
Seneral relation between soal:ed ancl unsoaÌed
strengths for typical lime stabilized I¡linois soits,
The soaked speci.nens seldmr achieved 100 percent sat-
uration, and in most cases the degree of saturation
was in the rmgc of 90 to 95 pe¡cent. Sinilar re-
sponse to soaking has l¡een noted in extensive stud-
les conducted t'y the Road Research Lâboratory¡
England (Ref a2).

In zones whcre freezing temperatures occur,
¡reeze-thaw damage may occur. The damage is gener-
ally characterized by volwe increase and strength
¡eduction as shom in Figs l8 and 19. The inter-
relation betHgen length changes and conpressive
strength decreases is pÌescnted in Fig 20. The val.-
idity of usì.ng i:ritial unconf.ined conpressive
strength âs a meê.sure of freeze-thaw resi.stance is
denonstrated in Fig 21. Averåge rates of strength
decrease for the t),picaI nixtures were 6.21 N/cm2-/
cycle (9 psi/cyc1e) and 12.4 N/cm2lcycIe (18 psi/
cycle) for 48- and 96-hour curing at 48.90 C (f20o F),
respectively (Ref 36).

A study (Ref 107) has show¡ tha! some soil-
line nixtures display autogenous heating propetties.
If the stabilized soil has the abitity to regain
strength, or heal, with tine, the di.stress produced
during winter freeze-thaw cycles wiJ.l not be cunula-
tive sincc autogenous healing during favorable curing
conditions would serve to restore the stability of
the haterial, This phenonenon is il.lustrated in
Fig 22, Confiming field datâ on autogenoas healing
have been presented by I'tcDonald (Ref 68).

Durable soil-line nixtures can be obtained
yhen reactive soils are stabilized with linìe, Al-
though sone strength reduction and volune change nay
occur, the residual strength of the stabilized mster-
ials is adequate to neet field service requi.rements.
Durability considerations must be taken into account
in establishing the mix design and selecting design
strength parmeters.

Va¡iabil ity of Properties

furslyses of testing error associated ì{ith repeat
str€ngth deterrinàtions of identical soil-lime mix-
ture specimens have been reported by Liu and thorpson
(Ref 63). The standard deviations for trnconfined
ccrnpression, i.ndirect (split) tersile, an<l flexural
strengths increased with increased strength and the
averaSe coefficients of variation, In general, the
testing emors Here approximately of the sme magni-
tude, coefficients of variation of ll to l2 percent,
fo¡ the different testing proce<lures studi.cd. This
variation was fo¡ specinens prepared, cured, and
tested in the laborator),. The va¡iation fo¡ soil-
line nixtures constructed in thc ficld would be
substantially greater (Ref 6ó).

Factors contributing to tcsting variåbility
inclule: a) heterogenous nature of soils; b) nonun-
ifornity of nixtures; c) slight deviations in sampìe
preparation and testing techniques; d) small varia-
tlons in curing tearperature and tinei and e) <lensity
variations.

iloving fron the labÒratory to a field con-
struction site, it could be expected that nr.re våri-
¡tlon uould be introduced as ¿ ¡esult of the r.cla-
tively uncmtrolled const¡rctlon proccss as conç,ared

t1

to thc carefully controlled laboratory conditions
Additional variation nìay also be introduced with iimo
during co¡¡struction. The variation in naterial prop-
crties introduced along the Ìoadway includes varia-
tion introduced by the environnent, changes in the
constituents of the ¡rixture, chmges j.n contractor
or construction technique, and va¡ious other factors.

This variability should be recognized and
considered in the evaluation of soil-line mixtures.

Sunnary

An attenpt has been nade to smmarize the basic char-
acteristics and properties of soil-lime nixtures with
¡espect to their engineering uses, These properties
vary significmtly depending on the t)?e of soi1,
method and quality of construction, and type and
length of curing. Thus, at this tine it is not pos-
sible to define the actual properties, Only values
can be provided, The use, cvaluation, and mixture
design procedures should be developed in terns of
intended use, objectives, and test conditions. In
addition, the evaluation should be based on neming-
ful tests vhich provide fundanental engineering prop-
erti.es rather than enrpirical test results. An at-
tempt should also be made to recognize and consider
the inherent variation in soil-lime nixtures.

S0IL- LII'IE I'tIXTURE DESIcN

Gene¡al

The najor o'ojective of the mixtu¡e design process is
to establish en appropriate line content for con-
struction. It is inporta¡t to note that the pri.nary
variable that can be altered is line percentage since
the inherert properties ¿rnd characteristics of the
soil are essential.ly fixeci. Because of the nmy
varicri applications of line treatment of soì.Is, sev-
eral nixture design procedures have been developed
which a¡e described in this section. The general
principle of soi.1-line nixture design is that the
nixturê should provide satisfactory performmce when
constructed in a desired position in the pavement
structure or the subgrade. It is apparent that a
uide ruge of soil-lime mixtures of varying quality
can be successt-ully used to accomplish differing
line treatment objectives. Design lime contents
genel:ally are based on an analysis of the effect of
various line percentages on selected engi.neering
properties of the soil-lime nixture. Engineering
properties which are considered, depending on the
stab-ilizâtion objectives, are Atterberg limits, i.e.,
liquid linit, plastic Iinit, and plasticit), index,
svell potential, and strength of cured or uncured
mixtures.

llixture desi.gn criteria are needed to estab-
Iish the quantity of li¡re required to produce an
acceptable qtrâlity nixtrre. For scs¡e stabilization
objectives and soiIs, acceptable soil-linc nixtures
nay not be produced regardless of the line percentage
used.

Laboratory Testing Procedures

Ifmy different laboratory testing prrcedurcs have
been utilized in the various mixtu¡e design ncthds.
Specific dctails of the various prccedures have not
becn inclutled in this report, hæever, gcneral con-
sidcr¡tions are sumarized below.

Test riethods which havc been used in the de-
sign of soil-limc mixture inclurle (l) Atterberg
linrits, (2) California Bcaring Ratio, (3) Ìlvcen stâ-
bilcnctcr or R-value, (J) swcll tesrs, md (5) uncon-
fincJ cc:pression. [,abol'âtory testing involves soil-
lln¡c nixturo prîpâration, spccircn preparation,
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Figurc 17. lnflusnce of ¡osking on the
strongth of cured loil.l¡mc mixturot
{ßof 1061.
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Figura 18. lnlluence of freezçthaw
cycles on unit length chanç (48.hour
q.¡ring) (Ref 361.

Figurc 19. lnfluenca ol fr¿r¿o-tlraw
crycler on unconf¡nod compressive
¡lronlth (Rof 36).
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Figure 20. Relst¡onrhip botwrofl un¡r lsngth chango end
¡lroaglh d€cÌãa¡. with frceuc-thaw cycla¡ (ßcl 381.

Figuro 21. lnlluenca ol init¡al unconf¡ned comprossiva
írongth on tho rå5¡du¿l rtrongrh alrer freerothaw cyclos lRot 361.
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¿nd basas lRef72l.
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curing, anù tcsring.

llixturc Pr.paration

Lirc_ contcnts ¿cnerally are specified as a percentagc
of the dry vei¿i.t of soil, tlthough a r-er a¿encres
specrfy on r volure basrs. SoiI-line nr*tuies a¡.
nornally preparcd first by dry mixing the proper
¿fiounts ot' sorl and lirc antl then blenJing thã re-
quired a,:rotnt of vater into the nixture, In most
procedurcs, nixturcs are preparcd at or near opti:nun
noisture contenr as deternined by AÀSHTo T-99, T-lg0
or T-2¡2.

FrequÊntly the soil-li¡c mixtu¡e is'alloved
to helloH one hour or some other designated time
prior to conducting Atterberg lij¡it tests or pre-
pari,r¡g tcst specinens.

Speclnen Preparation

Strength test specimens are gencrally cylindrically
shaped. Dianeter and heights vary substantially
tanging from 35.ó îm (1.¡t inches) in dianeter by
7l,l ¡rn (2.8 inches)-high to I5.2 cm (6 inches) in
dia¡eter by 20.3 cn (3 inches) in height. Sinq¡ ¡¡¿
length to dianerer rarios (¿/d ratios) vary, it is
reCcnrmended that conpressive strength values be
corrected to an t/d rario of 2 for cor¡parison pur-
Poses.

The density of the conpacted specinens Íìust
bo carefully controlled because the st¡ength of a
cu¡cd soil-li¡e nixrure is greatly influenced by
density (Fig 6) and small density variations !ìay
¡akc it tiifficult to accurately evaluate the effect
of other variables such as line percentage and curing
conditions. TLus, the ccrnpactive effort should al-
vays be specified since some test ¡lethods specify
ilÀSm0 T-99 or the equivalenr and other proieduràs
specify }ìJ1SHTo T-180 or T-212.

Curlng Conditions

Tiue, tempcratute, and rnoj.sture conditions during the
curing period va¡y significantly. Scle agencies cure
¡t loon ternperatures Hhile others cure at elevatcd
tehpcratur€s , e. g. , 48 hours at 48 .9o C ( l2oo F) .
Nor8a¡ly €levated tenperature curing is of shorter
durgtion than a,nbient curing. irlany procedures spec-
lf]. that the specimens should be cured in a sealðd
container vhile others (Àr\SHTO T-230) require a moist
curing cycle foilowed by a Crying ¿nd capillary
uettlng cycle, It should be nored rhat in so.à pro-
cedures no curing period is required.

The great dispariry in curing conditions nakes
It very difficult to conpare the ¡esults obtained
froa different testing r¡ethods. Thus, i¡ixrure qual-
lty criteria developeC for a particula¡ test p¡o-
cedure should not be arbitrarily adopted for analyz-
tng test rrsulrs obtained f¡oo a differelt test
rethod.

1o s ting

Proccdurcs uscd to cvaluatê soil-lime specimcns us-
ually involvc conventional têsts. For ixanple, thc
Åttêrbc18 Linits (.\À5tfT0 T-i9, T-90), Celifornic
Beering Ratio (4,\Stno T-l9J), and R-Veluc (ÀSTlt
D?814) erc used for nany diffcrent tnes of mater-
lrl¡. Therc is probably nore variation in uncon-
flned corprcssion testing th¡n any other proccdurc.
Thus, detalls concernrrìg spÊc!,hen si:e, rate of
loadin¡, ctc, should bc spccified in thc dcscriptlon
of rny tcst !ìethod Hhich is not standårdi¡ed.

iqirture 0csi2n Crireriâ

.lixture dcsign criteria are nccded to evalu¡te the
adequacy of a given soi¡-line nixture. Criteria will
vary dependrng on the srabili:ation objectrves and
anticipated field service condit¡ons, i.e., environ_
ncntal factors, wheel loadrng cons:.3eretions, designlife, êtc, It is thus appsrent rhat mixrure design
criteria nay range over a bro¡d sc¡le and should be
based on a careful consideration of the specific con-
ditions associared with the stabilization project.

T¡rpcs of Criteria

Currênt nixture design criteria can be classified into
tvo b¡oad categories. The first category relates to
thosê situations where the major stabililation objec_
tives are PI reduction, inproved workability, inn¿di-
ele strength increase, and reduced swell potential.
TO a large extent, these property inprovements are
produced by the cation exchange and fl.occulation-
aggloneration reactions which occu¡ quite rapidly.
lilixture design crireria for this category of'stabil-
ization migh¿ typically include scrne óf ihe fo[owing
requirements:

(l) no further decreasc in pI Hith increased
percentage of lirne,

(2) acceptable pI reduction for the pattic_
ular stabi.lizatioh objective,

(3) acceptable swell potential reduction,
a¡¡d

(4) CBR and R-Value increase sufficient fo¡
¡r¡rticipated uses.

It is difficult to esrablish actual quanti-
tative values for the above requirener¡ts because in
nany cases they must be established ¡elative ro.the
properties of the untreared soit and the specific job
conditions.

The second category of criteria is concer¡edrith strength inprovement produced by the po:zolanic
reaction betHeen the soil and line. For exarnple, if
the nixture is to be used as a subbase or basè coursein thc pavement structure, it nust possess minimun
stlength and durabitiry. Thus, t¡ixture design cri-
têria normally specify that the cu¡ed rnirture meet a
nininun strength requirement and the design lime con-
tent is thet petcentage uhich produces rnaxinun
strength for given curing conditions.

Ilost current nininun strength criteria are
specified in tems of compressive sttength. The min-
inLúû strength requirernents generally arã higher for
base materials than for subbase naterials since stress
and durability conditions differ for various depths in
the pavement structure.

Typical current nixture design criteria are
prcsented in the section cntitled Current il.ixture
Deslgn Proccdur?s,

Expcrlencc end Eveluation

llixture dcsign criteria can bc validated only on the
bssis of actual field perfornancc. IlcDowcllls ex-
tensive publications (Refs 72 through 77) concerning
Teras experiences, Ànday's sumary (Ret- J) of Virginia
projects, and ltcDonald's recenr reports (Refs óg
through 7l) are ex¡nplcs of e¡tensive validation ac-tivitica for xidety separated geographic areas yith
drestlcatly differ¿nr climåric condiiions.

¡li¡turo design crjtêrie developed for uscvith a partièulsr nixture design procedure and geo-
graphic location musr not be applicd indiscrinrinatcly
.to other g¡eas. C¡ret'ul considcrarron should be ¿ivänto ¡ll ospects of thê problcÉ bcfore adopting any
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cri te rl r.

Currcnt ¡fixturc Desigfl Proc?dures

Sclected currcnt nixturc dcsign procedures arc sLEn-
aa¡i¿ed belo*, As discussed, nixture design proced-
ures consider spccinen preparation, curing conditions,
testing proccdures, and mixture design criteria, llore
detailed inforlrrtion concerning thc Di¡tu¡c design
proccdures ca¡ be obtai¡cd by consulting the various
rcferences listed in tiris scction.

California Proccdurc

California's current desigr procedure is bascd on
gtabilo¡ncter test dat¿ developed for nixtures con-
taining various line percentages, The gene¡al pro-
cedure is as follous:

l. Soil-li.ne oixtures are preparcd at various
llne percentages. The nixture moisture content is
rdjusted to aÞproxirately optimw (AÅStlTo T-I80) and
lhe ¡rolst nixture is loose cured for 24 hours.

2. Stabilometer sa;nples arc compacted using
the California kneading comÞÂctor (California Test
lþthod 301). The conpacted specinens sre nor cured.

3, Thc conpacted specimens are tested using
the stabilometer (California Test Uethod No. 312) to
dcte¡¡¡inc the R-value.

4. Dcpending on the intended use of the urix-
turc, the line percentage required to deve¡op an R-
value in the ra¡8e of ó0 to 80 is dete¡nined,

S. The line percentage is increased approx-
lnately I percent to cospensate fo¡ field construc-
tion variability.

Eades and 6rim Froccdurc

The pH nixture design concept developed by Eades and
Grirn (Ref 44) involles, to a certain extent, a
3trength based c¡iterion. The basic thrust of the pH
procedure is to add sufficient lime to the soil to
insure a pH of 12.4 for sustaining the strength-pro-
ducing, lùne-soil po;zolanic reaction. The pH pro-
cedure, as dcveloped by Eades and Grin, is sunna¡ircd
be lo$.

t' Representative samples of alr-dricd, ninus
No. 40 soil to equal 20 g of oven-dried soil are
xeighed to the nearest 0,1 g and poured into 150-El
(or larger) plastic bottles ìrith screH tops.

2, Since !ìost soils will require betHeen 2

ud S percent lime, i! is advis¿ble to set up fivè
tottles Hith line percentages of 2, 3, 4, 5, and 6.
This xill insure, in ¡¡ost cases, thaî the percentage
of llne required ca¡ be dcternined in I hour. h'eigh
the line to the neaiest 0.0I g and add it to thê
soll. Shake to nix soil and dry linc.

3,. Add 100 nl of Coz-free distillêd L'arc¡ to
tùe bottles.

4. Shakc the soil-llne and water until there
ls no evidencc of dry naterial on thÊ bottoÍ¡. Shako
for ¡ urini¡urn of 30 scconds.

S. Shako the bottles for 30 scconds cvcry
l0 ¡Inutes.

6. Âftcr I hour, transfer part of the slurry
to t plastic beaker and ncasurc the pH. The pH net.r
Dust be equipped silh a tl)'alk clect¡ode and standard-
lrcd rith a buffer solut.i.on having a pi{ of 12.00.

7. Rccord the pll for eoch of rhê soil-linc
nlxture3. If thc ptl rcadings go to 12.40, th. loH-
cst pcrcent lime thet gir'€s a pH of 12.10 ls the pcr-
ccnt rcquirerl to stabi¡i:c thc soiI. lf the pH does
not go be)ond 12,i0 but åt least tHo consccutivc per-
CcntaSes of line give thc samc rccdlng, the lowest
pctccntâge rhich givcs a ptt of 12.50 is that rcquired

t5

to stôbilize the soil. llorrcver if only the highcst
perccntrgc checked gives a pll of 12.J0, åddirional
test bottles should bc startect vith larger pefcent-
eges of llrne.

Thonpson and Eades (Ref 108) have demon-
strated that for typical Illinois soils, the lime
percentage Ceternined by the pH test Has approxi-
Eate¡y the sane as the lime percentage producing
tlaxirìum cornpressive strength. Recent work by Harty
(Ref 53), however, inclicates that the line percentagc
obtained fro¡l the pH procedure does not produce nax-
i¡t¡r curcd conpressive strength for tropical and sub-
tropical soils. There are linitations to the pH p!o-
ccdure in that, (l) the technique does not est;blish
xhether the soil will reacr with line to produce a
substa¡tial strength increase, and (2) strength data
arc not generated for use in evaluating ùìixtule
quali ty,

Eades a¡d Grin (Ref 44) recognized the need
for supplenental strength datã and have st¡ted, "The
one-hour pH or rQuick Testr can be used only to de-
ternine the lirne requirements of a soil for stabili-
zâtion. Since strength gains arc related to the for-
!ìation of calciun silicates, and their fonration
va¡ies vith the nineralogical conponents of the soil,
a strenglh test is necessa¡y to shoH the percentage
of strength increase.r'

Illinois Procedu¡c

The Illinois procedure considers two t)?es of sta-
bi lization objectives :

l. Soil-line stabilization in *hich the nix-
ture Hltl bc utilized as a base or subbase rnaterial
ln the pavement systen, and

2. Subgrade modificâtion and expediting
constructi on.

lhe procedures are outlined beloH.

Soil-lime Stabilization. The nj.xture desigr¡
procedure is based on unconfined corpressive strength
tcst data. Specimens with a 5.1 centimeter (2 inch)
dianeter a¡d a 10.2 centimete¡ (4 inch) hejght of
the natural soil and soil-1ir¡e nixtures âre prepated
¡t optinuÍt ¡noisture content and maxinm dry density
(À¡S|IIo T-99). The soil-line specinens, prepared at
various line treatment levels, are cured fo¡ 48 hours
et 48.90 C (1200 F) prior ro resring.

The conpressive st¡ength of the soil-line nix-
ture nith 3 percent lime must be at least 34,S N/c¡2
(50 psi) greater than the conpressive strength of
the natural soil, The design line content is desig-
nated as the line percent above çhi.ch further in-
creases do not produce significant additional strength,
For field construction, the line conten! is inc¡eased
0.5 to 1.0 percent to offset the effects of field
variability. l.lininun strength requiremcnts are
69 N/cn¿ (100 psi) for subbasc and 103 N/cnz (l5O psi)
for basê course. These mininun strengths relate to
MSHTO coeffici€nts of relative stretgth of 0.12 for
subbasc ¡ratciials a¡d 0.ll for base course natcria¡s.

Subgtade l-fodification. The nixture design
procedure for line hodrfrcation is based on the ef-
fect of line on the plasticity index of rhe soil.
optional CBR testing can also bê conducred if desired.

AÀSHTo ¡lethods T-89 and T-90 are urlliled ro
dcterminc the liquid limirr plastic linrit, and plas-
tlcity index of the soil rreat€d uith various pcr-
cênteges of limc. Thc line-soil-Hatcr nixturc ls
loose cured for one hour prior to tcsting. A plot
of p1åsticity index ve¡sus l.i.me content is prrparcd.
Thc design linc content may be dcsignared as (I)
that lihc con!Ênt abovc shich no furthcr appreciablc
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reduction ln PI occurs, or (2) a minlnu¡¡ lino contcnt
vhlch produces an acceptable PI reduction.

Iþpending sr the stabilization objectives,
CBR tests may also be conducted to evaluate the sta-
bility and/or swell properties of the line-treated
soil, Curing and soakint of the CBR specimens prior
to testing is optional riepending on the stabiliza-
tlon objectives. tf appropriate, the design liÍìe
content nay be changed basetl on the CBR data, sta-
bility values, or sxell properties.

For field construction, the design line con-
tent ls increased 0.5 to 1.0 percent to offset tho
cffects of field construction variability.

Louisl¿na Procedurc

Llñe contents for sofl-llne nlxtures to be used aa
bage or subbase courses are detemLned ln accordance
elth LDH Deslgnatlon TR 433-70, "Detemlnlng rhe Hln-
lmuE LfEe Content for LlEe-SoI1 TreaÈment.'r Quality
requlreoentg, expressed fn terus of nlnlmu¡ unconflned
coopreaslve strengrh¡ are 69 N/co2 (100 psl) for base
course and 34.5 N/cn¿ (50 psl) for subbase courses.

Sofl-llme Elxtures of varl.ous llne contents
are prepared at optlnun noisture content (LDH TR 4lg)
and epeclnene 15.2 cn (6 in.) fn dianerer and 20.3 cn
(8 1n.) 1n helght are conpacted to DaxlEuE dry den-
81ry (LDH TR 418),

The curing cycle for the conpacted eoll-lloe
r¡lxture fs !

t. eeven days ln molst rocn,
2. alr drted 8 hours ar 600 C (l40o F),
3. elght hours of coollng, and
4. ten day caplltary soaking at a conflnlng

pressure of 0.69 N/cu¿ (l psl), AASHTO T-212 procedure.
Followlng curlng, the speclnens are tested fn

unconflned conpresslon at a rate of 3.81 m/nfnute
(0.15 1n./nlnute). The nfnlnun lfae content provlClng
adequate unconflned compressfve sçrength, 1.e,, ó9 N/
@¿ (100 psl) for base, 34.5 N/cez (50 psf) for aub-
baee, Ls deternlned frcim the test data.

Oklahona Procedure

Oklahonars standard procedure for determining the
optinum lime content is the Eacles and Grim ptocedure.
As ån alternate, a plasticity index reduction test
procedure, as outlined below, is used. The basic
objective of 0klahonats line treatnent is to rnodify
subgrade soils without any specific strengthening
obj ective.

l Soil-line mixtures Hith lime contents of
3, 5, 7, and l0 percent are prepared at the MSHTO
T-99 optimun moisture content for the soil.

2. The soil-line mixtures are loose cured
ln a ñoisture room for 48 hours.

3. The cured soil-tine nixture is then
dried in accordance Hith A,\S}IIO T-87 paragraph 4(a).

4. 1}le liquid linir, plastic Iimit, md
plasticity index PI are deternìined in accordance
Hith ÂÀSm0 }fethods T-89 and T-90, respectively,

5. A plot of PI versus percent lime is pre-
pared, The pcrcent lime Hhi,ch rcduces the PI b)¡ two
points per one percent increase in lime is considered
to be the optinun lire content for the soil-line
nlxture, Any lime content at or belor the optinún
llm content which gives the desired modification
nay be rcconnended by the engineer. The pI should
bo rcduced to a ¡ûarinun value of 10.

South Dakota Proceduro

lnltlrl lime requirements are established based on s
pH procedure (Test No. SD 128) which is sinilar ro
tho Ea¡.les and Grin Procedure, SupplcmenÌtr¡ st¡ength
dats srð devoloped by evåluating ths CBR of various

soll-line combinations compacted at optinrm moisture
content (AAStll'O T-99) ro naximw dry density.

The South Dakota rechnique (Test No. SD 107)
ls sinilar to MSHTo T-193. If rhe CBR of rhe soil-
lime nixtt¡re Hith no curing except for the 9ó-hour
soaking pcriod is 3 to 4 tines greater than the CBR
of the natural soil, the soil-line nixture is con-
sidered to be of adequate quality for use as a pave-
trÊnt layer (AÂSI{T0 coefficient of relative strength .
0.0s) .

Texas Procedure

Tho soil-lime mixture design procedure used by the
State Depa¡tnent of Highways md public Transporta-
tion is 

^ASffO 
T-220 which provides for the determ-

ination of the unconfined conpressive strength of
soil-line nixtures. Thc procedure suggests strength
criteria of 69 N/cn2 (I00 psi) for baãã construction
and 34,5 N/cm¿ (50 psi) for subbase construction.

Details of the procedure are included in A,ASHTO
T-220, however, a general outline of the procedure is
presented below,

l. Based on the grain size and plasticity in-
dex data, the lirìe percentage is selected from
Fig.23,

2, Optinún noisture and naximum dry density
of the nixture are determined in accordance with ap-
propriate sections of AASHTO T-212 ot Tex-I2l-8, The
conpactive effort is 50 blows of a 4.54 kg (lO tb)
hanner, with ¿ 45,7 cn (18 inch) drop.

5, Test specinens, i5,2 cm (6 inches) in di-
aneter and 20.3 (8 inches) in height are compacted at
optinun noisture content to maximun dry density.

4, The specimens are placed in a triaxial
ceil (AÄSHTO 1-2L2 ot Tex-lzt-E) and cur:ed in the
following nanne¡:

a. seven days at roon tenperature,
b. renove cells and dry at a terpe¡ature not

to exceed ó0o C (1400 F) for about six hours or until
one-thi¡d to one-half of the molding moisture has
been renoved,

c. cool the specimens for at least 8 hours,
and

d. subject the specimens to câpillarity (sec-
tion ó of A¡SHTO T-2I2 or Tex-lzI-E) for l0 days.

5. The cured specimens a¡e tested in uncon-
fined comprcssion in accordance Hith sections 7 and
I of A,{SHTo T-212 or Tex-I21-8.

Relati.ve to Fig ?3, the Texas procedure notes
that the percentag€s shoul.d be substantiâted by ap-
proved testing methods on any particular soìl na-
terial. The results of the unconfined compression
strength testing cân be used for the purpose of sub-
s tant i ât ion.

Thourpson Procedurc

Thompson (Ref 104) has developed a nixture design
process for line-treated soils in which different
procedures are proposed for lime nodified soils and
soil-line nixtures,

The line modification procedure is utilized
Hhen the stabilization objectives are tô expedite
construction and produce subgrade modification, e.g.,
CBR increase, dec¡eased swell potential, and de-
crease¡.l plasticity. Soil-lime nixtures which display
siSnificant conpressive strength incrcases, 34,5
N/cn¿ (50 psi) minimm, car be utiÌized as base ud
subbÂse materiâls depending on thè soil-lime nixturô
properties and pavement service requirements,

A flou diagrm i¡lustrating the mixture de-
sign process ls shown in Fig 24. Quality criteria
for tho soi¡-lime nixturcs yero establisha.l based on
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considô¡atlons of pavenont structural behavlor and
durability ¡equirencnts. The soil-line quality cri-
terla sro sumarized in Tablo 4.

Tho developmcnt of the nixture design process
snd the detailed testing procedurcs are contained in
Ref 104. It is enphasizcd that thc line-modified
soil nixturc design process can be utilized for re-
active soils if the stabili¡ation objectives are pri-
nrarily to expedite construction or modify the sub-
gradc.

Vlrginia Proceduro

Virginia's nixtur€ design procedure, VTI'!-ll Virginia
Test I'lethod for Line Stabilization, is bascd on the
cured conpressive strength of soil-line mj.xtures sta-
bilized with v¡¡ious amormts of lime. The procedure
ls surnarized belw.

l. Proctor sized specimens at various lime
percentages are prepared at approrimâtely optinm
moisture content and muinm dry density (AÂSHTo

T-99), ccrnpaction test cmducted with ó percent lime.
2. Spccirens are cured in sealed containers

at high hunidity fo¡ 72 hours at 48.90 C (f20o F).
5. The soil-Iine specinens are tested j.n un-

confined conpression using a loading rate of 1089 kg/
ninute (21400 pounds/ninute) or approximately
1.3 kglcm¿lninute (I9 psi/ninute).

4. Virginia criteria rgquire a mininun con-
pressive strength of 10,5 kglcm¿ (150 psi) for soil-
line nixtures tested in accordance with the above
procedure.

Srmary

Design lime contents generally are based on an anal-
ysis of the effect of varying lime percentages on
selected engineering properties of the soil-lime nix-
ture. The basic conponents of a nixture design pro-
cedure generally are:

l. nethod for preparing the soil-line
nixture,

2. procedure for preparing and curing
specimens,

3. testing procedures for evaluating a
sêlected property or properti.es of the cured soil-
line nixture, and

4. appropriate criteria for establishing tho
design lime content.

It is irìportant to note that different de-
sign linre contents for the sane soi.l may be estab-
lished depending on the objectives of the.IirE
treatment and the nixture design procedure utilized,
llixture design procedu¡es should be flexible enough
to allol the exercise of judgment when unusual stab-
llization objectives are contemplated.

LII'€ STABI LIZATION CONSTRUCTION

lntroduct ion

The nodern version of line stâbilization is lèss than
30 years old, but consider¿ble advancenent has been
¡rade in construction procedures duri.ng these past
three decades, This progress of this methql of stsb-
lll¿alion ras due to the €ffo¡ts of nany engrneers
and scientists and cm be sumarized as follcws:

¡, basic md applied research by nunerous
saate highHay departnents, governmental agencies,
rnd universities;

2. education by worldwidc publication of
research studies and construction reports of actuÂl
llme stabi Iilation p¡ojects; and

3. equipnent nMulactu¡errs recognitlon of
thc potcntial of limc stabili¿åt ion and rlevclopmcnt
of oqulpnent tó æet the,nccds of tho contråctor.

l7

I\¿enty-flve year8 âgo there eere tro bdslc stablllzera
that could be adapted to llne stâblltzatlon, bur today
there are approxLnately twenty dlfferent types of equip-
nent designed priMrlly for thts stab!.llzatlon.

With the growth of lime stabi.li.zation through-
out the vorld for nany climatic conditions, a diver-
sity of applications has developed md a variety of
construction technigues has evolved, This variation
has been due to such factors as tfpe of soil, degree
of stabilization required, complexity of project,
ocological restlaints, and t¡ae of pavement design.
For exanple, some heavy clay soils are \¡ery reactive
to line and can be conpletely pulverized with only
one pass of a traveling mixing unit; however, this is
the exception to the rule, as the stabilization of a
heavy grrmbo clay usually requires much ¡nore nanipula-
t':.on and curing thm a low-plastic granular material,
Modification of soil, e.g., drying out of wet soil
r{ith lime to expedite consttuction, is less involved
than completely stabilizing a heavy clay to be used
as a part of the pavenent structure,

Projects Eay range from naintena¡ce activities
for which only a few bags of lime are required (Fig 29)
to vast interstate highways or airfield pavements re-
quiring thousmds of tons of bulk li¡ne. Because of
dusting, p¡ojects located in urban areas generally
require the use of line slurry rather than dry lime,
Thus, with the growing enphasis on ecology the trend
is toward a greater use of a lirne slurry and some
engineers are now discouraging the use of dry lime
except in very localized areas,

Finally, when lime is used in pavenent design
to reduce overall thickness, the stabilized layer
rnust be built under tight construction specifications,
vhereas requirenents are more lenient when line is
nerely used to forn a working table,

Regardless of the specific application of soil-
line, the following basic steps are involved in the
construction procedure: soil preparaticn, line
spreading, mixing and watering, conpaction and fin-
ishing, and curing, 'l'hese basic steps, ¿long Hith
the nore significant variations, are discussed in de-
tail, Since this is a state-of-the-art report, un-
doubtedly there will be nore variations âs lj.me sta-
bilization continues to expand throughÕut the wolLd.

Line Stabilization I'lethods

Easlcally, there are three recognized llne stsblllza-
tlon Eethods, lncludlng ln-place nlxlng, plant nfxlng,
and pressure lnJecÈlon.

In-place ltlixing

In-place nixing nay be subdiviJed into three rnethods:
l. mixing line with t.he existing mâterials

already a part of the construction sitc or pavenent
(Fie 2s),

2, off-site nixing in shich line is mixed
rith borrow and the nixture is then transpotted to
tjlo construction site for final muripulation and con-
paction (Fig 26), and

3, mixing in which the borrow source
haulcd to the construction site md processed
rpthod nmber l.

The following procedures aro utilized

soi I is
Âs in

for in-
placo nixing

I. One increment of lime is added to clays or
granular base nâterials that are easy to pulverize.
Tho ¡nate¡ial is mixed and corqracted in one operation,
snd no nellowing periûl is required.
. 2. One increment of linc is adrled and thc

nixture is allowed to ncllow for a period of ¡ to 7
days to sssist in breaking dorrr heavy ctay soils.

5. One increnent of line is addcd for soil
nodiflcation and pulverization prior to treâtnìent
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Î¿ble 4. Tentativc ¡oil'limo mixtur€ comprù3sive strength roquirements (Ret 104),

l¡r.orri ùqùt..r.r. tór v.rr@.
htrcrr.tr¿ $r,rc. 

-1I1l:1,--

ù.taqr ¡rr.n¡r¡ trr.il.¿ k.rtn¡¡ 
(vcllc hr¡¡¡-ña!

Lrutr.-rr,¡ I ¡.r.. t Ctcl.., t Cr.¡.., tO crc¡..,
¡/..¡ {r.i) ¡/.¡¡ tp¡) r/.¡¡ (Þ.r) ¡/..¡ (r.r) ¡/..i (Þ.1)

r¡.1 (e0) x.r (s) x.! (t0) ó1.¡ (F)
t.t tFl

a¡.t (¡¿0)

t¡.rll¡. tsE-rt
ñlcl¡¡¡¡ ol .*'!

¡t,a o (¡0 tr,)

æ.t .¡ (l ¡À.)

¡¡.t 6 (t t..)

t!.r (þ)

æ,r (s)

¡l.a {ao)

¡¡,a 16)

x.r (!)

r¡.. (s)

¡t.¡ {r0)

a¡.¡ (Í)

x.r (s)

a¡.4 {ó0}

al,t 00)

ú¿.1 (þ)

a¡.t (rc) ¡¡.t (t¡o)
x.5 (s).

al.t (ræ)
¡¡,4 (óo).

rl.t (ræ)
t¡.r (rr).
t9.a (!&)
68.t 0@).

t9,a (læ)

tó.t (raq)

It0 (¡óo)

a!.t 0æ) 19.a (l)0) 19.a 0J0) rI/ (rto) ¡!l (¡@)

lünr-. Þtrcrr.r.d .!r.ô.rh lo¡lat!r ttr.r vr.r.! .¡F.ùr..

'¡tr!6¡th ñqclr.¡ .¡ ..rúqrt6 ot tt.ld .urtû¡ {ror¡dr!¡ cd.t!!.ra6) ro DÉvtd. ¡d.q,.t. ¡..tdq¡

\o.l-¡.--* rbt.l¡... ov..lrrnr rù. .ubù.... ñ. r.qùrt.rñ(..r. b¡¡.¿ ø rh. !ou..r..¡q rtr...a¡artlbu¿16. Uttd Fv.¡ôa r.qsl!.-nrr.rrtt tt.É¡r.¡ ¡¡.r1.¡t ¡.. u..d.. ù¡.. cou.....
'tlorurr! rtrrn¡tl .hó!rd !. .oñ.id.r.d 1¡ rhr.rú.. d.¡lF.
!lù¡ ol l¡¡¡¡¡-¡n¡v rr.ì...¡tsc!.¿ tn th. ¡o1i-rf¡ ¡.r.! aur!ñ¡ tn. trr.r vlôi.. ôt -nt....¡r..rts¡h.r.r¡.ra.n lo.k. t¡..¿.n ó., r/(r¡lcyc¡. (¡O ?.r/cy.l.) .t..p. for t-cr.t. y.tu.. tÂdrc.r.d
Dt ¡q. ñr.h È.. t¡..d on. pr.{tóu.tt ..(.b¡t.h.d r.r....loñ.qu¡Èlor.

Figure 24. Proposed m¡xture design process for lime-treated soils
(Ref 1O4). Figure 25. ln-place m¡x¡ng of limestab¡l¡zed

subgrade-Oregon.

F¡gure 26. Off.site mixing pads for
Mississippi River levee repair project-Arkansas.

¡ll rFct*nr .oÞ...! .ß opttH ¡¡t.r .6t.ôa to ¡rti. drt ¿.û.ttt.
ll¡ ar..tI!t l.r.l lo. b ¡t b. I Fr..ór or o d.¡.dn.d bt'tñ
,ræd{t..' k. l@rF¡. I (l ¿..tr.d.

\¡ r¡¡¡¡ cø.ct¡¡ oB lor.lr.. ú¡1.¡ lt*ßI¡{1... xlrrur. l.
st c{rd ?raor tû t..ßl¡t.

ct¡ .fr c.... -¡..ld.lt rF.d rr.¡ir.t l.nt. ¡r h.ttroprt.t..
¿Crlt.rr. . or I rt h .9plt.d ¿.Fd¡ñ¡ 6 ¡ñ. .r¡Èttt¡¡rt{ dl.cttn.
t6d*t ¡..r..r d..t¡r ll- c6t.ñt. Curtnt ôl Ot.Fcl-ô.9.tor !ó
.o¡tlñ¡ ¡. oÞr!ú.1 d.Filrn¡ on .t¡ùllt..rtd ól..trv.. ¡f ¡ñll r.
d r.du(.d to ¡..t1¡f¡.t.rr l.v.l, .d¿tttÉl C¡l t..r. rt ù. 16-
aü¡.¡ .a ìlaÀ.r lt- (oû¿..t.. È.trn lr- ù. ¡n(r.ú.¡ tl
l!!tf.r rRlt..¿!ctt6 fr ú¡.(d. SEI¡ c6.tó.r.1(6.... of ¡r.¡t
bærtec. lor lrr drlt.d.!btr.J...

It¡tlror t-¡"t.4 .¿ 4rl¡' ¡r!.1!r. rônr.Âr rc ¡¡tr. r.y a.ûrrtt,
!¡rtrdl ¡:{/o. dlft.r..r ltñ p...6t.¡.. st b r.tul..d lor.,'
Fll.. e ..rlrr. o( .Þ9rcrtsr. ottl¡ú ¡r- .d(.ot rr b. olt.lñd
¡I ¡fltt{ -t¡ 4..¡ tt<.¿ur." a.ñloFd It h.. d crl. (bl aa),

FigureZTa. Deep stabilization of
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plow cuts to a depth of 61 cm (24
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Figure 27b. Traaor plow ¡rlled by a æcond tracto¡ for
deop :tabilization.

Fþwe 27c. Root plow lor rcarifying to a depth of 46 cm
(18 inóesl,

Figure 28. Plant mix¡ng pug milh.

(a¡ L¡me'treated gravel with lime fed by screw conveyor-South
Dakota (Ref 211.

Figure 29. Applic¿t¡on of linro by the bag for a 3mall maintenanco
project.Texas.

(bl Lime-cement-flyash-aggregate base course-Newark Airport.

Figu¡e 30. Application of lime by a bulk pneumatic truck for leveo

repair project.
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nlth ceE€nt or asphalt.
4. ono lnc¡encnt of lime is added to producê

a norking table. Proof rolling ls required ln lleu of
pulverization and density requirenents,

5. T\ro increments of lime are added for soils
vhich are cxtremcly difficult to pulverize. BetHeen
tho applications of the first and second increm€nts
of line, the nixture is allowed to nellow.

ó. Deep stabilization Hhich has been accdtr-
pllshed by one of two approaches (Ref 98).

a. One increnent of lime is applied to nod-
lfy soil to a depth of 24 inches (Fie. 27). creater
depths ar? possible but to d¡te have not been at-
tenpted. A second increment of lime is added to the
top 15 to 50 cn (ó to 12 in.) for conplete stâbi¡iza-
tion. Plovs and rippers are used to break down the
large clay chturks in the deep treatnent, Heavy disc
harrows and blades are also used in pulverization of
these c¡ay soils. In frost zones, the use of snall
quantities of line for soil ¡nodification under some

circunstances nay result in a frost susceptible na-
terial lhich in turn can produce a weak subìayer.

b. One increment of lime is applied for
corplete stabilization to a depth of 46 cn (I8 in.),
Mechanical nixers are now availabÌe to pulverize the
Iine-clay soil to the full depth by progressive cuts
as follows: first pass cut to a depth of 15 cn
(6 in.), second to 23 cn (9 in.), third to 30 cn
(f2 in.), fourth to 38 cn (15 in.), and then a few
passes to a depth of 4ó cm (18 in.) to accomplish
full pulverization. The full 46 cm (18 in.) is com-
pacted frm the top by vibratory and conventional
heavy rollers.

Plant Mixing

The plant-nix operation usually involves hauling the
soil to a central plart uhere lime, soil, and water
are unifornly nixed and then transported to the con-
struction site for further manipulation (Fig 28).

The amount of line for €ither nethod is us-
ually predetermined by test procedures. Specifica-
tions nay be vritten to specify the actual strength
gain required to upgrade the stabilized soi.l, and
notations can be nade m the plans as to the esti-
nated percent of line required, This note should
also stipulate that changes in lime content nay be
necessary to ne€t changing soil conditions encountered
during construction,

Pressure Injection

Pl€ssure injections of lime slurry to depths of ? to
3 lreters (7 to l0 feet) for control of swelling and
rmstable soils on highways and under building sites
are usually placed on 1.5-meter (S-foot) spacings,
gnd attenpts are made to place horizontal seams of
limc slurry at 20- to 30-cm (8- to l2-in.) interuals.
The top l5- to 50-m (6- to lz-in.) layer should be
complctely stabilized by conventional nethods, Pres-
surc injection rill not be considered in detail since
the tech¡olog)¡ is different and is outside the scope
of this report. Âdditional inforûation and dctail
can be obtained frm Refs 58 and ll3.

Construction Steps

Soll Preparatldr

Thc in-plocc subgrade soil should be brought to finel
grade 8nd alignnent. The finlshed grade elevation nay
rcquire sone âdjustNnt due to the potential fluff
ôctfon of thc line stabilized ¡ayer resulting fron
the fact that somc soils tcnd to increâse in voltrîc
rl¡cn rixcd rith liae and satcr, This volme change

nay be cxaggerated Hhen the soil-lime is renixed over
a long period of time, especially at moisture con-
tents ¡ess than optinum noisture, The fluff action
is usually ninimized if adequate vater is provided
md nixing is acconplished shortly after lime is ad-
ded. For soi.ls that tend to fluff with line, the
subgrade elevation should be lowered sl.ightly or the
excess naterial trimmed, Trimming can usually be
accornplished by blarling the naterial onto the shoulder
of enbanknent slopes.

This blading operation is desirabla to renove
the top 6.4 nn (t inch) since this naterial often is
not rell cenented due to line loss experienced during
construction. Excess rain and construction water nay
wash line frcn the surface, and carbonation of line
¡ray occur in the exposed surface.

If dry line is used, ripping or scarifying to
the desired depth of stabilization can be accornplished
either before or after line is added, If the line
is to be applied in a slurry form, it is desirable
to scarify prior to the addition of line,

Line Application

Dry Hydrated Lime. Dry lime can be applied
either Ïñ-5üfF-õi-5f-5ã!'. The use of bagged lime is
generally the sinplest but also the most costly nethod
of lime application. Bags, 22.7 kg (50 lb), are de-
livered in dunp or flatbed trucks md placed by hand
to give the required distribution (Fig 29), After'
the bags are placed, they are slit and the line is
drnped into pil.es or transverse windrows across the
roadway. The line is then leveled by either hand
raking or by neans of a spike-tooth hanow or drag
pulled by a tractor or truck, Inmediately thereafter,
the lime is sprinkled to reduce dusting.

The najor disadvantages of the bag nethod are
the higher cost of lime because of bagging costs,
greater labor costs, and slowe¡ operations. Neve¡-
theless, bagged line is often the nost practical
nethod for snall projects or for projects in which it
is difficult to utilize large equipnent.

For large stabilization projects, pa¡ticularly
where dusting is no problen, the use of bulk lime has
beccne corunon practice. Line is delivered to the job
in self-unloading transport trucks (Fig 30), These
trucks are large and efficient, capable of hauling
15,500 to 21,800 kg (15 to 24 tons). one type is
equipped with one or nore intetral scres conveyors
which discharge at the real. In recent years pneu-
Datic trucks have increased in popularity a¡d are
preferred over the older auger-type transports, l{ith
the pnetmatic rlrits the lime is blo"'n fron the tanker
compartnents through a pipe or hose to a cyclone
spreader or to a pipe spreader bar nowted at the
rear (Fig 3l). Bottom-drmp hopper trucks have also
been tried, but they are undesirable because of dif-
ficulty in t'mloading and obtaining a uniforn rate
of discharge.

llith the auger tnrcks, spreading is handled
by ncans of a portable, nechanical.-type spreadcr at-
tached to the rear or through netal downspout chutes
or flexible rubber boots extending fron the screÍ
conveyors. The nechanical spreaders incorporate
bèlt, screH, rotary vane, or drag chain conveyors
to distribute thc lime unifomly ac¡oss the spreader
yidth, hhen boots or spouts are used instead, thô
limo is deposited in windrows; but due to liners
lightness and flowability, the lime becmes distrib-
uted rather r.nifornly across the spre.ading lano.
hhether nechanical sprcatlers, downspouts, or boots
are used, the rate of line applicåtion can be regu-
lated by varying thc spreader opening, sprcader drive
sp€ed, or truck spced so that the required anount of
lim can be applied in one or nore passes.

Hlth the pneumatic trucks, sprrading is gener-
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ally hudled vith a cyclone spreader noúrted at thc
lea¡, Hhich distributes the line through a spllt
chute or with a spreader bar equipped Hith several
large domspout pipcs. Fingertip controls in the
truck cab pemit the driver to va¡), the spreatii.ng
width by adjusting the air pressure. Experienced
drivers can adjust the pressure md truck speed so
that sccurate distribution c¿n be obtained in one or
tHo passes.

l{hen bulk line is delivcred by rail, a varíety of
conveyors can bc used for triltsfe¡¡ing the time to
transport trucks; these i.nclude screw, belt or drag-
chain conveyors, bucket elevators, and screw eleva-
tors. The screH-t)Te conveyors are most comonly
used, with large dimeter mits, 25.4 to 30.5 cn (10
to l2 inches) bcing recomerrderl for high speed unload-
ing, To ninimi¿c (lusti.ng, all. types of conveyors
should be e':closed. Rail car urloadi.ng is generally
fscilitated by neans of poles and ej.ther n¡echmical
or air-type vibrators,

Line has also been hmdlcd through pema¡ent or
portable batching p1mts, in which case the lime is
reigh-batched prioÌ to loading. Generall.y, a batch-
ing plant set-uP uould only be practical on erception-
ally large jobs.

Obviously, the self-unloading tank truck is the
least costly nethod of spreading lime, since there is
no rehandling of natcrial and large payloads can be
ca¡ried and spread quickly,

Dry Quicklime. Quicklime may be applied in bags
or bulk. Due to its higher cost, bagged iine is only
used for drying of isolateC wet spots or on snall
jobs. the distribution of bagged quicklime is sinri.lar
to that of bagged hydrate, except that greater safety
emphasis is needed. First the bags are spaced accu-
rately on the area to be stabilized, and after spread-
ing, Hater is applied and nixing operations sta¡ted at
once. The fast watering and nixing opelation helps
nininize the dmger of burns. Quicklire nay be ap-
plied in forn of pebble, approxinâtely 9.5 m (3/8
inch), granular, or pulverized, The first tHo are
¡p¡e desirable as less dust is generâted during
spreadin g.

Bulk quickline nay bc spread by self rnloading
auger or pneunetic transport trucks, si.nilar to those
used for dr)'. hydratè. In addition, however, due to
its coarser size and higher density, quicklime nay
also be tailgated fron a regular dunp tnck with tail-
gate opening controls to assure accurate distribution
(Fig. 32).

Because quicklime is anhydrous and generBtes heât
upon contact with wåter, speci.al care should be taken
during stabili¿ation to avoid lime burns. h?rere quick-
line is specificd, the contractor shoul.d provide the
engineer, for review, a detailed safety program cov-
c¡ing precautions to be exercised and emergency treat-
nent to be svailable on the jobsite. The progran
should include protective equipment for eyes, mouth,
nose, and skin as well as a first-aid kit with an
eycball wash, This p¡otective equipnent should be
gvailablo on the jobsjte during spreading and mixing
operations. 'lïe contractor should actively enforce
this progrm for the protection of the workers and
otherg in the construction area.

Slurry licthod. ln this nethod lin€ and water
ere nixed into a slurry, llistoricall),, h),drated lirÉ
hss been used in slurries. lieverthêIess, quicklime
could potentially be used provicling that ådequate
equipment vas rlcvcloped for preparing the slurry. At
the present tirc, thi.s process invoÌves a two-stcp op-
Gråtion in rhich a quicklime paste is first p¡epared
and then additional water adrled to forn the slurry,
Tho hydrateJ li¡re-*ater slurry is nj.rcd eithe¡ in s,

cêntrs¡ ni¡inB tûnL (Fig JJ), J€t nixor (Flg 3{), or
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ln a tank truck, Tho sluny is sp¡¡ad over the scar-
ified roadbed by a tank truck equipped with spray bars
(fig 35). One or nore passes may be required over a
neasured area to ach.j,eve the specified percentage
based on line solids content. To prevent ¡un-off and
consequent non-uni.fornity of lime distribution that
nay occur under certain conclitions, it mây bc neces-
sary to nix the slrrr¡y and soil innediately after
each spreading pass (Fig 36).

A typical slurr¡' mi.r proportion is 907 kg
(l ton) of timc a¡d 1,9 nrJ (500 gallons) of Hater
which yiel<ìs about ?,3 r3 ¡{'00 gallons) of slurry
containirrg 3l percent lime solids. At higher concen-
trations there is difficulty in pumping and spraying
the slu¡ry. Forty percent solids is a maximr.m punp-
able slurry.

The actual proportion used depends upon the
percent of line specified, tfpe of soi1, anrl its nois-
ture condition. Where small line percentâges ale re-
quired, the slurry proportions may be reduceJ to
907 kg (f ton) of lime per 2,6 to 3.0 nr (700 to 800
gallons) of water. h?rere the soil noisture content is
near optimrm, a stronger Line concentration nornally
would be required,

In plants employing central. nixing, agitation
is generally accornplished by using conpressed air: and
a recirculating prmp, although pug mills have also
been used. '[he nost t/pical slurry plant incorporates
slurry tanks large enough to hanclle whole iank truck
loads of hydrated Iine, approxinarely 18,100 kg (20
tons). FoÌ exaÌrple, on one job two s7-cubic netel
(I5,000 gallon) tanks, 3-meter diamet€r by 8-neter
length (10-foot dimeter by 26-foot length) were used,
each fitted with a 20-centimeter (8-inCh) perforated
air line nornted along the botton. The ¡ir 1i.ne was
stopped 46 cm (18 inches) short of the end wall,
thereby provicling maximum agitation in the line feed-
ing zone. A t)?ical batch consisted of 38 n3 1t0,000
gallons) of water, charged first, and f8,100 kg (20
tons) of lime, producing about 45 m3 (l2,OO0 gallons)
of slurry in less than 25 minutes. Loading of the
tmk trucks was handled by a standard water pmp, with
one slurry tank being Lnloaded while the slurry was
being nixed in the other tank.

On another job the contrâctor used a si,milar
tank and air 1ine, but in addition nade use of a 10-
crn (.1-inch) recirculating pump for mixi.ng; the sme
prmp loaded the tank trucks. 'l'o keep thc Lime fron
settling, the contractor devised a hand-operated
scraper fitted with air jets.

Stilt another job involvetl a nuch snaller ta¡k,
approximatety 9 mr (2400 gallons), nounted below a
lime bin and weigh-batcher, A truiqal batch consisted
of I80o kg (2 tons) of line and.l m3 (1000 gallons) of
water, pt'oducing enough slrrrry for one tank truck.
Mixing was acconplished with air jets and a 7,6-centi-
neter (3-inch) recirculating pmp.

The newest and nost efficienÈ nethod of slurty
praiuction which eliminates batching tmks involves
the use-of a conpact jet slurry mixer. Water at
5 kg/cm¿ (70 psi) pressure an(l hydrated line are
charged continuously in a 65:35 (weight) ratio into
the jet nrixing bowl, uhere slurry is produced instan-
tareously. The nixer and auriliary equipnent can be
¡ìounted on a snall trailer and transported to the job
readily, giving great flexibility to the operati.on
(Ref 16).

In the third t)?e of slurry set-up, n¿asured
mounts of Hater and limc are charged separately to
thc tank truck, with the slurry being mixed in the
tank either by conpressed air or by L recirculating
putrl}) mounted st the resr. 'I'lìe Hater is metered and
the llme proportioned volumetrically or by neans of
HeiSht batchcrs, Both portable and permanent batching
p¡ants sre used. Itixing with air is accomplished at
the plant. Tho air Jets are turned on during tho
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Fi¡uro 31. D¡rlr¡bul¡on of lime l¡om bar rproader.Wirconrin. Figuro 32. Spreading of granular quicklime on canal rolining
prolect-Cslilorni¿ {Rof t 8).

,.

Figure 33, Sfurry mixing plant using recirculat¡ng pump for mixing, Figure 34. Jet sluny mixing plant.Dallas County, Texas (Rsf l6).

.t
Jr

Fþure 35. Spæading of lima rlurry.

Figure 36. Grader.sc¿¡ifier cutting slurry ¡nto 3tone baso.

lbl Rercirculation pump on top of 2.3 mr {6000 96l} waqon
rgitates rlurry.

lal Subilization ol none base {Rel l6}.
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loading opcratlon, and renaln on until the slurry is
thoroughly aixed vhich takes about l0 to l5 ninutes.
Tho use of ¡ recirculating pmp, however, permits
nlxing to occur during transit to the job. Generally,
5, 8 or l0-centimeter(2, 3, or 4-inch) pmps are used
in this operation, with the slurry being recirculated
through the tank by means of a perforated longitudinâl
plpe extending the length of the tank a¡d capped at
onô rnd.

Spreading f¡on the slurry distributors is ef-
fected b)r gravity or by pressure spray bars, the
latter being preferred due to better distribution,
Thc use of spray deflectors i.s also reconnended for
good distribution. The genelal practice in spreading
ls to nake either one or ilro passes per load. Hov-
ever, several loads may be needed in order to distrib-
uto the re.¡uired mount of line, The total nmber of
passes will depend on the lime requi¡ement, optinul
¡roisture of the soil, and type of nixing enployed,
l{indro+{ nixing with the grader generally requires
several passes.

Double Application of Line. In sone areas where
cxtreñõ1fl-iã!ìIÇlG6õi-iãflt I o f s0+ ) abounds,
It nay prove advantageous to add the ¡equisite anount
of li¡re in two increnents to facilitate adequate pul-
v-erization and obtain conplete stabilization. For
exanple, 2 or 5 percent lime is added first, par-
tiall)' nixcd, then the layer is sealed a¡d allowed
to cure for up to a week. The remaining line is then
added preparatory to final nixing. The first appli-
cation nellows the clay ard helps in achi.eving final
pulverization and the second application conpletes
the line-treatment process,

Advantages and Disàdvantages of Different Types of
Application

Llsted below are sone of the advantages ard disad-
vantages of the various line application procedures,

1. ûry Hydrated Line. Advantages: (a) dÐ¡ line
can be appliêd two or three tines faster than a slur-
ry; and Cb) dry lime is very effective in drying out
soils. Disadvantages: (a) dry line produces a dust-
ing problen which nakes its use undesirable in urban
areas; and (b) the fast drying action of the dry line
requires ân excess anount of water during the dry,
hot seasons.

2. Quickline. Advantâges: (a) nore econom-
lcal as it contains approxinately 25 percent more
available lime; (b) greater bulk density so storage
silos can be smaller in size; (c) faster drying ac-
tion in wet soils; (d) faster reåction with soils;
and (e) due to faster drying, construcEion seâson
can be extended, both spring and fall, Disadvantages:
(e) field hydration Iess efi'ective than conrnercial
hydrators, producing a coarser naterial with poorer
distribution in soil mass; (b) quicklime. requires
Dore ¡rater than hydrate for stabili¿ation, which nray
present a problem in dry areas; and (c) greater sus-
cèptibllit)¡ to skin and eye burns.

3. Slurry Lirc, Advantages: (a) dust-free
spplication is nore desirable fron an cnvironmental
stanrlpolnt¡ (b) better dist¡ibution is achievcd with
thô slurry; (c) ln the lime slurry nethûl, the linìc
spreading and sprinkling operations are combined,
thus reducing job costs; and (rl) rturing smer
nonths slurry application pre-wets the soil and min-
laizcs drying action. Disadvantagcs: (a) applica-
tlon rates are slower; hiSh câpacity Pumps arc re-
qulred to achieve acceptåble application rates; (b)
extra cquipmcnt is required and thus costs arc higheri
(c) extra nanipulatlon nay bc required for drying pur-
poscs during cool, Het, hunld Heather, uhich could
occur durlng th6 fâll, Hinter, and spring construc-
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tion season; sìd (d) not practlcal for use rlth very
Yêt SOilS.

Pulverization and lfixing

To. obtain satisfactory soil-lime bixtures adequate
pulverization and nixing nust be achieved. For heavy
clay soils two stage pulverization and mixing may be
required vhile for other soils one stage nixing and
pulverization nay be satisfactory. This difference
is due prinari.ly to the fact that the heavy clays are
nore difficult to break down.

THo-stage lrlixing. Construction steps in two-
s t a ge nïilñ!-ãôñîíTi-õF p re I i mi nary m i x rn g, moi s t
curing for 24 to 48 hours (or more) and final nixing
or remixing. The first nixing step di.stributes the
lime throughout the soil, thereby facilitating the
melloHing action. For na¡imum chemical action dur-
ing the nellrwing period, the clay clods should be
Iess than 5 cn (2 inches) in dianeter. Prior to neL-
lowing the soil should be sprinkled Iiberally to
bring it up to at least two percentâge points above

.optinurn noisture in order to aj.d the disintegration
of clay clods. The exception to excess watering
would be in cool, danp ueather when evaporation is at
a nininrn. In hot weather, however, it nay be diffi-
cult to add too nuch water.

Afte¡ preliminary nixing, the roadway should be
sealed lightly with a pnermatic roller as a precau-
tion against heary rain, since the compacted subgrade
will shed water, thereby Preventing noisture increases
which night delay construction. Generally, in 24 tô
48 hours the ctay becomes friab¡e enough so that de-
sired pulverization can be easily attained durinc final.
rnixing. Additional sprinkling nay be necessary during
final nixing to bring the soil to optinm moisture or
slightly above (Fig 37), In hot weather nore than
optinrn moisture is needed to compensate for the loss
through evaporation.

Although disc harrows (Fie 38) and grader
scarifiers are suitable for preliminary nixing, high-
speed rotary mixers (Fig 39) or one.pass travel plant
nixers (Fig 25) are required for final nixing, Motor
graders are generally rmsatisfactory for nixing line
with heavy clays.

One-stage Hixing. Both blade and rotary mix-
ing or a combination have been used successfully in
projects involving grmular base matetials. However,
rotary nixers are preferred for nore uniform mixing,
finer pulverizâtion, and faster operation. They are
generally required for highly plastic soil.s which do
not pulverize readily and for reconstructing worn-out
roads in order to pulve¡ize the old asphalt.

Blade Èlixing, l{hen blade nixing is used in
conjunctiõn with dry line, the naterial is generally
blade<l into two windrows, one on each side of the
roadvay. Line is then spread on the inside of each
vindrow or down the center line of the róad. The
soil is then bladed to cover the line. After the
lime is covered, the soil is mixed dry by blading
across the roadway. After dry mixing is cornpleted,
Hater is added to slightly above the optimtm moisture
content and additional mixing is perforned. To assure
thorough mixing by this method, the material should
be ha¡dled on the nold boa¡d at least th¡ee times.

l{l¡en blade nlxlng ls used ulth the slurry neth-
od, the olxln8 ls done In thln llfts çhich are bladed
to cindross. one prâctlce lB to stsrt Hlth the mate-
rtal fn â center vlndrow, then blâde aglde a thln layer
after the addltlon of eôch Lncreoent of slurry, thereby
fomlng elde ulndross, The wladrov€d Baterfal 1s then
bladed back across the roaduay and compact€dr provlded
that lts Eolsture content 18 at optlnu.
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Â socond practice ls to start wlth â sldð yind-
rdr, then blarle a thin, 5-centineter (2-inch) tayer
scross the roadway, add an increment of li.me, then
blade this layer to a wind¡or on the opposite side
of the road. On one job this procedure was repeated
several tires rmtil all the mtterial was nixed and
bladed to the new windrow, Since by this tine only
half of the lime had been added, the procèss Has re-
peated, noving the material back to the other side.
Thrs procedure is admittedly slow, but it provides
excellent uniformity.

Rotary ¡lixing. l{hen high-speed rotary nixers
or one-pass trrvel plant mixers are used, the line is
generslly spread evenly on the entire roadway, md
nixing starts fron the top dom, Depending upon the
type of equiprcnt used and the soil involved, coñplete
nixing can norsìally be accomplished in one to th¡ee
passes, If needed, water is added during nixing to
obtain the desired moisture content, general.ly op-
tirfiun, 'lhe water may be added by sprinkling trucks
or by spraying into the nixing chanbcr of the rnixer.
The latter nethod has considerable merit, since the
lntimâte contact of line, water, and soil facili-
tates chemical breakdo¡n a¡d pulveri.¿ati.on.

The traveling wind¡orr-mixing type machine,
conrnonly refcrred to as the soil-through-machine
t)'pe, may also be used for one-stage nixing if ad-
equate pulverization and mixing cm be achieved in
one Pass.

Central ltlixing. Pre-rnixing of lime with
granular base naterials is beconing popular on new
construction projects, particularly where subnarg-
inal gravels are utilized. Srnce the gravel has to
be processed âny?ay to meet gradation specifications,
lt is a relalively simple natter for the contractor
to install a line bin, feeder, and pug nill'at the
screening plant. 0n one oroject a sìnùl.l pug nill
Ìras installed at the head pulley of the collecting
belt conveyor (Fig 28a) and at another operation a
larger pug nill plant Has utilized (Fig 28b). The
general practice is to add the optimrm noisture at
the pug mill, thereby permitting imediate compac-
tion after laydown.

Pulverization and Mixing Requiremnts

Pulverization and mixing requirements are generally
specified in terns of percentages passing the l-l/2-
inch or l-inch screen a¡d the No. 4 sieve. Typical
requirements are 100 percent passing the l-inch ånd
60 percent passing the ¡¡o. 4, exclusj.ve of non-
slaking fractions. However, in sone åpplications
the requirenents ile relaxed. For exmple, ths
South Dakota Departrcnt of Trmsportation only re-
quires 100 percent passing the I-l/?-inch screen
rrith no requirement for the l,¡o. 4 sieve. other
specifications nay only require {0 to 50 percent
passing the No. 4 sieve.

ln certain expedient construction operations
fornal requirerents are eliÍinated, and the "pulver-
lzatisr and nixing to the satisfaction of the en-
3ineer'r t¡.pê clâuss is enrployed.

Conpactlon

For ¡ra¡Ímun developn€nt of strength and durabillty,
line-soil nixtures should b6 properly cgmpacted,
Itany ågêncica require at least 95 percent of A.{SllT0
T-99 density for subbases md 98 percent for bascs.
Sone agencies have require.l 95 perccnt Â"\SHTo T-t80
¡axinm d€nsity. Although such <lcnsities ca¡ bc
achleved for nore granular goll-lIme elxtures¡ lt
fo dlfflcult to âchleve Èh{s degree of coDpâctlon
for llEe-treåted flne-gralned soll¡.

If e thick soil-line lift is to be conpacted
in one lift, mary specifications require 95 percent
of AASIITO T-99 mûxinun density in the upper 15 ro
25 centimeters (6 to 9 inches) and lower densitj.es
are accepted j.n the bottom po¡tion of the lift, To
achieve high densities necessitates conpacting at ap-
proxirnately optimun moisture content with approved
conpactors. 6ranular soil-linc mixtures are gener-
ally compacted as soon as possible after mixing, al-
though delays of up to two days are not detrinental,
especially if ths soil is not allowed to dry out and
linc is not allowed to carbonate, Fine-grained soils
ca¡ also be conpacted soon aftcr final nixing, al-
though delays of up to four days are not dettinental.
lfhen longe¡ delays, e.g., tHo Heeks or more, cannot
be avoided, it may be necessary to incorporate a
small anount of additional line into the mixture,
e.g,, l/2 pe¡cent, to corpensate for losses due to
carbonation a¡d erosion,

Various rollers and layer thicknesses have
been used in lime stabilization. 'lhe most comnon
practice is to compact in one lift, using the sheeps-
foot roller (Fig a0) until it,'walks out,,'followed
by a nultiple-wheel pneumatic roller (Fig 1l). In
some cases, a flat wheel rolle¡ is used in finishing.
Single lift compaction can also be acconplished with
vibrating iñpâct rollers (Fig 42) or heavy pneunatic
rollers, with li.ght pneumatic or steel rollers being
used for finishi,ng. When light pneumatic rollers
are used alone, compaction is generally done in thin
lifts, usually less than 15 centimeters (6 inches),
Slush rolling of granular soil-lime mixtures with
steel lolle¡s is not recomnended.

During compaction light sprinkling nay be re-
quired, particularly during hot, dry weather, to con-
pensate for evaporation losses.

Curing

Maxlnu developnent of strength and durablllty also de-
pends on proper curlog. FavorabLe teEperature and nols-
ture condltlons ånd Èhe passage of ttne are requlred
for curlng. Tenperâtures hlgher than 4.4 to l0o C (40
to 50o F) and solsture contents around optlmun are con-
duclve Èo curLng. Although sone speciflcatlons requlre
a 3 to 7-day undlsturbed curing perlod, other agenclea
pemlt the Lmedlate placenent of overlyfng pavlng
layers lf the conpacted soll-llme layer ls not rutted
or dlgtorted by the equlpnent, Thls overlylng course
nalntalns the Bolsture concent of the coDpacted layer
and ls an adequate medluo for curlng,

Tro types of curlng can be employed, ûolst and
aephaltlc nenbrane. In the flrst, the surface ls kept
dmp by sprlnkllng (Fig. 43) vlth llght rollers bel.ng
used to keep the surface knltted together, In nenbrane
curlng, Èhe stablllzed soll ls elther sealed wlÈh one
ehot of èutback asphalt ât a rate of about .45 to l.l
lltera/sq n (0.10 to 0.25 eal/sq yd) ulthln one day
after rolllng or prlned wlth lncremence. of asphalt
emulslon applled several. tlnes durlng the curln8 pe-
rlod. A comon practlce ls to apply two shoca the
flrst day, and one each day thereafter for four days,
at s tota¡ rate of .45 to l.I Ilters/sq m (0.10 to 0.25
0.25 gal/sq yd). The type of nenbrane used, mountl
and nuber of shots vary conslderably. Cenerally, lt
ls dlfftcult to apply nore than 0.76 titers (0.2 gal)
of asphalt prloe because the Iloe sttblllzed layer le
relatlvely lopervlous after conpactlon.

H€a8urenent ånd Pament

lleaaureEent and paynent conalderâtlons ln the contract
docmentg sre typlcally lncorporated 1n the nanner
lllustrated below, Partlcular attcn¡Ion should be
glven to Èhe eater ltcn slnce abnornally large quan-
tltles sre ueed ln eoll-llme consÈructloo operåtlon.
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Fþurc 37. Wator¡ng of limÈtroatod clay on rirport pro¡oct-Kânnt
City, Mi¡¡ouri lRef 91.

Figuro 38. Mixir¡ with di¡c ha¡row.

Figure 39. Mixing with rotâry m¡xor3.

lal Rotary mixers on project in Dallas County,
Texas-

Fi¡ure lto. Compact¡ng l¡mÊtroated matorials w¡th shooprfoot roller.

Figure 41. Pnoümatic rollor complsto3 compaclion of limscsm€nt.
fly¡¡h ba¡s, Newark Airport

lbl Double sheepsfoot roller.

lal Self-propelled sheepsloot roller,
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Ilethod of lþasurer¡ent

t. Li¡o to bo ¡pasured ln tons.
2, Processing of the lirie-treated layer to

be neasured by the square yard,
3. l{ater used for mixing, compacting, fin-

lshing, and curing to be neasured in ulits of 4 cubic
ncte¡'s (1000 gallons).

4. Bituinous naterials used for curing
seals to be neasured by the ton or gallon.

Basis of Paynent

l. Line to be paid for at unit bid price
per ton of material accepted in place.

2. Processing of the line-treated material
to be paid for at the unit bid price per squarc yard
of nateria¡ conpleted in place.

3. llater to be paid for at unit bid price
per 0.38 cubic meters (100 gallons) of naterial
used on the project.

4. Bitwinous menbrane to be paid for at
unit bid price per ton or gallon of mate¡ial used
for curing purposes,

Field Quality Control

Adequate quality control is essential to obtain a
soil-line nixture which will meet the stabilization
objectives and provide the desired perfornance.
There are nany factors xhich should be considered in
the quality control of soil-line constructi,on.

Factors typically considered in soil-l.ine
construction and procedures for field use are listed
below.

l. Depth of Lime Treatnent, Since lime el-
evates the ptl of the soil, phenolphthalein, a color-
sensitive indicator solution can be sprayed on the
soil to determine the Þ¡esence of lirne (Fig 4a). If
li¡¡e is present, a reddish-pink color develops,

2. Pulverization. The degree of pulveriza-
tion attained in field mixing is evaluated using se-
lected sievo sizes, ¡fost specifications are based
on the l-inch å¡d the ¡io. 4 sieves. The processed
naterial is "dry sieved" to detemine the percent
passing. Care shoul,d be taken to insure that the
plus No, 4 naterial fraction is not really an ag-
glonerated soil-lime nixture which can be easily
broken down by a sinple kreading action to pass the
No.4 sieve.

3. Line Spread Rate, In dry line spreading
operations, the spread rate is estâblished in terms
of pounds of li¡e per mit area of surface. A sinple
proðedure for neasuring the actual fielri sprcading
rate is to place a l-square heter or l-square yarri
plecc of cilvas or other suitable material on the
Srade and then after the line has been spread de-
termine the weight of line on the I square meter or
square yard.

4, Slurry Cmposition. To accurately de-
teÍnine the quantity of lim slurry requircd to pro-
vide a desircd a¡tount of line solids, it is necessary
to k¡os the slurry corçosition. The nost convenient
nethod of checking line-slurry conposition is to de-
tcnnine the specific gravity of the slurry, eithêr
by using ¿ hydronìeter or a voh¡¡netric-weight pro-
cedurc.

5. Li.na Content. Lirae content is specified
ln all sotl-lime construction. An ¿\5tlf proccdure
(ASTM D3155-73) has been developed for dete¡mining
the Iine content of ucr¡red soil-lime mixtutes. The
procedure is rapid and easy to conduct. Othe¡ meth-
ods of rlete¡mining lime contcnt ârc also uscd and
aro dtscusscd in the proccetling section on design.

6. Density. Conventlonal procedures, i,e,,
s¡nd cono, rubber bslloon, nuclear, (Fig 45) aro

used to deternine tho in-situ density of compacted
soll-lime mixtures. It is vcry inportant to recog-
nize that the propèr moisture-dcnsity relation for
the soil-line nixture be used in the density control
operation. The noisture-density relation for a soil-
line mixture nay change relative to such factors as
curing time. For exanple, if a soil-line layer is
revorked at sone latet date following lnitiâl con-
struction the naximrn dry density and optinum mois-
ture content for the mixture probably Hill he differ-
ênt fron the original mixture,

7. ìloisture Content. Conventional proced-
ures, oven drying and nuclear methods (Fig 45) can
be used for noisture determinations. In calibrating
the nuclear equipment conside¡ation should be given
to the presence of the lime in the mixtu¡e.

8. trfixing Efficiency. Thc thoroughness and
efficiency of the field nixing operation is of in-
terest, Â si¡rple procedure. for evalrrating nixing
efficiency is: (a) secure a sanple of the field
nixed soil-1ime material; (b) halve rhe sÂnrple; (c)
prepare strengtlì speci.nens (unconfined strength is
nomally satisfactory) from one portion; (d) con-
pletely rrre-mix't the other portj.on of the field nix-
ture to insure almost "100 percent nixing;" (e) pre-
pare strength specinens from the "re-mixedil natetíal;
(f) cure both sets of strength specimens and test
them; snd (g) calculate the nixing efficiency, as
follovs: nixing efficiency, å = field nixed strength/
lab nixcd strength x I00. For mixed in-place ope¡a-
tions mixing efficiencies normally range from 60 to 80
percent. In some types of soil-li.me nixi.ng operations
lowet values may be acceptable,

Specification Re ferences

l"lâny agencies have developed specifications and spec-
ial provisions for'soil-Iine consttuction. .\ compre-
hensive listing of current specifications and special
provisions is presented below.

1. ÅASHTo - Grride Specifications for Highway
Construction, 1968, (Sec. 307 on line-treated sub-
grade).

2. U. S. Departnent of Transportation (FAA)
fS0/5370A "Standard Specifj.cations for Consrruction
of Airports," Iten P-155 "Lime-Treated Subgrade,"
I'fay l9ó8,

3. U, S. Corps of Engineers, "Engineering
and Design Hanual - Soil St.abilizatio¡ for Roads and
Streetst' (also AFÈf 88-7, Chapter 4), june 1969.

4. U. S. Cotps of Engineers, ,'cui.de Specifi-
cation for l.lilitary Construction - Lime Stabilized
Base Course, Subbase or Subgrade for Roads and
Streers,', CE 807,32, Decenber l96l (partly revised
February l97l).

5. Nstional Line Association, ',Lime Stabil-
ization Construction,'r Bulletin 326, I972,

6. State Specifications or special provisions
for the following states: AIabana, Arkansas, Arizona,
California, Colorado, Floridå, Georgiil, Idaho, Itli-
nois, Iowa, Kansas, Louisiana, llaryland, I'linnesotÂ,
l.tississippi, ¡fissouri, Nebraska, New llexi.co, New
York, North Carolina, North Dakota, 0hio, 0klahcna,
Oregon, South Dakota, Tennessee, Tcxas, Utah, Vir-
ginia, l{isconsin, Wyoming, etc.

FIeld Variabi lity

Conplcte soil-line construction vill displa)¡ varia-
tions in engincering properties such as strength
and nodulus of elasticity. Such variabilit), is typ-
Lcal of all field constn¡ctl.on opcr¡tions. i{ajor
fsctors contriburing to field variability in soil-
lims construction are:

I. varlati()frs in propertlcs of tho soil en-
counterôd elong the grade,
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2. varlsbllit)' ln linc sprcading ånd dlstrl-
butlon,

3. variability ln pulvcrization and nixing,
snd

1. uoisture and density variations in the
conpacted soil-lime layer.

As indicated in the Field Quality Control Sec-
tion, it is essential to nonitor all aspects of soil-
line construction to assure that the desired quality
of construction is secured and an acceptable Ievel of
uniforrnity is achieved (Fie. aa).

Sumary

ll¡is section attempts to describe and sr¡nnarize nod-
ern soil-line construction procedures and equipment.
It is anticipated that these procedures will change
rapidly as new pieces of equipment and new uses for
liBe are developed, Nevertheless, it is felt that
this section provides a comprehensive sunnìary and
description of lime stabilization construction at tho
ti.!ìe this report Has prepared,
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Field on the Pulverization ofStudies
Black Cotton Soil for the Construction of
Stabilized Soil Road Bases

¡1. L. UPPAL, L. R. CHADDA, and P. K. DHAWAN, Central Road Research Institute,
New Delhi, India

Stabilization of black cotton soil with lime has been found effective in improving
the engineering propertiesof the soil. Consequently, this has led tothe increas-
ing use of lime-stabilized black cotton soil in subbases or bases of road pave-
ment. A properly pulverized soil is, however, a prerequisite for successful
stabilization of soil. This paper describes a number of methods that have been
tried in the field to achieve an economical a¡d effective pulverization method. It
has been shown that an acceptable degree of pulverization can be aitained when
the soil is ha¡dled mechanica-lly at a particular moisture raage by using agri-
cultural machinery.

oEXPANSIVE SOILS (1) occur in different parts of the world. Onesuch soil, commonly
termed black cotton soil, has similar characteristics and forms one of the major soil
groups (!) of InOia, covering an area of about 500,000 km' (Fig. 1). The soil is pre-
dominantly montmorillonite (3, 4) having high base exchange capacity. It is character-
tzed by high swelling on wettiñg ãnd excessive shrinkage on drying. When swelling is
restrictecl, it results i¡ the development of sweil pressure (3). On account of these
peculiar properties, the black cotton soil presents serioùs probìems in the construc-
üon of roads. Even at places rvhere the conditions for the development of swell pres-
sure do not exist, the roads stilt fail because of ¡roor supporting po.lver of the subgrade
ln rvet condiLion.

It has been observed Urat the waviness at the road surface is mostly due to the rvork-
ing up of the soft sulgrade soil into the crerices of the stone soling, thereby dislodging
the soling stone from its original position. The sinking of tÌle stone soling into the soft
subgrade is a continuous process, and no amou¡rt of strengthening of the existing pave-
nlent at the surface woul.d remedy this defect. It is, therefore, very necessary that a
compactecl ìayer of nonerpansive rnateria-l having low voids be provided to prevent the
movement of subgrade soil into the creyices of the stone soling. Such naterials that
could be conside¡ed suitable are light-textulecl soils, sands, or gravelly soils. In
India, salcly soils or sa¡rds are not generally found in black cotton soil areas. At
places, however, granular material mixed ¡vith soil fines, locally called moorum,
occurs and a compacted layer of Uris laid over the subgrade before placing the stone
soling has led to satisfactory results.

There are, however, still very large areas where none of these materials occurs
and the only alternative is to improve the esisting soil for use as a subbase between
the subgracle and the stone soling. One of tlle l<norvn effective methocls (4,5) to im-
prove the engineering properties of black cotton soil is the stabilization rr'ith li¡ne. To
achieve these requiretnents, it is necessary that the soil, which is generally in the
form of hard clods, be brought to a reasonal¡le degree of fineness to facilitate unüorm
ntixing of lime vith soil.

Paper sponsored by Committee on Lime and Lime-Fly Ash Stabili¡ation.
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Figure 1. Black soil region of lndia.

.Whereas light-textured soils are generally in a friable state when removed from the
fields, it is noi so in the case of expansive black cotton soil, which is very soft and
sticþ in the wet condition but very harcl in the dry state.

OBJECT OF THE STUDY

The object of the present study, therefore, is to evolve a technique for an effec-
tive and economic pulverization of black cotton soil, which is a prerequisite for the
uniform mixing of soil with lime and the subsequent develcpment of strength.

Before taking up the field study, it was considered necessary to define the degree
of fineness of soil. According to unpublished literature from the British Road Rãsearch
Laboratory, the degree of fineness, which is also comrnonly termed as degree of pul-
verization, is determined from the formula

&:l&. ..',','
\ill +\tr/3 ^ ^""

where

Wr = total weight of the sample,
Wz = weight of the sample retained on 7r-in. sieve, and
\ffs = weight of the sample passing t/t-ir. sieve and retained on No. I sieve (SriHsh

standard sieve or B. S. S.) 2mm síze.

It will appear from this formula that the fineness is not only controllecl by the per-
centage of material passing the 7ra-in. sieve l¡ut also by the fraction smallei than'2mm.

For stabilization of light-textured soils with cement, about a 65 percent degree of
pulverization (6), according to Uris formula, is considered suitable; but for haid clods
of black cotton soil, such a high degree of pulverization may not be a practical possibility
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TABLE I
EFFECT OF DEGREE OF PULVEilZATION OF SIL ON THE ÐAKED

CBR WHEN TREATED wlTH 3 PURCENT COMMERCIiq'L
HYDRATED T,TIIE (PURITY 40 PERCENT) AND

COMPACTED TO 1'ã gmlcc DENSITY

Percent Passlng
Molsture

Soaked Absorptlon
(percent) þercent)

Sample l_ln.
Sleve

t, , No'8lt'Ã, Steveù¡eve (8. s, s.)

I
2

3

1

100.0

100.0

100.0

r00.0

0.0

$.0
100.0

100.0

0.0

15.0

30.0

100.0

2.4

14.2

1,1.3

14,7

21.í

28.3

26.9

25.3

ñor!: So¡l charæter¡stiG arc l¡qu¡d l¡mil - 75 3 p€rccnt; plail¡city ¡ndex = 34'7 petccnl; aôd fÉl¡æ
Grcr rhan No. 2O0 s¡rye {U.S. ¡¡wcl = 5.0 pcrceot.

(?). B). It was, therefore, considered necessary to relax the limits of fraction finer
iñ3¡1mm from the calculations. Before finally accepting the modification, it was

essential to l,rrow how the clod-q of black cotton soil pulverized to particles of varying

iizes witt affect the resulta¡t strength in saturated condition when ihe soil is stabilized

øt¡ li*". To.ward this objective, a preliminary laboratory study was carried out with

ioU samptes having varying clod sizes. To achieve a limited increase in strength,
trials were made using a lorv concentration of lime.

In the laboratory triats, the soil having a varyingdegreeof fineness wascompacted

at optimum moistuie with 3 percent commercial lime of linovm purity. After cu-ring

the ireated specimens for 10days, these were testedfor soaked CBR. The results o'p-

tained are given in Table 1.

It will bõ observed from the clata given in Table 1 that il the soil to start with con-

sists of at lcast 50 percent passing ttre ?'*-h. sieve then the strength attained is practi-
calty the same, irrêspecHvã of thð fraction passitrg the No. B sieve (8. S. S.). It may

be due to the fact that the process of mixing lime t'ith soil and subsequent compaction

may have resulted in further improving the degree of pulverization.

PULVERIZATION BY MANUAL LABOR

It is a common exlperience that during the rainy season tlre black cotton soil is sticky
and difficult to handlé. The fielcl trials on the pulverization of soil by manual labor
were, tlerefore, restricted to the dry season; details are given in the following'

Crorr,;bar and Pickax

The field tria-ls for the pulverization of black cotton soil were ca¡ried out on Berasia-
Sironj Road near Bhopal (clntral Inciia) ir 1964. AÍter removing the top vegetation, the

Ory säit crust for. a dãpth of about 8 in. was loosened with cro*4rars. The soil thus ob-
taiïed rvas comprisecl mostlyof 5-to6-in. clods. These were broken with pickaxes or
rammers but the output was very poor, lvhich raised the cost to 20 rupees per 100 cu ft
for getting soil of acôeptable degree of pulverization, i.e., about 100 percent passing

U¡e l-in. -sieve 
and about 50 percent passing the --l',0-in. sieve. With a vierv to economiz-

lng on cost, a:r attempt was made to use a country plow drarvn by a bullock, instead of
diggins nranua¡y, buf t.Iris dicl not work well on account of the soil being dry and hard.

Wettins and Drvirts of Soil Clods

It has been observeci that, when black c<ltton soil shrinks in the process of drying,
high stresses are procluced i.hat lead to the disitrtegratiotl of soil at the surface. Ad-
vai-ttage rvas talien-of this ¡lheno¡l'renon in the pulverization of Ure soil. In actual prac-
tice, ihe soil dug fro¡u thõ fiekls rvas stacked utd rvater was s¡lrinliled on the clods. In
the process of diying, tlre shrinkage of the soil took place a:rcl led to its disintegration
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at the surface. The process rva.s frequently rei:eatecl to get nrore an<l nrore of tlre soil
lines. It gave satisfactory results as aì¡¡rost 50 percent of tl¡e nraterial passing the
7*-in. sieve coulcl be obtained. This process rvòuld, however, require lyater.iviUrin
econonric reach. Besides being slow, such operatio¡ts n'ill cost al¡out 12 to l5 rupees
per 100 cu ft.

PULVERIZATION BY MECHANICAL lvtEANS

Porver Roller

The soil in the ctry condition rvas clug from the adjoining fields, and clods werebroken
with picka;ies so as to recluce the¡n to a size not bigger tha:r 2 in. The soil clocls were
spreadover a hard subgrade, and a power rollerpassed over thenr a nunrber of times
with frequent raking of tle crushed material. It vas found that about 8 passes of the
roller ancl frequent raking of the rolled soil resulted in gradi.ng as follows:

The cost of soil pulverized according to this method worked out to 10 to 12 rupees
per 100 cu ft.

Heavy Agricult_ural Machinery

In lhe absence of a specially designed plant for the purpose, agricultunal machinery
available in the country was used. Field trials rvere, therefore, carried out with the
follorving he:ivy agricu.ltural macìrinery normally used for plowing the fielcl ancl break-
ing clods (rig. Z):

1. Internationaf Caterpillar tractor, 110 hp;
2, lvloldboard pì.orv consisting of 4 plowshares that can plow to about 15 in. in depth;
3. Disc plow consisting of 5 discs 28 in. in dia¡neter çith a working width of 10it;

and
4. Offset notched disc harrow consisting of 18 discs 22 in. in diameter arranged in

2 gargs with a working width of 10 ft.
A field trial was initiated at Sehore (central India) by using this machinery in April

1964 t¡¡hen the ground surface was hard and badly cracked because of a hot, dry sum-
mer. Io start with, tìre moldboard plow with a working rvidth of 6 ft was used. This
could plow up to a depth of about 15 in., giving clods of varying sizes with a maximum
of about 8 in. After the moldboard plow was used, the disc plorv was operated on the
excavated soii. This reduced the size of the big clocis to about 4 in. in the process of
siicing. The soil was further subjected to the action of the offset notched disc harrow
to improve pulverization. It was observed that, even r¡¡ith 6 passes of the disc harrow,
there were still many clods 4 in. in size that resisted pulverization ani were therefore
removed manually. The sieve analysis of the resultant soil is as follows:

Sieve No.

lr/2 ttt.
1 in.
% in.
7to in.

Sieve No.

lL/z in.
1 in.
'/; in.t/* in.

Percent Passing

100.0
83.0
80.0
60.0

Percent Passing

100.0
81.4
5?.6
33.5

During this operation, it rvas observed that those clods that rvere dry and conse-
quently hard resisted breaking u¡1, rvhereas slightly wet clods coulcl be pulverized
easily. It was, therefore, inferred that the pulverization of black cotton soil with
heavy agricultural machinery required the soil to exist u.i'óÍn a certaln range of



Compendium I Text 4

33

Moldboard plow Diæ plow

Offsêt notched d¡s harm Pulwrized black cotton soil being car¡ed by the ¡aborers

Figure 2. Agricultural machinery.

moisture for effective pulverization. With a view to finding out the range of moisrure
that would facilitate pulverization, soil samples at va¡ious depths of the natural sub-
grade were taken and subjected to moisture tests. The results are as follows:

Denth. in.

6
t2
18

Moisture, Percent

?.1
15.6
18.2

It can be inferred that the clods that could not be pulverized had a moisture content
of about ? percent and those that could be readiìy pulverized had a moisture content
ranging between 15 and 18 percent. It can, therefore, be stated that it will be more
economical to pulverize black cotton soil after the rainy season when uniform field
moisture conditions are liliely to prevail.

Experiments \\'ere also made on the pulverization of black cotton soil in a moist
slate. Before operating Ure lnachinery, the moisture distribution to a clepth of 2 ft
was checked at 3 cìifferent stretches on the Sehore-Bilquishganj Road (central India)
where the experiments were carried out. The data are given in Table 2.

It will be observecl that the moisture thloughout the clepth is very uniform except
at the top where there is a slightty lower moisture content.

The field trials were ca¡recl out in December for a length of about 440 yards using
the sa¡ne machinery.
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6

r¡
t8
2l

l{.?
19.8

20.1

æ.5

20.5

15. I
r9. $

19.9

2t.6

22.0

u.8
19.8

æ.9

2r,9

21.9

l% tn.

I ln.

%u.
7,. h.
No. I
No, 38

100.0

89.0

?9.0

55.8

38.0

8.¡

r00.0

82.6

?0.6

{{.8
29.1

5.2

100.0

88.t

69.9

{9.6

31.3

8.8

Sleve No.
(8. S. S.)

Percent Pesslng

I Passes { P¡sses 6 Passes

It was observed that, after the soil had
been dug out with the moldboard plow, tìe
disc plow could conveniently cut down the
big clods to a sntaller size at this mois-
ture. The operation was also smoother as contpared to pulverization of the drysoil. The soil thus pulverized was furUrer subjected to the aclion of tle offset notónea
clisc hanow, with a view to deternining the minimum number of passes needed to
achieve the required degree of pulverization. The soil was testeã for sieve analysis
after 2, 4, and 6 passes. The results are given in Table 3.

It r¡ill appear from the data given in Table 3 that the acceptable limits of pulveriza-
tion, i. e., 50 percent- passing tire %s-in. sieve, could be achieved with 6 passes of the
offset harrow. it will be observed further that insofar as t}re upper limiti are con-
cerned the conditions are just satisfied. It will be found more eèonomical to accept
about a 10 percent fraction coârser than 1 in. than to make addilional passes of grã
offset disc harrow to pulverize it further. It will a-lso be noticed that wiUr this type of
machinery the moisture for effective degree of pulverization ranges beLween 15 ä;d 20percent. The cost of pulverization as worked out by this machinõry is 1 ru¡:ee per
100 cu ft as given in Table 4.

Light Agricuttura^l Maghinejy

As heavy agricultural machinery is not easily available at most of the sites, further
field trials were carried out using light agricultural machinery, which is reaclily pro-
curable. The tr.ials were made at Sidhantam in Anclhra praOeih (south lnOia) where ttre
construction of 5f miles of the right approach road to Vasista Bridge, forming apart
of the National Highway, was undertaken.

The light machinery consisted of the following:
1. Tractor, 50 hp;
2. Moldboard plow consisting of 3 plowshares;
3. Disc harrow consisting of 20 saucer-shaped ctiscs 10 in. in diameter; and4. Offset disc harrow consisting of 10 discs 20 in. in diameter a""angeá in twogangs.
The operation with this machinery w¿rs carried out, as in the case of heavy agricul-

tural machinery, at varying moisture contents. It was found that effectlve púvel"ira-
tion could be economically achieved when the moisture content of the soil rar)ges between
10 and 22 percent, as against 15 and 20 percent in the case of the heavy machinery. It
was further observed that it required about 6 passes of the djsc harrow a¡¡d about 10
passes of the offset harrow to achieve an acceptable degree of pulverization.

The cost of pulverization worked out to 2 rupees per 100 cu ft of loose soil as given
in Table 5.

The higher cost of pu.lverization with light agricultural machinery as compared to
heavy machinery resulted from the fact that the moldboard plorv fitted with a light trac-
tor could not plow more than I in. deep.

As a result of conducting a number of trials, it was founcl that, with the light ma-
chinery, it was possible to pulverize only about 8,000 cu ft of the soil in 8 hoúrs as
against 40,000 cu ft with heavy machinery during the sa¡nc period. Although heavy

3{

TAI}LE I
PERCENÎAGE OF MO¡STURE IN BLACK CÐÎTQN SIL
Depth, ln. Slte I Slte 2 Slte 3

TÁBLE I
SIEVE ANALTSIS OF DLACI( COTTON SIL

PULI'T:ITI?.FD IN TH}: MO¡ST ST.{TE
W¡TH AGÍUCULTURAL rtTACXf¡i}:RT



Compendium I Text 4

TABLE I
COST ÁNALYSF OF PULVT:ruZATION OF BL/Á,CK

CTTTON ÐIL WITII HE.{VY ACRICULTURAL
MACHt¡iENY

35

TABLE 5

COST ANALYSIS OF PULVENIZAT¡ON OF BLACK
COTTON g)IL WITII LIGIIT ACNICULTURAL

MACIIINIiRY

Cubfc feet of soll pulverlzed ¡n I hmrs
llfre chârges ol the machinery at 45

rupees per hmr
labor charges' ruPees
¡liscellileous charges such as for tools

end repa!rs, ropees

Total rupees

Cæt (tn rupees) of pulverizi¡g 100 cu ft
t00 x 400' -,tõ:dor

40,000 Cubtc fe€t of Eoil pulverized in I hou¡s
Hlre chârges of the machinery for

360.00 I hours, npees
20.00 Labor chargeg, rupeea

Miscellaneous chargcs such as for tool6
20.00 and repairs, rupces

400,00 Total rupees

Cæt (in rupces) ol pulverlzing 100 cu ft
1.00

8,000

120.00
20.00

20.00

lô0.00

2.00

machinery is more economical to.use, it isnot readily available in the market. There-
fore, even though the cost of pulverization with light agricultural machinery is slightly
nore, it is still preferred on accou¡rt of its easy procurement either from the market
or on hire from tire agriculturists. The additional cost of pulverization is not likely to
have a-ny significant effect on the overall cost of road construction.
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so.rJ::q4$r'.3l4frnffi
¡G, ROA.D aÌ'ID åflfIELD PAI¡$ùE¡'JTS

D[¡nonrcÎIc[¡

l. D¡rf¡g tbe Íorltl lar II a¡tl the auboequeat port rar

roaÀ ilevelopnent i¡ Íest€nr Burope ¡¡iL the U¡¡ttoit Statos, oon-

alile¡¡ble ure rar uadc of loca1 ¡¿tordals rttb oe¡t¡û bl¡ilorc

for pavouont co¡stnrctLou. ft ras *"", tàla per.l.oil tùst á¿

crtanclee progra@e of rpscarcb o¡ tlhe ucc of soll-ocoeot for

"roaÀ oo¡stn¡otLoa r¡s l¡ltletod, i¡ various pq¡ts of tbo ror1il.

Îbla ras fol.lo¡eô by Lerge spale cl,€r¡^æuta.l tcrts, to r¡¡dpp

atanil fìrlþ td¡e linit¿ttous of coif-cooeat ec e ¡aterLel of

oo¡r¡tn¡otion. A ¡unber of other blailers cucb ec blärrea,

!læ, obeoioals, i.lrilustr.Ja.l rastea¡ eto., loæ ¿lso triod for

tbe ct¿blltzation of ¡oils ooil aoue of tbose barc gfvea aetl.s-

feotor¡r perfoluanoe fr¡ üe fieldl. Eæevrer tåe use of ooaa¡t

for ¡tab:lllzation of soi1- rlndler rrarcl-êå 6¡'61 { nate

anil aotl¡ h¿s for¡¡ô riile ecceptanoe er¡org htgbray engLaecrs,

il¡¡o to ttp eese of ba¡¡'ì{n{i clrcb e co¡¡tnroti¡'r i¡ ¿¡l¡litlq¡

to catl,sfêotory perforoanco l¡ the fielcl.

2. D¡rt¡6 tho poct ra¡ roail oo¡stn¡ctio¡ erg, laqr

ortbotlox o1¿1 engi¡reors oo¡sldlered, soLl..oooe¡t as ¿ ¡eoo¡ô

graib grgi¡eeri.ag uater{.a-l for roeil co¡strr¡otionr ao oorparoil

to ¡tose o"tl oo¡c¡etæ. thfs granp of ergÍ.leors co¡¡lils¡eð, col¡-

ocæ¡t es a suttable ¡atoriel onJ¡r for roaitr oarr¡¡lrrg lt€ht

traftlc atil teuporar¡r alrfle}l ¡uveæuts. ,Irrge eoo'lo flelil
c¡rcr{.oantc backa¿ by syrteoatl¡ ¡esca¡oh þ thta tlold. gtce¿rry

oorri¡¡o.ð ¡11 ¡ihadtr of groforsioa.al oplrloa, tù¿t ¡olL.ooæ¡t
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oot¡Jô q*fectiræþ replaoe tbe coovention¿l ¡ethodis of roaô conp

atruetion, rrit!¡out inpairi-u6 tbe qualiþ of ao¡¡tn¡olion¡ la

aòùi'"io¡ to l¡trocuci¡g a oertain a¡mr¡t of econony.

]T ¡RI!î ¡IISîCNY CT lTE DSUELCPìEIP Otr SOII,ÚEI{EIfÎ

I r the South Ca¡oll¡¿ State tiigtray Depa:'troent i¡ tbô

llnltcd State¡ of Anerica, i¡lti¿ted a soie¡tifio rtu{y oo tùo

uge of soj.l..oeuent for paveæat constn¡otion as fa¡ ba¡k a¡

19J2, ond this was follcr¡ed by au extenslvo progra¡¡e of

research by tÀe Portland. Cenent Aesooiation 5¡'19t5. In the

' sar¡e J¡ea^r tù¡9 U.S. Br¡:¡ear¡ of Roaès in ooJ.labo¡:ation ¡rltb Por-t-

fa¡¡ð Cenent Àssoolatlon pr¡t up 't r5 siLes of an ex¡ærj¡e¡tal

rtad leugth nee¡ Job¡sonvills, to oheck tåe laboretoty reouJts

proiùrcedl by various ¡esee¡ch orgallsatlons fD tù€ Untteô

States. the cuccess'cif tl¡is experloeat att¡apted. uany etateo

towar{,s the lùea of using sol.l-cenent for ¡oedl oonetlrì¡otlo¡.

?. 3he use of soil-cenent for ai¡fieIrl eonstn¡cttoo

rag naôe duniq tbe Tlo¡Ld. {ar ff "'ð it was felt that soLl-

Geq€nt çag the only ansrier to speed up constnrot5-on, even under

ver¡r abao::naL cond.itions. ft is esti¡caþd t$at furi¡g 1941{4,

about 22 .tillion 6guêr€ yards of ai.¡field Faveseuts rære built

rttb soíl-oeç€¡rte

J. For tho post war roail tevelopueat¡ soiLl-cenent ças

very extensively used in ¡u¡ry' countrics of the 'forlil, l¡ adði-

tl.on to II.S.A. a¡il ãesterr¡ Europg.

,b. 'The obJect of this nonogre¡h 1¡ to revieç tl¡e deve-

lopne¡t of EoïL-eæ¡rt ag a¡ engi.æerÌ-ug nater:la.l for roaô a¡dl

¿lrftelð eonstn¡otioDr !ûtb tpeci¿l enpbasts or tmptcal enll

c¡bt¡opi¡al. oosôitdo¡s¡
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III gorLce,ErgJi€.Å c-0i{E3Ru_ç-10

1. lhe conbi¡retion of soil rrltb ce¡c¡t r¡¡cler gotro-

lleil cond.itfons of nolsûrrg and. ilenslty p:roiùroor e uatoria.I

of èictf¡ct phyllcal a.nil cngiaeoniag. characteri¡tlos.

Ihese propertÍes depcnd on four nal¡ factor¡:-
(f) N¿tr¡re of soil.

(U) hoportion of soLl, oeuont, a¡¡dl r¿Þr t¡ tùe

El¡tuñr.

(üi) lbe ooupaotive ener6y useô for the aould,fng

of soll.-cene¡t.

(fr) Physlcal coarlitions such as tùe curia6: teo-

poraürres and. age of the soil eeEs¡t ¡l¡es.

2t I¡ the absence of arry oonsolicl¿ted. data choai-n6

geaeral Eech¡ni.6¿1, phytioal, elastio and. strengtb sharaotê-

¡dstics 6f sinrla¡. soiJ.-oeænt uires, te,bles r(kdzìr ,r.
preaentetl to give cooe faLEa of the f,¡po of en5iaeeri.n6

uatorÍal, soLl-oen€¡t ¡ixss na.ke. It nay ¿lso bo of co¡c

f¡terest to nalce a fen 5euoral rena¡ks on the l¡te¡¡.::sle-

tioaship bet¡aeen verioug propertles of loil-oenent oixoa,

bcfore tl¡e 1ín{tations of varlous proþrtbs are driccu¡so¿r

i¡ detall.

5. V_of$ge C.Eqlåej

ft ls 6eneral1¡r observed ürat a¡ l¡c¡æass 1¡

G€¡lsat oontænt te¡tls to reiluce the shr5.n&a6e of a o1ay, itue

to tùs i,:rte5ran:fa.r ¿obesioo pr.oduaoil by t¡s bydnùioo of
Goær¡tr It uay hæyer be pointed or¡t t!¡et ln usj¡g soll.-

ooçnt ao optioun qua¡tlty of oeænt is requirert to q¡t itoc¡
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t¡ho ahrd.¡&age to e Bi¡io¡o. Noraelly bigb oonoentretio¡s

of ceneat te¡rô to Profuce ehrj¡Ì¡ce crackg 1r¡ the ¡oiI-

oouent a¡it soætiæ¡ these e¡e atJstriu€¡t¿l to tbo strcogtù

of e paveænt.

À. thslmal Expansion.

ID the tropics rhere tenperatr¡res ere hl'gb, tho

the¡rul exi¡enslon is an lngorÈørt pþ'sicel property of soll-
(z)

o€rent. À study conducteil l¡ li¿ia on fq¡r ty¡¡es of ro1lr,

revealeit that for the ea¡e ôensity¡ tbe 1¡o¡ease fn peracnta6o

of oe¡e¡t l¡c¡eeseil the the:nal erpaasioa. I¡ ad'ðition tùe

f¡ôre¿se j¡r densities ¡rità the saoe quantlty of conent elso

increagos tlro the¡:aal ex¡raasion. the cunres ac obtaineð

in the shtil¡r uniler reference are sbovn i¡ fi€uæ f.

5, &:neæS¿
Generelly aMypes of scils responcl very sha^raþ

to tt¡e ilecreaso of peræability ritÌ¡ t'l¡e ad.d'ition of aeoe¡t'

The peræablllty deponds o¡ tbo textu¡e $¡a¡f,ity a¡d. +¡altty

of oenento Soce gtudlleg ooactuctett t¡ ttre ltuiteit States

i¡d.lcete that adùition of el6ht percent conent i¡ a sa¡il gsot

pls ¡retlueeil ltc ooefelcient of penreabillty fron 1J0O to

6 f*./yeat. In th€ oase of cla¡rsurd a¡rd ra¡rd¡¡ cla¡r ranples¡

¡rltl¡ tbo oaæ peroentage of ce¡ent tbe por:neabilttles nero

¡pduoeð fron 182 to 6 a¡d, I to 0.5 îl.heæ'tzspÞctiræly.

6. Stj¡"enãtùr Cherecte4¿tie-s.

lbo ooapr=ssive strengt}, f,lenrfal strengtår a,ail

notù¡lus of eJ.astioity of a ¡oLl-oeæ¡i ¡li¡ l¡cæaEet rrltb thc

ro¡oeatration of ocnent. In aôðitio¡ tÀe ¡t¡G¡lgtlt Íiüb tbô
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¡aæ conoentratioa of ceuent, is triSber i¡ a ¡oil sltå a 
'

bettcr graðin8. lhe various stren6th propertl'es of colI-

oe¡ent aro correlatecl ar¡tl 1t is genera-lly aocepicð that

f,Lenral strength of soll ecnent el¡es is approxiuateþ

2È2J per'cent of the r¡¡co¡fined conpnesstve strengttt. the

rolationship betveen oorpressive strenSth, and the fle¡¡ral

atren¿;tù¡ as also tho nqitulus of elast!-cit¡' aro li¡oarr ercept

for loner str.engths of silty anil clay soll.

lhe ourirrg tenperatur"e antt per{od of curirtg have

pronounoeil effect on the l¡crease in strength of soil-oeaent '

nlxes enð this h¿s been cove¡td i¡ nore òetai1 in tho fo]-lon-

{ng sectíons.

sgfr_çfJRu¡Y

1. lhe soil fon¡s about 90-95 petcent of ê aoll-caneDt

nlx a¡rd aets as aa ag5re5ate, a:rd! ccnent inparts to the ni¡c

?oheslon. It ls thus inportant tlrat a proper selectiou of tbe

soll ls aade to get tlre ';est ¡esults ritb a nininu¡l pooportiôa

of cenent.

2, 3efore oarrJ'j¡g out a detaileô soiL sun-cy alonS

a pro¡roseô alignnent of a road, it is laporia¡:t to'have a

vlsual rcconnalssa¡¡ce of the area tO hrov j-n a general vay tlro

¡¿ù¡¡.e of ooi1, topography, water table, availabflity of

stæa¡s or rir¡ers for tlre supPlJ of sater etc, Such an i¡forr

nstlo¡ tc very usef\¡l at the tloe of ùetaileð p1a¡¡l¡S of

soll-cene¿t c onstlr:otl-on.

!, ft nay be l4lortært to cay'a ro¡{. ou 'the'Soü Classl-

fAoatio¡ Syoten to bc aôopted fo¡ the idsntlfioation'a¡À
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¡l¿ssiflcatioa of soiJs¡ i¡ order to 6et r¡nifo:¡. ¡oueacl¿tr¡¡e

of soils i¡ ¡.he corntr¡r. gô.r¡y systeus of sol.l al¿s¡jJioef¿oBs

bavo been clevelopeè <luri.trg the past th¡ee cliccades. Ihe no¡t

rfde\y acceptecl systeu at p:resent l.¡ a uoilifioation of tùs

orLginal Casagranilers Systen¡ r¡hLcb is bova a¡ nUnifieè $o11

Cl¿¡glflcatloa Syatenf , l.n ü€ Ut¡it€d. Stateo of A.ærloa.

4. tho various groups of the Unified Soil Clsssificatlon

Sycteu are shoç¡ t¡ table lff, In aiklitlon tebb II glvec broedl

lnillc¿tton of tÌ¡e engj.rceert ¡g propo:t5es of varlor.¡¡ groupg, Íà€!

tbo oycten lg qse¿l fo¡ roedl o¡d. ai¡fieId, constn¡otlo¡.

5. I¡ alnost all the atlva¡roetl countries of tbe rorlô,

roil eoglneering naps a¡p avallab1e, rrhioh ere a greet help lu
pl¿r¡ni¡g soi.l surveys for roatl projectsr In Gba¡.q also tho

(¡)
Ce¡tra.l Meter:laL¡ Laboratory of ihe F¡bllo Sorks Departænt,

ilicl sone preliainary work on tl¡e distributior, of su¡faoe ¡oils

t¡ tbe country. fhe ¡ap as prodrrceil by the Ceatral lieterials

Laboratory i.s sho:ilI i.a fl6urro 2. Ânothcr oap shora in figure J

rat ¿Iso proihrced by the sa¡ro orgåñ{satioa, cbowi.ng the gegal
ilictribution of gravelo for roadl co¡¡stn¡etlon 1n the corntry.

Ilbeso tro Baps cari be usef\¡l l¡ tåe i¡ritial plannl-ag of a soil-
oeuent road proJect. lhese naps honever give only a gerærzl

guidance a¡cl ca¡ not replaee ôetailed. soll a¡tl gravel suryey

on e proJeot. Tablec V a¡d. Ì[f gl.re add.itÍonal i¡fo¡¡¿tion o¡

tÌ¡e fo¡oatlo¡ a¡ril en6laeeri-ng proporties of illffereat groups of

¡olls i¡ Ghå¡ê, as prorldeil in figuro 2.

cRIrERroÌL ?0iì lriE sEr.EÈîror{ q A .sgrr

lo Â çeotloa Ì¡e.e often bee¿ as&eð e¡ to ¡ù,icb a¡e t¡e

NOTE: Ref er to Compendíum 6, Selected Text L for
details ref ered to ín Table III which is not reproduced
here.
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toaxArlcñ @ sltBcR/JrE sorl¡ Dr citÀ¡ú, l¡m.5)

Daaor{ptloa of Pa¡c¡t Rools
Dooor{ptlon of lopogrep\r Xco¡ Ica¡ I¡r.

o1
P¡ailoat¡ut

Fo. !oll nd¡f,Àlv¡ln¡¡

l. Dlreot Ícetùcrlag În tl¡c. llortl¡, fro¡ S¡r1¡ 8oûentir¡r fono- I¡ llortl¡ at lfortåc¡.n llo¡tùc¡a
Drþù¡ct! of l8rnoue to I\¡u¡, aail l¡ Ârbaatl¡ ¿1oo" ! poorU a'].tltuil¡ 5(0 x¡glon 40r-{5i Ro6lor
eail aoitlæntary Ea¡te¡n a¡il fo¡to¡:¡ trê¿,EA landv or

al1þ gravol of
tJ(þr o¡il þha¡rtt 55'- *95.

¡ook!. Regloar - 6rrnitc
.ldilttloæ$r¡ 1¡ 

^!ù.¡tto"B¡ ¡rlvLll'tcr a¡ril

Àsha¡rtt at 6of Ìlc¡tcr¡ l!hrntt
oo¡¡ro tcrü¡¡c.
Hft lor¡otlon¡

Èltltutb lOO0 Rcglon 80-
85F la¡tor¡

t E¡¡tcl¡ t¡ofùfH¡
2OO0r on Roglor

sohl'ct¡. fl¡cr toxà¡roil roUt¡B nsGton ,Cr-r5' 8Þ9o.
allþ aail aen{¡ grounit. Iü lc¡tc¡.¡
olaya vrlt'h ltttle Eo¡tor¡ e¡il lcglo
úrÉ!Ð1. fostcrî ncttoút 80€5

on Pla{hr A¡d
rolllrr6

2¡ Intsæálatc Iü llorthfo¡t-æta,æp Ya¡l¡blc tÆtd¡r RoIlb6
YelJcy rockr aoil Þhororl laror u¡ù fro¡¡ æiLù¡¡ to ¿l].ttù¡ilc¡ of
at{otnla6 out pþllltoa. Ph¡rllltor ftac, ßnomu )Oo-5ooft. t¡l¡ IYR

¡r ñ¡r-
rarb a¡¡il ccht¡tr on l{ortl¡crtr lnoroaalng rl{tr r¡¡t

borlor a¡¡d l¡ t¡hantl. ilepth. Safily,
6rovo$r olayr,

500-e0oft. f¡ ^r 
.ùôüt Roglør kolt-nttto

Sh¿lo a¡il fl¡s texà¡reil åshantl ar¡il ¡bovc
àa¡¡datons l¡ n¡¡aLntlor lean oleya, etc.

rtth zo-rqÍ sravcl
15È20oft.

of ¡lortl¡ela Rsglon. f¡ B/î.

5. 8oÍl¡ sf fl.Lleil Shalcr¡ lanabtd¡e a¡iì tl¡o t€xtr¡Fit Pta¡ l¡ltlù¡ilc Þ85e 85-90 Íroll¡ttto
Yallcyr aûil Gi¡t Il.ræstono ln Fft frol eellirenta.r¡r olo¡n 5È150 ft.
l¿¡h l¡Jcor¡di. to llalcrofo to o¡ril ¡llt¡. Hcov¡r

lerho. ola¡¡ n€er a¡rfaoo
CñDtt l¡ lroletoll l0-2$ 6raw1 at

l-2fü. ilapth.Gaoc¡.

Fo. Daaor{ptloa of Grcrpr Pa¡c¡t Rools
Dooor{ptlon of

!oll lopogrep\r Xco¡
nd¡f,Àlv¡ln¡¡

Ica¡ I¡r.
Îo[D. ot P¡ailoat¡ut

l. Dlreot Ícetùcrlag
pr.où¡ct! of l6rnoue
eail aoitlæntary
¡ook¡.

În tl¡c. llortl¡, fro¡ S¡r1¡
to I\¡u¡, aail l¡ Ârbaatl¡
Ea¡te¡n a¡il fo¡to¡:¡
Regloar - 6rrnitc
.ldilttloæ$r¡ 1¡ 

^!ù.¡tto"B¡ ¡rlyLlJ'tcr a¡ril
sohl'ct¡.

8oûentiry fono-
¿1oo" ! poorU
trê¿,EA landv or
al1þ gravol of

oo¡¡ro tcrü¡¡c.
Hft lor¡otlon¡
fL¡cr toxà¡roil
allþ aail aen{¡
olaya vrlt'h ltttle
úrÉ!Ð1.

I¡ llortl¡ at
a'].tltuil¡ 5(0
tj(þr o¡il
Àsha¡rtt at
Èltltutb lOO0
2OO0r 06
roUt¡B
grounit. Iü
Eo¡tor¡ e¡il
fostcrî ncttoút
oñ Pla{n¡ 6¡¡
roltlrr6
tonomooLv

lfortåc¡.¡
x¡eloD 40r-{5i
þha¡rtt 55'-
6of Ìlc¡tcr¡
Rcglon 80-
8f la¡tor¡
nsGton ,Cr-r5'

llo¡tùc¡a
lo6lor
*95.
l!hrntt
t E¡¡tcl¡
Roglor
8Þ9o.
lc¡tc¡.¡
lcglo
80€5

t¡ofùfH¡

2¡ Intsæálatc
YelJcy rockr aoil
at{otnlag out
rarh

1¡ô llortlr-fo ¡t-æ ta,mp
Þhororl laror u¡ù
pþllltoa. Ph¡rllltor
a¡¡il ccht¡tr on l{ortl¡crtr
borlor a¡¡d l¡ t¡hantl.
Shale a¡il fl¡s texà¡reil
àa¡¡datons l¡ n¡¡aLntlor
of ¡lortl¡ela Rsglon.

Ya¡l¡blc tÆtd¡r
fro¡¡ æiLù¡¡ to
flae, fbotru
lnoroaalng rl{tr
ilepth. Safily,
6rovo$r olayr,
lean oleya, etc.
rtth zo-rqÍ sravcl

RoIlb6
¿l].ttù¡ilc¡ of
,oo-5oofr. r¡l¡ l/R
,00-80olt. t¡
åshantl ar¡il
15È20oft.
f¡ B/î.

^r 
.ùôüt

¡r ñ¡r-
r¡¡t
Roglør
¡bovc

kolt-nttto

5. 8oÍl¡ sf fl.Lleil
Yallcyr aûil Gi¡t
l¿¡h

Shalcr¡ lanalltd¡e a¡¡il
Il.ræstono ln Fft frol
l¡Jcor¡di. to llalcrofo to
lerho.
CñDtt l¡ lroletoll
Gaoc¡¡

tl¡o t€xtr¡Fit
eelllrentar¡r ole¡n
onil rllta. Hcov¡r
olay near a¡rfaoo
tÈ25f sre6l at
l-2fü. ilapth.

Pta¡ l¡ltlù¡ilc
5È150 ft.

Þ85e 85-90 Íroll¡ttto
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Grurp
llô.. Dcaor{ptlon of Gmupa Pa¡c¡t Rook¡ Doacr.l.ptton of

8o11
ltopograplry lloe¡

Rcfufallt/Âunro
lfoa¡ Ie¡.
Tc!¡p. t

P¡cdogtnüt
Clay lll.ncr.al

&- tarly atogea of
rcatherlag of
r¡¡{o¡¡ rooka

Var{.ot¡¡ rantlltono,
abalo, granlter aaô
pl¡rültc!.

Xoillu¡ tqürrl at
surfacc to cooflo
ct tbpth. Sanð to
al1ty aantl. llloa-
oeors rfiolt tlorlwò
fron n:icovLto
grorúte! fio gravol.

Plal¡ Is-
run /.ltlh¡ûc
20O feet.

In Ba¡tonr
Coa¡tal bclt
to-t''
lonar{r Capc
coôrt 6M5i

8F9o tlot hroü

5. losftlu¿l troploal
eerthc

ÂsVR.-ætaoorphoseô
lavas, phyllites a¡ral
granitea.
Coast-pþ1lttca¡
schlsts o.nå gnoi.aaes

lextr¡r:e vur? f1D6
on ourfaoo cobsenirr6
r:ith itopth. '15-2Ø
gravol at ilepth
21+ ît. oxpanc{vc.

slkht¡J
rolltr¡¿ ri,/R.
¡'rltltt¡do
to00 ft.
Coestcl
pl.afuts.

ttvR.55-6ú
Coaat (Baatara
to-t'a

85-9n
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6. lllurleJ' tlopoaltp
anbroçcntþ
lateri.¡cil

Iron boarlng rockc
foræal over .!at¡A-
¡tone ahalc anil
¡n¡tl¡tono beds nüo¡e
poor ilralnago end
ralnf a1l,/eva¡ror¡tl,o¡
bala¡ce paralto
latcrLgetlo¡.

Coarao poxturbil,
irounilad 6ravø1
7ÈW tÃ top
1-2r flhono¡s
l¡orieaeor ileptb

Rotl14
narln¡n
a,liitr¡dr
1500 ftr

¡o+t Þl9t
f,¡olt¡lte
Pocslbly
rrltù lo¡t-
¡o¡d.1lqr1t¡

7. ÀI1uvial (Þpoaita
l.a procoes of
l¡te¡.1,¡atLoo.

lrod bea¡lne roott.
lo¡æô oror ¡l¡olc
e¡ra ürilstoriô b€dú
ranly over ranil-
¡toæ l¡ oo¡rlltlon¡
ea fo¡ tlc. 6 ¡bovc

llcillu¡¡ to flm
terärre tÈzQf,
gravcl rt ileptùr
glloêtor t*ts¡r
2 îcal.

CcàtIc
llaxl¡nrl
Bltttuiùc
500 ft.
Ce¡t¡ol
ghe¡s.
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bost ¡uitablo t¡4e of solf for stabilizatlon rritb ceoont, andl

¿lso lf a douarcatlon ll¡e ca¡ be clra¡ø bot¡eon tåe soil¡ rhich

oen be rtablliged. and, ¡nl¡Lch ca¡¡¡ot be stablll.zeil.

2, therc is cufffcient ilat¿ availabJe non to suggæst that

alnoct alÌ t¡poa of golls ce¡r be stablllzed slth aeænt, tb€ o¡ly

oonei¿leration being coonooS.cs, .rt¡ich has to bo vorþtl ot¡t l¡
rtleüion to sl,¡¡ilar tJrl¡e of oonstruction rith eonr¡entlonal o¿ts-

rialg. No hard "¡il fast n¡les ea¡ be laid. ilorvn regard'iag the

¡efative eoonoEic¡ of sofl-cereat con¡tn¡otlon 1¡ relation to

oonventionel uethods and. thls ls left to the dli¡o¡etLo¡ of tåe

ProJect Engianer. Ihe alroLee of one nethori or tùæ other ilopends

on the evallability and. cost of tliffe¡rcnt roaù caterials oD a

glæn rite.
.orlt

5, It t¡ bowever fairly reII brsffi that verl' clq¡'ey -ÊÊ
l:lb troplcal earths a¡ô also or6aric soils ueedl special t¡reet-

nents before thege oen be gtabilized wlth ceroent. liary etteoptl

to gtabillze guch soils nitlr oecent e-lone have proved ratÀer

u¡¡ooonooical. Â lot of nork bas been dlone i¡ &rsla¡ Arueri.ca,

ttÀlt€d Kiagdon a¡¡d, Inâ{a on using ü¡o or so::e ctabiLizert for

auch coils, a¡è the ¡e$-lts noported..'r¿S 1'lns/6eoont particu-

larþ -are very satisfactory.

lr. For all t¡çes of Eoils the Erantlty of oenent reErùrell

for tbel¡ effectivc stabilLzation dlepentls on tbel¡ plastlotty

ohe¡aotorLstlcs md. grad5.n6s. lüoroa{y af,ber a prrìlnì¡ely ætrlreJr,

onfy aroh soLls are seleotedL for detalLeit study r¿hloh b¿ve e
(6)

Ëtlfu¡r plattlclty aacl apprsclable qrralrtlty of ¡a¡¡d.. Soæ atfenpta
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baw been ¡¡acle to êssess tbe æquirenents of oengnt for gtebi-

ll,aatio¡ lrl a gC.ven coil on the besls of lts spec5.fic gurfece

area, but the nsthoô i¡ not vory convenf.ent for applloatlon irt

tbo flefd. Åocortllng to the Highvay *!3lt"n tsoard, e¡ itleal

¡oil. for econonloal etabilizatlon rith cenent should fall
rltbi¡ the followirtg grail size li¡1ts.

Uaxinun giae .. .. .. .. .. r. J iaohes

Passlng No. lr ¡leve li.S.I.ÀL a 56
Pasring Ì,lo.4O sieve ¡l.S.T.}!. > 1Æ
Passi¡g No. 200 sievo <5Ø

Ia e<lòitlo¡ tbe Liguid LL¡it sÌ¡ould preferab$ be less the¡ 40

ald plasticlff j¡dex not nore tlra¡ 18. thÍs docs not su6gest

th¿t goils not confor¡ri¡g to theso characteristics cannot be

Itabilized., exoopt that the oost of stabilization i¡ guch oases

rllt b€ relatively !úgh. the¡¡e a¡ro a nunbe¡ of soils highly

silþ anè olayoy, r¡hich not fe11i¡6 rrithl¡ 'ù¡e linits cpecified.

abovo a¡e hromr to heve been stabillzcdl successfu$r, but the

requireronts of oer:ent i¡l such oases ís ar hi¿h as10-ll peroent.

5. In oertai¡ cases blenùì-ng of soils to bria6 then aea¡

or rithin the recoo¡enôed Highway Resea¡¡h Soart lioits, can

¡pdluco the quantiQr of oeneot. Ther.efore ia plaeos v¡trer¡ ble¡d-

Lng is possible r¿lthj¡r an easy reach, 1t should be t¡{et[.

6. ft has been obrenroô thet so{fs ¡oer the surfanÆ usuåp

lþ aeod a higher pcreeotage of eenent fo¡ stablLization, cllre

to the pñ3rense of cerfai¡ a¡ount of organS.c natter. If hqre\ror

tùa upper 6-12 i¡rof! 1a¡nr of golJ. ls reaoræcl, it nay roquLre

n¡ob Less ceæBt. Ia doacrt ar€as or areas of 1ow rainfall,
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5. It uay bov¡eve¡ be pointed. out t'hat tho optinun Àeart-

tlos in ¡oil cenent rd.:res clo not necess:ri1y produce n¿xiurn
(8)

rtren5tha, ac ls the caso in ra:r soils. The r¡ork on tl¡e stebl-

lL¿ation of san(y anô. clayey soils¡ l-ndlcates thet in tåc casc

of stabillaeil ca¡¡d. a¡d. gar¡{y soils tl¡e naxlr¡¡¡ strengths are

aohieíed on the iLy side of the optl,nun noistu¡p. 0¡l tàe otber

Èa.nd olayey soils givo na¡lnro strengths at rlensltioc slishtly

abor¡s tbo optirun sol.stu¡€. this te¡ds to poilt cn¡t i'bat higher

iteasities i¡ a solÌ ce:¡ent ¡d.* ùoes not neces¡e¡i\y nea¡ propor

tloueteily higher strengths. lbis is clue to tùe faot tbat ea¡ds

and. san{y soils have a gu¡faoe a¡ea r¡¡ch less t}¡a¡ tbe clayey

colJs¡ andL for thLs reason suoh ¡o5-[s dlo not absorb.- aoisture

on td¡e surfaoe of so11 parttcleo, ¡¡ith tbs t:esult th¿t nost of

tte ¡lotstu¡c ie availabLe for hydratlon of csncnt. .Ê,t optinrn

ooisture content therefo¡.e the aso'u¡t of ¡sater rrguiroô for aeænt

þdration is norc tha¡r ¡eede,l¡ thus oansi.ng a recb¡ction il streagth.

ID tlte case of rlays a¡cl olê]ey soils¡ tbe zu¡face area ia lury

urch gneater oorper.ecl to san{y soi.lg. å htgl}¡er a¡rfeoo a¡ea ¡1111

loep a lot of, noistu¡ç tleû up as absorboil sater arsr.¡¡¡d. tbs

olay partlclo.s, tlrus leavirr5 a d.efiolenoy of noistr¡¡e for bydrar

td.on at optio.u noicture oo¡tent.

tr. Bliabilijbr îe-sto

Bofore e. soil-oe¡ert ni¡ ts fina{y aooeptecl for uae

t¡ t¡ro flold, 1t ¡¡¡st satisfy oerteí¡ crlterla of durability

tost¡. iocoru.n6 to ¿.ærlaa¡ sianilarils, goil-ce¡e¡t speoioons

4lnches ilianetor¡ tf.6 t¡cb in læleht ere prepal=il in a Proctorts

aotrtit b¿\ri¡¡g rcsovable baeo a¡¿l co1J.ar, erl¿l orz€il for 7 iùays.
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lbose are aubJecteô to 12 cycler of ¡etti'Éj aaù d'r¡rta6, fioo$ag

a¡iI t'bg¡ring tosts, ss per À.g.T.l¡. atanè¿¡ds a¡ô ¡ùouIô. oo¡fora

to tàe follovin6:-

(t) ¡osgo¡ durin6 12 c,ycles of sither r¡st a¡il ilry tccts

or freeze and, thav tests (r.STüí iùost5neteil D 559-

4+ 8¡i1 D 560-Ul ) for dlffe¡ent groupr of ¡oi1s

¡lra'll co¡fo:m to tho foDosing cta¡¿Le¡ds.

Soil Group

ILS.P.R.¿. olaasiflcatlon 3, & Â,

Ir,ss fr
14

1â
^, 

& À,-+t
Le&) 7

(t¡) Utxi¡un votuue obaa6es ðuri¡€ tJrs vet aaô dry tort

or freege a¡il thar test shot¡ld ¡ot oxoeecl uoro

thaô 2 per:cent of tl¡o vel¡e at tl¡e tLæ of ¡¡q¡lð{ig.

(fff) [e-'lnrrn noiaürre ænto¡t at an¡r tlre dr¡rl¡rg ths

tost shal! not exceed the 4ranttty rhicÌ¡ Ls ro-

q¡l¡€¿ to coqleteþ fìll tbê void¡ of tùe

rpeoloea, at tlæ ti¡e of uorliLlrg.

(fv) the oonpressive strength of sol-l-oe5€ut lpeciæas

¡oalæô for l-4 ho¡rs ¡rrior to conpreorlrrc atrength

test ¡houlð i¡c¡ease vtth e6e "'¡ä aI¡o ritb
l¡orsa¡e i¡ oeænt oontent.

5. In'Urltted Kingclon, the Ro¿it legea¡eh f.aUÍ?ìtory f¡ *
attenpt to establlsh ooæ siople t¡¡t¡ for fÍnd.i.ng ot¡t the rcar

thcrl'g guallttes of so1l-ceneat, æoonoeniÞô e, laboratory

oouprooal.úd atrengttr of 2J0 pli, afber 7 it¿ys curiag, at tt¡
uorld1a6 sofaùr¡e a¡ a ¡uttable orttorioh¡ to tab oa¡e of all

lt.s.P.R.Â. .

U.8.P.8"Â. I
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tba durabh.lty tests, specifted. in tÌ¡o Â.S.t.¡{. gta¡nl¿ri,s.

lbi¡ c¡dte¡{,or¡ ¡e¡ulted, out of aa i.nvelti6atúo¡ ca¡rleô qlt
l¡ t9J9 by ttro Road, Reseêrcb leboratory a¡ô couid. not bc

¡nrbJ.tshed due to na¡. fn this rfudt, it ras founct thet oubes

J 1¡oh ¡l¿o should. have a uiniq¡n conpresslve strergth of 250

psf at 7 ðays, to sta¡¡it tbo requi:reäents of the À.S.f.ll.

ilurability te¡ts of ;ettin6 an<t iL¡ring, fueeatn6 and. tlrari-ug.

ft r¿s fi¡rther obse:rretl the.t the c¡dterion of Z|l} pr!. con-

proslive stnength, is appliaeble to oyll.rcdcrioel speci.oens 2

l¡ch dia¡etor, I¡ iach heigb,t a¡rd tåe results fal¡ly correspoad,

trftù J i¡ch cube tpeoinens.

6. Â êetatlcd. stu{y in ttre Cs¡üral Road leseercb

Iasüitute ", f13ì" h¿s sl¡oyn rhat in the tropiéal a¡d sub-

t'roplcal oonditions, rhere fteeze a¡il thav tests are not

casentl.al, a couprescive otrengtb of i50 psi at 7 ibyc ou¡É¡¡g

ir a¡fflcient to sta¡ril. i2 oyoler of retti'g abð d.¡¡ia6, rbliù
ilo aatlsf! weatberiag oonilftions l¡ tl¡e troplcs.

solls. nEauIRrNe srEcIJ.r T4g3Ì_Eg'!

1. Orcanic So_tås_

The rtudies conitucted at tùc Road. Rese¿rch(l't, lz)
reborâtory, u.K. i¡cricate ttret an orgenic contont of nore tha¿

0.j peroent normalÌy ret¿rcls the setti.g of portlead. Celeat,

s'fl ¡þsu1ts i¡ lorer strengths of sqil oene¡t nl*es. ft.fu
fl¡¡.tbsr ouggeltoô th¿t if the organic oonte¡t i¡ a soLl f.s of
r¡ actl've aatu::o, el¡ioh can ¡ot be extrateô rritb ¡od,it¡o hJrd¡o-

¡lils ¡olutloa, 'rhen the hardeai.u6 of oetre¡t oa¡ be aoooupJJsùail

þ the adiliüion of 0,24.J poroeat o¿laLuu ohtori(b.
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2. Siulla¡ ¡tr¡ilies 1¡ the Unltett States on ran{¡r aoils

suggest that the plrosence of alJ. t¡pes of organic a¿ttor illil
¡ot affect the oetting of ceoa¡rt. ft was f\¡r'ther obsereeil tå¿t

tàe t¡pe of orgaaic natter ¡ras Dore lnportaat tha¡ thc peFcsn-

tage prorent. ii stud¡r oa e nunber of orgenìo coopoundsr. suoh

es rtarch, sugaf,s, cellulose etc.¡ su6gestcil tåat poþ-s¿scb¿-

rl.d,e conpanad,s such as heoi celluloses end, uronl.clcs nl¡ich a¡e

tho recult of a ¡rLcroblal deconposition of soil organi,c aatter,

a¡fl elso ¡nìn6 ssgs¡.s present i¡ certai.n coi.ls, are d,ofiattcþ

bsnftJ. for stabilization of soils. Organio n¿tter rltb hJgh

uolecr¡la¡ reight, sucb as lignin, starch, cell¡lo¡e etc.¡ iloes

not eppreciably affect the otr^ength of ¡oi1 ceænt ulxtr¡¡¡s.

It has noç been confi¡nect that r.eta¡d.¿tion in ¡¡e 
"s¡!in6 

of

oeos¡t ts ¡ot brought ebort by the rtrole -ooøpor¡¡cl of orga¡{ç

natter, but ilue to oerta{' actite fr¿ctlon of üro oollpo.uril.

5. tbs cffeot of öfferent or8'Jic coupounês oa tho

ibvelopuont of strengtb of soil-cenent Ls shotrr t¡ ñgu¡e 5
(") *¿ (t). In ad.ùition tabt¡

lr
he'| shovm tbe perceata6e of,

variq¡s orga¡lc conpouads l:i-kely to ¡retard 1¡t" ¡.¡.¿snint of

ocæ¡t.

4. Â oon¡idlerabte a¡or¡¡t o, "Í11'013';:l u*" ro shor

tùat the arktitlon of s¡aLI co¡oentratio¡ of çaloiuo chlor{'iùe,

0.2 - 0.j poroout helps ta tåe ¡t¿bil.l¿atio¡r of orSanlc coilo

r:lth oeæut. tl¡e soflc rùicl¡ gonsraqy girc beet recuttr ritù
oeleiu¡r chloride belong to B bo¡i,¿o¡¡ aaaotdl¡g to poi!o1o6åoa1

ol¡¡¡ifioatioa of solLs.
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g_4 åå_B . yEr

0tsanio conperailc th¿t retard the settl¡s of oenent
(ner. 14)

&ldized. oel1u1oso

Carbo:ç¡aetþ3oo
lulose

Hydrocyethylccel
luf.ose

Ociùizeil co¡¡¡
stari:h

Ciuros (acacla, arabÍc
tragacaath, etc.)

ågarragar

Dextriarlactose,
beet a¡cl Lnvert
gußar8

foürahyd.ror¡¡ad1-
pio aold.

liagreslun
saocha¡ato

T¿rtarlo acld.

üaleic aoitl

Ll6nil-sulphonla
ocf.ils, lignf¡s and.
ta¿nfu¡s

CaseLt¡

Ralge of
concentratLon
É by reisht
of ceoent

0.0J - g'27

0.0i - 9.75

0.Q5 - 0.50

0.08 - 0.20

C.15 - 0'90

0.15 - 0.90

0¡50 - 1r00

0110 - n.20

ñol0 - 0.25

0.01r - 0.4ô

OJJ - 9.75

0.20 - 0.40

I¡¡è¡¡iS

Iudr¡ig

IuðriA

Andes a¡d
I¡¡èr'i€

leller
-¡lltler

o¡esley

Ìfl¡lcter

Bron¡

hihrtg

Ca¡¡non sdl
lostet

Gn¡er¿lil
D\¡rbi¡ ên¡l
11.111.e

Befe¡oaoa

u.s.P.2r4fl¿ 6t2/1949

v. s.Ê. 2, t+27, 68t/'t g L7

v. s.P. 2, tc7, 681/'l g +l

u.s.P.2r¿¿g ,211/1949

u. s.P. 2, 006, 1&6/'l gtï

u.s.P.21006,426/19t5

F¡each Pate¡t
591 1711/1908

û. s. P. 2, I 7t+, 051 /1959

IIrS,P.1 r6n 1521 /'tgz|

u.s.P,2rt4,591/1945

u.s.P.2r47o ,5Ù5hg4g

u.s.P.2rl8g,767hg4t

u,s.P,2129o ,g56/19t&

+ILS.P. o ltatteð Stetcr Pategt
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5. Án attonpt eac alro nait¡c to u¡e ll¡e ln plaoo of,

c¿lci¡¡¡ ohlorå.de to aocelerate tÌre aettirg of Portla¡¡il Ceænt,

but tt rag obserr¡od thet oaloiuu chl.orid,e Fa! Eor.o effecttve tåa¡

orillnary llne, 0.2 percont caloui¡ ohlori-de proèucod tùrc ¡aso

rtrengtlrs, es proôuoeè by about 2 peroent line. Íbo rtrea6tiha

obtalru¡ô rrtth the rano q¡lantlt¡r of oalciun ol¡lorids ls usua$r

cbq¡t tyice a¡ n¡ob or that obtai¡sô rritb Ll-æ. ¡hc sa¡l¡r¡u

l¡orea¡e ia st:rength 1n nort of tbe oa¡es ls by ad,¡i'g 0.5 por-

oe¡t ca,lciun chloridbr after çLich f\¡rthpr i¡c:¡ea¡e i¡ the con-

oo¡tretlon of ca-loiun .chLorid.e belpo little 1¡ tåe tbvelopnønt

of strengtlr. SfJg)5 (c) sboes tùo ¡eLatlve efí¿ot of caloir¡¡r

ohloriiþ e¡rC oaLolun \nil.rqide on tho stren6th of a oeue¡t

t¡eateô ortanÍo sa¡1d. ft is nor¡ establlsbed tåat the effect of

oaloiurl crlorliùe oa ¡oLl-cenent nl¡ces :Ls nor€ d¡¡e to tbe

eccelerating effeot of þdratioa of ccnent, r4tber the¡ ltc
æutraliaing etfeot on organf.o oattor¡ ¿c ls tl¡e oa¡e rith
li.æ. Dr¡d¡g tbe æ¿ction of lioe nlth or1gallc natter,

cerüêl¡ oalciun conpounils aæ liba¡¡a,¡todr-rhich get preoipiteted.

arou¡il oeoent grat¡s, thus blocld:rg the \rd.ration of ceueat

fi¡¡ther. I¡ eitrlitio¡r i', 5'r 
"oÍ1Íì".1 

tbat tåo ilegree of

þilratlon of ceænt Ln a ¡ah¡ratecl colutl.ou of 1tæ 1o verXr

n¡cb legs tåer¡ tn Íater. If tberefore e¡cesr 'liæ l¡ preaont

1¡ ¡otl oo¡ent nixec¡ lt nilt aot as a rctorder for tùe bydretloa

of oese¡t. thlr nay aTrl¡in to e osrt¿in itegree tüo g:retor

cffectlvaræ¡a of oaloiun oblorldte, at oou¡ra.reil to lLæ l¡ ¡ta-

bülat.lg organl.o soll¡ rit¡h oe¡ent.
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6. Âr orgalric n¿tter ha¡ a defi¡j.to ôeleterious cffoot

on ths þdration of coænt, it oay be osce¡tlal to refcr to coæ

ætÌ¡oilr of organic natter tlete¡rai¡ati.on, anô the counonþ
(rz)

crùplóyed nothotls are, locc on Ígrrition, d.ichror¡ate qiilationr

hydrogea pororide oxi&ation otc. ru ad,èitio¡ tb" pS18ì*ð

Ceæ¡t Åssooiation, dlevelopeè a caloiun absorption ætboil,

for gulck id.e¡tLf-icetlon of aan{¡r soilc¡ contai-airry itJalÊtorrg¡!

organS.c u¿tter filcely to ¡,ffect tbo setting of ccue¡t,

7. ft is uø possible to obtai¡ rpeclal oeaents, auch

es 4|7 Portla¡d Ceæat, for the stabLlizatLon of or3anic soLJ-!.

lbe ceoent contains abqrt .1.0 peroent oalci¡¡ chtoride rùiob

hclps f:r accelereting the þd.retion of ceænt i¡ co11¡

oo¡ta¡¡l¡¿ted rittr organio ¡¿tter.

2¡ SoÍ-l-s Conta^ai¡ated ¡rith SuLphates

1. Sulphates are uoually pnesen! i¡ a n¡nber of solls

lrr tropics anil t!¡e nost cor¡uon forr tn vhlch they exi¡t ia
!åtu!e a¡o aB oalcluu. rulphates. The precenco of ¡p<tiun e¡il

uagaesiuu rulphate in subsoil in aany tropicel oountries ls
¿J'so notioe¿. the effect of these salts on oeæ¡t ¡oif
Elrtul?r ta i¡portant, as looe of tbese ¡alts tend, to looce¡

the goil st¡:r¡ctr¡¡e rlrea they coue in oontact ¡rith uoisù¡F.

It ha¡ u"* ourtl?Jd. that sulphates are usua{y ¡rrereat l.n

h{gher oonoeatraiLons in clay soils as coupa^neil to ga¡rla a¡il

rand¡r agilr, tlue to the faot tùat caa{y roilr get caaily

l€aaàeil, by the percolatrng r.ai¡ ltter. lbe detr{¡oatel offect

of ¡ulphotes ou golj oeop¡t ¡ags Ls iù¡e to tùe toadeacy of
arlpbates to abso¡ù noictr¡re fron ret !oiJ, ¡¡dl get crysl¡tli-oi[
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rlth s ìarge nrnber of rater noleoules. The procesg of oryrtal-
ll¿¿tion briags in ve¡'1ar6o voluae chaages a¡d hi6h p¡elsu¡er

rrtthilt the soil ee:.rent nasg. tho ¡ever¡o proc€s! ctsrts vhsn

tùe oulgbater lose uci¡ture duri¡g tl¡e bot ilr¡r ooason. I¡¡

adÀitioa the ulphates æact vrith oalciun a}¡ai¡¿ts of ooænt

¡ntt this reaotion is elso acooupanleè by high volu¡e obe¡teo.

too¡ h{gh voluæ changes, l¡ar¡e tbe ooil-oeueut 1ooos a¡d, ¡oak.

ft 1s for tÌ¡is reason that ¡oif a¡ô vater fìlee fron aulpbotec

a¡e usedl for !oi1-ce¡::.ent consttuction. It bas bee¡ observodl

thai rulphatoc as ¡ua1l as 0.2 peroent ca¡ affeat the ¡otl-
oe¡o¡t stmcture, reducirg its strength to about l¡O-10 perceat.

-2 llre dotrir¡eatal offect of nagnesiun sul.phato o¡r tho

loll-oensnt strengths Ls rr¿ch no¡¡ tba¡r tl¡¿t of celolun oulphate

e¡tl tbis is shor¡n for one ,æ pertlcuLa^r soil l¡ figurê

6 (e) e¡ra (t).

srR¡ss - sTtr;Ir{ 04;.&;CIERTSIICS 0F SoIt-cEtEì¡I

Io In an eagineeriag oater.5.a1, üre nodlulu¡ of elasticit¡r

a¡il Poi¡soar¡ Ratio a¡¡e tso iuportcnt para,oeters for design

tork. I¡ soll.-ceneat cl¡res also these paraneters ere eqralþ
tuportaat to unilerstar¡d the behavior¡¡ of goll-oe¡ent r¡ncle¡r

oo¡dlltioas of stross. lhe stæss is usualþ cause¿l ùy ü¡e

applLoation of extern¿l loail, oalled force per uait 6lÞa oB e

aaaplo. lhe ctraj¡ ts tùe oonsequça! chaa6e t¡o t$e dLl,¡e¡sio¡¡s

of a ¡e¡ber ¿s a regult of rtrrss, per r:nlt length. Eoobtc 1ar

of proportlonality þotrreen st¡ess a¡ô strai¡ is t:i¡o onl¡r on

locer at¡ress ra¡r6e, in aogt of tùo engileortug n¿te¡{¿I¡.
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I¡r addltion¡ or ê perfectly elastic oaterdal, tl¡e strc¡s-straf¡

relatio¡ship in this ralge is rreverslble. For seqf.-olasttc

naterials, strai¡s a:¡e not only a functfoa of stres¡ !.ntcnsity

but ¿lao tl¡e rate of loadin6 its repetitÍon, aadl the tire for

*tich tt¡e loadl is iuposeil on a oaterial. 3te¡.eforo tåc¡e Ls

illffe¡ence betçeen st¡ees e¡d. strai¡l cu¡tves of elastLo a¡À

senl-.clastlo naterie,ls. lhe þryical stress st¡r¿l¡ c,uree! of t¡ro

t¡pos of naterials a¡e sho¡flâ irr Fi6ure l. Cune (t) tu ftgur€

7 sl¡org a typical seni-elastlo sêterial r¡itt¡ a reslù¡e.l ¡trai¡
after tbe stress is ¡enoverl a¡rd the loop strain i¡ such a

ounre ls lrrosa as hystersis.

î- I¡ the light of the abcve baslc propertieo, roll-
oe¡ont 1s to be consialere¿l es aa engJ.neering oatcrial rith tÀe

poiat of vlea of assess5ag its sti:uotural valuec. lbe tera ritb
rhlch an engiaeer is noma$r conce¡ned l¡ ¡ol!-cenent al¡ Ls

lte dlogree of elasticlt¡r, rhich Ls ðefi¡e<l ¿s tl¡o el¿stic

¡tre1¡ sver tl¡e totel strain. In te¡ns sf s!ress-s!¡a{¡

¡elatioas the soiL-ce¡nent noma$'possess tùre folloølng gene-

rar o¡"r".[3?ìrti". as shotn 5l flguro 8.

(f) The stress str&i¡ cu:¡¡e ls Eoro or less cæcave

rlth respect to strai¡ a¡ls.

(ff) lhe curr¡e up to eå- one thi¡ct of tù¡s failu¡e

loadl, is alnost a ctralght llne. lbe plestic

il¡afo¡:natLoa i¡ tht¡ ran6e is ertreæþ rnall a¡À

tbo aat¿rtal can be ccusiclereô perfectþ elesülc.

(f!'1) ÍÌe¡ the st¡ess {ncreases to 0.6 of tl¡o failu¡e

load, tbc or¡¡vabu¡rc :tarts lacreasi-ng rapliü¡r.
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!, Itr a general ¡enee lt oa¡ be saiil that tjre olastLo

bebavlorr¡ of soIl-cenent ls a f\r¡ction of ltg stren6th. À11

tbo fectorg that i¡fluenoo strength also influence tho elestio

behaviour of soil-oer.ent. Thcrofon¡ the fclÌoving c¿n be aocep-

t€il if tàe fallure stress 1.s hi6h.

(f) Tho stress strain n¡lation ntll b€ less cu:¡reil.

(ff) the litroa.r range of the ctress-straln ¡elatloa

lhell b€ hi6her.

(üi) Ibe plastlc dtofo¡aatlon is anall, aoil the degree

of olactlcity Ls hi6her.

¡þ. Eron the above iliscussion 1t ce¡¡ be eoncluiled,¡

that any factors rrhlch iielp to gi're hl5her strength a^re apt to

Eaþ thg aateria-l ¡o¡e elastio, tbeæfore high peroentage

of oe¡ent l¡ soil and higb ilensitLes do hel¡ to achiew gr'eater
(zo)

olartlclty. ft has also becn cbser¡etl that clay coutent too

l¡creases the elasticiþ of soil ee¡rent aixes, e¡d the o¡rtir:uu

çantity of olay to prodluce naxir¡rn elasticity ls ebout 25

percent.

If, STRENGTH gî_.sorr -cÃ!$,lllir4lnJå
l. f¡ o¡'tler to use soil-eÆËent as a naterl.al of con-

stnrotlon, lt ls inportar¡t to knon the stren6th characterietios

of the aaterial. Tho ctrrangth of soil cenent sixes is p¡ineri\y

reErire<l to ¡esist reatherilg antl also to ¡rtth stand tho

Leposoil ¡tresses nitJ¡out uncier6oin6 exoc¡slve dsfomations.

¡'.¡ unconfj¡eil oonpr.easivc atren$th tost beil5 a rinple tert

bas fou¡¡d, popular aecoptance for the agseasr¡ent of strength

ol¡a¡aote¡d.gtics of ¡oil-cenent ¡d¡tr¡res.
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CrBqn teot thougb poplar for rar ool1s is uced Les¡ fboçentþ,

t'bss tbe oooprosslve stren6th tect. It nay thereforo b€ fJrtc-

reat{¡r6 to rtuôy l¡ no¡e ibtail tl¡e factor¡ trrf,Iucnclng tbo

ooupoesrlve strength of soj.l-ceue¡t.

2. ..IgËþcnoe of Cerænl_on-$!¡esË

It 1¡ ¡e1l tororm thet lrr a girma soil, tbo lnorea¡e

fJ¡ Èe oonoontration of ccænt ls acconpanied by ¿a l¡cæagc

l¡ tåe ooryresslve rtnelgtb. Figureo (g) r"¿ (tO) sbow tbÊ

va.lues of ooupressive rtrength anô C.B.R. for fer t¡pÍoa,l

Cha¡¿l¿n ¡o!Ls. ft rrllt be ¡oted fron the treail of thesc

ourrros {ùet i¡ aost of tho ootls a¡ l¡rsre¿sc i¡ ccoent co¡rte¡t

Ínltrolìy l¡creaaos tbe conpresslve stredtb rapiilþ, a¡it thi¡
l¡c¡eese gets less raplit at bigher conce¡trations of osÞgnt.

5. lbc èovelopnent of rtængtùr rrlth ...he saoe oo¡oentra-

tl.on of ceocnt for itLffe¡rent soLl¡ ls atifferent a¡it tùis 1¡ l¡-
fluer¡oedl by the 6rarll¡g a¡d tl¡e sil€ral oouposl.tl.oa of tbe o)a¡r

flaotlon l¡ a ¡oil. lhe results of a¡ inte¡¡estln6 stu(y¡ carrleô

out þ Iora Stato #?3lrta" are represerte<l u a6urc (ir).
It 1g loon l¡ tl¡ls flgr¡r:e thst l¡t a ueohanica$r graitrit loil,
Lt 1s pocelble to eal¡levo $¡fìetcie¡ü\y !¡f6h sùrengths rlth as

¡¡¿IL e percentage of cenent ¿s 116. Such grailed rolls usuall¡r

co¡tel¡ about 25 percent clay anô Jl perccnt sa,nds, and tùcy

attaÍr¡ hlgher tle¡sl.tLes rith tÌ¡e sa.æ coqpsctlve offect e¡

oöugareil to otlrcr ¡ol&. As a. reault of tbL¡ sùr{y it ra¡ ¡oteil

tù¿t for cþr conteat greator tha¡ 25 peroent, thø.¡trù¡rc

oontal¡rtng nofttnordLloai.te olay gave hlgher atæagttrs tha¡ tùc

!aæ oonoe¡tratLon of ceænt rit& {rr{te ¿¡l[ ts6'tln{te clay.
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Tbi.s ca¡r be oçlalrteil tl¡.re to tho greater ¡¡¡face aotlvlty of

uoatnorilloul.te¡ rhioh is 11keJ.y to prodh"rce nore cc¡cntltlot¡s

ooapounilr ç'ith conent, as coqpa¡oil to loss aotlw n!.¡arel¡.

4. Effcot of ¿.se -on tho_De.¡elopnent of Stren¡th

lhe Road Rese¿rcb Iaboratory (Z¡) S¡ t¡e II.N. ill.it,

¡oue u¡cft¡l r¡ork to fi¡¡d, o¡t the lncrease in couprerslve

rtrcngth of sol.l oenc¡t ráth age. three soil¡, a aeat caail¡

a cilþ clay anil a cley sa.n¡lle rere testédt ritb fq¡r clLffe¡ent

t¡pec of cenents, narrely Portland., nigh /,tuai¡a¡ Rapiô Hardoning

ald, Super liardenSng Geoents, a¡d. tl¡e strengtbs were stuùied up

to 28 daya. the apcoineas were ouredl at a oonsta¡t ¡¡oi¡tu¡:e

aait teuperatr¡re of Z5'C ty waJdJr€ and. placing then Ln âr ovên¡

For sênil anð s1lüy elay the oenont usetl ras i0 peroent¡

nüerea¡ for eley it ras 15 ¡¡er¡ent. îhc cun¡es as obtal¡ed. i¡
thls study aro sho¡rn ia figure 12. ft çou1dl be seea tb¿t

alt^ttolgh sa¡¡at heg initiêlly J.oioor rtrergth thao s1lþ clay e.il

clay, the salô otrengths pro6ressiveþ iacreases afber 28 d¿ys

otrrln6.

5. /. aoil havilg no organio natter r¡ouldl no:naÌly go on

laereasilg ia strength vith a6e. Tho i¡cr.easc 1n strength in

the ¡'irst oue ¡reek ls oonsiiterablc, but the stren5ttr goes oa

lacneasing up to 28 d.a¡rs at a oteail¡r rrate , aftcr atrioh the

l¡or.eeso ls ver? guall. Nonu$r for cleslgn rork, 7 itaJr¡

ctrengtÀ i¡ nad.e tbe critenlou for ovaLueti¡¡S Sl¡aüty of soil-
ooEerrt nlxos¡ but the l¡crease t.n strength rltb age oa¡ also bc

oails uce of tn thc eoononlcal ilesign of pavenonts. It i¡ for
tLis ¡.earon tåat the tlovelopncnt of soll-ce¡eat ctrengtùe ove:r
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long peråoils 1r lnporta,at to stu$r. lte ¡e¡ults of t¡ro
(*, +)

lnrrortlgatlons, gtvir:g the relatly€ si;rength. of so1l-aoæ¡t

for a porloil of onc yeer anil flne years are shon¡ ll ftgurcr

(l¡) a¡¿ {rL) r=spu"ttve\y.

6. Effect of Curins Tenperatu-res

l. Ihc effca.t 6¡f ou¡ing' tsq)€taturos on the clevel,opnent

of strergth i¡¡ conorete is falrþ ¡¡eJ-l lcnoçn. It b¿s bee¡

"o[H', 
?fur") l¡c¡easc in the cur{.ng tenporatu:re of ccncrete

fro¡¡ 10oC to JOoq l¡creases tl¡o coryresslve strength by ebout

80O - 1000 pct. Tho stuàies on soil-cenent aJ.so ¡eveaL tbet

ourlag tenperatures have very pronouncecl effoct on the strength

of sol.l oo¡ent uixes, anil this ls shoça in figurc 1!. Thls

ftguæ giver the effect of curing tenperaà.res bet¡ee¡ O - 600'

for tl¡¡oe t¡pes of coils, sa,ndr- siJ.þ clay ancl a clay.

2. tho le$¡lts of a ra+her short study ce.rrd.ecl out j¡¡
(28)

0ha¡s on the clevelopoent of, d;rungtS ¡¡itìr aga, uniler tropioal

toaporatu:res, botå for l¿boratoty an¿ Lro fíeld. aond.itions a¡e

shfia t¡¡ ftgu:re 16. the stud¡r glvos fairly gooct r.olations for

tlu otrcngth of soll-eeee¡t pertainiag to diJfe¡eat curilg
por:loils end at tecperatures þrytca1 of the ffest ¡'rfriaa Coast,

I¡ Eiklltio¡ it glrres a relation be.,T¡een tJre fÍe1d, and laboratory

streagths fq¡ slnJl6,¡ nixes¡.rzhen nLx ia placo nethocl Js

eryloy,eil for constn¡ction.

J.- Îbe foUøring general rer¿,rkq c.¿¡. 'oe .¿C¿ ¡n låo

effoot of ourtlg teaperatrrros .!¡ ¡oll-ce¡e¡t.
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(f) If a desiga l,¡ b¡.ssô on the oonpr"essive strengtå

øf soll-cetr€nt nlr, less ce¡¡ent couLil be requfue¿

for ôoveloprrent of a 6lvea stn:n6th under tropical

oontlitio¡¡s iha¡r in a tenperate clinate.

(U) In tropicc for tenperatr.rreg betøeen 85-951', tUe

7 tt¿ys oon¡rressivo strengtt¡ i¡ soll-ce¡ent is

abor¡t 0.80-0.85 of tbe 28 clayc corpressive

rtrerr6ttr. Thls ie for¡¡d, to be tn¡e botb for the

labor"atory end f,i¿l{ strengths ou the ba¡ls of a

!{ni,tgfl tl¿ta availablo ln Ohana.

(fU) Soll-oonent gets harrd. rith tlne at aLl tænpcratuæa

exoept belor QoC.

(f") The str.engtb of soil-eeÐer¡t et 7 d¿ys curiag chanSes

by 2'0 to 2.5 peæent for e¿chdÇ ::ise i¡r ourirrg

teuperature¡ i¡ the tenperature ranç;e of 25-5OoC.

(") Fith olays ancl cJ.ayey soils, the sirength obtaj.netl

¿lt¡¡c 7 clays curing at 25og coulcl be tìevelopei!

rithí¡ 2l¡ hours, if the teoperature of curj-og

cas ralsecl to 45oC. If the tenperaturo vas

lorrerrcô to OoC, tben tt¡o sane streo6th roulê bo

doæloped, after 28 dayo.

("¿) It ras obsen¡eil in U.K., tl¡¿t ¡oil-cenent roatl bass

eo¡stn¡ctetl 1a spring soulcl have a strength 5o{'|.o

peroent h-tgber after th::ee aonths, tha¡ tho baso-

constn¡otoð in autuen ¡rlth tbô sa¡e llix.
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mSIC¡i @ R0rtD Ar\D .[IFrn¡O.P4ræ].gtgns

I ' lsfo¡e iùosfun aspects of soil-oouent paveæntr cæ

illsouarerl, lt is inporüant to lolw tbo baslo regul.æ¡s¡t¡ of

a gootl roadl nate¡{.al, rlrlch aro a! follor¡s:-

(f) Ihe ¡oadl saterlal shouLô have aitequate ctren6tb

to ¡rlthsta¡ô gt¡csscs iryosecl by tùo traf,fLo¡

both uniler dJry ¿nå çot cor¡ùltlo¡¡s.

(ff) lbs sateriat should. have gooil. reotherlng

guelltles.

(f¿f) lhe plastlo ilofo¡nations l. tbe naterial, ib,re

to tùo repetitlve loadl of traffic should not

be excossive.

2. .l|rry uaterial rhich ooulil be acoepteil for roail rorts

drou1è fulfll the above referred. oooùitJ.ons, j!æl¡¡, ln

add,ltion to its oost bcilg lm. lhe questioo of proviêi.ng

ccononlcal roail pavenents hac ¿ttraototl tbe attentLon of Roac!

Engileers at ell ti¡es. lhere a¡e generally tso choices for

roaô qonstn¡ction¡-

(f) to oo¡stn¡ct a roail, paveaent enploy5.ng ooneen-

tio¡al oetbodlr, usin6 hanl broke¡ stone (ìriacaiton

or Telfot€ Co¡stn¡ctioa) or Ceoent co¡o¡ete.

(ff) or lrr pleces drsæ ¡tone ls not available or

avoLlable at hlgÈ oost, tlro use of local ¡atorlal¡

út¡oh a¡ solJ,, 5nvc1, ltrùrstr{.al westes, n¡ch ec

(ly esh, a1¡iler oto.¡ bo ¡aile, r¡ith or rlthor¡t bintlers.
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5. In u¡{'g looalþ availeble nate¡{.el¡. tåe questlon of

aü¡{yi¡g the rtebl,lity of tùpse aete¡d.als unde¡ ¡zorst aoisü¡re

oontlJ.tions¡ arsuæs a yer¡r great Lnporta-nce. It 1¡ for thl,c

¡earon that noet of 'bbeae loca1þ evellabl'e ¡ate¡'i.als ¡seil ¡æ
¡ort of blnôor¡ to glve tùen atebillty uatùer tllhfers¡t soistutÞ

ooadltionc¡ lbls uonograph on\y deals ritb thc u¡e of oeæ¡t

a¡ a bi¡ciùer a¡tl ¿l'lsousges t¡¡o li¡itatio¡s of coil ceaÊ¡¡t ar a

¡¡oacl ¡¿teria-l.

4. lto¡e a¡e tro orte4orier of conve¡tio¡a1 road paræneatr¡

laueþ tÌ¡e f,letible a¡il the riglal t1ao: lhe fomer t¡rye bas ao

¡osLste¡oe to beniling, ¡he:¡e¿s the later has flLexural stnength

anil rasista¡ce to beailÍ"ng. Â flerible paveoent noroally unclep

goes iÌeforriation vith tho defo¡o¿tio¿ of the aub5raclc, nùe:seas

rl6Lô paverænt or¡ account of its fle¡r¡re1 streng',,h ôoes aot geü

dlefo:ne<I, eve¡ if the rubgrede at places loses contoct rit¡ th€

peveceot.

5' In tl¡e figbt of the above facts, it is l4rorto¡t to

ctu(y rhether for d.esign pur?oses, soil-ceænt shoulô be t¡satoil

st a flexibLe or a rigiè pevenent. Connentin6 on thc f,te¡¡rê1
(s)

atrengtfi of soÍl-cenent tbe Roacl leaoarcb Inboratory, i¡ the

UoKo¡ sugg€st that soil-eeaent rrith a¡ i¡¡oonfi¡ed ooupressive

ctrengtb of 2J0 pcl¡ has ¿ fl¡x¡¡¿l strength of about J0 pcl.

ft oay horever be i¡teresti'rg to rork out tàe conparetlve {:bick-

¡ess of pavenents untþr ¡inilar conclLtion¡ of loadi-n6¡ treati4
aoil, csaent a¡ o ¡{gið a¡¡tl a flle¡lble uoter.l.al.

6. Sofl C.e.neJrt_4¡ o-S1..,e.1À l:Lt-erÍal

Ia oonsldorlag roil-oe¡¡e¡t as a rdgld rutoriel, the
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lestergarrèts ¡ûetl¡oal of pavenent iÞl1.gn ls useil. /icsuaniag

thc ¡oò¡Ius of subgred.e reaction tKt eg f00 psfr/tn, a n¡torlal

nlt\l¡ a llerural rtrength of iù psir voukl neeil a paveænt

tbich¡ess of 2lr i¡ohec for vheel load,s of !000 Lbs e¡¡d rtth

a oontaot pressu¡s of 80 poi. Tho desi5n t'l¡ic}¡¡ess for a

oo¡o:¡ete pavenent, rith a flen¡ral stnergÊh of !00 psl for

¡l¡dlar loetl.s roul¿Ì be oaly 6 inches. ft hes hqrever beea

"{3?Lu 
1¡ u.K. t}rat soil-ænent paveænte vlth thLolsress of

9-12 inclrea, have glven satisfactory serrice wrôer a wheel loed.

of !000 lbs. a¡rtl oontect pr€ssure of 80 psl. ft ca¡¡ the¡.efors

be ooncluded. that for econo¡lice1 ôesLgn of soil-cencnt pavenente¡

the d.gld paverent design asthocts safegtarding fle¡¡ral faiLure

oaa gf,ve veqf conseñ¡atlve resufts.

7. Soil Ceqent f.s a 31e¡cåb1e l"eterial.

Åg illsoussed earlier soil-cenent has a ccrtel¡

¿uount of flex¡rel strængth, nhereas a flexi.ble sateriat ha¡

Don€o /r, very irçortant cfTeot of flexural strength ls t¡e

greeter loail dispersing qualLties of a u¿terial. lbi¡ aean¡

tbat on applloatlon of a certain loail on a pevonent, the

ctresee¡ trdrsniited. to the subgraile by the sa¡s thich¡ess of

fl.cxible anô ri6tô pavenent ane riòely cliffe:lent. ltria is ons

rearon a cono¡ete paveneat ¡reeds a n¡,¡ch less thiclo¡eas ac

oou¡ruretl to flloxible pavenent.

ff, soll-oeænt is treated Erre1y as ¿ flexible ¡¿ter{¡-l

tùsn tho fle:o¡r¡l etrength of sol-l-ceæni ls S.gnoroct, aeaning

tJtat the thl.o!¡e¡s prorri<loil for tl¡e pavenent ls hlgher {:ha¡r nh¿,t

la aotualþ ueodlcil.
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It oay tho¡efore bo saial tbat to t¡est solt-oeue¡t as a ooøgtctoly

(Lexlbl¡ natoriel, tor¡ltt bo to over{esign tlro pavoænt. SotL-

ooæ¡t tbq¡Sb ve¡trr EÊr to being flexlbLc u¿tertel sb¿¡es roæ

ob¡raoterictloc of a rt61i1 uater{.al¡ a¡i! thl¡ sboùd ¡ot bc

lgnoreil l¡ an eoonoetoal doaign.

8. The dif,ference bet¡een a eonpleteþ fterlble ¡¡ter{al

r¡il ¡eel frle¡lble aaterlal l1ke soil-oeæntr la Juilseal fros thc

retio¡ of ¡¡oil¡¡lus of cl.artiolüy of tÌ¡eÍr base a¡¡ô subgraitc.

lhis rêtlo nay bo ¿bout 5¡ for on¡sbeil rock a¡ô tho nrbgraib

a¡it 20 or Do¡e i¡ tàe oase of roi1.+eoent¡ baving a oø¡lrcosf.ru

rtreagtb of 2!Èlp0 pal. lbe cffect of bígber sstbrlrrs 6f

olastloiþ ratLo of b¿ce alral subgrade rlIL te¡ô to deorea¡e

tba sbea¡ strosses j¡ t¡Þ rub6rado a¡d, t'he¡.efo¡e aeeô E lsscer

ba¡c tåJ,olc¡¡ess.

9. Â lr¡rrber of æthorls aoroal.þ useô for tùe tlcaign of

lle¡lbIe i¡eveænts are ourrentþ ouplqmil for tbe ôeslgn of

soil-cerê¡t paveænts, oitbe¡ ec arch or rLth cligbt sodlflca-
ßz)

tLo¡rg. In Unito¿ State¡ e ConnLttee of tbe Higbray Reseê¡cb

Boarit on flexlble paveuent iloslgn, arggoatod, tùet coil-oeEent

ilÍspleyr eLL tùe clu¡acterd.stl.oc of a fle¡lble ¡atcnj.al or

1¡ oert"ln oases s€ol-f,Le¡ßlbLe ¡st€råsl, end thor.efore tåo

ibatgn ætÌ¡od. for lotl-oeEent ¡ltor¡lil be lLatteð to tùe

¡eleotion of a proper oJ:< ilerlgn onl¡r. In atliËtloa thc

tùlol.¡os¡ of pavoæ¡t nay arbltrari\r be celooteð frm crpo-

¡{,cnoe on verioua t¡4ær of subgraôeo. lh¡ reooooe¡ilgô, tlighay

lsgosrcl¡ Boêrd. t'hlchess of paveænt for narlous t¡rpeo of

aù6rados a¡r ¡bora !¡ table VIII.
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ItcoË,j.ENDED ÌÌfrcrc'EssEs cF soÎL{E¡i¡äT ¡A,SE cqtRsB F@
II,r0o-LB âXt¡¡ LQÀDS .d-\Ð CoR.lESpo,¡Drlre RÐ0o.¡.ENDED
1ÍÍICKI{ú'SSdS G' GR/ù¡IILåR-îTFÊ: SlÅilfLrTnD rlrE CdTRSES

(nor. ¡z)

a ltc sol,l-oe¡e¡t thiclc¡¡esses irer6 recon¡ænclecl at that tiæ for
hlgbray pavonents ritb average tra.fflc that ôiil not cxcccd 1i0

tnrcks¡ wlrich naoge fr.on l¡r000-1b gross load to 18r000-l.b axJ'e

loeilr per rùey or e total of 11000 vehlcles per ita¡r i¡gtu;ri¡g

tùs ¿fo¡¡eaentioneô tn¡ck tlaffic. Bage courses of the tbloloc¡æ¡

g:lveu 1a TabLe VI[r nay have to bc supplcncntoil by subbare ràou

i¡¿fftc c¡cooå: thc Lo:,il5rrg: fot ¡blch tbc rocoo¡enäoil basc

o(f,¡no! a¡e íntenilatl.

Subgrailc SoiL
Grou¡r Claseif.

Soll-Cenent Base
Co¡rae thiokaess(ù. )a

Grarular-lypc
Stabfllzeil Bsac

Cour¡e fU:.cU:i s (tre. )ê

A-'l-e

Â-1-b

À-,

A-z-tr

L-2-5

L-24

L-2-7

Â+

L-5

Â-6

A-7

0

5

5

5

5

5

5

6

6

6

6

0

5

5

,
6

6

6

I
I
I
I
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10. In Caltfornia, the <leslgn thloløess of f,Lexlble a¡il

ao¡d-flexlble peveoents a¡e rorlceô ort by ¿ ootåodl ibwloped, by

trvtos a¡¡al Sheroan. lho ætl¡oil talces i¡to oongicle¡aülon nhat

Ls oalleil ¡esi¡tanoe values rRl, of so!J. ar¡è granular layers,

â¡il tbe oohosLve roaista¡ce of all stn¡oü¡ta.l clenents, anoh

as loll-oenÊ¡t be¡e anil tlre asphalt surfaoe. Il¡e rqsLstarioc

a¡il oobe¡lve ¡es:lsta¡oc of va¡lous eIeænts 1r æasuroò by

æa¡s of Hveenrs StabiJ.o¡eter. lhe eûfect of trraffio, in

teros of úeel load ead re¡rtition of loeài-ng lc tntograteil

l¡to a ciagle factor called. tra.fflo Latlâr. the æthoil see¡s

to bo ration¿l and. tales c¿re of the rlgtèity of the s¿èrlal.

ft t.s hoped that no¡e ùata rilL be available, ln tho noar

f¡¡ture to grove the sultebillt¡r of this ¡ethod. for tbe ¡ost

ooonoaloal dosign of oesi flexible paveernts.

11. In Britab the Roaci Researcb traboratory¡ on tùe b¿¡ts

of a fairly extensir¡e stu{y tn tåe ftelit on orperl.neatal

lcngths bas suggesteal, that for a soLl oeænt nlx bevi.ng e

coryresslve atrength of 250 psi aad, above, the pevenont thick-

Delr tên ra.feþ be curtai,led, to /0 peræat of the thicbesa

obtained by C.B.R. ¡¡etbocl of f,lexible pereænt dl¡esl8!.

tlæver. a atx barrbg conpressfve sbrcogtb less tbrn 2J0 pst

ls troated ac a coupletelv flexible oatærial, a¡d, for {:hlc ¡qü

tåe thlcl¡ess ao obtaj¡êil fro¡ a fAeriblp pavcæot ilsef€n uetùoil

l¡ useal çitJ¡out ¡eil¡¡ctÍon. Ilsua{y C.B.H. netÀoil fu vcry

crtenolvoþ ergloyod, for tbe ileotg! of çoil-oeæat pavoooat,

rltl¡ ¡eoecsa^r¡r nodlifLoatioas, anil tt¡c¡efo¡e ¡ta¡iLarrl. C¡'.B.R.

ourve! for road Fñ;l el¡'f i€Jd pavenent rleclgas a¡e l¡ol¡¡il¡ô i¡
tbs ppo¡dl¡, for :read¡r refe¡e¡¡e.
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cPJlERTorr r o¡_!pl 4j¡lcJi

1¡ Stren,tth Reouiæ:gnts_for Roa¿l Pavepcnt

In aÁötion to tåe total thLcl¡e¡s of a paveaont, to

prouiiùe en adoguate oovor o¡r tùro cubgrade, lt aay be inportaat

to coasiiler the qualitþ of parecent naterÍe1 1¡ ten¡¡ of lt¡
rtrengtå, so tùat ft is oapable of ritþsta¡itln6 sà¡esses-€)
lnposecl by tùe tr¿ffio. To glvo a¡ ld:ea of bqr stron¿ a ¡of.L

oe¡ent paveænt ueterial rhcr¡ld. be tl¡e oase of a pavenoat I
l¡ohec tbiok, conposeil of 6 i¡ct¡ec baso anil 2 1¡che¡ bituæ¡

cuttaee, unôer a !f tons pneunatic rheel rith contaot prersure

öf 80 pct, lc oonsltle¡¡oit. lor paveneut naterasb havi-ng noôuluc

of elastioity ratio of bese to subgraile ar ,t0, the oaLculetf.o¡¡

acooriling to elastle theory suggest¡ tå¿t tbo Þa:rinr'rr¡ stress€s

l¡ the baao et an¡r poflt sl¡all æt e¡ceeô J0 percent of tùe

¡tresges os tbe ¡u¡fece of the pevonent. thl,s i¡¿io¿t€s thêt

for e çbeel load. r¡¡iler iLlscuscion, the ba¡c will ¡ot be cubJecteð

to a chea:r ¡tress of no¡e tba¡ L0 p¡f.. efvfug e¡ ellora¡roe

for the ir:pact¡ and repetitlve eotion of traf,fic, tt cot¡J'<I be

aafeþ l¡suneil th¿t t]re pr,.veaent b¡¡e 1n sol-l-ceænt for suoh

a 1ood, ahoulil possess a nininu¡ chear atrengtb of 8u pci.

lor ligbter tr:Jr'lo ibe shei¡ stren6;th roquireaeats of ¿ b¿se

a¡e ¡nr¡ch Lorær than 80 psi.

2e Strensth 8ecui¡enents For ,^i:fielcl Pe.venent

lbe flela ¡tudLies 
".i??iu 

out i¡ the rrnit¿rl tri.nsðc

æ tþ perfor:aoaoe of ¡one eJ.¡tteld. peveuents sug6est tbet for
a¡ atrtrft rheel, vLth a contaat Fnersúre of i00 pcl., tbe basc

a¡il a¡bbess f[e1ô conpressl.re strengtb l¡r cojL+euent s]rqrlÂ lo
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t d¡iral¡r ot 250 oÐð, 125 prl resgeotLveþ, uader 4 l¡cbe¡ tblct
bltuæn oerpet. lor ti¡e prelsur¡or h{gher t¡r¿n t00 pal, a

n{n¡lnrn field oonprecslve streagth of L50 p¡t Ls :rooonoondtcil,

¡niìa¡ ( i¡ch bitr¡¡en cartrret.

IB tbc oase of teapora^r¡r airflelits a al¡Lou¡ ooqp¡c-

rslvc strengtb of 200 pgir 1¡ co¡¡sl-¿lor€¿t a gultebl,e or.Ltcrioa,

uldcr prefabrloateô bltu¡eu rl¡rfac{ nE.

3. LlnLte.tl.oas of Unconflneil Cospresslvo Stængth Test

Îbe use of r¡¡con*Lneil conpressive atrengtb tegt a¡ a

orlterl.o¡ for the Cesign of soil-eetront nL¡e¡ fu qulte Jurtlflerl
t.a olays encl cley eo|-ls, but i¡ tho oase of tlaauler ¡oLl¡ tbl.c

oa¡r bo ntsleaðing a¡À results i¡ unecoaonieel docJ_6ns. A

uater{al hav{n6 onþ' cohesion a¡d ¡o i¡te¡¡¿l frictíq! *iJ.l ¡ot

¡bor nrcl¡ 1¡o¡.ease in stnength rhen tssteè r¡¡de¡ oo¡fl¡sd,

ooadlitions, h¡t thê i¡orease is ooasidlerable t¡ ¡¿ter{.elc b¿vü6

l¡t€nt¿I f¡d.otion. ft nay tberefo¡¡e be gutte r¡¡eaononl.oal for
¡a¡il¡ a¡d. raafur tolls to u¡e tbs caue or{.te:.1.o¡ of coapresslve

rben6th of 250 psl, aa Lo ¡leoouoenilcd. for o1e¡rr.

Ihc Road. Re¡oa¡.ch Laboratory L! u.K., ,J3ì.u *
cffect of confl¡eænt on the strængtb of various üypea of

!o:11s. lbo ctudy veg o¿¡rieè out o¡ four t¡per of ool.ls,

raadr allþ aanô., raad¡r ol¿y a¡;l beaty clq¡rs, by cho.Þing tùolr

unco¡fl¡ed cog)trolsLvo rtæagth a¡d, C.B.R. v¿luo¡ u¡der ¡l¡{la¡
ào¡¡lltionr afÞcr ¡wen ila¡ru cu:ia6. Ihe ¡çn¡lts e¡.c ÏLlugtfa,t€it

la Êl.gu¡e tJ. It Fo¡14 bs ¡eea l¡ tbc figure tåat for olayr

r¡å ¡6¡{ arupl.cc a couprcsclve atrength of 1@ pal, æaat C.B.g.
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value¡ of J0 and 215 fcroeat rcspeotiveþ. lhlg lead¡ to the

¿fat conolurl.o¡ that to airftho ¡e¡o value of coaprecaf.ve etrength

for oll t¡4rec of sotls ls very unnor^Jistio e¡d, ths u¡oo¡¡fl¡eè

oonpnocsLve ctrcn6tb ca¡r be e. useful crlteriø, for tl¡e r,l,r

i!os16n in olaya nrrd, oJ.ay so1lg alone. lblc test ca¡ not fo¡:u

a ¡easoncbLe basLs for studyi:rg the str^engths of se¡tts aad aurer

soilg. T!¡e le,ter¡.l confi¡er:ent has e norksil offeot 6¡ f.b6 ¡-tr.t

fellu¡o lo¿d. of a nater!.al, rhich ha¡ ê btgh angle of L¡te¡nal

f¡:lction a¡d. tho¡rcfo¡'e s¡¡rd.s aåd. san{r soils ane oapabls of

nobtllzia6 nuch higher strengtås u¡åer co¡finsd. oonrriü.ons tbê¡r

glW¡ ùy r¡¡co¡¡flnot conpressine strength test. tbo ¡e¡u1t¡ of

a sirriler ctucly rarried. out o¡ Gha¡re.lan soLlg are shosn t¡
figure lp.

4. .9el.:åelris,¡sÊri4Ji-4.9,-þt

Tbe C¿Ilforaia 3carilg Re.tio test or çlat 1¡ hnqr¡r

a.c Cyliader Pe¡etr¿tj.on Retlo test j¡ !¡'t!eìn la a rirple teot

to ctu{y the strcngth of a subfira.de. the tost j.s a EÞast¡:Fo

of loadl reErfu.od., to cause e. cyliadrical pÌunger, Z l¡ch ¿t{ ^ñe-

ter to peuctrete a specineu of goLl at the r¿to of 0.25 f¡oh

per nianrte. the C.E.R. or eylinder penotrat!.on ¡ntio 1s

oalct¡1ateù by er-orarsing the load. on the p}urgcr for a peaetra-

tion of 0.'t iaoh, as a peroent:€e of st¡¡aler¿I load of J0@ lbr.

lDe ori4inaX C..lj.R. netboù of ¡avcnent dssien 1¡ ¡i1oat

on tùe sr¡auty of beso requlrort for ¡oaô aarl afufield paveneat.

It o'ly 6!.ves the tot¿l tåiclc¡ecs of tù,e sub bre, b+co, aaphalt

oaçet, rco-uireC ovÊr a sub-grade of e cort¡ln atrsngür. lhls
1r iù¡e to tlre fnot tù¿t ortgi,m.JJ¡r h,r¡{, brolæn sto¡e rêr tùe onJ¡r

1¿t5
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¡¿tertal used. for rotd constrr¡ction ¡rncl ato¡re badl }lttle or no

char¡oe of f¿ilure uncler st¡esses inposeil o¡ tho pevenent. Íith

tl¡e a¿vc¡ceqent of ccionce of ro¿è constn¡ctioa a¡il ths usc of

a nurlber of locc{y a.ve,ilcble n¡.terials for ro¡.C' constntctloa¡

It beoa.æ i.nporto.nt to otu(y the strength of a base n¿terl'el

bsfo¡¡e lt coulð be euployett for constn¡ctloa purposes. lbe

C.B.R. ætt¡od, was tbereforo subsequently ei¡rloyed to rate tùo

Sualtty of b:.ge a¡ril sub-base oaterial.

(2e) (¡o)
ll¡e nork ca¡ried o¡t i¡ 3ritêi¡ eoil tbe llnited' St¿te¡

ruggests +,hc,t a laboretory C.B.R. value of 120 percelt ls a rea-

¡oneble crlterLon for accepting soil-cenent as a baae o¿tertal

for roacl pavenent. The field stuèles further inàlcato that

rtth clx-5-rrrlle¡e oethods, the leboratory C.3.R. voLue of 120

percont rould npproxinateþ givo a C'B.R. value of 80 perccnt

t¡ tbe ffel-il.

In ceco of tenirorar¡r aJ.rfields, liþly to tolæ ¿lroraft¡

ritb ¡bee1 co¡rtact pressures up to 2!0 psi¡ a leboratory C.B.h.

valuo of 140-150 percent be.s pronecl se.tisfactory. For pertre.nent

airtleld.¡ whlch ¿ro liLely to ta.ke ai¡c¡efts tt'ith ¡hoel contaot

pr€rsurer of nore the¡ 100 psl, a leboratory C.B.R. v¿luo of

25o-l25\) percont Ls ^o¡sièereô ailequate. Such a base ¡houltl

iu aitùition be covered Fith l+-6 j¡cl¡es of as?haltic co¡creto

ôr eq¡ other þpe of bltuoen ca¡?ot.

lor cub-l)ese nate¡'Lal¡ i¡ e¡¡ airfielcl ¡laveaentr tbê

C.3.R. values Bhould. noma\f be !úgher ther¡ the C.3.n valt¡e¡

of aubgratle, but shq¡ld bo less the¡r the bas€ tr¿ted.s-l.
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I'bc thlolcress of varíou¡ Ia¡rers of tlro pavoænt oa¡ bs ¡orkeil n¡t

ftoa the ¡tanèa¡rl C.E.R. curvesr on tl¡o basle of C.3.R. valt¡ee d

rarLcr¡s layers of the ¡lavencat.

sor-r cEÌE-rir c q'is4Bucl3ç¡j

l. lhe æthods of soll ceEeût con¡tn¡ction oa¡ bc övidpal

l¡to tr¡o illctlnct groups:-

(f) ufx-i¡r-p1eoe Metboatg

(U) pf.tt .{r net}¡otls" (lrave11in5 gtr¡t al¡il Statlonar¡r pfe¡zt).

fn reoent lrcars, a 1ot of plaat and. eErtpnent Ls ilcvelopod.

for tlre ¡tabllization of soil çlth oeæut. lhe ær{ts of sèoh type of

plant and. the oonÀitions u¡cler '.rblch eaob plarrt is nost usefú, are

5tvea by tbe n¿nufacru¡ers. a good deal of Jfrr"Æl'"6ì, .rro .o*i-

lebLe t¡ va¡lous ga,npblets, papers anð Civil r!¡gineerìng Co¿stnrotlon

Hanil 3ooks, -hicb give the reletive ærits a¡¡il dleærits of va¡lous

pl^ants, on the basi¡ of practical experi.eace.

2. llhe i¡"Ítr¡ Etci¡r6 ¡etboôs aor:na{r' eupLoy soue fo¡û of

akht rotary ttl'tin€ e.aohi¡es to tiLl tù¡e sol1 1¡-s1ü¡. lbc ¡o11 1s

Erlverized v¡lth the rotaqr ¡rachl¡e Ltself. Â 1ailer of ce¡e¡t cqrr€E-

poniting to a knoçr¡ percenta¿'e of oereat ia apreail ove¡ tl¡e looseæcl

soil e¿cl nixed by ¡¡eans of a rota.r¡r ¡nachÍ¡e. Ât ìiÉs stasc rater ls

adileil a¡tl ui¡ed.';aür eoil-oe¡eat to bria6 up tlre ooisture of tl¡o li¡
¡pa¡ tbe optinuu uoisture. Åfter levelli¡'6 the la¡ær of eoll-ceænt,

1t 1s rolleô to bring tt to tts ¡a:clur¡n ilensity. lhe use of tbfs tlAo

of ætboðc 1Íqits tùe thickness of a conpactetl layer to about 4-6 i-a-

cbes, at ore ail61e tine.

3. llhe ü¡1pes of plant used ln tbe nl¡r-t¡-pJace reethoil e¡rs P & B

ri.aglo-paas stebilizo¡ 10ftr ridle, ;hloh cut¡ tlre coll¡ ¡ulver{.zes aait,

¡l¡es lt r.lth the stabiliaer l.n, a silglo paas. $re ctablli¡er 1¡ lpreaÀ

t¡ fro¡t of tbe E¡aohj¡e. ibo ¡¿chi¡e Ls drivsn W 250 H.P. porcr ualt
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r¡cl oar¡ 6fvo outp.rts as hl.gh aa 71000 - 81000 pg. yerils per ib¡r. ttrc

leaoa¡ prlrrtuLer or rotavators ere about 54 teett slde ¿¡¡t bavs

bl6h apeeil rotors d¡{ve¡r by a coparato power or 1¡ tho oase of a

rotavator, tå¡qugh a pore! tale off froo ¿ trector" fhec€ nachi¡ês

a¡r vetl¡ offcctivo for f1¡¡ gralne<t soJJs, but have liJritê¡t appltoa-

tl¡¡ on gravo$l a¡d, hard l¿teritio soil¡.

¡1. I¡ the plant nl'c nethotls, the soil ic er(oavatoal eltber

eloa6 tbe at{6næut of e ro¿il ar fron ba¡r¿w å!êê!r¡ a¡ð nl¡ce<l satb

tåe approprlatc çeatity of ceæat a¡il sater. I'he soil ocænt ui¡ fron

the plant ts falil oa tbe slte to a ualfom thick¡ess anil conpacteil by

roll¡ers.

5, llrb€ tr¿verl{ñE plants usua$r euployed ars, tho Barbe¡r

O¡eene airerr tbo Gard¡rer $po u!:rer, the ÌI & B totogaver etc. ID

the ca¡e of Ba¡ber-Êreene ul¡er tl¡e exoavateil soil anil cta¡lll¿er aro

llftoô by æo'o of bucket olcvators lnô sto¡ietl ln a hopper. lho

¡¿teri¿l fron the bopper la passecl tnto a ¡rg-Eitl a¡il rater ¿ðiloil.

'tto grlverizeil soï!-ce¡ent ¡oùtr¡¡¡ is t'he¡ spnead oa t'be roe<lr leveJJod.

by a grailier anil coupacteð w.lth ¡olIers. In the Gar{¡cr t¡pe olxer the

rf¡it¡oreð soil is ¡lr¡t i¡ a pug dl1 to Erlverlze tl¡e uatcrd¿l. Ihe

¡tablllzer and. rater¡*6aikled a¡¡il t'Ì¡e ni¡turæ depoisted. baok 1n e

rl¡d¡o¡¡. Ilre uixturc is sprearl "ndl level,led by a graaler ad, coapactod

rltà rolf¡rs.

6, Ia Statlonary Plante, there a¡e tno t¡pes of uachS.nac, tbe

¡onti¡or¡s ¡L:cerg ¡nil the betch oi¡er¡. I¡ tbø coÄtl¡o¡! nírers, es t¡
f¡.6eç'lì{ng plants, a¡ el¡vator buckot lifts tùrc ¡oL1 to a booper, aail

lùLc la illscbarged. j¡to e pug EitL þ a belt conveyor. Ibe ¡teblllzcr

r¡il rater 1o aôdeil at t'bi¡ ctege enô tho ¡¡ato¡åa1 uixeil tborougþ\r.

lbo ¡l¡eô natcrl,¡,I L¡ oolJocted. t¡ ün¡sks a¡<i lalil on tho rtte 561¡¿
e¡il rollcil.



Compendium I Text 5

-JtÞ-

IÞ? Satob d¡on ere aotåLog eLse but concrote ¡f¡e!¡. Ilece d¡er¡

c,re notzalþ oaplo¡'oô onr ceÀl] Jobo. Ihe roil, gtabllLær a¿il r¿ter

a¡¡ eilðail 1n the conc¡¡ete ¡lxer and ut¡eil tilL ¿ rr¡{fo¡E lt¡ctu¡p l¡
obtal¡ed. lhe best ¡egr¡lts ln pnrlverfuation a¡e obtal¡eil ù afd¡b¡r-

paðiüe nlxers, ¡u6 nills, otc. Ibe ol¡eô uaterLal l¡ oa¡rieit i¡ tnicr

to thc sl.tc¡ rpreail a¡il ¡olfail e¡ illscussoal earlLcr.

7 îhc oboLoe of oue or tl¡e otlrer ætbott of coastn¡cti'o¡ l¡

illotateil ooro by tåe evell¿billty of plant arô ¡fte oo¡Àitlon¡ tba¡

a4rùtri-o6 eke. lhe atatlooar¡r ELxi¡t pleat r{tù a fleet of tn¡ckg

for tra.naportflg sotl, ¡eeôs a far greater capital i¡vosùoeat r/¡ e

proJêot, as oonperetl to t'hc l¡-sltr¡ ¡¡ethecls of co¡stn¡ctioa. Oe l¡bo

otber h¿uil tÌ¡o Ln-sitr¡ nethods a¡e usefr¡l a¡d eoono¡rtcaI æl¡r rùere

e ringle la¡ær of soil c€Dê¿t ls to be laltt. In places çhe¡s s, Iâür€-

rcdl rysten of oonstn¡ctioa is a,tlopted statlonary plant notåoil is norc

ooüvonient ancl econonioal. I¡ the i¡-sih¡ ætbods there 1o a ll¡lt
up to ultich a Ptañt oa¡ excavete end pulveri-ac a soll a¡<t tùo¡¡fo¡e

lf a layereil constn¡ctLo¡ ls reçi::red, tùre top layert afüer e:cavetl,o¡

æetl ctook p1ling. lhe constn¡otLo¡ is tåen cerrieô out by f¡¡rl¡g

looac coil la¡rers 8-9 j¡cb, thlck antl stabiliz¿tlo¡ ce¡rl.eô a¡t e^fter

n{r{¡t tbe eppropriate Euttlþ of oeænt e¡d, raüer. th,fa próceor

l¡ rather l¡conver¡lent anit r¡necononical.

8. I¡ o¡der to llluatrate tl¡e re1at1¡e cost of Ia¡rcreil oon-
(g)

¡tn¡otlon uohg l.rr-sltrr anrl plant uf¡ced æthoôs tbe fol1orln6 tiblc

æJatfig to ¡pl¿tlvs oocts l¡1 &.ltef¡ ll gfiæn ar a gulito.

145



Compendium

-55-

lbthod. of
Coastn¡ctlon

lhÍolnecs of
Constn¡atLon ¡¡Aütêft

Ualt Co¡t
per cg. yard,

lÉr t¡ placs

¡il

rl'a

t¡lt

6 l¡.
8ü

'10 I

12r

Single

I

Do¡¡bIo

t

sY, 6/-

'6/8
'tz/t*
.1t/-

Pl¡¡t t¡l.¡ed. 6 l¡1.

8¡
10 I

t9. I

Si¡gle

i

Dorble

T

sh 7/11

'to/5
' tt/4

' 1v2

lbs tro sets of costs a¡e rorked ort by usta6 tùo looelly

avallable soil ln botb the o¿ses anal enployl¡g 5 e¡¡l 10 pcrce¡t

co¡ent t¡ the lcner a¡ril upper la¡æra.

9. Â poiat rhich ¡reoils rone euplarir ir, tÞat tho

quêlft¡r control, f¡¡ te¡u¡ 6f nr{r6¡'4fþ of ôolrent .üit l¡têr
l¡ tùÉ Dl¡, i¡l the rtatlonar¡r plant ætboô, i.a urcb bcüter tba¡

tbat obtai¡sd. t¡ the i¡ ¡iü¡ proo€ser I¡ addltion lùre l¡ ¡Là¡

ætbod. ter¡ds to reabn tho aubgrade tù¡ough a dí¡oct sposur!

of cubgraile to ;eather e¡d, trafifLc. lbe c¡cavotioa l¡ tùo

l¡ ¡ltr¡ ætÌ¡oil j¡ adÀition lcavss a tbl¡ loose la¡rer of soll l¡
betreoa tbo subgratle a¡d, tbe soiL-ocuo¡t bare¡ and fftogs r{n{t6-

tloas sho¡ld. be kept in vier bcto¡s ffna.lly cbooslng thl.¡ ¡othod.

of const:i'r¡otion. llarçr uacbleo¡ cuah aa ai.uglo pasc ooll rtabl,li-
ratÍoa plant, trlrr<ltm typo uoohsnLcal opreadog, nrltfpars

rotary rai.xor, oto. aF ln a¡rront uso 1¡ var:la¡s partr of tbo rorild,,

ud cecb plaat har its ar¡r ailvcatc6es undar 6lten ¡st of coaôitl,o¡¡.
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TPTC.i,L EOIIIP¡EÌtT RENUIRE¡.EI.¡TS F@ DIF'IENENI ÍYPES (D

liI[DiG ¡¿¡rCHD¡ES

;tt¡il¡oü-q¡pe lravel'l i ng
U{vg¡

FSlFEei*årIo¡
{ Pulve¡tzer -

lf reErlreô
I lioto¡ 0raðer rltb

¡oa¡tfier
I Findæ'F Bve¡sr or

Sproeder box

WgPJÐ{G.¡qlE
.CEI,Eì¡T

I Cenent con"oyor
1 Ceoent lan&er
1 Portable In¡ck

scale
1 íítailrortype

o¿ohanioal cenent
cp:reader

¡-€.JL@,JIP-,¡,ü{4B
4EP.I{c¡¡ru

I li.ud.rov t¡1le
lravellilg Ui¡i¡S
llacbi¡e ;¡lth
notive power

1 fater Fu¡t at
vater so¡rco

I llotor Grader
for apneaclilg
nl¡rted. rind¡or

3gq.9@:c.u0u-
Soe Noþ I

r.ts-ggBnE -
Sce Note 2

tr@ PIßPIRí{TIûT

1 llotor tradler
rlth sca¡ùfler
rotary ¿ixers
for puherl-
ll¡9, as r¡edeil

I Íat¿r Tnrok for
prcrettiug, 1:f
reeile¿l

I 0ouent Co¡-
voyor.

2 cr ¡rore ceuent
În¡cke ac
¡oeil¡ecl
Portable Tn¡ok
scale
Hecbe¡Loa1
oesent
rpreedor
of propor
11èth

FCR UDTI¡{E á¡ID
?'.'JSR ¡¡PPIJC¿?fOI{

Botary ltrixers
as ¡eedåil
Tater Ptuç
at source
or Þote
rater procsu::e
ilist¡{butora
or reter
rtrpply tnrck
a¡ æedleil

Statlonery
UixSrcg Pl-alt

Fm P-EEPriRÀîfCr

Xotor Gratler
¡ollerc ¿¡ ¡ssdled.

FOR. IíIXINC

1 Stationar¡r
H{-{nn p1aat,
betob-type
or oontl¡¡.¡cn¡s
flor t¡rpe
rl.{ù faollitLea
for rtor{ng,
hÊnâll¡g ê¡ô
proportlo¡t¡g
roil¡ ceæat
a¡ô rater.

F@. PI¡ICII¡C

HauL Tn¡ckE
¿¡ æadletl

2 Spreeiler
bøc¡

tr(n C0LP,;.CTIC[iI-

Sco l{ote I

r(B ÛûILINÊ -
Sce Note 2

1

1

t

2

FoR Cqg;cTICBr-

Sec Notc I

rq gtrRnrG -
See Note 2

lfoto t: Coipactioa oguipoaat ile?e¡ds on t¡rpe of soil-vibreJory
oonpactors, vibratory roll¿rs, sheepsfoot-t¡pe rolJ.ers,
tù¡eo-rbsel rollers anal p¡Ê,'iatio-t¡pe ¡¡o1]or¡ as ¡eeileil.

Íote 2: If T¡rpe RC-2¡ lfC-J outbeok aspbalts, R1-5 roail ten, or
arphaltlc e¡¡ulslonc a:re usecl, pliessu¡e ill¡trlbutor¡ as
¡ooilotl.

Plat-ty¡re
Itâ"e]ìirig lti¡er

rOR PNEPùB4EIW

1 Hotor Grade¡

FOR tt'g'\ÐLn'lG
n'lr( cEr.fE4I

'l Ce¡oe¡t Con-
w¡ror 2 or
Do¡lg cenent
tn¡ck ao
requf.refl

I portable tnrck
tcale

I teche¡lcal
oenent
Sprearler of
proper vrièth

F$gEq-4rfp
ñ'i.ÎEn .:Pl'¡fCJg

rIQu

I flaÞt¡rye
t¡'¿vs''l I { n6
lifl¡er

I fater Fuql
at source

2 or noro
rater auppJ¡r
tn¡oks as
¡setloil

I9ts-gwr0N-
See $oto 1

FCR CU4p{B -
9ee ![ote 2
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rLBtB r

Íirr<1rw-gpe
Travelling Uirer

Flat-gpe
Íravellilg llirer

lttrltiple-Paea
lotaq¡t }li.rer

Statf.oaarlr l{Lx-
{nE Plaat

¡. PREPÂR.4TTCûI

llth i¡-nlece
Sotl

t. Sbape roarhray
to orom¡ a¡il
6reite

2. Scartf! roa.dr
ra¡r oo11

J. &¡lverd'ae
¡otl-lf ¡eoe-
s8a¡¡r

4. Slarlrcn solJ.
r¡¡t 696¡
ri¡il¡o?
Eif,h-bqJ:¡q
Soll

'l . Sbape sub-
graôo to
orqa e¡it
graôe

2. Cou¡raet
aubgracle

J. Place borrw
¡o11

å- Fl¡d¡oç ¡oíl
oni even rl¡-
il¡il

I Soll-ccua¡rt
Prooess{ ng

l. Spnoail port-
l¿ndl coænt

2. Ulx a¡ô appfy
ratcr

J. Sproad. .{'e¡[
ft¡dror

4. Co¡peot

5. lf¡tl¡¡h
6. cr¡¡c

.[. PREPÂR¡ÚTION

llth l¡-olaca
SolL

1 G" roactray
to crorvn a¡tl
6raile

2. Ioosea soil to
ilesign depth
rùen aecessar¡r
ad. neshapo

llth borroç
So11

l. Sbapc oubgraile
to crown a¡rcl

Eradc

2. Conpaot anb-
grade

J. Pl¿ce bo¡ræ
soil

¿þ Sbspe borror
¡o1.1

I Soil-Ceuoat' procesatlg

l. S¡r:reail por.blald.
ceæ¡t

2r l{L:c a¡¡cl
agpþ ratcr

5. Co¡pact

4- Fi.lsh
5. Gr¡o

À PEEPARÂTTO{
Fith i¡-o].aea
toil

l. Shapo
roaôray to
oromr o¡tl
tlsd€

2. Soarify roa.il-
ray oo11

J. Pulverlze rotl
Lf neoessar¡r

lr. P:ne-æt solJ.
a¡ ¡eefled

g. ShaFe pæp€¡td,
¡otl

l. Shape nrbgradc
to a¡wa a¡d,
graile

2. Conpact anb-
grad€

J. PJaoe bo¡¡¡or
roLl

Ir. thape bq¡:rov
soLl

B Soil-Ceneat
p:nooeos{¡g

1. Spread port-
l¡nil ocæat

2. lli:r, eppþ
retcrr Ðà El¡

J. Coryaot

JÞ. lfuilsb
5. Cr¡¡e

¡. FREPA¡TrIOI{
Flth bor¡oo
loi1

l. Sbape arb6reile
ta crora e¡il
gradc

2. Cøpant
subgrailô

B. Soil-Cons¡t
procesoing

1. lfll¡ coll,
ooæ¡t a¡d.
ratcr t¡
ptaat

2' ¡la¡l d¡tit
soll ooært
ta roeiÞay
alìll lp¡ce¿

,. Ceryrút

h. ltut1ù
5. Cu¡r
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10. In orrilor to gLve a geuerral grriaaaoo¡ tablea .HJ'3a

X
(ElÊ) have boon l¡rtrocluceil, to glve tlro r.equùrenents for

¡ll.ffe¡eat t¡ryes of nld¡r€ naohlnes, atepa in con¡tn¡otion for

ilLfîerent t¡pes of ÞixfurS eguipænt, fintshing procetùrros

relatod to t'Ìre type of soils, conpactíon eçipaent, eto., a:ril

t\hl,e i¡rforaation Ls co¡siale::ett ha.ndy as nell as useñ¡1 ln

celectj¡g the plant on a proJect.

FIEr,p CgIrRol

l. The qual.ity of Bo:1.1-cenent, both fr-on tho poÍ.nt of vlor

of durability an<l stability cle¡:onds to a large exteut on tåe

¡cientifi.o control in tùre fie1d. lhe quallty oontrol t¡ t'L¡e

fielcl for soil-oeænt constn¡ction oan be Àlnided l¡to fou¡

$roups! -
(')
(r)

Conðitl-on of subgracle

Selection of sotl; chockiag tbe qrallty of

oenent ¡¡lil tater.

ldlx proportioa

läxiir5, layirrg, coupaotÍon ¿ntl qur{'8.

(o)

(¿)

2. !gÞs#99

In tbe preparatÍon of subgraðe¡ ca¡o ¡lrouldl be take.¡r

tåat rot oubgratle is not covered r¿itÌ¡ a panemont. -ay neak¡

looao, ar¡tl soft subgrad.e seotion, ehould. bo brought to appro-

priate noistures a.nd[ conpactecl. In oertain cases lt nay bo

lgoessa¡Xr to ¡enove ancl roplace the rcalc e¡¡è wet aubgrade vrlth

sultabLe naterd.als.

¡. Se1eotíon of Soil.

lhe soll shouLcl bo cheoked. thororgbly for i.ts SFaAI¡€,

oil Àtterbergrs Llnits.
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h\¡r oolls fsltji¡g either veqr near or rlthl-n tbe speol-tloè ERB

Id-ultc shoukl be.soleoted for ¡tablllzatlon. I¡ oese tbp soAt¡

eva{labl¡ oa tbo rito ðo ¡ot co¡fonc to the rpeoltloð lJ-alts¡

offorts sbc¡1¿ be n¿cle to ble¡d tt¡e soil to irprovo tbs g;rndfn5.

thla rt1I help i¡ reôucing t'he percentage of coænt re4rtreil for

the attat¡¡ent of e oertal¡ otrength.

Organlo soilg *toul.d, bo avoiiþtt but t¡ casê lro otbcr cofl

ls evalfabte appropriate stepa abonrlô be tale¡ to uso eltipr 417

ocoent or oeuc¡t nj¡ed v¡ltir abor¡t 1 percent caloir¡¡ chloritlc.

lto galttty of ceuent a¡rd. tbe tgte of ceoent, for such oollo¡

as apeoifieð by tha laboratory shorfô be very otr{ot\y eilholeil to.

.â4r aolls contafuSag ¡¡ore th¿n 0.5É sur?hate shc¡lil bo avoidlpô.

tlloaceous sollr shq¡l<l orili¡¿rily be avoicleil for etabilizatioa, dhre

to thei¡ hlgh sælrlng characteristlcs.

lr. h¡lverLzatlon

tbe ilegnee of ¡nrlverizatlon hac ê Yety u¿rked. offeot oa tùc

ilavelopuent of strength i¡ soll-ceæat. lhe ilss!Ëo of pulvotdaa-

tl.on ca¡ bo dcff¡ed as tbe percentage of n¿terl¿l passlry 5/'a6

!¡ch clevo or No. 4 .À.S.Î.U. cieve, to tbs total çal.tty of aol-l

tabn for a tost. lhe hig¡¡er the degree of ¡ru-lveriaatioo tbe

bottor a¡e tbo re$.¡lt¡ i¡ tl¡e fleld,s' t{oroalþ pu"lverizatlon ebnw

65-70 p€roêDt Lg consltterett very satisfactorT. In c1a¡rs anô oJ-ay

colls better pulverÞatiotr ct¡ be aobieveô 1f the clay ts br'obn

rt a uoistu¡e, wbich ís about h¿tf of lts optlur:l nofutr¡¡o.6ä|:l .

tfþ¡ {¡{f,1¿t ¡nrlverizatj-o!, ceænt 1e ail<lett a¡¡d. olxt¡e conti-n¡eô

rtth tbc aitÀLtion of vatsr. lbe Ei¡trrg Proaess a¡4 the sl¿clC¡g

a¡tlbu of ocoent a¡d. rater atds ñrrtbsr ¡rlvcr{øatiou vory

ctfcotlveJ¡r.
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5. !c¡goa;b.

lho ceænt oontent of a ¡¡!¡ is either spoclfied' i¡ ten¡

of percenta¿e by roigþt or b¡r sqlunt. the ¡erceatq:e by volune

of oenent, o¡¡ be oon'¡erted, into percenta¿;o by lelght or 11¡¡

\rorca, for a-n¡r itensity by sinpl.o coloputationc. I¡ orile¡ to

fapilit¿te coøputatlons tà ths fleId, * 
"oÍåËì.e¡ 

is given ll

tlguro 19. Or tl¡e basis of tho perconta6e of oenent spcotfieôt

anrl loorirl5 the thiohrc¡s of tbe base, the qrar¡tlty of, oenent or

nu¡ster of ba6s requi:red. por eer yerd, are rorlccl out. lhis oan
t19)

be'itone either by sinple calculations or ç'ith the help of ffàdits

2a, 2'1, prepared by Portland Ce¡¡ent Assocl.atloa. I¡1 case oeoent

io spr.oacl by'necha.nlea1 spreaiters abead. of the rotary nlxir€ plant¡

tho aoouraoy of epreaclj¡g is checked, fron tÍne to tj-ue by ¡rlaoing

I ono sq. yard ca.nvas or a ¡etal plate on the grornil aaô colJ'ectltrg

ae¡ent over it.

It nay be essential to detæ¡ai¡e the oenent oonte¡t

a¡d r¡niforuity of nix 1¡r tl¡e bese fron tL¡e to ti.ne, eacl thia

na,y nequine a cortai¡ anount of accurate testì'6 lt !h" laboratorT.
(æ)

Â ¡:usber of nethodls have beea iÙevebpoit by the Tash5-n6ton Depart-(ti) - (æ)-
¡ent of äi5bways, Ce-lifo¡nia Deparbnent of Highraysr ¿¡i[ Roatl

Research leboratory, It¡dt€d. Ki-ngtlon, to assegs the percenta¿:e of

oeuent i¡ a soi-l-conent njx. ån¡r notbod' i¡hicl¡ ia quick enor6h

l¡ tbe fle1d ca¡ be aôoptecl for oontrol ror¡c.

6. gqi*@!
Åfter ilete¡rrilg the optlnrn ¡oi¡ture oonte¡rt l¡ tlro

laboratory¡ lt nay be essentlal to check¡ 1f thls nolatr¡¡s oo¡to¡t

a.nil ilenslty have eny relatioa to the opt{qrn ¡oigtr¡¡e ooato¡t r¡À

üe!5ltJr.
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l¡ tlto f,lcld,, for tho oonpactioa plant availabLo for uso. llhls

Ls d,o¡e by 1ayin6 rnÊ1l 1e!6üirg l¡r tåc field. at various noJ.tturor,

a¡tl rollocl. llt¡e final ile¡sitíes are cl¡eckod. efter tbe rollf.o6

ia couplote. Tbe fleld uoiah¡re-iùsnsity curre is ræry esge¡tl¿l

for aetting up standlards of coapaction i¡r the fleld.

ths coo$rol of ¡oiatr¡re conte¡t ls very osscntl,eL

fù¡rl.ng ooopaction a¡d. tl¡la ls d.o¡e by taLjn6 sêlq.rfsg of gofl fton

tt¡o to tine a¡¡d. checked for noicture content *i.th çJ.ck ætbotl¡

fl{lce tþs speealy noi¡tr¡¡.o ueter, i-r-;hal nethoil, etc. ft hac bee¡

potated ot¡t fron fieLô c:rperd.ence that approrinetely 2 percent

addittonal. uoisturÞ is aeedett for j-10 peroent oenent ¿ililod to

tho aoil, tf the optiu,rn noisä¡re contsnt is dete¡mt¡rod on tbe

unt¡.eatod soÍl. ligune 22 glvøs a grapb for convertl¡g the

uoicture percentage lnto gallons, for verious tbic!.oesa c¿it

ile¡¡sLtic¡ of tlre soil cene¡t base. Ihe eoil¡ oe¡pnt aail

nolalarre¡ ùor¡1ô be ¡d¡eit as thorørghly as poasíble so tbat

tbe u¡rlfo¡r¡ity of uir ls obtai¡eiL tårougbout thc nltltb a¡it

deptb of a lq¡rer. this is Jufueil by visual lrspectíon onL¡r.

7. Conpao+"ion andl Cu¡iru:.

lbo oon¡raction is ca¡rieù out to brlag tùe soil o6e¡¡t

to e pa¿i¡ur¡¡ d,ensit¡r, efter the ;rrooorl oi aid.ng tr oorylcte.

lþ ¡61l{n8 ig sta¡led. tnltlalì.y by 15.g1¡t roller¡ J-! toaa,

folloved. by besry cou;action plaat. flre fÍeld. iùenaiüy tertg êre

o¿¡rieô or¡t at several ploees to cbeck tbe conpaction. I[
oa¡e tbe densltl-es acbieveð ôo not fa.l'l rithi¡ tho speoifloit.

lJ-olta, the r.olling lc ooatl¡r¡ed- âf,ter ,rlvt¡€ p l{ght rprÉnklfag

of ratcr oa the ¡urfaco of go11 csneqt la¡ær.
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Tbe ¡oil cenent base, after rollil6 sbor¡1d' bo ou¡oil

for et least seve¡ cla¡rs, to pomit tlæ hytlration of ceE¿at.

Severaf netbods of curiag aro aôoptætl suoh e's sprblcling of

rater f¡o¡ ti¡c to tine, puttln6 ret enpty bags of ceuont¡ use

of l+ inches thick bay or strar¡ and keepiag it noist and. sprayln6

of asphalt cutback such as U.C.2 or Ll.C.tt on tlrs pavoænt soon

a.fter conpaction at the rate of 0.2È0.25 5a11ons/sq. yar{.

lhe otren¿;th of soj.l ce¡ent ri1l large3'y depeaô on tûe

offllcienoy of curS-n6, speciatly Ln tropical cor.ut {es, nàere

tbe cba¡oes of loss of noistu¡e Auri-û6 surrter nonth are vory

great.

W
l. Use of soil oenent for the const:l,etion of mads an¿l

¿1¡{ieldg ig now acceptecl as a cta¡d.arrl praeticè. îbe Laboratory

studles over a period. of ttrtrty yearsr backed by extensive

flelit orçrerl.ence has 6one a 1on5 vay to explaia a good dleal

about the behaviour of soil oocent rurcler cl.lfforent þhysfcal

ooaûitions. It is nor felt that even under very èlfflcult

oonilLtione, it is poeslbLe to uee eoll cenent aa e pavenent

naterÍaL rith ecouony ancl s?€ed.

2. ft i¡ hor'e'¡er lnportant to bear i¡ ní¡{ t'hat soll

aouent ls producect out of tno n¿ter{als naneþ soil a¡d oenontt

out of whíeh oenent is a rtand.êrà naterial, ¡rhe¡reas ¡oil ls

usueQr very uuch varlable 1n texture¡ graùiagr t¡4le of E1n€ral

oto. It ie fnr thls reaso¡ th¿t soIl oenent as a¡ enô proôuot

oan ba'¡e t¡e¡:¡ va¡rleble pro;erLiea, a¡tt the¡efo¡e it is esseutÍ&I

to unrtorsta¡ô thoroughþ tlre li¡ltatious of soll ceqent a! a

n¿tsriel of eo¡rstn¡otlon.
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5. À1tbou6h conelä,erabJe rosoamb tork bes bee¡ doao oD

¡o11 oenent for use under teu¡rorata cli¡nate for roail e¡d ¡1¡-

fleld oon¡tnrotlon, ther¡ 1s stlll Eueir scope for resea¡oh o¡¡

tbe use of ¡ol1 ceuent, la tropics. Sore of tl¡ese fleld¡ ttälcl¡

ilo ¡ped fi¡rther atuclies a¡e Listeô belor¡-

(f) Stutlies o¡ t'l¡o shrSlkage ancl o4lansioa of, coll

oous¡t ufxeo¡ rh¡o to the h¡nd,rattoa of ceæntr as

rclJ. es terperature cha.nges. ProvLeion of

Jolntc tn the parenent to avoldl i¡òiso¡'j.ol¡atc

¡¡tl ¡a¡ilm oracking in sol1 ceu€¡t.

(U¡ tho optlnun atrougths of soil oenent l¡ tem¡

of noil¡¡Ius of elastloity, cor¡pr€lslvo etrengt'h,

Cr3.8. eto., to givo bect ¡:erfoma.nce u¡èer a

6irea rot 6f lesÂin6 ooaèLtlons.

(ü1) Devolopnent of gone ratlon¿l ¡rståoô for iùc

ilcctgn of so11 conent pavenent aa cerd-r{6ttt

uaterlel, by nakin6 uso of lts flërural atren6tb,

(f") lhe d,evrlopnent of st:ren¿¡th with ago, at dL:ffere¡t

ourt¡€ tenperaturneo, ancl rolatJ.vo lnlniilltiee,

uniler troploal contl¡tions. lSis oa¡ help 1n aa

ooonoulo oLx delign of sol.l ce¡o¡t.

(v) cte intsr rolationship of ¡6n¡ld{n6 ¡¡oisture ooatoat,

il,ancity al¡d. oorprollive rtreagth ln ¡o11 com¡t

¡l¡<s¡.
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(¿) Dovelopnent of çrick tests, for tÌ¡e date¡¡oi¡¿-

tion of oe¡e¡t content, pæùlctlon of couprosslvo

rtrongth, in ¡ttu clensltles aad' uoJ.oùrro¡ for

offective control of consfuüction.ln tbe ficlil.
("l1) llalnten¿¡¡co of ectrequate :¡ecords of all coil

oenent oonstn¡ation uariler tropLcal conèitiors,

a¡ril oorrelatilg the fieLl behavtour rtth so¡e

of tåe basio propertles. Such rtoortl¡ oa¡r

arslst a gootl tloal 1n tbe fo¡oul¿tLo¡ of f\¡ture

cpeci:fications fqr soll ceneat co¡¡tnrctlon i¡

troplco.

{vifi) Roview of ùifferent net}roils of co¡stn¡otÍon a¡dl

auttability of varicr¡s plants uniler ilifferent

couilitions. this ca¡ be1;o a 3ood deal lrr

eoononÍsilg the ceirital and nuurirg oost of

proJects, tlrus bringtn6 ilorm tùe r¡¡it eo¡t of

soil oonsnt constn¡crion.

(t*) Shr{y of tbe behsviour of various ty;oe of

espbalt lurfaeinge on soil oe¡oent conEttr¡ction.

lr. ft fu felt that scientiflc levestige.tlo¡s of naIJ¡ ¡ore

eapeots¡ i¡ aôôition to t!¡e above suggested, can go e long ray 1¡

Lnprovl-ng, ocononisi¡g a¡rð ¡ta¡da¡{l.zln6 aol1 cenent es a n¡torlal

of oonetn¡otiot, uudor tropúoa3. oond,itionc. Soos of t'bese aspcots

¡:!e already uader stud.y i¡ t¡le . rilding rî¡ Roed qooosroh Instú.tutc,

tr¡¡¡asl a¡it lt io hopod ttrat tåe results of tùeso ilvestlgationr

rt1l be oailo available to hi6hnay englaeers i¡ tbs oanntry

lron tlæ to tLær
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Pt¡æ l-Excav¿tioo of Soil with a gradcr, for in-situ Cemcnt
Stabilization.

Phtc 2-Mixing of Cemeût with ¡ Rotavator

Pl¡lc 3-F¡riÂl Mixing of Soil Ccmcnt ¿nd watcr with ¡
notavator. tocd to ¡ tr¡¡tor
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VARIATION IN LABORATORY AND FIELD STRENGTHS

OF SOIL CEMTNT MIXTURES

James L. Melancon and S. C. Shah, Ipuisiana Department of Highways

ltris reportevaluates the variability in compressive strengths of stabilized
in-place soil cement mixtures from the standpoint of design and actual
field conditions. The findings are based on 15 projects with soils ranging
from high silt to high sand content and B to 14 percent cement by volume.
The data indicate corsiderable variation in the laboratory and field-molded
specimens. In general, under the present construction techniques of ce-
ment application and density and moisture control, the product is within
?5 percent of the 28-day design strength (2ZS psi or 1550 kPa). The data
also indicate a need for pug mill mixing of soil and cement to reduce ce-
ment content variation.

.THIS report, which is an abridgment of a comprehensive sfudy (1), evaluates the vari-
ability in compressive strengths of stabilizeC in-place soil cemeril mixtures from the
standpoint of design and actua^l field conditions. The evaluation is based on 15 projects
with soils ranging from high silt to high sand content and plasticity indexes of up to 15.
The cement content varied from 8 to 14 pereent by volume.

PROCEDURE

For strength evaluation, specimens r,vere prepared and cured both in the laboratory and
in the field. The strengths of these specimens were compared to the 7- and 28-day
strengths of roadway cores. The variability of the laboratory design was studied in
four phases. Each phase was designed to provide data on tl¡e variability among and
within laboratories.

TBT RESULTS

Figure 1 shows the mean percentage of all tests that achieved specified compressive
strengths in each mode of sampling and curing.

The means for the first bar chart (laboratory-molded and laboratory-cured, ? day)
include compressive strength results of materials in wlúch the cement quantity recom-
mendatio¡¡s rvere originally based on the rvet-dry brush test, as well as those actuatly
based on 300 psi (ZOZO tfa). The projects in rvhich compressive strength was used for
cement recommendations shorv substantial verificltion of the materials laboratory de-
sign, with only one of these projects having soil types in which less than 300 psi was
obtained at the reconrmended cement percentage.

Variability of Cement Content of Bases

Cement contents of field-molded specimens and cores were determined on all lSprojects.

Publication of this poper sponsored by Comm¡tteo on Soil-Portland Cement Stôbili¿ar¡on.
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Figure 1. Mean porcsntðgos of ¡pecimen comprersive ¡trength¡"

Figure 2. Frequency of occurrence of actual and theoretical cement contents.
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An attempt was made to correlate the cement content of field specimens with strength;
however, a definite trend could not be established because of the variation in specimen
density and curing. These test results, however, did show the wide variation of cement
within the soil cement bases as a result of in-¡rlace mixing. This is shown in Figure 2,
rvhich is a composite of all tcst runs (311 observations) and shows the percentage of
observations in which the roaclway-mixed cement content varied from the theoretical
cement content.

Variability in Laboratory Design

In the process of obtaining the laboratory data, it was discovered that the laboratory
design procedure for soil cement, based on compressive strength, exhibited a greater
arnount of variability than was previously acknr-:rvledged. At first, procedural errors
were blamed, but repeated tests under strictiy co¡rtrolled circumstances confirmed the
degree of variability. It was found that a difference of 100 psi (6890 kPd between iden-
tical specimens coulcl occur.

To evaluate the variability of the test procedure, interlaboratory tests were con-
ducted. Such test procedures are used to ascertain whether a product meets the speci-
fications set down for the products, or they may be performed for design purposes as
was the case here. Regardless of the purpose, the information desired is tvhether the
test procedure as set forth is capable of yieiding acceptabì.e agreement among results
from difTerent laboratories.

fbbte 1 gives the statistical parameters for the first phase of the cooperative test.
Laboratory designations used in Table 1 are as follows:

Des_ig¡ation Laboratory

Research
Materials
District 0?

Tt¡e variation for each series of soil cement data is expressed by the standard deviation.
In the comparison of variability among laboratory-soil cement series data, the relative
measure of the dispersion is given in the table as the coefiicient of variation, rvhich is
the ratio of standard deviation to the mean of a given series. This measure is par-
ticularly useful rvhen rvidely differing means are encountered.

The magnitude of the coefficient of variation for the district laboratories tvas con-
siderably higher than that indicated by the research or materials laboratories. This
was because they rvere un-familiar with the test procedure. furthermore, the magni-
tude of this variation rvas co¡rsiderably higher tha¡r u'ould be expected l¡ecause of cha¡rce
alone. Therefore, an effort was made to isolate the causes of variation before the
second round of cooperative testing commenced.

It l'as found that the tetrrperalure of the three components-soil, cement, and water-
varied rvidely rvithin and among the three lal¡oratories. The soil and the ceme¡rt rvere
stored, in some instances, in areas where temperatures were not controlled. That is,
the temperature of the storage area fluctuated rvith the season: high in suntnter and low
in winter. This cot¡ld result in the use of hot ce¡nent and soil for sone specimens
molded in the sunrnrer.

Tap rvater rvas used in the molding of all specimens. This in itself did not seem to
eause any problents: horvever, the temperature of one laboratory's tap rvater rvas close
to 100 F (3S C) because its pipes rvere adjacent to the building's steanr lines.

A check of specintens intmediately after mokling revealed many dry particles, The
existing procedure required the full incorporation of rvater and ce¡¡rent irnnrediately

1

2
3
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Table 1. Statistlcsl evoluation of loboratory data before rtandardiration.

Cement
Content
(percent)

StandÂrd Dcvietim
Coeff¡cieDt of
Vr¡l¡tiür

Soil

6
I

l0
l¡
r{
l0
I
8

l0
t2
u
r6

289.33 220.00
{l{.00 3{,1.25
548.6? {39. l3
6?8.33 698.2ã
?89.25 830.?8

2 l 1.63
2?8.38 20?.88
3r5.88 219,63
38?.25 303.63
4,12.88 335.88
465.63 itlt.88
277.15 20ô.00
3.r,t.38 2?9. l3
398.25 309.25
445.00 356.m
535.63 399.65

25{. t3 t{.36 9.26
344.88 26.4t 3{.3r
492.88 20.r3 t9.06
6{?.00 59.80 36.ô2
8?1.88 60.29 60.33

- 10.{l
208.00 l{.60 t4.20
289.25 8.8? 5.90
3011.00 l?. 19 l?.53
35?.2s 30.?6 28.82
421,38 u.06 t6.{?
231.38 t2.t2 15.55
283.?5 23.65 14.3?
349.63 r5.9,t 13. ¡ I
4?9.55 24.04 23..t0
,169.50 49.51 3?.40

2r.12 0.05
22.63 0.06
25.09 0.0t
65.{2 0.09

136.{3 0.08

- 0.05
29.39 0.05
25.t9 0.03
2,t.91 0.0{
28.85 0.0?
46.{9 0.02

26.?5 0.0{
30.ô5 0.0?
53.03 0.0.1
55.?5 0.0s
36.15 0.09

0.0r 0.08
0.10 0.0?
0.0{ 0.03
0.05 0.10
0.0? 0. t6

0.0? 0.r{
0.03 0.09
0.0ô 0.08
0.09 0.0E
0.0{ 0.u
0.08 0.lt
0.05 0.u
0.0{ 0.15
0.0? o.lt
0.09 0.08

c6
8

l0
l2
l{

Note: t p5¡ = 5.9 ¡Pa

Table 2. Statistical evaluation of laboratory data after standardization.

Cement
Cqrtent
(percent)

Coefûcient of
Sta¡¡dald Deviaticn VeriÂtion

Soil

Sandy I@m 6
I

10

t2
t{
l6
6
I

l0
t2
l{
16

6
I

t0
t2
l,l
l6

353.00 237,25 219.00
4?6.50 302.50 28t.75
538.00 345.?5 322.00
654.25 445.?5 440.25
820.25 506.?5 556.?5
899.00 55?.00 5,10.25

254.25 149.?5 18r.25
333.00 t92.25 220.fi
3 59 . 50 220 .00 22'r .00
391.00 234.50 224.15
4@.50 2?6.50 273.15
510.00 275,æ 322.75

189.50 136.75 t|().?5
21{.00 t6?,00 159.50
27t.æ 199.50 195.50
329.00 218.00 216.50
,103.00 265.00 266.0r)
429.75 310.00 292.25

¡?.98 8.61
45.54 r5.69
47.22 5.12
22.31 29.68
48.0,1 8.83
24.22 30.û1

15.?3 6,65
8.60 13.,10

16. l0 8.83
r9.0,1 r?.06
19.33 9.25
4.81 21.13

5.67 5.91
18.?8 12.83
15.46 12.37
13.29 11.52
¡2.38 12.?3
13.33 16.?9

¡8.¿m 0.05
2.36 0. t0

20.¡19 0.09
27.q 0.03
52.71 0.0ô
25.32 0.03

5.19 0.06
16.38 0.03
12.06 0.04
t6.03 0.06
17.0{ 0.04
27.29 0.0 r
16.50 0.03
t4.r¡ 0.09
31.t2 0.06
6.35 0.04

27.64 0.03
15.31 0.03

0.0{ 0.08
0.05 0.01
0,01 0.08
0.0? 0.09
0.02 0.09
0.05 0.05

0,0{ 0.03
0.0? 0.0?
0.0{ 0.0t
0.05 0.07
0.03 0.06
0.08 0.08

0.0{ 0.¡2
0.08 0.09
0.06 0.19
0.05 0.03
0.05 0.10
0.05 0.05

Clay lo¡r¡¡

Silty loa.m

Not: Ip6¡.6.9kPa
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prlor to mixing. Tl¡e soil particles did not adequately absorb the water immediately,
causing density variations. Later, during the curing process, these soil particles
possibly competed with the cement for the available water.
.- Another possible cause of variation was the cement itself. The cement used by the
tùree laboratories came from different sources. Seven-day compressive strengtit
(eesHO T-106) varied from 2,100 to 4,500 psi (14 480 to ¡io¡o tpd.

To alleviate these possible causes of variation the following steps were taken:

1. .Each eomponent in the fabrication of soil cement specimens was brought to the
same temperature, 75 + 5 F Q4 * 3 C), before the specimens were molded;

2. Water was added to the raw soils, and the mixbure was allowed to slake overnight
before addition of cement;

3. Cement from the same manufactured batch was used; and4. The time involved in fabrication of specimens w¿rs held uniform.

The densities and moisture contents of the specimens were closely controlled among
the three laboratories by using the same density and optimum moisfure for specimen
design for each materiaL tested.

On the basis of standardization, a second set of soil samples was clistributed to the
same laboratories. The soils belonged to the same classification group. The same
e4erimental design as the first one was used in this phase except thatihere were four
replications instead of the previous eight. The improvement in lhe variability is
clearly evident from data given in Table 2. With the exception of two series óf data,
the relative dispersion was 0.10 or 10 percent or less. Olerali there was a decrease
in the variability of the test procedure as a result of standarciization.

The effect of soil samples stored for some period of time and then mixed for cement
content deternlination rvas anotirer aspect studied. To test whether there is a difference
due to time in the strength property of specimens mixed and compacted at different
times by the same laboratory, the statisticai t-test for unpaired äata war¡ run. The
meln for each soil. group ciata obtained at time A was compared to the mean of the sa¡ne
soil data obtained at time B. On the basis of tl¡e calculated t-values, none of the dif-
ferences in the means was significant at tåe 0.0S level.

CONCLUSIONS

The primary conclusions on the basis of this study are ¿u follows:

1. The inconsistency in laboratory design ca¡r be mirrimized if factors such as
molding, temperatures, slaking¡, and fabrication ti¡ne are closely adhered to.

2.. Under the present constructio¡r techniques of cement appliôation and density and
moisture-control, a lqf product is produ.ced with ?5 percent of the stations having
achieved ?5 percent (225 psi or 1550 kPa) of the design strength at 28 days. The 

"com-
pressive strength of co.res taken on eight projects after 3 months or more was well
over 300 psi (zOzo t<na).

3. For those projects in rvhich the laboratory design criteria were based on com-
pressive strength, the re'¡v soils sampled and tested in the laboratory showed subslãn-
tial verification of the materials labolatory design. Only one pro¡eci had soil t¡ipes in
which the ?-day strength was less than 300 psi (20?0 kpa) at the recommended cement
percentages.

{. In-place mixing of cement with soil appears to be somewhat undesirable. Re-
sults of 311 observatio¡rs shorv a variation 6f *b percent from the theoretical ce¡nent
content in the soil cement bases studied.
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Changes the Characteristics ofatn
Cernent-Stabilized Soils by Atldition of
Excess Compaetion ÞIoisture
GEORGE R. LiGHTSEY, ARA ARMAN, and CLAYTON D. CALLIHAII,

Louisiana State University

Tbe compaction moisfure of cement-stabilized soils is usually specified as
the optimum moisture content to oblain maxinrum density as determined by
tlle sta¡dard Proctor test. Previous investigations have shotvn that in some
insta¡ces ma-ximum density may not correspond to maximum strength. If
compaction of the soil-cement mix is delayed, the relationship between
compaction moisture and the strength and density of the soil-cernent also
changes. This study investigates the relationship between compaction
moisture content and the strength, density, and durability of cenrent-
stabilized soils in which compaction is delayed after mixing to correspond
to typical highway co¡rstruction practices. Four types of soil suitable for
cement stabilization were investigated. The con:paction moisture content
was varied from 4 percent below to 4 percent above the optimunr rnoisture
content obtained by standard Proctor tests with no delay behveen mixing
and corn¡raction. At each of the n¡oisture contents, and at the opLimum ce-
ment content, specirnens were compacted 0, 2, 4, and 6 hours after mixing
with no intermitte¡rt mixing. Specimens were prepared for unconlined com-
pressive strength and durability tests. The results of this investigation
show that the loss in strength a¡rd durability of soil-cement resulting from
a delay in compaction carì be significantly reduced in many insta¡ces by the
addition of excess compaction moisture. The soils niost benefited a{ter a
delay in compaction by excess moisture were the silty loams and sandy
loa¡us. Strength increases of 40 to 50 percent were achieved rvith these
soils by the addition of 2 to 4 percent excess moisture when compaction
was delayecl. Cement-stabilized silty clay loams and silts compacted after
delays sholed little improvement in strength a¡d durability with excess
compaction moisture. Without delay in compaction, only the silty clay
loams were significantly improved in strength and durability by the addition
of excess compaction moisb¡re. A study of the data has indicated that the
amount of cxcess moisture required for maximum strength and durability
depended on the soil type and the detentio¡r time between mixing and com-
paction. In granular soils the addition of excess moisture improved tle
strength and durability after delays in cornpaction. This improvement re-
sulted from the improved lubrication of the soil aggregates and subsequent
increase in dry density. With fine-grained soils excess moisture improved
the properties of soil-ce.ment mixes compacted without delay by increasing
tìe amount of cement hydration.

.THE STANDARD PROCTOR NiIETI{OD is recommended to determine the compaction
moisture recluirements for soils stabilized with cement. Several investigators have
found that this nroisture content does not necessarily produce rnaxinrur¡r density and

Paper sponsored by Committee on Soil.Portland Cement Stabilization.
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r¡a:dmum strength and durability. Felt (1) reported as early as 1955 that for inexi-
rnum effectiveness portland cement a¡d san¿ mixtures should be compacted slightly be-
lorv the optimum compaction moisture content for maximum density and that silty and
clayey soils stabilized with cement should be compacted I to 2 percent above the opti-
mum.

Davidson et al. Q) also reported that the moisture contents for maximum strength
are generally on theiry side of the optimum for predominantly sandy soils, and atove
the optimum moisture content for soils rich in clay. They postulated that the va¡iation
between optimum moisture content for maximum density and maximum strength was re-
lated to tåe particle sizes in tlre soil. They proposed that soits having a large surface
area absorb much of the added water for lubrication so that insufficient water is avail-
able for hydration of the cement.

In the field, the time between the mixing of the soil and cerr¡ent and the compaction
of the soil-cement mixture is normally from 2 to 4 hours. Investigators studying the
effects of delaying tlte compaction of soil-cement mixtures have reported large losses
ln the compressive strengtlt, density, and durability if the delay in compaction exceeds
2 hou¡s (!, 1, !). They also found that the moisture content to obtain maximum den-
sity ehanges with delay in compaction. Data taken by West while working with sandy
soils showed tlat after delay in compaction the moisture-density curves fencled to change
from the usual convex parabola to a concave parabola with the largest reduction in den-
sity occurrilg near the optimum moisture content.

The purpose of this study was to investigate the relationship between molding water
content and the strength, density, a¡rd durabiiity of cement-stabiiized soils both witl¡
and without delay in compaction.

TESTING PROCEDURE

Ten natural soils considered suitable for cement stabilization were selected from
various locations in Louisia¡a. The properties of these soils are given in Table 1.
Each soil was stabilized rvith the optimum a¡ucunt of cement as determined by the cri-
teria developed by the Portland Cement Association based on freeze-thaw and wet-dry
tests. Standard Proctor test ASTM D 558-5? was used to determine the optimum
moisture content of the soil-cement mixture. Specimens rvere molded at the optimum
moish¡re content and at 2 and 4 percent above and belorv the optimum.

Samples were not compacted at moisture contents higher than 4 percent above the
optimum. Soils at higher moisture contents were not workable because they rvere above
the plastic limit. Samples were molded according to ASTM D 1632-63 for unconiined
compression tests a¡¡d accordi¡g to ASTM D 559-57 for wet-dry durability tests.

TÀBI,E I
SO¡L PROPERTIES

Soil
Id€ntificetlo

Optlmum Percent

Cement a Moisture b

Compositiond
(percent)AASHO

Group
Llquid
Li¡rit c

Plasticity
lndexc

Send Silt Cl¡y

Silty loem L-l
Stþ loem L-3
Sllty locm L-3
Sllty cby loa.m
L-{

Silty clay loan
L-5

Sllty clay lorn
ü-ô

Sendy lo¡E L-?
S¡ndy to¡m L-8
silt L-9
silt L-10

A-{
A-,1
A-6

A-{

A-8

À-6
A-2-{
A-?-{
A-t
À-6

l?.0
r?.0
I 5.5

l?.5

l?.0

l0
l0
l3

t0

l1

It
7
7

t0
t2

28 60
7?9

t2 5l

26 5:r

le õt

21 8
288
llil
280
t? te

l8 tt e8 5l ¿r
25??ll8l3
t8l6?2tll
?83580t5
s6u08?tt

Itr
l{
77

1t

l9

30.0
15.0
r0.5
t?.5
r9.0

I lcw.li,¡ to chtËtr ãt¿òtidr.d ùv û. Pfllrd C|tml Astrtiqì.
o StId¡rd Preru tõr. ASf M O 558 5¡.c-AtnO¡.¡ hmrs. ASIM D a?361f xd ASTM D a2{5.
o Gr¡¡n sr nlìlr by ASIM O a2263.
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In order to study the effects of moisture content on the strength, density, and dura-
bility after a delay in conrpaction, samples were nroldecl approrinrrtc.ty 12 urinutes after
mixiltg had begun and at 2, 4, and 6 hours after initial nrixing. All speciurens prepared
for strength studies were cured for 7 days in a 100 percent humidity chamber and then
inrmersed in rvater for 4 hours prior to compression testing. Sanrples prepared for
durability shrdies were tested according to A,STM D 599-5?. All tests \\'ere run in trip-
licate, and over 1,200 samples were nrolded and tested during the course of this inves-
tigation.

At various detention times and moisture contents, portions of selected soil-cement
mixh¡res were freeze-dried to prevent further hydration of the cement. Electron and
optical microscopic studies and hydrometer and sieve analysis were conducted on the
dried samples to study changes in particle shape and size. Isopropyl alcohol was used
in the hydrometer and sieve analysis to prevent further cement hydration during the
course of the experiment.

Chemical analysis and X-ray diffraction sb¡dies were also conducted to compare the
extent of cenrent hydration at various moisture contents and detention times. The chem-
ical analysis consisted of a spectrophotometric determination of the amounts of acid-
soluble silica formed by the hydration of portland cement. Foilowing the procedure de-
veloped by Ruff and Ho (!), ttre acid-soluble silica formed as the cement hydrate was
extracted with 0.2N HCI during a half hour of vigorous shaking. The soil particles
were removed from the liquid by cqntrifuging at 30,000 rpm for 5 minutes. Ammonium
molybdate was tlen added to the sol.ution and the absorption measured at 400 mu with a
Beckma¡ DU spectrophoto¡neter.

The extent of cement hydration in soil-cement nixes at various moisture contents
was also measured by X-ray diffraction. Potvder specimens were X-rayed from 2 deg
2 theta to 40 deg 2 theta in a Philips Norelco diffractrometer using copperradiation.
The reflections at 2.?7ar¡d 4.93 Å wherechosen for sh.rdy. The strong reflectionat2.TT I
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Figure l. Flow diagram of experimental procedurer.
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ls characteristic of unhydrated cement
ccntaining tricalcium silicate and should
decrease as the cement is hydrated. The
diftraction line at 4.93 [ results from
the presence of the calcium hydroxide
formed during the hydration reaction.
The quartz peak of the soils al 2.45 |,
was used as the internal standard.

The testing procedures are shown by
the flow diagram in Figure 1.

DISCUSSION OF RESULTS

Silty Loam

The soils identified as L-1, L-2, and
L-3 are classified as silty loam. The
effeets of percentage of compaction mois-
ture on the strength, density, and dur-
ability of these soils stabilized with opti-
mum cement content ald compacted aJter
detention times of 0, 2, 4, and 6 hours
are shown in Figure 2.

With no delay !n compaction, these
soils developeci maximum compressive
strength ancl durability at the optimum
moisture content. However, a delay
in compaction drastically changed the
moisture-strength, -density, a¡d -dura-
bility relationships. The compressive
strength of samples compacted at the op-
timum moisture content, obtained with
no delay, was reduced 40 to 60 percent
alter a 2-hour delay in compaction and
60 to ?0 percent after a 6-hour delay.
Increasing the percenLage of compaction
moisture 4 percent above the optimum
reduced ttre loss of strength after a 2-
hour delay to only 15 percent for silty
loam L-2. There rvas also considerable
lmprovement in strength of soil L-2
compacted after delays of 4 and 6 hours.
Increasing the compaction moisture con-
tent above optimum improved the
strength of soils L-l and L-3 only a
small amount.

The moistu¡e content producing max-
ln¡um density was increased more than
4 percent aJter a delay in compaclion for
soils L-l and L-2 and decreased 2 to 3
percent for soil L-3.

The durability of the soil-cement
mixes courpacted after a delay showed
tangible iurprovement with excess coru-
paction nroisture.

Silty Clay

The effects of compaction ntoisture on
the behavior of the silty clay loanrs L-4,

Fig'ure 2. Efferct of compaction moisture on s¡lty
loam soil-cement mixes at various detention times.
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L-5, and L-6 are shown in Figure 3. The silty clay loams developed nra:<imum stlength
at higher than optimum n¡oisture contenteven for sanrples conpactedwithout delay. With
delay in cornpaction, the strength generally increased and then decreased as the niolding
water content was increased above the optimum.

After a delay in compaction, the density consistently decreased witÌ¡ increasing mois-
ture content.

Silty clay loa¡ns compacted without delay shorved improved durability at moisture
contents higher than tlre optimum. The durability of samples compacted alter a delay
was poor regardless of the molding moishrre content.

Sandy.Loam

The sandy loam soils L-? and L-B had varied results as shown in Figure 4. The
strengthof soil L-8 at optimum moisture content was reducedover 50 ¡rercent by adelay
in compaction of 2 hours or more. Varying the percentage of corupaction moisture did
not imp¡ove the strengtl a significant amount. On the other hand, increasing the per-
centage of molding water 2 percent above the optirnum reduced the loss of strength after
a 2-hour delay of soil L-? from 23 to 3 percent.

The moisture-density curves of the sàndy loam soils were concave after a delay in
compaction instead of the normal convex shape. Maximum densities were obtained
above the optimum moisture content with no delay.

With no delay in compaction, maximum durability was achieved at optimum water
content. The durability of samples compacted alter a delay was greatly improved by
the addition of excess compaction moisture.

silt
The variationç of strength, density, and durability with moisture content for silts

L-9 and L-10 are shown in Figure 5. The optimum moisture content for maximum
strength and density did not change sigrificantly with a delay in compaction.

These 2 soils differed appreciably in durability aJter delay in compaction. In gen-
eral, the drrrability improved wiUr increasing compaction moisture. Soil L-9 proved to
be a very durable material for soil-cement stabilization even after delays in cornpaction
of up to 6 hours. Soil L-10, although giviag higher initial strength at l-hour delay, had
lower durability than L-9 at all moisture contents.

General

The resulüs oblained for the 10 soils show that, when courpaction of the soil-cement
mix is delayed, maximum strength and durability in most instances are not obtained at
the optimum moisture content for maximum density as determined with no delay but
developed at moisture contents above tle optimum. Even with no delay in compaction,
tlre silty clay loams developed maximum strength a¡rd durability at higher than optirnrtnr
moisture contents. A study of the data indicates that the increase in strength and dura-
bility with excess compaction moisture is due to a combination of increased dry density
and improved cement hydration.

The reaction of ce¡nent rvitl soil in the soil-cement matrix is very vigorous and is a
function of time a¡d moisture content. If compaction is delayed after mlxing, cemen-
tation of the loose soil grains into larger aggregates takes place. This conglomeration
effect increases the resista¡ce of the soil to compaction so that the density obtained at
a given moisture content and compactive effort is reduced.

As mentioned earlier, delay in compaction also tends to increase the moisture re-
quired to obtain maximunr density. The necessary increase in compaction moisture
with delay in compaction seems unusual because large soil particles normallyrequire
less rvater for lubrication than small particles. Horvever, consideration of the shape
of the soit aggregates ex¡tlains why more moisbure is required fc¡r lubrication. Figure
6 shows the configuration of the soil aggregates as seen with an optical microscope.
The extremely irregular shapes of the aggregates increase the resista¡ce to compaction
by mechanical interlocking. If sufficient water is added to form a continous film around
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(b) 6'hours after mixing (magnification of 750x1

Figure 6. Effect of delay in compaction on the size and shape of soil panicles.

the aggregates to prevent excessive interlocking, the resista¡ce to compaction will be
lower and the dry density will be increased. A schematic represenlation of this effect
is shown in Figure ?,

The extent of soil particle aggregation with detention time was measured by a hydro-
meter a¡d sieve analysis of the soil-cement mlxture. Typical data for a silty clay loam
are shown in Figure 8. These dala indicate that considerable aggregation does occur

(al O-hour after mixing (magnification of 750xl

187



Compendium I Text 7

188

43

TABLE 2

EFTECT OF PERCENTACE OF COMPACTION
MOISTURE ON TIIE EXTENT OF CEMENT

HYDNATION IN SILTY CI.AY LOAMS

X-nay Dillraction of Sp€cimens Cured for ? Dayg

Compaction Tricalcium Calcium
Moisb¡re Silicate Hvdroxide q¡artz .
(p€rcent) L¡ne (2.?? Â) ¡,rne (¿.gCÂ) Line (2'{5 A)

l0
t2
l!t
l6
l8

15.9
7.0
6.0

tl.0
8.0

3.2
3.0
4.0
2.4
7.A

100
100
r00
r00
t00

Chemical Analysis of Acid-Soluble Silica

Compactior¡
Moisture
(percent )

Ac¡d-Soluble Sillca (e/100s soil)

Figure 7. Hypothesis of reduction in mechanical
interlocking at high moisture contents.

with a delay in compaction. A 6-hour de-
lay in compaction reduced the weight of
particles less than 100 microns by 23
percent.

The increase in strength and durabil-
ity at higher than optimum moishrre con-

6-Hor¡r
Curing

l-Day
Curing

?-Day
Cì¡riag

10.0
t2.5
15.0
l?.5
20.0
22.5
25.0

0.68

0.14

i'
0.8 ô
r.03
t.o2
r.06
1.11
0.95
l.3l

r.0,1
1.08
1.07
r.05
0.98
0.96
t.20

tents after delay ir compaction of the silty loam and the sandy loam soils can be attrib-
uted to the i¡crease in dry density. The danger of directly relating the dry density and
the strengtlt and durability is readily apparent in Figure 4 (c a¡d d). Aftei a delay in
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Figure 8. Elfect ol delay in compaction on soil particle size.
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1 8r.8 t
CþMPACTION MOISTURE FOR OPT¡MUM SO¡L.CEMENT PROPERTIES

Sotl
ldentificaUon

Com¡JosiUon
trcrcent)

Comp¡cuon Moisturc lor M¡¡lDum
StrenSlh ùrd Dlr¡bllitt ¡

Cl¡y
0-Ho¡r
Delay

2-Ho¡r l-Uor¡r 6-110¡r
Del¡y Del¡y Dcley

L-l
L-2
L-3
t-{
L-5
L-6
L-?
L-8
L-9
L-10

28
7

32
26
l9
28
?l
ô?

5
0

l1
t{
l?
21
r9
2l
l3
t2
15
l3

60
?9
5l
53
62
5l
16
2l
80
8?

l?.0
l?.0
I 5.5
r9.0
21.5+
2{.0+
15.0
10.5
l?.5
19.0

2l.ot
2l.o+
15.5
19.0
19.5
20.0
r?.0
l{. s+
19.5
23.0+

2l.o 21.0
zl.o+ 2l.or
l?.5 r?.3
19.0 r9.0
t9.5 rg.t
20.0 22.0
r?.0 tg.o+
r{.5} l{.5}
21,5 19.0
23.0+ 19.0

t + rft*moistuc æntmt dmtË Mt¡ruar ¡ærus ¡n ¡trilgth ¡nd duló¡l¡tY wiû ¡æirì¡ fü{tl(t

compaction, the density of the sandy loam soils is significantly increased at moisture
contents lower than the optinrum moisture content obtained at 0-hour delay' Howe{er,

at the low moisture contånß, the strength and particularly the durability are much less

than at higher moisture conténß. The higher densities at low moisture content result
from the small amount of cement hydratión and subsequent small amount of soil aggre-
gation.

The explanation for the behavior of the sitty clay loams is not the same as for the

silty toarns and sandy loarr.s. The strength of the silty clay loams continued to increase

with an increase in the moisture content up to 4 percent above the optinrum with no delay

in compaction. When compaction was delåyed, the strength of tire silty clay loam soils
tended to increase with inireasing molding water content even though the density con-

sistently decreased.
One äxptanation for this behavior as suggested by Davidson et al. (?) is that the mois-

ture content gave maximum density a¡¿ múõn of the water added for lubrication is ab-

sorbed by thã clay partictes in the soil, resulting in inzufficient water for complete hy-

dration of the cement. Additional compaction moisture above the optimum increases
the amou¡t of cement hydration and hence the strength, even though the density is re-
duced.

To determine if the addition of excess moisture above the amount necessary for ma:<-

imum density did in fact increase the amount of cement hydration, silty ctay loam soil-
cement mixtures were compacted at various moisture contents. X-ray diffraction
studies and spectrophotometric analysis were conducted as ouüined earlier'

The results of these studies are given in Table 2. The results, although inconclu-
sive, indicate a general trend to increased cement hydration in the silty clay loarns

compacted at mo-isture contents above that required for maximum density'
Tabte 3 gives the data collected during thiiinvestigation. The results indicate that

the amount of excess compaction moistuie required for maximum strength and dura-
bility depends on the soil 

-type 
and the detention time between mixing and compaction'

If ¡¡e detention time was z-io 6 hours, the strength and durability of the more granular

soils were significantly improved Uy itre addition of 2 to 4 percent excess compaction

moisture. lvith no detay in compaciion, only the fine-grained silty clay loan showed

improvement with excess compaction moisture.

CONCLUSIONS

The following conclusions were drawn from the results of this investigation.

1. The moisture content for maximum strength and durability is not necessarlly
equal to the moisture content that gives maximum density'
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2. The rate a¡d direction of change in moisture content, which gives r¡aximum
rtrength and durability after a delay in compaction, a-re often not the sa¡r.e as the rate
¡nd direction of change of the moisture content required for n axin¡um density.

3. The arrount of excess compaction moisture required for maximum strength and
durability depends'on the soil type a¡d the detention time between mixing and compac-
llon. Two to 4 percent excess compaction moisture significantly irnproves the strength
and durability if (a) the detention time is greater than 2 hours and the soils is granular
nnd (b) the detention time is less than 2 hours and the soil isfine-grained.

4. After delays in compaction, the strength a¡d durability of silty loams and sandy
loa¡ns are significantly imprcred at moisture contents 2 to 4 percent above the optimum
determined at O-hour delay. The change in moisture content for maximum strength and
durability with delay in compaction is due to aggregation and mechanical interlocking of
eotl particles. The addition of excess moisture lubricates the soil aggregates and in-
creases the density, strength, and durability.

5. The moisture content giving maximum strength and durability with silty clay
toams is 4 percent above the optimum with no delay in compaction, and 0 to 2 percenr
above the optimum with delay in compaction. The increase in strength at moisture con-
tents up to 4 percent above optimum when compaction is not delayed appears to be due
to n¡ore eflicient cement hydration.

6. The moisture-density relationships for silts change little with delay in compac-
tlon. However, improverrrent in the durability of silts is achieved at moisture contents
2 to 4 percent above the moisture content for maximum density with no delay in compac-
tion. Little improvement in the strength is obtained at higher moisture contents.

7. It is recommended that, if delays in compaction of 2 to 6 hours are expected, the
compaction moisture of cement-stabilized silty loams, silty clay loams, sandy loams,
and silts should be 2 to 4 percent above the amount required for maximum density as
determined by Proctor test performed with 0-hour delay. The compaction moisture
content of silty clay loams should be 3 to 4 percent above the optÍmum moisture conüent
even if no delay in compaction is expected.

8. The use of additional moisture does not cornpletely counteract the detrimental
effects of delay in compaction; however, it will significa-ntly improve the properties of
conrpacted soil-cement mixtures witl very litile extra cost. Additional studies are be-
lng conducted to determine rrrethods of completely overcorning the deficiencies in soil-
cement as a result of delay in compaction. Until methods of eliminating the adverse
effects of delayed compaction are perfected, time restricüons between mixing and com-
paction shoulcl be strictly enforced.
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BIfi'MINOUS BASES AND ST'RFACINGS FOR LOW-COST ROADS IN TEE TROPICS

ÀBSTRACT

lltechanically stable materials for road bases are often not
obtal.nable in developing countries and the technique of
soil stabilisation has therefore been developed. In the
Middle East, aggregates are often scarce but oil products
are readily available. The region has therefore provj-ded
sone of the earliest examples of biÈr¡minous stabilisation,
which originally consisted'of thin running surfaces over
cornpacted sand. Bitr¡minous stabiLisation can also enable
local sand to be used for base construction, and vario¡:s
tests and design criteria have been proposed for such
appllcations.

lltre report describes fulljscale experimental trials
supported by J.aboraÈory research, which have enabled
acceptance criteria for bitumen-stabilised sand bases for
ltght,/nedir¡n traffic to be proposed. Constructfon methods
for bitr¡minous stabilisation are al-so described.

Details are given of roethods of surface dressÍng,
which is importanÈ both as an initial runnlng surface on
new bases and as a maintenance treatment.

Premixed bituminous materials, both as bases and
surfacings, night perhaps be considered as inad¡oisslble
for low-cost roads. Such roads, however, usually require
progressive improvement because of the traffic Arowth
r¡hich accompanies development. There is a growing use of
strengthening overlays and the report briefly discusses
premixeil materials and their applicaÈion.

1. IMTRODUCTION

Much of Èhe accumulated knor^rledge gained frorn the constluction of roads
over thè last l_5o years rel-ates to Èhe use of mechanically stable
roadmaking materials such as crushed rock. These materials are not
always available, particularly in the remoter parts of many developing
countries, but in recent ¡rears the developmenÈ of the technique of soil
stabilisat.i-on provides practical alternative roadmakÍng roaterials in such
situations.

stabilLsation of, sqil and qravels with cement and hydrated' ll.me is
now well-established,t't'" noÈably in Africa, but in the more arid regíons,
particularly those vrj.th an abundance of non-cohesive suPerficial ¡naterials,
bituroen is an appropriate stabilising agent.

The scarcity of aggregates in parts of the Middle East, coupleil with
Èhe plentÍful supply of oil products and the generally arid clinaÈe, has
encouraged the use of bitr¡minous stabilisation for road construction in
the regj-on.
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Thls report discusses approprlat.e deslgn crlteria for sand-bltqnen
roads carrylng ltght, and ¡oedir¡¡o traffic in hot cll¡oates.

Bituroinous surface dressings are a very approprlate type of surfacing
for low-cost su¡faced roads. rf well-executed they can provide a more
satisfactory and cost-effectlve surfacing than some tlæes of hot-¡oixed
bl.tuminous surfacings. This report discusses the design of surface
dressing and briefry describes appropriate construct,ion procedure.

Prenixed bituminous overlays are approprlate for strengthening low-cost,
surface-dressed roads when t,his is needed because of growth in traffic.
lrhe performance of premixed bitu.minous materials in tenperate crinat,es
ls well established, but less information Ís pubtished about the deslgn and
performance of different nix types in hot climates. Thfs report reviãws
speclficatíons of premixed bituminous rnaterlals for use tn hot c1i¡oates
and dlscusses approprlate construction technÍgues.

2. CONSTRUCTION METHODS AND TIÍE SELECTION OF BINDERS

Bituminous binders lnclude nat,erials derived fro¡n the destructfve distll-
latlon of coal, naturally-occurring asphalts and petroleu¡n bitumen. The
first two are seldom available in developing countries; only petroleuro
bl.tunen will be considered in this report.

BLtunen can function in one or nore of the forlowlng rvays, i_e as a
(a) lubrlcant
(b) sealant
(c) adhesive.

Tl¡ese Èhree functlons are the basis of all types of bltr¡¡ninous construct,lon,
nhlch can be successful only if the type and grade of bLnder are correctly
selected. selection of the process itserf involves a consideration of
other features, such as nateriar type or treatment, plant, environment, etc.
lrt¡ls is perhaps best illustrated in TabLe r, whfch attempts to su¡omarise
severar processes, with partlcurar reference t,o bÍnder vlscoslty.

3. CONSTRUCTION !.IETHODS FOR BITUI,IEN-STÀBILISTD BASES

3.1 Princlptes of bÍtunen-bounël.bases

Bltunen can be used as a stabillsLng agenÈ ln two ways:

(a) as a uraterprooflng agent, (sealant)
(b) as a binding agent (h¡brlcant/adheslve).

rn Èhe waterprooflng applicatlon, bftr¡¡nen is ¡nixed wlth a coheslve soil
whlch has a useful mechanlcal st¡ength at a given nolsture content,. The
bltunen nerely seals the systero agalnst rnoisture changes, thus preservJ.ng
soll strength. such appllcatrons are rare¡ more usually bftunen ls appried
as a binding agent for non-coheslve naterials; these can range froo a .
dense contlnuously-graded crushed rock systern (as in asphaltfc concrete{)
to locar sand. The fo¡¡rer ls relatrvety expenslve, the latt,er relativety
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cheap; lndeed 1t 1s becomlng fncreaslngly cornmon fc¡r road engineers
tn developing countries to be compelled to use local sand. Comparatively
Itttle is known about design criteria for bitu¡nen-stabilised sand, parti-
cularly for roads carrying heavy axle Iqads. The Overseas Unit has
cooperated in one full-scaIe experinent- which has given some valuable
lnforrnatfon, and laboratory research is continuing. (See Sections 3.2.2
and 3.2. 3) .

3.2 Experience and teseatch
I

ft, is interepting to consider briefly wo5k done some 40 years ago,
nainly in America""'' and in the Middle East', in both of which extensive
arld areas occur and bhrough which roads have to be constructed. This
work is valuable in that it demonstrates the techniques found to be
necessary at a time when construction plant was usually simple and bitumen
technology was in its infancy. Basically, little has changed since then,
especlally in construction methods. The blade grader, for exampler is
as useful nor., as before but one is now able to quantify performance
crLteria to some extent¡ criteria are discussed later (see Section 3.2.3).

Some early work in the Middle East9 in the i93os provided sand-bitumen
roads of a very sinple construction; sand bitumen produced in sinple
paddte mixers was spread, and aerated if necessary, by blade graders
before compaction with snooth-wheeled rollers. In the a-bsence of mixers'
binder was sprayed directly on to the sand and mixecl in by grader. Binder
contents were evidently sufficiently high to provide adequate cohesion
under the alcrading action of traffic: this practice would almost certainly
be unacceptable today on both economic and engineering grounds. Current
practice is to stabilise with sufficient binder to provide adeqr-rate shear
strength and to seal the surface against traffic a-brasion, usually with a
surface dressing.

Some valuable precedents were established by the first users of
bitu¡uinous stabilisation who soon learned that binder viscosity had to be
retated to the sand temperature and the efficiency of the mixlng plant;
the finportance of cut-back bitumen for this Process was thus clear.

3.2.1 fhe design problen: Ttre study of pavement design may be sald to
have developed from around the l94Os. Much valuable work was done at this
ti¡ûe and has formed the bagfis of current practice. The California Bearing
Ratio method due to Porter^" is perhaps still the most widely used: the
pavement deslgn chart (Figr I) fro¡n the TransPort and Road Research
Laboratoryrs Road Note 3t-- relates the strength of subgrade soils to
thickness of p4genent layers and design Life in terms of cumulative
standard axlest". Mininum soaked cBR values of Bo for crushed stone bases
and too for cement and lime stabilised material are normally speclfied.
A problem arises, however, in the application of these criterla when
Constluctlng bases witl¡ biturnen-stabilised soils. Bituninous mixÈures ì ?
behave vl-scoelastically and are temperaLure susceptible. In 1954 Nijboer--
proposed the concept of "stiffness" of a mj.x, whlch reflects loading timet
acceptable strain (l per cent roax) and maximum temperature experienced in
practice. It was shown that thls stiffness could be expressed as a ratio
of the stabllfty to the flow value (Ioad and straln at failure respectively)
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neasured in the Marshatl testl4. A hlgh ratio nray ensure resistance to
deformation under traffic but at the expense of a brlttre mix. The problem
of selectÍng an appropriate ratio for surfacing materlals is consldered
later (section 5.L). The application of the concept to bituroinous
stabilisation is perhaps less inportant and its relevance probably depends
upon the type of traffic using the road and the thickness of the
surfacing. The stiffness concepg proposed by Nijboer is ',rational,';
enplrical methods, notably the Marshall, Hubbard-Field and the cone
penetrometer u¡ethods, have Elso been used for the design of bitr:nen-stabillsed
soil bases. A bibliography-- has been compiled which provides some examples
of the use of different design ¡nethods and the design criteria adopted.

3.2.2 A full-scale experiment in Africa5: Àbrasion-resistant sand-bitumen
surfaces with relatively high bitumen contents have already been referred
to in contrast to the leaner sand-bitu¡¡en materials for bases which are nore
cormon today. The conflict between abrasion resistance and stability has
been recognised for many years. rn 1960 the Tropical sectÍon (now
Overseas Unit) of the TRRL participated in the construction of experimental
sections on a road in Northern t{igeria. These sections v¡ere incorporated
1nÈo a new bitumen-çfiabilised road, the construction of which has been
described elsewhere-". rt wat found that cut-baçk bitunen with a viscosity
of up to approximatety I x lo{ centistokes at 6ooc (s.I25) could be mixed
in a sirnple paddJ-e mixer wi-th the-well-graded sand available. The
temgerature of the sand was 26-2}oc and of the binder when added was
l2O-C (ie at a viscosity of approximately 2OO centistokes).

These findings raise the question of whether it is necessary to use
sophisticated mixing prant in order to heat sand simply to enable a
viscous penetration grade bitumen to be used, even though the superj,or
stability of such mixes on cooling is unquestionable.

The experl,mental rnixes were laid without aeration to remove volatiles
a¡d were surface dressed before curing could occur. Mat.erials stabilised
trith Mc2 grade cut-back failed guickry but wêre the only sections to fail.
the re¡nainder have, in general, perfonned as satisfactorily as those wíth
t!¡e hot mix naterial.

The road has carried mainly light traffic in its 14 years of use and
the nuriber of heavy comroercial vehicles probably does not exceed loo per
day¡ this volume of traffic, however, is characteristic of many deveroping
countrÍes.

rt ls interesting to record that sarnples of bÍtumen removed from
slabs and taken fron several of the experimental sections and from the
hot-nixed main contract material after 13 years were all found to have
essentlally the same vÍscosity, ie lo-2o pen. À limited nunber of sroarl
sa.mples taken after r8 months showed that the cut-back bj.tumens had, even
aÈ that early stage, cured to the consistency of BO-IOO pen.

3.2.3 Research at TRRL on bituminous stabilisation: The prlncipal
obJectlves of the resea¡ch undertaken by the Overseas Unit were:

l. To evaluate dLfferent design nethods for bltumlnous stabillsatlon.
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To establish design criteria.

To sÈudy the behavlour of a variety of sand-bltr¡men mfxtures
under different, shear conditions.

Tt¡e first two of these have so far been studied in the full-scale expqri-
nent in Nigeria and the results have been reported in full elsewheret'.
Brlefly, sand-bittrnen roixtures were prepared using the sand from the
Nlgerla experi4ent and three different binders. Mixtures were cured for
one year at 45"C and four tests were used Io deÈermine stability. Table 2
shows the results of stability tests at 6O-C after one year and Table 3
shows some inter-relations of test values for material tested at 45oC.

Of the five design metåods originally inclu$çd in the study, two 1e
(Marshalt and Hubbard-Field) are well documented-'. Alexander and Blott*-
proposed the use of the cone penetrometer for sand-bitumen mixtures and
1t has been frequently used although, as with some other methods, design
criteria have been liÈtle Drore than recommendatÍons. It r"as found that
the test did not correlate wellryith three other rnethods examined. The
defor¡nation wheel-tracking test^-, designed at TRRL and used mainly for
studying deforoation resistance in surfacings, was the fourth method
studied. Tracking rates were found to correlate well with the Marshall
and Hubbard-field methods. The fifth method (CBR) was rejected as
lnappllcable early in the study.

The following design crlteria for sand-bitumen bases for lightly-trafficked
roads were deduced fro¡n the above study:

2.

3.

Stability, Marshalt at 6OoC ..... IOO kg(nin)
Stability, Hubbard-Field at 6O-C 3OO kg(min)

In a recent investigation of the causes of some failures in a road
carrying heavy traffic in the Middle East it was found that the Lype of
sand used for the sand-bitumen base varied considerably from place to
place along the road and the sand particle texture varied from very rough
to very smooth. A línited initial investigation appeared to show a link
between failure and bitumen content, and the low residual bitumen contents
found (2-4 per cent) were especially noteworthy in relation to the fineness
of the sands, most of which passed a 3OO ¡rm mesh sieve. The bitr¡¡¡en filn
thicknesses were thus miniroal, and mixes were suspected of being prone to
shea¡ fallure.

The shear properties of the sands used in this road when stabiJ-fsed
wlth different percentages of bitumen were studied usJ.ng a shear box..
Tt¡e effects of binder viscosity and shear rate were also studied. Figure
2 lllustrates a typical stress,/strain relationship for three sands, showing
how the behavlour becomes nore plastic as the normal load decreases, ie
wLth lncrease in depth of constdl¡ction. Inspection of site failures
confirmed Prandtl-type failurer"" and Fig 3 illust¡ates the effect of
blnder viscosity and shear rate on Prandtl bearing capacities for one
of the sands.

Calculations based upon the r¡ost severe conditions ltkely to be.
experlenced tn a sand-bitunen base showed tlat the Coulomb equation¿r
becones:
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where

and

t= c + lO35 tan ó 
"ú = shearlng stress 1fn,/m'¡,

c = apparent cohesion (kN/m-)
d = angle of shearing resj.stance (degrees).

The results obtained using the shear box are in good agreement with
this expression.

Figure 4 shows the relationship between ú and estinated bttu¡nen f1In
thickness (EBFT) for three sands. The above formula is rnuch simpler to
use and to express graphically than the formula derlved by prandt,l:

Prandtl bearing capacity =
tan ó

where c = apparent cohesion
d = angle of shearing resistance from the Coulomb equation.

It was found that all of the sands possessed opti.mum ú values at an EBFT
of O.? to O.8 microns, given by

EBFII = 
x'lo4

(loo-x) s

where x = bitumen content (g wt)
and S = specífic surface area (cn¿,/g).

ThLs recent work has also shown that optimurn ú values for dÍfferent
sands are related to Hveenrs centrifuge kerosene equivalent (CKE)ttn"¡¡.
angle of shearigg resistance neasured by the Angle of Repose method", and
the Efflux Rate" of the dry sand. Results for three sands are plolted
tn Flg 5.

}lt¡ilst this study has been by no ¡oeans exhaustive, the following
conclusions relating to sand-bitumen bases for nediu¡o to heavily trafficked
roads can be tentatively drawn:

(a) For natural dry sand, an angle of shearing resist.ance of at least
30 degrees and/or CKE of at least I.5 is required, and

(b) for the sand-bitu¡nen mix, ên EBFT of O.7 to O.B microns witÌ¡
a ú value of at leas! l2OOrk¡¡/mz is reguired at 25oC and rate of
strain of 2.22 x lO - sec .

Conparative criterLa for the Marshall and Hubbard-Flel.d stabilitles
are as follotrs:

Marshatl stabillty of 3OO kg(mln) at 6OoC, or

Hubba¡d-Ffeld stability of ?OO k9(mtn) at 6OoC, both acco¡qpanfed by
an EBF.I of O.7 t,o O.B mlcrons.

3.3 ?l¡e ¡nlx-in-place process

rt ls vorthwhlle perhaps to conslder carefully what ls lnvolved in

ftsin I +rl Ãtun d l
It"i" 7--u 'e - tj

t.

2.

6
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any nlxlng process: the requirement may perhaps be expressed in two Parts:

l. the components must be brought together
2. an adequate mixing action rnust be provided-

The flrst statement may seem obvious but deserves dlscussion. The stabi-
lisation process involves natural soil as the major component and the
stabllising agent less than IO per cent of the final product. It should
Èherefore be rational to bring the stabilising agent to the natural sand;
for exaruple, in cement staÌ¡ilisation the stabiliser is very often spread
on the soil and mixed in by machine in one or more passes. This type of
process, mix-in-place, often requires only simple plant, eg trucks,
graders and water bowsers, and high output is possible. there are several
drawbacks to this process however; in particular, difficulÈies are often
experíenced in controlling bitr.unen content, completeness of mÍxing and
processing depth. Whilst these difficulties are lessened by the use of
purpose-buitt single-pass stabilisation machines, nrechanical failure
usually results in complete stoppage of work. For this reason simpler
nultl-pass eguipment has much to commend it.

Single-pass machines requi-re the soil to be spread in a windrow such
that it can be picked up by the machine as it travels slowly forward; the
stabilising binder is added to the soil and mixed within the machine and
is discharged from the rear, usually again as a windrow, ready for subse-
quent spreading and compaction.

An arrangenent used on one contract in the Arabian Gulf consisted of
a tractor-mounted mixer equipped with a spray bar above the tines inside
the roÍxing hood and supplied with cut-back bitumen by a tanker which
preceded it. A metered guantity of bitumen v¡as thus delivered to the soil
under the mixing hood but mixing was incomplete during the first pass:
subsequent passes of the machine, without the bitumen supply, and asslsted
by a blade grader were necessary to complete the mixing Process. In its
sinptest form multi-pass work must often be done using only a bitumen
distributor and blade grader.

3.4 The premix p¡ocess

Mix-in-place work is only possible where low viscosity binders, ie
cut-backs or emulsions, are to be used. If it is necessary to stabilise
wlth penetration grade lrinders, premix plant is required, although technÍ-
ques are now available for staþilising with foamed penetration grade
bltuoen; MobÍl oiI (Austrafiali- describe equipment for both mobile and
statle processes and Bowering- - discusses the properties and behaviour
of foaned bitu¡nen mixtures.

Several polnts should be made concerning the role of static premix
ptants for bituminous stabilisation:

(a) Continuous type nixers, which are often capable of high outputs, are
well suited to t,his type of work, ie productÍon using a cold feed of constant
gradation; materials are metered by volume. For stabilisation work the
process becomes one of soil and binder only in most cases. Production of
uniform quallty is therefore more feasible than for surfacing materials,
whfch demand close control. Batch-type nixers are essential for surfacing
work and can naturally also be used for stabllisation.
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(b) Pre-mixed stabilised materiar can be raid by paver to uniform depth
and regularity; shaping by blade grader is thus cut to a minimum.

(c) Modern nÍxing plants are often constructed as several mobÍle units,
capable of disconnection and re-assembly within a few hours. Such plants
can follow the progress of work, thus keeping haul distances to a mininurn.

3.5 Conpaction

The tbickness of bitumen coating in soil-bituxnen systems is relatively
thln, conferring cohesion rather than providing lr:brÍcation, and in this
respect such systems resemble dense conÈinuously-graded surfacing materials,
such as asphaltic concrete, in which the interlocked mineral partlcles
resÍst compaction. In common with these materials, soil bÍtumen is
compacted most effectively by the kneading action of rubber or
pneunatic-tyred rollers.

I

I NOTE: The deleted text deals with
I roaa surfdc¿ngs.
t___
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Some features of different bituminous processes and Eaterlals

19

Process/Materlal Use Binder functfon Blnder vlscoslty
(as constructed) Aggregate aysten

P!lElng

lack coatlng

Surface drêsslr¡g

Slurry seall.ng

Macada¡ns (lncludes
asphaltic concrete)

l,lortar type mlxes
(Íncludes rolled asphalt)

binds surface of new base ln
preparation for surfaclng

provides bond between existing
surface and bituminous premlx
overlay

re-sealing
re-texturlng

seallng open,/' hungry',/cracked
bituml.nous surfaclngs

bases, surfacings

bases, surfaclngs

sealant

adheslve

sealant and
adhesl.ve

sealant,/adheslve

1r¡brlcant./adheslve

adheslver/sealanC

low

hlgh

low/nedlum

low

nedlun,/hlgh

v. hlsh

n11

nf1

single-slze chlpplngs

dense, very ffne

angular, lnterlocklng
(very open - very dense)

very dense,
Day lnclude s¿on€
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,À TÀBLE 2

Propelties of Band-bflr¡men rolxes after I year (+) storage at ¿5:C
Stab1llty tests at 6OoC (all eoupacted densftfes, cDM, f"igZi3i

(Sand: as for constructlon of experloental sectLons, Maidugurl,-Bama road)

Bfnder t
rrt

Cone stablllty Deforoation wheel
tracklng test Hubba!d-F1e1d ÞlarshaIl Propertles of recovered blnder

s E v CDM
Rate of

defor¡oatlon
(on/nin)

CDr,t
Stabt11ty

(ks) CDM
Stablllty

(ks)
Flow
(m¡o) CDM

Penetracion
at 25oc

visc€slty
(absoluteì.

(poises x 1O{)

at 45oc at 6ooc

tß2
3 2.7 1.8 o.9 t. 91 o.036 1. 9I 293 r. 93 2c,6 2.o r. 87 92 5.89 o.66

4 2.2 r.3 o.9 L.92 o.098 t.92 304 t. 93 I?O t.8 l. 89 88 16.2 o. l2

s.125
3 2.7 t.8 o.9 r. 91 o.036 r. 91 413 1 0t 337 2.o r. 89 58 r3.6 2.2

4 2-4 1.5 o.9 r.92 o.038 L.92 468 r.93 327 2.o r. 91 65 r8. 5 2-2

8O,/1OO

Pen

3 r.7 o.9 o.8 1.90 o.o94 r. 90 343 1. 91 256 2.O r.88 44 L6.7 4.O

4 1.6 o.8 o.8 L.92 o.04l r.92 333 r.93 219 2.O 1. 91 42 16 -O 1.8
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ÎABLE 3

Ilubbard-Field/Marshall stabillty ratlos and cone stabtllty,/equlvalent tyre^pressure
(lmperlal) relationshlps; uncured and cured naterlal; t€sted at 45eC

(Sand: as for constructlon of experlmental sec€Lons, Maldugurl-Bama road)

À,gì

Blnder

Uncured Cured 1 year (+) at 45oC

3lnder
:ontent
(r wt)

Hubbard-
FiêId
(kg)

MarshaII
(ks)

Hubbard-
Field/

Marshall
ratlo

Cone
srabilf t,tt (s)

(kq,/cm- )

Equivalent
tyre pre€sur€

( Iblln')

Blnder
content
(t vrt)

Hubbard-
Fleld
(ks)

Marshall
(ks)

Hu-bbard-
Ffêtd/

Harshall
rat10

Cone
stabtlltI (s)

(kq/Ø-l

Equlvalent
tyre pre$sure

(Lb/ tn" I

tæ2
3

SPECIMENS

UNSTABLE

,o 4I 3 67L 3A2 L.76 lt.o 156

4 3.O 42 4 578 42t r. 37 8.9 126

sl25
3 198 79 2.51 3.1 41 3 587 473 L.24 9.6 r36

L97 44 4.44 3.4 48 4 637 425 r.49 9.O r2a

80,/loo
p€n

3 420 232 r. 81 2.7 38 3 507 384 L.32 7.9 112

4 5r7 L92 2.69 3.4 48 4 586 391 1.50 6.o 85
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Su?fuca drãrlng

50mm (2ln) ot b¡tumlnour
¡urtacing 6nd

tSOmm (6¡nl ot brn

l50mm (6lnl ot bð 200mm (8in) of blr
wlth ¡urfuca

dra¡¡¡nc

Mlnimum ihlckn6t ot ¡uÞbr¡! ot lOOmm (.lin) to bo ut6d w¡th
ebgtrdü ol CBR 8 to 24 pq. c!nt. M€tsrill u3€d ¡n thit ¿one to

hrva CBR ol not lõ thon 25 per clnt
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Þol, L-
0.05 o,t 0.2 0.3 0.¡l 0.5 0.75 1.0
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Performance Study of Asphalt Road

Stabi I ized- Sand Bases

Pavement With Bituminous-

Tho porsibil¡ty of us¡n9 ths windblom snds that occur ¡n lh! northem
rs8 ol South West Alr¡ca lor the construction of all.sroalhor roads to
carry hewy truck lraffic hõ b¿en inve!tigaled. Laboratory ¡nvesirgat¡ons
lrrd l¡eld tr¡als ¡n Pretor¡a, Soth Alrica, shored üat b¡tuminour ¡rab¡li.
?ttion of these snds was promising. and a full-scale road exper¡ment lo
Èrr s l¡nr¡Îei number of bæs of bitum¡nous.ttabili¿ed rand was con-
tùæted in tho homolônd of Ow¡n¡bo, Sourh l'fæt Alrics. This paper de
ær¡bes the laying of the experiment ând ihe consùuction tæhn¡quB and
conùol meæure¡ uæd. A new uchniquo that 6tablish6 tho optimum
time for lhe compæt¡on of a cutbæk b¡tuminous-3tab¡l¡zed sand mix-
ùi¡! rllor ðeration by usiog a vane rhear appa.atus is dscrib¿d. The vano
d¡slr Spparatur was also ued to mearure the in 3¡tu 3heaf stronglht ol
ün varios experimental b¡tuminout.¡lab¡l¡zed !and basr åfter cmpac-
t¡on and during æryic¿; rhe rcsult! ol lhcs meðuEments. together wilh
pelomance daø alter I yeañ æiliæ with Efrect to d€lormåtion and
crlc*¡ng, !ß diæu¡sed. Laboratory and liold:tudro¡ an dKrib€d and
pred¡ct¡m¡ about úe perlormame ol a b¡tuminout.3tabil¡2sd mnd ba¡¡
under yary¡ng lralf¡c cond¡tions ¡rs mâdo by u3¡ng tho bol known lodr-
niqur' lva¡lablo at ú¡r t¡mo.

Vast areas of the southern subcontinent of Afric¡r a¡e
covered with a deep blanket of aeolian sand. Probably
these sands were originally derived from preexisting
sedimentary rocks in the general area and first em-
placcd by wind during the lower nlost Pleistocene epoch
lappro:dmately 2 000 000 years a¡¡o). They were subse-
quently redlstributed by *lnd and water during the Pleis-
tocene; the latest major redistril¡ution was brought
abort by wind action, probably some l0 000 to l5 000
years ago, although some mlnor redistrih¡tion is still
occurrlng (l).

Because-of their rflldely Epread occurrence, these
sands, apart from varlous t¡les of ca.lcrete (caliche),
¡re sonretln¡es thc only natural building nraterial avail-
¡ble to the civil engineer. l'rom an econontic point of
vlew, they are therefore cxtrenlely inryortant and have
been studied for use In concrcte structures, butlding
construction, and, nrore reccntly, pîven¡ent corìstructiolr
by the National tn-stitute for TÏînspo¡t and Road llesearch
(mfnn) of tho Council for Sclentific and Industrial Re-
aearch ln Prctorir, South Alrica (e,!-,!.

Ttrle paper describes the use of these ¡eolian sandg
¡¡ the base layer of â road pavenrent in the receutly pro-
cl¡lmed honreland of Olambo, ln the northern part of

C-laude P. lvlrrais and Charles R. Freeme, National Institute for Transport and

Road Research, Council for Scientlfic and Industriâl Research, Pretoria,
South Africa

South West ¡frica (SwA). It discusses the performance
results of the eq)erinrent and relates these to the proba-
ble ¡>erfornrance that might be e.\)ected under much
heavier traffic on a normal freeway.

The accelerated development of the lnlrastructure of
Or,¿ambo during the past decacle necessitâted upgrading
the existing gravel road linking Orvambo to the more de-
veloped, southern part of SWA to ân all-weather, 8-m-
wide, black-toppcd facility. Tlìe corìstruction of the
R60 000 000 ($84 000 000) ltydroelectric facility at
Ruacana Falls and other major building schemes ln
Or¡'anlbo hâve resulted in a significant increase In heavy
frelght vehlcles using this, the only surface transporta-
tion route to the south,

Inltial lírboratory work by the MTRR in the early 1960s
showed that the most suitable method of improving the
englneering properties of the in-þlace sand was to blend
It wlth l5 peicent calcareous filler (mechanical stabili-
zatton) and then to bind the blend with a bituminous binder.
Both the hot-mix and cold wet-mix processes were
studied; the latter was adopted as the nlore practical
because of the length of road required end the problems
associated with the establishnent of a hot-mix facility in
this remote area.

After extensive prelinrinary research lnto the v"et-
sand process of bituminous stabillzation of fine-grained
wind-blown Eands, a full-scaÌe road ery)eriment was
caried out ln May 1965 in Owambo to test the technlques
developed during the prelimlnary study (!r 4).

DETAII.S OF EXPERIMENT

Î?e experlment was deslgned and conetructed with the
followirrg obJectives :

l. To demonstrate ln the fteld the feaslblltty of ln
sltu bitunrinous stabiltzation ol 6and by uslng cutback
binders and a catlonic bitunten enrulsion:

2. To lnvestignte the stability and durabillty' under
the tralftc conditions and cllnrrtic e¡lvironment of the
site, of various l¡ituminous-sand mlxtures contalnlng
cutb.lck bitumcns, a cutback tar, lnd a catlonic bltumen
€mul8lon at blnder contents considered sultable fronr
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laboratory work and prevlous e:qperlmental trlals;
3. To lnvestigate the effect on stability of addlng a

proportion of calcareous filler to the natural sand be-
fore stabilization;

4. 1o investigate the effect of laying the bitumlnous-
gtabillzed sand mixtures over a cot¡lpacted sand-clay
subbase of low strength ICrlifornia bearing ratio (CBR)
approximately 30 percentl ;

5. To lnvestígate the relative performances of ?6.2
and 152.4-mnr compacted layers of bituminous-
Btabilized sand bases;

6, To obtain data on the temperature distribution
throughout a bitumen-sand mixture on the road under
the climatic conditions of Orvambo; and

?. To study the setting up of bitumen-sand mi$ures
on the road over a period of 2 years,

The eryerimental pavenrent was constructed in
Opambo from April 2? lo May 26, 1965, on the align-
ment of the road route f¡om Oshivelo to Oshakati. The
eryreriment consisted of eighteen sections each 91.4 n
long by ?.3 m rvide (wiclth of carriageway). The stabil-
lzed sand bases were supported by 3.?-m-wide shoulders
on either side of the carriageway. The layout of the ex-
perinrent with details of the base compositions and com-
pac'ted thicknesses is given in Figure 1, All of the ex-
perlmental sections, with the exception of sections 1 and
2, were laid over a firm foundation comprising a nunrber
of layers of approved subbase and base material consist-
lng of silcrete and calcrete to rvhich binding material was
added. These layers were designed to obviâte any defor-
mation distress below the bituminous-sand base layer,

The a¡ea in the viciuity of the erperinrent consists of
flat to slightly undulating plains rvith shallow, localized
depressiors that have been prospected for calcrete (5).
As distinct fronr river channels, there is a network õf
shallow watercourses (oshanas). These watercourses
draln the level country and do not reach the sea. The
center of the drainage system is the E'tosha pan, During
years of goo<l rainfall, large quantities of slowìy flowing
ìpater are carried southward along this network of
oshanas; this phenomenon is of great importance for
the undelground water of Orvambo (6). The annual rain-
fall of the area is approxinrately 50õ'mm, but it is very
va¡lable and results in frequent droughts. Rain falls
during a period of less than 60 d,/year, mainly during
January to March, The area is about 1000 m above sea
level, has a subtropical climate, and is coruposed of of,en
grasslands with scattered palms (tlyphaene ventricosa)
ln varlous stages of <levelopment in the area near
Ondarrgwa; it changes to Ir'lopani veld near the eqleri-
mental site, In this region, Àfopani (Coloplìospermum
nropani) displays an interesting tendency to form large
copses of even-sized trees varying fronr scrub bush
1.2 m hlgh to large trees 6 to f2 r¡r high (?).

Since the opening of the eryertnrental s-ectlons, the
trafflc pattern has increased signific¡ntly, as was an-
tlclpated because of the large development program ini-
tlated in Oç'ambo at about the same time as th€ exÞeri-
¡ùent. The table below gives the traffic counts recorded
over the B-year period and the calculated equivalent 80-
kN axle loads per day (8),

Dato of Survey Vehiclcs Equivatent 80-kN

!e!L_ per D¡y A¡|a¡ per Dåy

tS85 ro t967 100 1
t97t 147 6
1572 t95 I
1973 228 S

lhls tralflc ls llght by normal standarda ln develqred
countrles, ìvhere tha oqulvalent 80-kN axle loade per day
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would be eÐected to vary between 200 and 500 for free-
r¡/ays carrying nìedium to medium-heavy traffic,

MATERIAI,S

Windblown Sand

The local sand used for the stabilization was coheslonless
and had an average particle-size distribution as given in
Figure 2. The particle shape, as seen by microscopic
e:ramination, can be described as subrounded to sub-
angular with relatively few well-rounded grains. The
color is grey-white to a Iight reddish-brown caused by
lron oxide stâins on the grains. In the dry state, the
sând has very poor inherent stability. Its apparent rela-
tive density is 2.60.

Blend of Windblown Sand and
ffi
The calcareous filler added to the windblown sand was
selected from a natural powder-calcrete deposit in the
vicinity of the experimental site. Its maximum particle
size was generally 4 m¡n and approximatety 50 percent
passed a 0.074-mm sieve (Figuie 2), The propèrties are
as follows:

Propeny Value

Liquid limit, % 5O.9
Plasticity index, % t7.0
Linear shr¡nkage, % 8.0
Apparent relat¡ve density 3.61

The blend of rvindblown sand and 15 percent (by vot-
ume of dry sand) of calcareous filler was nonplastic,
with an average particle size distribution as shown in
Figure 2.

Bituminous Stabilizers

The followlng bituminous blnders were used:

1. Grtback bitumens-A special cutback bitumen man-
ufactured from an 80 to 100 penetÌation bitunìen (IvD() and
a cutback bitumen manufâctured f¡om a 40 to 50 penetra-
tion bitumen and cutback to an i¡tternrediate grade of
rapid-to-nredium cure (250) were used. Both were
straight-run bitumens, refined in South Africa from
lVliddle East crudes (9, l0). The nominal binder contents
were 4.0 and 6.0 perceñt-t (by mass of dry sand) for the
152.4-mm-thick compacted bases and 6.0 and 8.0 percent
for the ?6.2-nrm-thick com¡racted bases (ND( only).

2. Cationic bitur¡ren emulsion-The cationic bitumen
emulslon usecl was manulactured from an 80 to 100 pene-
tration bitumen that ',vas fluxed with l0 percent (by mass
of e-mulsion) of a fluxing oil hîving a boiling point of
1600C. 'Ihe b.rse bitunren was straight-run and refined
in South Afrlca from a [fiddle F,ast crude. The nominal
binder contents \l'ere 41.5 and 6,5 percent.

3. C\¡tback tar-The cutback tar was manufactured
from a high-temperature coke-oven t¡r and cut back to a
30 to 35"C Þ.\rt grade. The nominal binder content was
6.0 percent,

All of the blnders were tested wlth the windblown sand
only and with a blend of wlnd-blorvn sand and l5 percent
calcareous filler. . The re8ults of laboratory tests on
eamples of the blnders used are reported elsewhere (4).
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Borehole Water Used for We,!!¡nglsalq
ffi
The local borehole water used for wetting the sand and
the sand-calcrete filler blend before the addition of the
bitun¡inous stabilizers had a total dissolved solids con-
tent of 52 800 ppnr with an a.lkalinity of residue as car-
bonate of 3980 ppm.

TECHMQUES OF CONSTRUCTION

A working platform was constructed to correct the longi-
tudinal and transverse levels a¡rd ensure that, once the
stabilized sand base was laid, the final road profile
would be in accordance rvith the design requirements.
I\po 3.66-mm-wide shoulders were constructed to give
a ?.32-m-wicle trough into which the sand could be spread
before treatment, The fu-ll e.qrerinrentaì length of rvork-
lng platform was primed with a medium-cure (30) cut-
back bitumen at a rate of.0,72 Limz.

In situ CBR neasurements were nìade on the primed
platform. The length of platforDr corEtructed rvith cal-
crete had an average vaìue of 142 percent (dry), and
that constructed with sand-clay had an average value of
?8 percent (ary) and 28 percent aJter 24 h soaking.

Where a blend of sand and calcareous filler was re-
quired, the correct quantity of sand was spread over the
section, and then the calcareous filler was spread uni-
formly over the sand layer with a nrechanical gritter.
The sandandcalcareousfiller were nrixed with a disc har-
row and a motor grader to form a homogeneous blend.

Watering of Sand and Sand-Filler Blend
Before Addition of Binder

The laboratory work carried out belore the beginning of
the experiment showed that water in the fine sand aids in
coating of the sand particles by the cutback binder. It
also showed that an initial excess of fluids gave a nrix-
ture that, after a specified period of aeration, had the
highest density ànd shear strength rvhen compacted (1il.

For these reasons, the moisture conte¡ìt o{ the sand

was lncreased to approximately l0 to 12 percent before
stabilizing with binder. At this range of moisture con-
tent, âfter arbitrary comp:rction of the wet E¡nd with a
pneumatic-tired vehicle, the inherently poor stability of
the dry sand inr¡rroved to such an extent that the stabili-
zation plant was al¡le to nrove over the sandbed at the
requircd speed without undue sli¡rpage.

lhe watering was done with a water tanker fitted \¡/ith
a gravity-feed spray bar, The moisture conteni of the
sand was controlled by a nuclear gauge that was very
useful in obtaining a rapid result. After the required
quantity of water h¡d bee¡¡ added, motor graders mixed
the water into the sandbed to uniformly distribute the
moisture throughout the sand layer.

Heating of Binders

The binders were supplied in drums. The contents ol the
drums were transferred to iour 2300-L binder heaters,
which were fired with liquid petroleum gas.

The heating of cutback binders is a fire hazarcl, and
because of this, the temÌrerature to which the cutback
bitumens were raised in the binder-heating tanks was
linìited to approximately 5oC below that required for
spraying. This procedure was satisfactory, and no fires
occurred.

The heated binder was then pumped into a 4500-L dis-
tributor and further heated to a temperature that gave a
Saybolt-furol viscosity of 30 to 40 s, which was satis-
factory for spraying.

Spraying and Mixing of Binder Into
Wet Sand

the stabilization train consisted of a tractor, pulvimixer,
and 1370-L bincler-storage tanker. The 4500-L distribu-
tor pumped hot binder intq the storage tanker during the
stal¡ilization process, thus enabling the work to proceed
witl¡ a minimum of delay.

The binder was sprayed through a specially fitted
spray bar ¡ocated in front of the rotor of the pulvimixer,
The depth of cut of the pulvimixer rotor blades was set

FlI'r t. Diagr!mrut¡c låyoul of b¡tumen-snd ¡tsb¡l¡zai¡on oxperiment in Owambo, Sourh West Alrica.
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to just touch the wo!.king platform, thus ensuring that the
full depth of sand layer was mixed rvith the bincler. The
spray bar nozzles were adjusted so that the hot binder
was sprayed just ahead of the rotor to obtain an intimate
mix while the binder rvas still in a relatively fluid state.
The distribution of the binder after this spraying pass
was lnadequate, and a second nrixing pass was neòessary
to lm¡rrove the over.dl distribution of the bi¡lder through
the sand mass.

A single påss of the pulvimixer covered a width of ap-
proximately 2 nt, which made five passes over the full
wldth of the carriageway necessary to give an adequate
overlap between successive passes.

Control of the quantity of binder íntroduced was
achleved by calibrating the spray bar to give a knoren
output at a particular pu¡np speed and by operating the
traln at the forward s¡reed required to git'e the desired
binder content. The rel3tive density of the hot binder
was used to convert the amount sprayed fronr a volume
to a mass basis. The fonlard speed of the mixing train
\pas controlled by charts relating the true fonvard speed
to the v¡¡ious tractor gears and engine revolutions that
could be selected. The times taken over nteasured dis-
tances during each mi.\ing run lvere deternlined with a
stopwatch and, where necessary, adjustntents were
made to the forward speed. This nrethod of speed con-
t¡ol gave very satisfactory results,

At the outset of the e.qterinrent, lt was intended to
dllute the cîtlonlc en¡ulsion with 30 percent (by volume
of emulslon) of water so that it coulà be sprayód in a
cold condition becluse a trial eq)eriment had shown that
tha best distril¡ution ancl colting were obtained with this
dilution (alter lr spraying and niiúng ¡rass of the pulvi-
lnlxer aloner. The hißhly ¡Ikaline water av:rilable on the
slte, horvever, precluded any form of dilution l¡eci¡use
tho acldlc emulsifier reacted lmntediately with the water,
whlch caused the enlulsion to break. Thc viscous, cat-
lonlc bltumen emulslon was therefore hcited to lo$er its
vlscoslty and sprayed in the sanle m¡nner as the cutback
blnders.

Mixing of Stabilized Sand t¡r'ith Motor
Gradei

Án inspection of the stabilized sand after the mixing op-
eration with the pulvimixer showed that the coating of the
sand particles was still not adequate. Fu¡ilrer mi.ring
with the pulvimixer would have delayed the progress of
the work and so mixing by means of a motor grader wâs
begun as soon as possible after the pulvimixer had com-
pleted the last mixing run. The high shearing action of
the motor blade, producing a spiraling motion of the ma-
terial during the cutting operation, was very effective in
lnrproving the coating of the sand particles. There was
a significant improvement in the appearance of the mix-
ture after each passage of the grader, and adequate coat-
ing resulted after hvo novements of the material from
one side of the carriageway to the other,

Finally, the grader leveled the now homogeneous mix-
ture to an even, loose thickness.

Aeration of Mixtures

The laboratory control measures used durlng thls ex-
periment indicated that aeration was essential to obtain
the hißh stabilities required for the traffic that would use
the road.

Controlled aeration tvas therefore carried out with a
disc harrow pulled by a pneumatic-tired tractor. The
discs were set to cut to the full de¡:th of the loose layer.
During aeration, the resistance of the nttxture to thé
movement of the discs increased; this bccame evident
when the tractor required more power to maintain a
consta¡¡t fonvard speed.

The aeration rvas continued unttl laboratory tests
showed that the n¡i.\ture h¡¡d reached the condition at
which nraxln¡un¡ stability would be obtatned on compaction.

Compactlon of l\li.'<tures

Ît¡a nìost satlsfrctory contprctlon plant was a S0-lr4g
pneunlatlc-tired conr¡ractor (fully ballasted), used wlth
a sheepsfoot rollar. The sheepsfoot roller was fitted
wlth a cleaning devlce to avoid excessive plckup of ma-
torlal durlng conrpaction. Tho lndlvldualieet meaeured

i'riii-:-- 1-- lJrI
SA¡¡0. I5O¿¡¡AlURAL
CAIÁR€OIIS FILLER
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21 by 13,5 cm and were arratrged in 24 rows of four,
around the periphery of each roller drum. If it is as-
gumed thit four feet ntade contact at one tlme, the pres-
sure per foot was 1,31 llffà when the roller drums were
fully baÌlasted.

Varlous methods of compaction were tried, but since
they all resulted in sinrilar densities, the most practical
method was chosen, This consisted ol conrpacting in
approxlmately 50-mnr lifts by using the pneumatic-tired
compactor and the sheepsfoot roller while a motor
grader spread uncompacted materlal over the already
conìpacted layer. It is important to obtain a good bond
behveen the successive lifts, and the impressions left
by the sheepsfoot roller assisted in this. Contpaction
wâs achieved by a continuous operation with a final
leveling of eâch section rvith the nlotor grader. Each
section was given a miniDtum of eight complete coYer-
ages wlth each compactor.

The sections contairúng calcareous filler and sand
rrere compactecl to such high stabilities that the motor
grader had difficulty in trintming the material to the
Iinal profile required and, in some cases' an inrperfect
finish resulted. This difliculty was not erperienced
where only sand was stabilizedr as these mixtures were
more workable.

On completion of the erperiment and before opening
the sections to tralfic, in situ density measurenrents of
each section were macle in cìuplicate by the sand rqrlace-
ment method. The densities obtained on the 152.4-mm-
deeD sections were fairly corLsistent' varying generally
betùeen 1?94 and 1826 kg/m3. sections 3 and 4, rvhich
were ?6.2 mm de€Ì), holever, had densities of between
1?00 and 1?15 kg/m", i.e., signilicantly lower than those
for the 152.4-mm-deep sections,

Surfacing and Opening of Sections
to T¡affic

On completion of the stabilized base sections' the tlpe
of surfacing to be used to protect the base material was
considered. Because of the high stability of most sec-
tions, it was decided that initirlly only a light sand seal
should be provided; the position could be revierved if the
tralfic caused serious rutting of the weaker sections.

Sufficient cutback bitunren binder was available on
Blte for aII of the surfacing and so a ble¡rd of equal quan-
tlties of the two types of cutbeck bitumen used for the
stabilization \.vork was used for the sand seal. The rate
of application varied bet\\'een 1.3? and l.?6 L/m1 The
application of the sancl to the binder filnì was delayed to
enâble the cutback binder to penetrate into the stabilized
sand base and to allorv the viscosity of the binder re-
malnlng on the surface to increase, which gave a more
stable surfacing layer. The sxme rvind-blorvn sand that
was used for the base stabilization rvas used for the sur-
faclng and was spread at appro.xintately 0'0065 m7m¡
and then well-rollecl rvith a l5-l\lg self-propelled
pneunìatlc-tired roller.

Trafflc was not allorved onto the sections until June
21, 1965, so that the sectlons laid torvard the latter part
of the eqrertnrent coulcl sct sufficientl], and thus not be
at a dlsadvantage during the initial trafficking. This
llght surfacing rv¡s ovcrlaid rvith a 30-nm thick asphalt-
concrete surfacing ln ntid-1967; it was therefore in ser-
vtce for a perlod of 2 years,

Placlng of Level Pegs for F\tturg
Obsorvations

Purpose-made peßs wero placed ln llnes transversely
âcross each sectlon at distnnces of 30,5 and 6l n¡
from the beginnlng of each sectlon. The pcgs were

spaced at 304-mm intervals.
Level observations werc mÍìde before tnfficklng

and at regular tnten'¡ls aftcr trafficking. A number
of permrnent bencl¡ ¡¡rarks were installcd so that all
precise lcvel observations could be compared in re-
lation to a common datum, When the asphalt-concrete
surfacing was placed in 196?, the level pegs r,vere re-
placed in exactly the same positions as the original
pegs and releveled,

LABORATORY CONTROL DURJNG
LAYING OF EXPERIMENT

Sampling Mlxtures

Representative samples of the mixed material were taken
with a sampting tool that co¡rsisted of a ?5-mm-diameter
thin-rvalled aluminum tube that was introcluced vertically
into the loose mixture to make contact with the firm
working platform. On withdrarval, the mifiure remained
in the tube and couìd be extruded into a suitable container.
Samnles were taken at the tollorvinq times: (a) after
btadä mixing (before the beginning of the aeration) and
(b) before cómpaction (after the aeration rvas cornpiete).
These samples were analyzed for the residual binder and
fluid contents, and generally close agreement lvith the
designed binder content rvas found,

A ce¡tain amount of intermixing of material from
adjacent sections rvas unavoidable during construction;
the first and last 15 m of each section were therefore not
samplecl,

Field Test to Establish When to
ffi
In the field, the strength of the mi.xtures procìucecl could
be evaluated by a vane shear apparatus. These tests also
made it possible to establish when a particular mixture
was in the optinum condition for compaction (11)'

Accelerated Aeration of Field Sample

The technique followed was to first obtain a representa-
tive sanrple from the road as soon ¿ui the blade-mixing
operation was complete. This sample was then divided
into at least eight portions, each weighing approximately
6 kg. Each portion rvas piaced in a tray of apploximately
1-m2 area and left to aerate in the sun. Centlc agitation
of the mixture in the trays accelerated the aeration pro-
cess, The material from each tray vas tested after
various periods of aeríìtion by the following procedure:

l. The mlxture from the tray was compacted in a
CBR mokl under motlified AASIIO cou:paction.

2. AJter compaction, the tvet dcnsity of the compacted
material rras deternrine<|.

3. The compacted sanrple in the mold was intro-
duced into the v¡ne shear a¡rparatus, which was fitted
*'lth a special base plxte to rctain the CBR mold'

4. The shear strength of the nlixture was determined
with the vane shear apparatus, and the tentperature of
the nrlx was mersured at the ntiddepth of the vane (Fig-
ure 3a).

5. Alter shearing, a representatlve santple of the
mlxture from the mold rvas analyzed for fluid content by
evaporating the volatile oils nnd water.

The blnder content of tha mixture tested was deter-
nrlned lronl field nte:rsurements. Î1te constitutlo¡ls of
the cutl¡ack btnders and elnulsion were knorvn from pre-
vlous laboratory tests ln ternts of resldull binder and
volatiles (oils o¡ water) on a mass basls. Fronr these
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data, lt was posslble to calculate the dry density of the
compaìcted biturnen-sa¡rcl mixture.

Tho dry densities and the vane shear strengths con-
I'crted to 40oC were then ¡tlotted against ihe fluid con-
tents. Typical results for mirlurcs u'ith 6.0 percent
(nominal) cutback biturnen (80 to 100 pcncrr¡¡tion base)
I!fX, sand, and 15 percent calcareous filler (section 6)
are given ln Figure 4. Both the density and the shear
strength pass through maxinrunt values. To achieve
maxi¡num stability of the nri.rture, the highest possible
sheaÌ strength and density should tre obtainecl lvhen com-
paction takes place. However, the peak of the shear
strcngth curve always occurs or¡ the dry side of the max-
lnìu¡n density, so that it is not possible to obtain troth
nraúrnum shear strength and nla.dmum density at a
particular fluid content. Eighty to g0 percent of the
n¡aximum shear strength and g5 to 100 percent of the
nraxinrum density were cltosen as a suitable compro-
nrise for the sand used, and this criterion was used to
establish the time when compaction of the mixture on the
road should take place,

Field Aeration Control and Subsequent
Compaction

Control of the aeration process on the ¡oacl was achieved
by taking regular sanr¡tles fronr the road mix and testing
these for shear stre¡rgth and density. The shear

Figwo 3. Meæuremnt.of mne sfiear stÌength of
bilum¡nou:-stab¡l¡zed s¿nd: (a) in f¡eld laboratory and (b) o¡r

fËYsmmt.
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Btrengths were convertcd to 40oC values by using factors
dete¡¡¡ined from laborttory and field tests. The values
for section 6 shown in Figure 4 indicate the good correla-
tion between field and acceler¿ìted test values. The fluld
corterrt at which conrpaction was begun on the road is
also shown.

T'emÞerature Records at Er?erinrent
Site

A clock*'ork teniperature recorder was installcd durtng
the e4perin)ent and again later for obtaining long-term
tempe¡ature records at the 6ite. Thernrocouples were

Figure 4. Dry dens¡ty, vano she¿r ¡trongth, and fluid contsnt
relationships (:ection 6),
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plaeed at depths of 0.?5, 150, and 300 mm below the
surfaco of section 6. Ivlaximun¡ and minin¡unr road sur-
lace tcmpefatures on a hot summer day in February
1966 were ?0 and 24oC. Orr the same day, the maximum
and minlmum temperatures were 52 and 34oC at a depth
of 15O mm.

FIELD STUDIES

çetting llp of Bitunrinous-Stabilized
Sand lrlixtures

To study the setting-up pattern of the bituminous-
stabilized-sand rnixtures, shear strength measurements
were made on the sections with the va¡re shear apparatus
(Figure 3b), These measurements rvere carried ôut at
intervals after complet.ion of the work, up to the time of
laying the asphalt-concrete surfacings (1967), and all
vane shea¡ strengths were converted to values at 40oC
Gtanclard temperature),

The vane shear strqngths of the mixtures for various
periods of time are given in Table 1. All of the mixtures
gaÍned significantly in shear strength with tinre. This
gain in strength was fairly ìinear over the 2-year period.
On the average, the mixtures containing sand only irr-
creased in shear strength by a factor of approximately
5.3 and those with sand and calcrete filler by a factor of
approximately 3.6, i.e., annual increases in shear
strength of 225 and 125 percent respectively.

The change in binder content did not have a significant
effect on either the shear strengths of the various mix-

Figura 5. Relation betwæn vane ¡hear ttrength and delormatim undr
ùaf'ic after 8-yær srv¡c¿ of b¡tum¡nous-ttâbil¡zed-snd bases.

LÂ8of,Afoay var.E sxEAR stR€Nctx o¡ Mtx al ¡to.c (tÞot-.

tures or their rate of gain in strength with time. How-
ever, the addition of l5 percent powder calcrete to the
sand had a signiflcant effect on the shear str€ngths of the
rnirrtures; n¡ixtures with calcrete filler had shear
strengths fronr 1.1 to 3 aud about 1.5 ti¡nes those of the
sand-only mixtures after compaction and after the 2-year
period respectively.

Structural Tests

Various structural tests were carried out on a selected
number of these eqrerinrental sections toward the be-
ginning of 1966; those results were reported by Gregg
and others Qp and will therefore not be covered in this
paper.

Deformation Measurements

The precise level observations for the 8-year service
pe¡iod have shorvn that, significantly, the deformation
that occurred during the 6-year period after the laying
of the 30-mnt-thick as¡rhalt-concrete surfacirìg was very
much less than the deformation that occurred during the
preceding 2-year period, particulariy in those sections
that defo¡'med excessively (>10 mnr), viz., sections 16
and 18.

To investigate whether thet'e was any relationship be-
tween the laboratory, vane shear strenqths ot'the mix-
tures at the time of construction and the subsequent
pernranent deformation (the average maximum rut depth
between the inner and outer rvheel tracks) measured áfter
an 8-year in-service period, these results were plotted
as shown in Figure 5. These dâta gave a reasonable en-
velope of laboratory, vane shea¡ strength r.ersus rut
depth. The data also in<licated which nrixtures were sat-
lsfactory, critical, or unsatisfactory rvith respect to

Figure 7. Ertrapolation ol meåsured rut depths io highet
rxl*læd regimæ.
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F¡gur. 8. Prediction of msxiolum prm¡rsiblo tenrile ¡ùsin lovrlt
lor d¡lloront trâltic catogorios.

permanent deformation: ïhose with laboratory, vane
6hear strengths between 130 and 200 kPa rvere regarded
as critical, those above 200 kPa as satisfactory, and
those below 130 kP:ì as unsatisfactory, The major ex-
ternal factors affecting permanent deformation on a par-
ticular bituminous nrxterial are tra-tfic, rate of loading,
and temperature, ancl it is not a sinrple nratter to ex-
trapolate the results frorn a given condition to a new
situation if one or more of these major factors is differ-
ent. However, techniques have recently become avail-
able for this purpose if the nrateria-l properties are well
chåracterized. These techniques were applied to this
ex¡reriment in an attempt to predict the defornration
likely to occur in similar materials under the heavier
traffic conditions of a rural freetvay; they are discussed
later.

Cracking of Sections

A visual survey of the sections was made in 19?3 (after
I years service) to assess the extent of cracking on the
different sections, A crack inAex (CD (14) was developed
for this purpose where

(¡:rccntagc of arca covcrctl by c¡acks) (¡ver¡ge
uitlth of cracks in mm) (l)

The parameters of the spacing and the length of the
cracks a¡e not included in this definition. ftt the case of
block and chicken-rnesh cracking the area affected can
usually be deterntined. However, a difficulty arises in
the case of longitudlnal and transverse cracks: \ryhen
only a fe,,v such crlcks appear, engineering judgment
must be used to assess their effect on the pavement
structure.

The CI gives an lndication of the soverity and area
covered by cracks, regardless of the pattern. The Cls
for the varíous sections, including the control sections
(0 and l9) on u'hich a linìc-trcírted cdcrete b¡se was
used, ara shown ln Figure 6.

It ls lnterestirg to conìpxre the results shown ln Fig-
ures 5 nnd 6 rnd to notc the opposite tr.cnds in perfor-
rnance of son¡e sectioÌìs with rt'spcct to defornurtion ¡nd
cracklng; e.g., section l2 has thc hirlhest dcfornìirlion
and a very low CI and section 7 hls a lorv deforntotlon
and a very hlgh CI. This type of behavior ls, of course,
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expected and points to the problem facing the highway
engineer in selocting a suitable material that will give
good performance in both deformation and crack resis-
tance. Sections 2, 3, 4, 8, 10, and 11 per.formed ac-
ceptably and may be used with confide¡rce for a pavenrent
carrying similar traffic under a similar climatic en-
vironment.

CONCLUSIONS FROM EXPERIMENTAL
PAVE]VTENT

In terms of the objectives of the experiment, it can be
stated that

l. It is feasible to construct in'situ bituminous-
stabilized-sand bases that will give satisfactory perfor-
nlaDce for. a highway pîvement by using the follorving
binders: (a) ltÐ( special cutback bitumen, (b) cutback bi-
tnmen manufactured from a 40 to 50 penetration bitumen
Irepid to mediunt cure (250)], (c) caiionic ernulsion, atld
(d) cutback tar (30 to 3trC Evt grade), Iif the sand is
mechanically stabilized by the adclition o{ 15 percent
porvder calcrete (calcareous tiller)l ;

2. Thetrvo 76.2-mm-thick bituminous-stabilized-sand
sections (3 ana 4) gave excellent performances and stand
out as th€ nrost successful sections leid, from the points
of vlew of both econonty and performence;

3. The perfornrance of the section containing a blend
of calcareous filler and sand laid on a sand-clay subbase
(section 2) rvas acceptable, and for sinlilar trafiic.condi-
tions, this tlpe of structure is worth serious considera-
tion because lt would bc eco¡tonrically advantageous; and

4, Áll of the t¡itunrinous-stabilized-sand bases in-
creesed in she¡r streng¡th rvith tinte (for the 2-year pe-
rlod that nleasurenìents were ntadc).

EXTRAPOLATION OF PERFORM,A,NCE
RFSULTS TO IIEAVIER TRAFFIC
CÐNDITlONS

The deslgn and partlcularly the constructlon of exisilng
paveDìents have dready prot'icled î weíìIth of e,qrerience
anrl lnfornlation. The extrapolation of analyses of ex-
lstlng nrateriil to ne\e Þavenlcrrts should not be neglected
sinrply bccause the test nrethods used are considered in-
adequate to chtìrncterlze the plventent by current stan-
darde. In general, exlrapolation has not been widely

fxtsll¡€ ExP€RilE¡ttt
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used, prlmarily because new and more advanced methods

of testing .rnd evaluating materials are continually being
developed,

An älternattve approach is to use the results of ln
sltu tests to characiôrize existing pave¡nents as rvell as

posslble, These data can then be extrapolated to other
äonditions on the clear understanding that the extrapola-
ttoru are guidelines with which engineers can supl)Iement
their existing knowledge. In this contert' existing ex-
perlnrental and prototype test pavem€nts are normally
ihe best to use, because a nuntber of variations are
usually ir:corporated in the eqreriment and a well-
defineà program of testing is carried out. The eryeri-
mentd ;ections described in this paper are an example
of this type. One of the maiu ainls of these erperimental
sections was the determination of the behavior of
bituminous-stabilized-sand bases under the environ-
menLll and traffic conditions pertaining to this road.

Pavement Deformatlon

Prectse level deternrinations of permanent deformation
srere made for each of the experimental sections of the
road. These n¡easurenlents were originally made in
196? to establislt a datum line and then repeated in 1968'

1969, 19?1, and 19?3' The nìaximunr rut depths in the
lnner and outer lanes were determined from the mea-
surements. Semilog piots of rut depth versus cumu-
lative number of equivalent 80-kN a-x]e loads for some

of the eqrerimental sections ale shown in F'igure 7.

The amount of heavy traJfic olì these sections was

small, about 0.1 million equivãIent heavy axìes over
the 8-year test period' Holvever, the few heavy
axles borne by the section during this periocl were usu-
ally loaded more than the legal limit.

In Figure ?, the rut depth has been extrapolated to a

hisher nunrber of 80-kN a.des by using a linear-log re-
la[ionship (14). Fronì this relationship betrveen rut depth

and numtirîf equivelent 80-kN a-{es, it appears that the

base mixtures used would give reasonably acceptable
values of rut deoth even under freeway traJfic conditions
û.e., I million io 10 miliion equivalent axles).

The conditio¡rs under which the extrapolation will re-
maln valid âre

1. That no major variations in the environmental
conditions occur, other than those th¿t have already oc-
curred over the previous B Years'

2. That the behavior of the bituminous nraterials does

not go into the shear failure zone, ancl

3. fnat the defornlation behavior of the bituminous
materials used is not as dependent on their stress his-
tory as is that of, e.g., unbound granular ¡naterials'

The first condition is perhaps the most urÐredictable'
Tl¡ere are also other unpredictable factors, e'g., crack-
lng of the surfacing and base, which could allorv ingress
of-surface water to the subbase and result in excessive
deforntation.

Three zones can be identified ln the defor¡natlon be-
havlor of bituminous-based mi{ures to repetitio¡ìs of
load. In zone I' the¡'e is initial clefornration, but no
'further lrrcrease; in zotte 2, the deformation increases
at a constant rate; and In zone 3, excessive shear begln's

to take place.
Tho tonditions under rvhich zone 3-t¡re deformatlon

ì¡/lll occur c¿rn be studied by illvcstig¡ltin11 the cohesion
(c) a¡rcl the angle of intern;ìl friction (o) of the mltcrial
under the apprqrriate tcst conditions.

A study of this nlturo was c:¡¡'ried out by usine an ex-
trenle caie ol dual whecl lo¡lditlg \¡iith doul)lc the le¡;nl axle
lo¡d (2 tinrcs 40 kN). Under these conditio¡ts, the base

material should have a c-value greater than 35 kPa and a
ó-value greater than 2f (at 40oC) to prevent zone 3 de-
formatton, An atu1lysls of the Btress states of the l50-
mm-thick bituminous layer showed tl¡at' except for a

small area untìe¡'the whecl loads at the 150-mm depth'
the materiâl remained in the satlsfactory zones of de-
fornration. This condition is not considered important
from a practical point of view because of the extreme
loading conditions chosen.

Fracturc (Fatigue Cracking)

It is also desirable to estimate the cracking that can be

e)occted iI a similar base mixture is used in another
puventent with different loading conditions' At present,
ihe degree of cracking is knorvn for specific sections of
the SWA eq)eriment alter I years of trafficking. Section
8, for e:<ample, has a CI of l5 mm, which means that
1'5 percent of the area has cracks 1-nrm wide, after
100 000 load repetitions. This degree of cracking is ac-
ceptable even for freeways' However, to achieve thìs
level where there is a greater volume of equivalent 80-kN
axles, the maxinÌum tensile strain at the bottom of the
base layer must be reduced. The arnount by wltich it
must be reduced can be determined from the fatigue be-
havior of the material, as shown in Figul'e 8. From
knowledge of the tensile strain computed for the condi-
tions at the naveme¡tt section (in the c¿se oI section 8,

400 microstiains) and of the traific. a point on the strain-
versus-load-repetitions (e-¡¡) Iine can be established.
The slolre of the (e-N) line representing the material
used foi the base rvas taken to obey the formula given
by Brown and PeIl (l¡)' rnis relationship can be deter-
mined either by meÑirrement or by the average va-lues

used (14, l5). In Figure 8, the average value for the
slope õÎ-tiìã line was used. In the case of section 8, the
maximu* permissible strain level is approximately 210

microstrains.
A reduction in strain at the bottom of the base can be

achieved either by increasing the modulus of the subbase
(i.e., by increasing the CBR or by stabilization) or by

increasing the thickness of the base layer. Structurel
analysis using elastic theory is an effective methocl of
deterrnining the upgrading of the pavemer)t that is nece6-
6ary to âvoid fatigue cxacking of the base materiaL.
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Refcrence 5
A REVIEY OF HIGHVAY DESTGN PRACTTCES IN
DEVELOPING COUNTRTES

Cron, Frcdcrick W. Wash¡ngton, DC: lntemational
Bank lor Reconstruction and Development; 1975 May.
57 P.

Order lrom: lnternational Bank for Reconstruct¡on and
Devclopment, lSlE H Stre€t, N.W., Verhintton, DC
20433.

Thc deçign standards ol some lr0 h¡ghway proiccts
financed by the lnternat¡onal Bank tor Recolnsiruót¡on
and Dcvelopment between 1960 and l97O are re-
viewed, and areas of agreement between the stand-
a¡ds of the 63 countries sludied are identified;
practical highway standards based on these areas oi
atreement are sketched for the guidance of planners
in-developing countries. The roads discussåd here,
fall into three functiona.l categories: a sma.ll group oi
exprêssway-s, fre€ways and toll roads carryiñg lárge
volumcs of traflici a very large group bt -Z-lañ.
Nthways carrying a wide range of tralfic volumes
3ervint both .local and long diìtance traffici and a
smaller troup of low-traffic tert¡ary or spccia¡
Frrposc roads exist¡ng primarily for land seivice.
Comments are made on the problem of classityint
hithway standards, and on thé comparison of stándards. Condusions regarding stàndards for the
çapac¡ty- ¡elated e.lements of design and standards
for thc velocity-related elements of-design (radius of
curvature, stopping sight distance, passing sight
ostance, are d¡scussed, as well as the horizontal and
vcrtical clearances for bridges. The standard live
loadings for bridges, the itructural capac¡ty of
pavcments and legal load limits are covered, and
condusions relating to pavement desiRn, desicn
standards for Z-lane highways, -' rnc....ntä
deyelopment of highways, anã levels of scrvice'arê
prcsented.

The order should include all information given in parts (bl and
(c) above.

El pedido deberâ incluir toda la informaci6n dada en las partes
(b) y (cl.

L'ordre de commande doit inclure toutes les informations
donnêes dans les parties (bl et (cl.



Reference I
LOW COST ROADS¡ DESIGN' CONSTRUCIION AND
MAINTENANCE

Odier, L.; MillarrJ, R.5.; dos Santos, Pimentel; Mehrat
S.R. Úondbn: Butterruorths;1971. 158 p. (Sponsored by

UNESCO).

Out-of-print; riray be consulted at U.S. Department of
Transpoitation, Librar¡' Services Division, Room 2200,
400 Seventh Street, S.w.' \Tashington, DC 20590.

Engineering codes relating to road planlringr design,
coñstruction, .materials, and maintenance for use in
tlie developing countries are PresentecJ here. Basic
principles of road construction and maintenance
policy, including social anC economic asPects, master
plan and feaSibility stucíies, as well as stage construc-
iion, are covered. Traffic and oesign speecis, rJesign

related to vertical alignment aud horizontal align-
ment, and cross-section elenrents are discussed;
design principles for unimproved roads, improved
roads, roads with permanent surÍaces, and flexible
pavements are set forth. The drainage of the road is
èonsidered, inclr-rcling the conftci of erosicr¡ and the
stability of embankments and cuttings. Defensive
measures during wet-weather construction are noted.
The location and waterway requirements for bridges
anC culverts are discussecl, and the principal iactors
to be conside!'ed in the desìgn of bridge foundations
and structures are indicated. Notes are proviied on
constructlon operations anci plant that include pre-
lirninary and detailed surve)'s, setting, out, earth-
works, compaction, quarrying. soil stabilizationr bitu-
minou.s surfacing, anc.l concreting. The djscussion of
road maintenance distinguishes between short-termt
largely ma¡rual maintenance anC lorrg-term mainte-
narrce usualiy invoh'ing the use of rnechanical equip-
rnent. i\{etho<Js of estimating costs errl outiined and
sper:ial cc'nsider¡rtic,n is given to the choice between
manual ancl nrechanized r¡retllods or coml-rlnations of
the two.

SELECTED TEXT REFERF,i'¡CES

Reference 2

SOIL STÂBILIZATIOI'{; A lvtlSSlON ORIENTED
APPROACH

Epps, J.A.; Dunlap, W.A.; Gallaway, B.l"l.; Currin' D.D.
Soil Stabilization: Asphalt, Lirne, Cement.' I0 Reports.
Higlrway Research Board, Vaslrirrgton, DC 197 l;
ppi t-zO (Highwa¡' Researc'h Record Ñuinber 351).

Order frorn: Transportation Research Board' Publi-
catjons Of f ice, 2I0I Constitution Avenue, N.W.'
Washin6ton' DC 20418.

The widespread use of chemical additives for improv-
ing the physical properties of soils and soil-aggregate
yitems has emphasized the critical need of a

classification and irrdexing s)/steIn to simplify the
selection of the most desirable cllemical to be used

for the existing environmental conditions and service

demands. Such a system is described in this paper.
The soil-stabilization indexing system is subdivided
into . parts dealing seParately with limer portland
cement, bituminous materialsr and combinations of
these materials. The different criteria for the use of
eêch of these stabilizers àre described ¡n detail q/ith

extensive references to the literatlrre. A series of
flow charts has been developed that can be used in
selecting the type and the ar¡ount of stabilizer for a

given soil.

Reference 3
STATE, oF 1"HE ART: LiME STABILIZATION.
REACTIONS, PROPERTiES, DESIGN,
CONSTRUCTION.

Transportation Research Board Cornmìttee on Lime and

L¡me-Fly Ash Stabilization. Transportation Research
Board, \iasNngton' DC; September 1976i 3l P. (Trans-
portation tìeseãrch Circular Numl¡er t80).

Order from: Transportation Research Board' Publi-
cations Office, 2l0l Constitution Avenue, N.ll.,
Washington' DC 20418

This state-of-the-art report on lime stabilization is
based on a comprehensive analysis of current practice
and technical literature on soil-lime treatment.
Many engineering properties of soils are optimized by
lime treatment. Lime-treated soils are used in
pavernent construction as subgrades, subbase materi- 225
als, and base rnaterials. Topics included in this report
are'soil-lime reactions, soil-lime mixture design and
lime-stabilization construction. A list of references
is also included for more detailed information'

Reference 4

FIELD STUDIES OT,I TIIE PULYEI{IZAI'ION OF I]LACI(
COTTON SOIL FOR TI-IE CONSTIIUCTION OF
STABILIZED SOIL ROAD BASES

Uppat, Il.L.; Chadcla, L.R.; Dhau'an' P.K' Soil Stabiliza-
tiðn: À{ultipte 

^spects. 
.ll Reports. H.ighu'ay Research

Board, Washington, DC; 197$ pp 29-35 (Highway Re-
search Record Number 315).

Order from: Transportation Research Board, Publi-
cations Of f ice, 2I0l Constitution Avenue, N.W.'
Vashington, DC 20418.

Stabilization of black cotton soìl with linle has been
found effective in improving the engineering ProPer-
ties of the soil. Consequently, this has led to the
increasing use of lime-stabilized black cotton soil in
subbases or bases of road pavement. A properly
pulverized soil is, however, a prerequisite for suc-
cessful stabilization of soil. This paper describes a

number of methods that have been tried in the field
to achieve an economical and effective pulverization
method. lt has been shou'n that an acceptable degree
of pulverization can i¡e attained v¿hen the soil is
handled mechanicaily at a Particular moisture range
by using agricultural machinery.



Reference 5
SOIL-CEI4ENT: A MATERIAL OF CONSTRUCTION
FOR ROAD AND AIRFIELD PAVEMENTS

Bhatia, H.S. Kumasi, Ghana: Ghana Acadenry of
Sciences, Building and Road Research Institute; June,
t968. 70 p. (Technical Paper No. l).

Out-of-print; may be consulted at the Transportation
Research Board, Room 5l3r Zl00 pennsylvania Avenue,
N.W., Washington, DC 20037.

This monograph reviews the development of soil-
cement as an engineering material for road and
airfield construction, with special emphasis on tropi-
cal and subtropical conditions. The physicai and
engineering properties of soil-cement depend on the
nature of the soil; the proportion of soil, cement, and
water in the mixture; the compactive energy used for
the molding of the soil-cenrenr; and thé physical
conditions such as the curing temperatures and age of
the soil-cement mixes. The following topics are
dispussed: properties of soil-cement 

- 
(volume

changesr. thermal expansion, perrneability, strength,
etc.), criteria for selecting soils tirat are suitableJor
cement stabilization, important factors in the stabi.li_
zation of soil with cement (inciuding moisture density
relationship and avail¡bi.Jity of the soil-cement mix),
soils requiring special trearment, the stress-strain
characteristics of soil-cement, major factors affect-
ing the strength of soil-cement, and basic concepts of
pavement design using soil-cement as a rigid rnaterial
and as a f lexib.ie rnaterial. The monõgraph also
presents the criterion for mix design and describes
soil-cement constrltct¡on methocis anC eguipment re-
quirements. Quality control in the field for soil_

226 cernent construction is detaileC.

Reference 6
VARIATION IN LABORATORY AND FIELI)
STRENGTHS OF SOIL CEIçIENT MIXTUIIE.S

Melancon, James L., Shah, S.C. Stabilization. l'rans-
portation Research Board, \Vaslrington, DC; 1976; pp.
617.4 (l reports prepared f or'thr. 54th Annual lvteétirig
of the Transportation Research Board; Transportatioñ
Research Record 560).

Order fronl: Transportation Research Board, publi-
cations Oif ice, 2l0I Constitution Avenue, N.W.,
!lashington, DC 20418.

This repcrt evaluates the variability in compressive
strengths of stabi.lized in-place cement mìxtuies from
the standpcint of design and actual field conditions.
The findings are based on l5 projects witi¡ soils
ranging from high silt to high sand content arrd g to
l4 percent cement by volume. These data indicate
considerable variation in the laboratory anci field-
molded specimens.

l-lighs/gy Research Board, Washington, DC; l9Z0; pp.
3G45 (Highway Research Record t'lumber 315).

Order from: Transportation Research Board, publi-
cations Off ice, 2i0I Constitution Avenue, N.\\/.,
Vashington, DC 21418.

The compaction moisture of cement-stabilized soils is
usually specified as the optimum moisture content to
obtain maximurn density as determined by the stan-
dard Proctor test. Previous investigaiions have
shown that in some instances maximum density may
not correspond to maximum strength. If compaction
of the soil-cernent mix is delayed, the relaiionsh.ip
between compaction moisture and the strength anà
density of the soil-cement also changes. Thì-s study
investigates the relationship betwein compactioi
moisture content and the strength, density, and
durability of cement-stabitized soils in which com_
paction is delayed after mixing to correspond to
typical highway construction praclices. Four iypes of
soil suitable for cement stabilization were invesì.igat-
ed. 1'he compaction moisture content was vaiiecl
from 4 percent beiow to 4 percent above the optimum
mo¡sture content obtained by standard proctor tests
with no delay between mixing and compaction. At
each of the moisture content¡ and at fhe optimum
cement corìtent, specimens were compacted 0, 2, 4,
and 6 hours after mixing with no intermìttent mixing.
Specimens \À'ere prepered for unconfinecJ compressiË
Srrength and durability tests. The results'cf this
investigation show that the loss in strengih antl
durabil.ity of soil-cernent resulting from a ãelay in
compactjon can be significantly reduced in many
irrstances by the addition of excess compaction
moisture. The silty loams and sandy .loams benefited
most after a delay in conrpacticn'byrgx..tt moisture.
Cement-stabilized silty clay loams and silts compact_
ed after delays showed little improvement irr strèngth
and durability with excess corrpaction mo¡sruie.
Without de.lay in compactionr only the silty clay
loam.s..ryere signilicantly irnproved in strengih ani
durability by the addition of excess com-paction
moisture. In granular. soils the addjtior¡ of excess
moisture inrprovsd the s.trength and clurabiljty after
delays in compaction. 'l'hii improvement resulte.J
from the inrprovecl iubrìc¿rtion of the soil aggregates
and subsequent increase in dry density. \\7ith fir,e_
grained soils excess moisture improved tlre properties
of soiJ-cement mixes compactecl $,itholrt de)ay by
incrcasing the amculìt of crment hyclration.

Reference 8
BITUMINOUS BASES AND SURFACI¡JGS FOR LOV/-
cosT Ro¡.Ds In¡ 1'|¡8. ]'ROPICS

Hitch, L.5.; Russel, R.B.C. Great Br,itain Roacl Re-
search Laboratqry, Overseas Unit; lg77. 3.3 pages plus
charts, (TRRL SuppJernentary Report 2g4).'

OrCer.from: 
-Transport 

and Road Research Laboratory,
Crowthorne, Berkshire RG ll 6 AU, U.K.

Mechanically stable materials for road bases are
often not obtainable in deveiop!ng countries. In tlre
Mjddle East, aggregates are ofien scarce but oil
products are readily available. The region has
therefore provided some of the earliest eximples of
bituminous stabilization, which or.iginally consistecl of
thin running surfaces over compaðted jand. Bitumi_
nous stabiiization can also enable local sand to be

Reference 7

CHAI.{CES IN TIIE. CHARAC]'EIìIS] iCS Orj CI-:.¡!ìENT-
STABILIZED SOILS DY ADDITION OF E,XCTJSS
COMPACTION ¡IOISTURE

Lightsey, George R.; Arrnarr, Ara; Callihan, Clayton D.
Soil Stabiliz¿jtion: Multipie Aspects. I I Reports.



used for base constructicn, and variotts tests and
design criteria have been proposed for such applica-
tions. The report describes full-scale experimental
trials,.supported by laboratory research, which have
enabled accePtance criteria for bitumen-stabilized
sand bases for light/medium traflic to be proposed.
Construction methods for biturninous stabilization are
also described. Details are given of methods of
surface dressing, which is impcrtant hoth as an initial
running surface on new bases anC as a maintenance
treatment. Premixed bituminous materials, both as

bases and surfacings, might perhaps be considered as

inadmissjble for low-cost roads. Such roads, hourever,
usually require progressive improvement because o{
the traffic growth that acconrpai'¡ies develoPment.
There is a growing use of strengtherring, overlays, and
the report briefly discusses preniixed r¡aterials and
their application.

Reference 9
PERFCIR;\{ANCE, STUDY OF ASPHALT ROAD
PAVEMENT WITH BITU¡IINOUS-STABILIZED-SAND
BASES

lr,larais, Claude P.; Freetne, Charles R. STabilizatior¡ of
Soils. Transportation Research Board, V./ashingtonr DC;
1977; pp.52-61 (TransPortatio¡l Research Record 6lr.l).

Order from: Transportation Research Board' Publi-
cations Off ice, ?l0l Constitution Avenue, N.W.,
Washington' DC 20418.

The possilrllity of using, the windblou'n sands that
occur in ttre northern areas of South West Africa for
the construclion of all-u'eather roads to carry lreavy
truck traf{ic has been investiSated. Laboratory
investigations and field trials in Pretoria, South
Africa, shou'ed that bituminous stabilization of these
sands was pro'nising, and a full-scale road experiment
to test a limited riumber of bases of bituminous-
stabilized sand was constructed in the homeland of
Owambo, South West Africa. This paper describes
the iaying of the experiment and the construction
techniques and control measures used. A new
technique that establislres the oPtin'rum time for the
conrpact.ion of a cutback bituminous-stabilized sand

mixture after aeration by using a vane sllear aPParat-
us is describcd' The vane shear qpparatus was also
used to rr¡easure the in situ shear strengths of the
various experimental bituminous-stabilized sand bases

after compaction and during service; the results of
these measurements, together with performance data
after I years' serv.ice with respect to deformation and
cracking, are discussed. Laboratory and field studies
are described and predictions about the performance
of a bituminous-stabiiized sand base under varying
trafflc condiiions are made by using the best known
techniques available al this time.

ADDIIIONAL REFERENCES

Reference l0
SOIL AND SOIL.AGCREGAl'E STABILIZATION

Highway Research Board, \'ashington, l)C; 1955. 175 p.
(A-symposium presented at the Thirty Fourth Annual
Meeting January 11-14, 1955; llighu'ay Researclr Board
Bulletin 108).

Order from: University Microfilms Internationalr 300

Zeeb Road, Ann Arbor, Ivtichigan 481Û6.

This bulletin rcìviews the state of the knovvledge of
soil stabilization in 195-5. The i4 papers presenteC in
this bulletin emphasize the scientific facts and
principles of soil stabilization, and the factors and
phenornena that must be considered in the engineer-
ing application of soil-stabilization methoCs. The
papers consider the importance of the inheritance
factor in the origin of clay minerais; describe the new
discipline, engineering pedology, and.its use in scien-
tific soil stabilization; describe colloid science and its
application to soil stabi,lization; discuss the prediction
ol the consisterrcy limits of soils and soil rnixtures;
and comment on the exchange absorption of large
cations by clays. Microt¡ial factcrs in soil stabiliza-
tion, the stabilization of Iaterite soilsr and the
stabilization of silty and clayey soils with lime-fly
ash mixtures are considered. Soil stabilization u'ith
resins and chemicals is also discussecl. Other asPects

-covered inc.lude the effect of calcium on the electro-
osmotic flow rate, the elastic behavior of soil-cement
mixtures, the factors infJuencing physical properties
of soil-cement mixtures, and the stabilization of
Tennessee gravel and clrert bases.

F.eference I I
SOII. STABI].IZATION WITH ASPHALT, PORTLAND
cEMENT, LIñ48 AND CIIEMICALS

Highway Research Board, Washing,ton, DC; 1960. 126 p.
(Presented at the 38tir Annual Meeting January 5-9,
1959; H.ighway Research Board Bulletin 241).

Order fron¡: University lvlicrofiims Internationalr 300
Zeeb Road, Ann Arbcr, l\lichigan 48106.

Six papers are published in this bulletin. The first
paper presents the results of a series of tests
performed on four Iowa soils stabilized rvith trvo
organic, cationic chemicals in combination rvith
ligrrin. The second paper describes a study of various
mixtures of soil, cutback asphalt, and water. A
comprornise moisture corrtent (CÀ'lC) for rnixing was
found, at which the variance of various ProPerties
(the maximum strength, maximum standard Froctor
density, minimum rnoisture absorption during irnmer-
sion, and mirrimum swelting) is minimized. Chemical
tréatments for surface hardening of soil-cement and
soil-lime-fl¡,ash ere discussed in the third paper, and
the improvement of soil-cement u'ith alkali met¿!
compounds in the fourth paper. The iifth paP,:r
reports a study of the effectiveness of pirosphoric
acid as a stabilizer fcr tu'o fine-grained scils (a

clayey silt and a heavy clay) u'rth particu,lar errplrasis
on the use of fluorine compcunds as cure-accelel'atcìrs
and of amines as waterproofers. 'l'he sixth paper
reports work on the use of calciurn chloride for soiJs
base stabilization.

227
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Reference l2
INFLUENCE OF STABILIZERS ON PROPERIIES OF
SOILS AND SOIL-AGGREGATE MIXTURES

Highway Research Board, Washington, DC¡ 1961. 159 p.
(Presented at the 39th Annual M-eeting Jãnuary ll-li,
1960; Highway Researclr Board BulletiiZSZ),

Order from: University i\ficrofilms International, 300
Zeeb Road, Ann Arbor, Michigan 48106.

Ten papers are presented in this bulletin. The first
paper reports the resu.lts of a study which used
compressive strength to evaluate the stability of five
se¡ected soils of widely varying physical pioperties
stabilized.with portland cemeni, ã lime anO ity ash
mixture, phosphoric acid, and asphaltic cutback. The
second paper reports an investigation of soil water_
proofing and dustproofing mateiials. The improve_
ment of.phosphoric acid stabilization of fine_giained
soils with secondary additives is discussed in thã th¡rd
paper. The effect of phosphoric acid treatments on
the stability of compacted calcareous and non-
calcareous clay soils is discussed in the fourth paper.
Other papers describe sodium-chlor,ide-staÉilized
roads in lowa; the relative effects of chlorides,
lignosulfonates, and molasses on properties of soil_
aggregate rnix; bituminous stebilization of Wyoming
heat-altered shale; preliminary findings and 

-futurã
programming of a basic research project involving
calcium chloride with pure clays; crirrent interpretal
tion of stability measurements on two experimental
projects in Mary.larrd; and a study of the óccurrence
of potholes and washboards on soil-aggregate roads.

Reference l3
SOIL STABJLIZATION

Bezruk, V.A,l. Moscol, tl.S.S,R. IzcÍarei'stov; 196I.
373 p. plus titerature îT 70-57767; pB-280 29û-TlsT).

Order fronr: Narional Technical lnformation Service,
528J Port Royal Roadr springfield, Virginia 22161.

This book describes the origin, composition, and
propert.¡es of soils and the b,asic principles and
ntethods of soil stabilization. The various chapters
discuss the general concept of soils as dispersed,
rn-ultiphased systems, the granuloinetric compositiori
of non-coherent and coherent soils, ano the þhysicalproperties of soils. (hydrophily, plasticity, sweliirrg ancl
shrinkage, wetting, and adhesiveness). - The
structurat-nrechanical properties and the calculation
of strength and deformation properties are also
discussed. I'he methods of field investigation and
determination of the basic soil characteiìstics are
reviewed. The main featu¡es of soil distribution in
the USSR and the typical clay and cletrital scils ancJ
their distribution in rhe USSR are reviewed. The
scientific basis of soil stabilization is set fonh. The
ilnprovement of soil strength by artificial compaction
ancl granulometric additives is covered. Details are
givcn of soil s'labilization vrith portland cement, with
lime, with organic hinCers, and with synthetic poly-
mer resins. Clal' soil stabillzation with p,hosphatãs
and thermal soil stabiiizarion are also detailed. The
basic technological requiremen.ts an<j means for the
mechanization of soiJ-stabilization operations are
reviewed. Life test anC the results oi testing roacl
surfaces with stabilized soi.l structural layers are
given, as well as recommendations for roaá-surface
designs.

Reference Il¡
LIME STABILIZATION: PROPERTIES, MIX DESrcN,
CONSTRUCTION PRACTICES AND PERFORMANCE

Hfghway Research Board, Washington, DC; 1961. 147 p.
(Presented at the 40th Annual trieeting.ianuary 9-li,
l96l; Highway Research Board Bulletin ¡O¿+).

Order from: Univers.ity Microfilms lnternational, 300
Zeeb Road, Ann Arbor, Michigan 48106.

Nine papers. are presented in this builetin. The paper,
Accelerated Curing for Lime-stabilized Soili, 'de_

scribes the pre.liminary phases of a study to develop
specifications Jor the required compresslve strengtir
of lime-stabilized base and suLrbase materials. Tthe
influence of time between mixing and compaction on
properties of a lime-stabilized expansive clay is
considered in the second paper. The evaluation of
promising.chemical additives for accelerating harden-
ing of soil-lime-fly ash mixtures is described in the
third paper. The fourth paper describes the isolation
and invest¡tation of a lime-montmorillonite crystal_
tine reaction product. Other papers describä the
relation ol strength to composition and densitv of
lime-treated clayey soils, the limc )nd sodiurn sili-
cate stabil.ization of montmorillonite clay soil, and
the study of an old lime-stabilized gravel 

'base.

Lime-soil mixtures are reviewed, and the-gravels used
in lime-fly ash-aggregate composition are-evaluated.

Reference l5
LIME STABILIZATION CONSTRUCTION MAT{U.\L
SIXTH EDITION

National Lime Association, Washington, DC; 1916.
48 p. (Bulletin 326),

Order from: National Lime Assoclation, 5010 Visconsin
Avenue, N.ll., r#ashington, DC 20016.

This bulletin defines soil stabilization, describes the
effect of lime on soil, and proceeds io sequentially
cover the construction steps. This is followecl by á
more detailed treatm.ent.of the same steps, iricluding
all significant modifications, alterna.rivesr' and cor¡I
parative conclusions. A discussion of subbase, sub_
grade, and base stabilizat¡on covers scar.ification,
pulverization, lime spreading, mixing, watering, cur_
ing, compaction, and final curing. T'äe use of 6âgged
lime and bulk lime is covered, aJwell as the proiãnd
eons of dry vs. s.lurry methods. The double ap¡rlica_
t¡on of lime is also discussed. Comments are made on
miscellaneous considerations such as maintainint
traffic, the neecj for a u,earing surface, climatic
limitations, lime safe..y precautiois, bu.lk dánsìty, ancl
the use of quick lime and of other stabil.izers withlime. The appendix provides further information on
specifications for hydrated lirne and cther pertinent
specification ref erences.

Reference l6
TI-IE GEOLOCY AND CEOTECHNICAL PROPI:RTITS
OF THE BI.ACK COTTON SOIL.S OF NORTFIÈRN
NIGEIìIA

Ola, S.A. Engineering Geology: An InternationalJournal. Elsevjer Scientific publishing Cornpany,
Amsterdam, Netherlands. Vol. 12, No. 4i Decembèr
1978; pp. 37'5-391.



Order from: Elsevier Scientific Fublishing Compan-v,
P.O. Box 330, 1000 AH Amsterdam' The Netherlands.

The paper gives a brief review of the geology of the
black cotton soils of northeastern Nigeria. lvliner-
alogical analysis shows the soils to be predominantly
kaolinite and montmorillonite. Results presented
show low strength characteristics, a soaked CBR of
only 1.5, and a residua! strength Parameter of l2 deg.
The plasticity index decreases from 47% to J%' linear
shrinkage decreases from I I to 3.6% for an increase
in lime content of 0 to 9%, respectively. Results
presented indicate that a rnixture of both lime and
cement is necessary for adequate stabilization of
road bases for heavy wheel loads on the black cotton
soils of northeastern Nigeria. These results are in
g,eneral agreement with results previously Presented
for other African and Indian black cottcn soils.

shortcut test Procedures for sandy soils, raPid test
procedute, the testing of unusual sandy soilsr the
testing of plastic soil-cement, and the nrodification
<¡f soils with portland cement.

Reference l9
STABILIZATION OF SOILS IVITH PORTLAND
CEMENT: DESIGN' TESTING' PROPË,RT¡ES'
ADMIXTURES

Highway Research Board' Washington' DC; 196?. 123 p.
(Presented at the 4lst Annua.l lr'leetingr January 8-12,
1962; Highway Research Board Bulletin 353).

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

Seven papers are presented in this bulletin. The
paper, A Cement-Treated Base for Rigid Pavement,
presents the results of laboratory tests of various
mixes of the natural materials with cement, and
discusses the selection of the design mix. lllethods of
working the borrow pit and constructing the cement-
treated base are dlscussed in detail. The second
paper describes three alternate methods for measur-
ing freeze-thaw and wet-dry resistance of soil-
cement mixtures; length changer compressive
strength, and pulse velocity. Moisture-densityt
mo¡sture-strength and compaction characteristics of
cement-reated soil mixtures are described in the
third paper. Other papers discuss the effect of lime
on the cement stabilization of montmorillonite soils'
the strength-maturity relations of soil-cement mix-
tures, and the effect of su.lfates on cement- and lime- tto
¿tabilized soils. The seventh Paper reports on the use
of fly ash and sodium carbonate as additives to soil-
cement mixtures. Three soils (dune sands, friable
loess, artificial sand-loess mixture), fly ashes from
three different sources, cement type Ir and regent
grade sodium carbonate were used.

Reference 20
CEMENT-TREATED SOIL MIXTURES¡ l0 REPoRTS

Highway Research Board, Washingtonr DC; 1963;208 p,
(Presented at the 42nd Annual l\'leeting January 7-llt
1963; Highway Research Record Number 36).

Order from: University Microfilms Internationalr 300
Zeeb Roadr Ann Arbor, Nlichigan 48106.

Ten reports are presented in this bulletin. The
development, purpose and history of use of standard
laboratory soil-cement tests are described in the Jirst
paper, and a Calif ornia mix design for cement-
treated bases in the second paper. The latter Paper
notes the increasing emphasis on the use of granular
materials, resulting i¡r a decrease in cement content
and a minimization of shrinkage cracks. The third
paper describes British practice in the design and
specification of cement-stabilized bases and sub-
bases for roads. The fourth paper rePorts a laborato-
ry'test for evaluating the durability of stabilized
fine-grained soils subjected to repeated freeze-thaw
cycles. Further papers describe developments in
durability test¡ng of soil-cement mixtures, and the
determination of the cement content of soil-cement

Reference l7
SOIL CEMENT CONSTRUCTION HANDBOOI,'

Portland Cement Association.
40 p, (Engineering Bulletin).

Skokie, Illinois; 1979.

Order from: Portland Cement Association, 5420 OId
Orchard Road, Skokie' Illinois 60077.

The details are given of procedures for building a

soil-cement base course. The booklet shows how
high-quality soil-cement can be built rapidly and
easily under a wide variety of conditions by adhering
to the princip.les of thorough pulverization and mix-
ing, adequate cement contentr proper moisture con-
tent, and adequate compaction. The trses, Propertiest
laboratory tests, and general construction procedures
are detailecl. The details of preparation and process-
ing are given. Joint construction and multiple-layer
construction are also covered. Street construction
and airport paving are detailed. Other areas covered
incfude storage and parking areas, widening a.nd

shoulders, the recycling of flexibie pat/ementsr and
cement-modified soils. Cement-morlified granular
soils, silt, and c.lay soils are covered.

Relerence l8
SOIL CEMENT LABORATORY HANDBOOK

Portland Cement Assr;ciation. Skokier Illinois; 1971.

6l p. (Enginecring Bulletin).

Order fronr: Portland Cement Association, 5420 Old
Orchard Road, Skokie' Illinois 60077.

This handbook describes laboratory test methods of
determining the primary requisites for producing soil-
cement with satisfactory characteristics alld service-
ability. These requisites are that an adequate
quantity ol portland cement be incorporated with
pulverized soil, that the proper amount of water be
mixed uniformly with the soil-cement mixture, and
that the moistened soil-cement mixture be conrpact-
ed to proper density before cement hvdration. The
booklet discusses the following subjects in detail:
methods for testing soil-cement, the selection of
cement contents for tests' soil-cement test methods,
compressive-strength and other supplementary testsi
the establishment of cement factors for constructiont
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mixtures. Tlre react.ions accompany!ng stabilization
of clay with cement are discusserJ, and iomments are
made on the effect of chemicals on soil-cement
stabilization.

Reference 2l
ROAD NOTË, 3l: A cUtDE To STRUCI'U|{AL DESTCN
OF BITUMEN-SURIìACED ROADS IN TROPICAI- AND
SUBTROPICAL COUNTRIES

Transport and R<¡ad Research Lâboratory, Crowthorne,
U.K.i 1977 26 p. (Third Edition).

Order from: .Her_ Ir4ajesty's Stationary Office, 49 High
Holborn, London WCIV 6 HB.

This guide covers design requirements of most non_
urban roads in developing countries. Traffic js
dc'fined in terms of the cumilative equivalent nu;nber
of 8200-kg (18000-lb) axtes to be cairied during the
design life of the roads. Thus, this guicle may bJused
t.o design pavements for traffic flows tvit-h widely
different axle-lo.rd distributions and gives tlre design_
er greater flexibility in selecting the design life-of
the pavement. The guide emphasìzes the iòportance
of detailed consideration of the jnlluence of tropical
climaies on moisture conditions in road sub6rådes,
and the.desirability of adopting a stage constiuction
approach ro road building where trafiic growth rates
are high, or long-term predictions are uncertain. The
details are given of the three main steps to be
followed in designing a new road p¡.ivement: estimat_
ing the amount of traffic (ancJ iti axle-load distribu_
tion) that will use the road over the seiected design
life;.assessing the strerrgth of the subgrade soil over
which the road is built; and taking intõ consideration
the influence of subgrade moistLrre and the stage_
construction approach, in selecting the most econom-
ical combination of pavernent materials and .layer
thickness thit will l¡e iufficient to prortde sàtisfacto-
ry service over the design life of the pavement.

Il,eference 22
ÄSPHALT COLD-MIX MÄNUAL

Asphalt Institute. College Park, Maryland; February
1977. 106 p. (Manual Serics No. l4; [4S-14).

Order from: The Asphalt Institute, Asphalt Institute
Building, College Park, Maryland 20740.

This publication is designed to assist ancl guide
engineers in preparing a specification for the añdy-
sis, design, and control of aspha-lt cold-mix construc-
tion. The tert descrjbes typical rnixes that are
recognized and proven satjsfactory fol.preparation by
cold-mix methods. With the information providec.l, ii
will be possible to adapt specific conditlons to the
general specifications presented in the text. Basic
information on asphalt, aggregates, and mix design
are presented, and equipment for mixed-in-place and
-for construction are described. Equipment for plant
m¡xes and central plant mix construction is also
described. Appendices proviCe inforrnation on sug-
gested plant mix and mixed-jn-place specificationi,
as. well as specifications for stockpile patching
mixtures.

Reference 23
A BASIC ASPHALT EMULSION MANUAL

Asphalt_lnstitute. College park, Maryland; March 1979.
260 p. (Manual Series No-. l9; MS-I9);

Order from: The Asphalt Institure, nsp'tratt Institute
Building, Cotlege Park, Maryland 20740.'

This manr¡al attempts to ìmpart a basic understanding
of asphalt emulsions, and is designed to be of use iñ
choosing the emulsion that best fits a projectrs
specific conditions. It is also designed to'heip in
evaluating pavement systems for ionstruction and
maintenance. The chemistry of aspha.lt emuisions is
described, and the storage, handling, and sampling of
asphalt emulsions are reviewed. Ènulsified'aspÉalt
tests are detailed. Sel,-ction of the right type of
asphalt emulsion is discussed, ancl asphaìt emulsion
and aggregate application, as well as asplalt e:.nu.lsion
and aggregate mixes, are considered in detail. Mis_
cellaneous asphalt emulsion applications, mainte-
nance mixes, and various aspects of recycling are also
covered. Emulsified asphalt-aggregaie rn.i-x design
methods detailed include the As[ñalilnstitute Merh_
od and the proposed lllirrois method.

Reference 24
A CUIDE TO SHORT-CUT FROCEDURES FOR SOIL-
STABILIZATION V/ITH ASPIIALT

Vallerga, B.A. Oakland, California. Materials Research
and Developnlent Incorporated; April 196g. 3g p. (TN-
955; sponsored by Naval Civil E.ngineering Laboratory,
Port Hueneme, California; report /lAD 665 699),

Order from: National Technical Information Serv.ice,
5285 Port Royal Road, Springfield, Virginia 22161.

Short-cut laboratory and field procedures for the use
of asphalt in soil stahilization are detailed. These
proced.ures are applicable only when the plasticity
index (PI) is 6 or less, the sand equivalent'js 30 oi
more, no more than 25% of the soil passes the No.
200 sieve, and when the product of pl times percer¡t
passing the No. 2C0 s.ieve does not exceed 72, The
Iaboratory determinations covered here include gra-
¡l¡tion of soil, the sarrd equivalent or plasticity inãex,
the asphalt requirements, selectlon ôf asphalt typé
for emulsified asphalts, mixing water conient, corn-
pacting water content, laboratory <tensity, asphalt
requirernent for cutback asphalts, the seleciion oi the
asphalt t-ype for cutback asphalts, and the labcratory
density for cutback asphai.;s. The field operation;
covered here incluCe site preparation for in-¡rlace
mixing-, prelirninary processirrg of nraterial, ap¡il.ica-
tion of asphalt for in-place nrixing, mixing opeiation
for in-pJace mixing, site preparation for-stationai-y
plãnt-mixing preliminary processirrg before mixing by
stationa.ry p.lant, mixing operation by statioñary
plant, placing plant mix, checking planr nrix, spread-
ing. and. compacting, checking density, and'finishing
and curing.



lndex

The following index is an alphabetical list of
subject terms, names of people, and names of
organizations that appear in one or another of
the previous parts of this compendium, i.e., in

the overview, selected texts, or bibliography,
The subject terms listed are those that are most
basic to the understanding of the topic of the
compendium.

Subject terms that are not proper nouns are
shown in lower case. Personal names that are
listed generally represent the authors of selected
texts and other references given in the

bibliography, but they also represent people
who are otherwise identified with the
compendium subjects. Personal names are
listed as surname followed by initials.
Organizations listed are those that have
produced information on the topic of the
compendium and that continue to be a source of
information on the topic. For this reason, postal
addresses are given for each organization listed.

Numbers that follow a subject term, personal
name, or organization name are the page
numbers of this compendium on which the term

lndice

El siguiente índice es una lista alfabética del vo-
cablo del tema, nombres de personas, y nom-
bres de organizaciones que aparecen en una u
otra de las partes previas de este compendio,
es decir, en la vista general, textos selecciona-
dos, o bibliografía. Los vocablos del tema que
aparecen en el índice son aquellos que son ne-
cesarios para el entendimiento de la materia del
compendio.

Los vocablos del tema que no son nombres
propios aparecen en letras minúsculas. Los
nombres personales que aparecen representan
los autores de los textos seleccionados y otras
referencias dadas en la bibliogralía, pero tam-
bién pueden representar a personas que de otra
manera están conectadas a los temas del com-
pendio. Los nombres personales aparecen con
el apellido seguido por las iniciales. Las organi-

zaciones nombradas son las que han producido
información sobre la materia del compendio y
que siguen siendo fuentes de información sobre
la materia. Por esta razon se dan las direcciones
postales de cada organización que aparece en
el índice.

Los números que siguen a un vocablo del
tema, nombre personal, o nombre de organiza-
ción son los números de página del compendio
donde el vocablo o nombre aparecen. Los nú-
meros romanos se refieren a las páginas en la
vista general, los números arábigos se refieren a
páginas en los textos seleccionados, y los nÚ-
meros de referencia (por ejemplo, Ref . 5) indi-
can referencias en la bibliografía.

Algunos vocablos del tema y nombres de or-
ganizaciones están seguidos por la palabra see.
En tales casos los números de página del com-
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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 à dire dans I'exposé,
les textes choisis, ou la bibliographie. Les
mots-clés sont ceux qui sont le plus élémen-
taires à la compréhension de ce recueil.

Les mots-clés qui ne sont pas des noms pro-
pres sont imprimés en minuscules. Les noms
propres cités sont les noms des auteurs des tex-
tes choisis ou de textes de référence cités dans

la bibliographie, ou alors les noms d'experts en
la matière de ce recueil. Le nom de famille est
suivi des initiales des prénoms. Les organisa-
tions citées sont celles qui ont fait des recher-
ches sur le sujet de ce recueil et qui continue-
ront à être une source de documentation. Les
adresses de toutes ces organisations sont inclu-
SCS.

Le numéro qui suit chaque mot-clé, nom d'au-
teur, ou nom d'organisation est le numéro de la
page où ce nom ou mot-clé parait. Les numéros



or name appears. Roman numerals refer to
pages in the overview, Arabic numerals refer to
pages in the selected texts, and reference
numbers (e.9., Ref . 5) refer to references in the
bibliography.

Some subject terms and organization names
are followed by the word see. ln such cases, the
compendium page numbers should be sought

under the alternative term or name that follows
the word see. Some subject terms and
organization names are followed by the words
see a/so. ln such cases, relevant references
should be sought among the page numbers
listed under the terms that follow the words see
a/so.

The foregoing explanation is illustrated below.

pendio se encontrarán bajo el término o nombre
alternativo que sigue a la palabra see. Algunos
vocablos del tema y nombres de organizaciones
están seguidos por las palabras see a/so. En
tales casos las referencias pertinentes se encon-

Irarân entre los números de página indicados
bajo los términos que siguen a las palabras see
a/so.

La explicación anterior está subsiguiente-
mente ilustrada.

écrits en chiffres romains se rapportent aux pa-
ges de I'exposé et les numéros écrits en chiffres
arabes se rapportent aux pages des textes
choisis. Les numéros de référence (par exem-
ple, Ref. 5) indiquent les numéros des réfé-
rences de la bibliographie.

Certains mots-clés et noms d'organisations
sont suivis du terme see. Dans ces cas, le nu-

méro des pages du recueil se trouvera après le
mot-clé ou le nom d'organisation qui suit le
terme see. D'autres mots-clés ou noms d'orga-
nisations sont suivis des mots see a/so. Dans ce
cas, leurs références se trouveront citées après
les mots-clés qui suivent la notation see a/so.

Ces explications sont illustrées ci-dessous.
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lllustration (from Comp. 1)

Selected Text paqe numbsrsùerecreo I exl page numþ!
Números de página en los

Seleccionados
Numóros des pages des Textes Choisis

llustración (del Comp. 1) lllustration (du Recueil 1)

Sub¡ect term and see a/so torms
Vocablo del tema y términos see a/so

(ver también)
Mot-clé et see also

mountainous terrain (sce also degrec of curvature;
design speed; maxiñ-m gradieit; radius of curva-
ture; shoulder width): ll, 17r 34r 35r 3E, 173, 175,

217, 234, 23t

National Association of Australian State Road Author-
¡t¡es(P.O. Box J14l, Bricldield Hill, N.sV. Z0OO,
Australia):
¡rblications, xxiii, Rcf. t, Rel. 9

nopassing markings and signs: 31r 95, 132

norpassing sight distance, see stopping sight distance

Odier, L.: Ref.3

Oglesby, C.H.: 23 l, 233, 234, 2)9, 240, 24 l, 242, Ref . I 4

1
I

I Selected Text page numbsrs and reference
I number
L-¡¡¡-"ro, de página en lo¡ Textos

Seleccionados y número de referencia
Numéros des pages des Textes Choisis et

numóros des références

Organization name and address
Nombre y dirección de la organización
Nom et adresse de I'organisation

Overview page numbors and
reference number

Número de página en la Vista
General y números de referencia

Numéro des pages de l'Expose et
numéros des références

Subject term and see term
Vocablo del tema y término see
Mot-clé et see

(ver)

Personal names
Nombres personales
Noms propres



AASHO soil classification systcrn: 28

A-horizon soils: 3I

additives, ree bitumen stabilization; cement stabilization;
lime stabi.lization; lirne-fly ash stabilization; stabil.izers

aeolian sand, bitumen stabilized: xxvi,213-221, Ref. 9

Africa (:Cg¡Þq Ghanaian soils; Kenya; Nigeria; Sierra
Leone)f-f931 t96, 213, 2rq, zt 5, Ref. t5

age, influence of, on soil cement: xxü,128-129,132,
133, 160, 169' Ref. .5

aggregates: 40, Ref. 22,Ref..23
classification, 39
stabilization, Ref. 10, Ref. 12, Ref. l4

Air Force soil stabilization index system (5SIS): xviii,
25-28

airfigld pavement design: 135-143, 146
stabilization, Ref.5, Ref. l7

arid regions: 193,195

Arman, Ara: Ref. 7

asphalt cement: llr 4l
base course construction, 37

asphalt emulsion, see bitumen emulsion

Asphalt tnstitute (Asphalt Institute Building, College
Park, &{aryland 207 4O):
publications, Ref. 22

asphaltic concrete: 37, 38
surfaces, xxvir2A3

asphalts (:gg_ebg asphalt cement; asphaltic concrete;
performãnce; bitumen stabilization; cutback):
base course stabil.ization, 37
cold-mix, Ref.22

Atterberg lirnits: 28
.lime soil rnix, 55, 58
soil cement, 93r 94, 153

B horizon soils: I l3

base exchange: 104, 105

bascs, road (see also bitumen stabilization; cement
stabilization; linle stabilization):
biturnen stabilized, xxv, 41, 193-210,213-221, Ref. 8,

Ref. 9
cement stabilized, 36,79-85,139, Ref. 17, Ref. 20
lime-soil, 32, 57, Ref . 3, Ref. 14, Ref. l5
shaping and finishing, I I
stabilization, xxi, 16, 20, 27, 28, 66, Ref. 3, Ref. I I

batch mixers: 148, 149

Bezruk, V. M.: Ref. 13

Bhatia, H. S.: Ref. 5

binders, see bitumen stabilization; cement stabilization;
lime stabilization¡ lime-fly ash stabilization; stabilizers;
viscosity of binders

biturnen emulsion (see also bitumen stabilization;
emulsified asphailll-xxvi, 9, 11, 213, 214, 218, Ref.. 23

bitumen stahllization: xii, xvii, xviii, xxv, 6-9,19r25,
28-29, 30, 31, 35-42, 193-210, 211-221, Ref. l,
Ref. 2, Ref.8, Ref. 9, Ref. ll, Ref. 24

black cotton soil: xxir 79-83, Ref. 3, Ref. l6

b.lasting: l7-18

blending of soils: xiv, 154

borrow pits: Ref. 19

C.ll.R., se-e California bearing ratio

calcareous fillers: xxvi, 215, 216, 220

calcium chloride: Il2, l13, 116, ll7, ll8, I54, Ref. ll,
Ref. l2

calcium hydroxide (lS" u_!:g lirne-fly ash stabilization;
lime stabilization): 45, Il6, l17, Ref. l9

California bearing ratio (CBR): xxvi, 104, 105, 195,
Ref. l6

lime soil mix design, 55
Iime treated soil, 50, 51, 58, 8l
soìl cenrent m¡xtr-lrcs, 3, 12t1, 125, t26, 140, l4l,

143,144,145-1¿t7
testing gravelly soils, 7, 8

California n¡ixture design procedure: 59, Rcf. 20

Callihan, Clayton D.: Ref. 7

Casagranders soil c.lass.if ication system, see unified
soil classification system

cat¡on exchange, see .lime stabilization

CBR, see California bearing ratio

cement contents and cement concentrations: 108,
130, 13!, 154, 155, 156, 157, 16l, 173-175, 182,
Ref. 6, Ref. 17, Ref. 18, Ref. 20

cement hydration: ll0, ll6, ll8, 159, l8l, 188, 189,
Ref. 7, Ref. l8

cement stabilization: xii, xv, xvii, xxii-xxiv,6-9, 16,17,
19, 20, 25, 28, 30, 31, 34-35, 90-161, 173-179,
Ref. 2, Ref. 5, I{ef. 6, Ref. 10, Ref. ll, Ref. 12,
Ref. 13, Ref. 17, Rel. 18, Ref. 19, Ref. 20

influence of excess compaction moisture, l8l-190,
Ref. 7

selection of soil, 98-108

Chadda, L. R.: Ref. 4

chemical additives, see bitumen stabilization; cement
stabilization; lime stabi.lization; lìme-fly ash
stabilization; stabilizers
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chippings: l7

clayey soils (see also clays): 14, 97, 106, lO7, l3l,
134, 143,154, 182, Ref. 10, Ref. l2,Ref. 13, Ref. 14,
Ref. 17

recl, 19
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clays (see also black cotton soils): 48, 124, Ref. 10,
Rel. 12, Ref. 13, Ref. 14

ce¡nent stabilization, 7, 46, 103, 124
minerals, T,46, 124, Rel. l0

climate (¡SeglSq arid regions; dry season; rainy season):
xix, 27 , Ref. 2 I

codes, engineering: Ref. I

coefficient of uniformity: 6

cohesion of lime treated soils, 5l

col'res¡onless soils compaction pressures: i4

cohesive soils: 194

compactior-r: xv, xviii, xxvii, 8, ll-17, Ref . I
energy, xxä,92,108, Ref. 5
equipment, 13, l4
Iirne-treated soil, 47, 68, Ref. l5
soil-bitunìen, 200, 216-217 , 2l7 -2I8, 219-220
soil-cement, 92r93,,l08, 109, Ref. 7, Ref. 17, Ref. l9
time delay, xv, xxv, 187, 188, 189, Ref. 7, Ref. 14

compressive strength (see also unconfined compressive
strength): 144, Ref.T2-
lime-soil, 32,56,62, Ref. l4
soil-cement, 93,95, I I I, I 12, 117, 124, 125, 12.6,

127, 130, 131, 134,140, 160, 16l, 173, 17t+, lg4,
Ref. 6, Ref. 18, Ref. l9

concrete pavements, see rigid pavements

cone penetrometer methods: 196, 197

consistency index (see also liquid limit; plasticity;
plasticity ¡n¿ex):-EãtJo

costs of construction: 149-150

cracking: 7, Ref. 20
bitumen stabilized pavements, 220, 221

crushed stone, spreading of: l0

crushing: l7-18

curing: xx, Ref. 24
accelerators, Ref. I I
lime-soil, -58, 68, 71, Ref. 14, Ref. l5
soil-cement, 158-119, 168, 169
temperature, xii, xx, xúi, 7, 49r 92r 97, 129-134,

160, Ref. 5

Currin, D. D.: Ref. 2

cutback (see also bitumen stabilization):
asphalts, 38, 39, 41, 42, 159, Ref. I I, Ref. 12, Ref. 24
bitumens, xiii, xxvi, 9, 35, t96, 2l3r 2l4r 2l8,220,

Ref. 9
tar, xxvi,2l4r220

cyl¡ndcr penetration ratio: 145

decp stabi.lization of lirne-soil: 62, 63

deforr¡ation of l¡iturlen stal¡ilizcd pavement! 219-220,
221

density: (!€g 
=bS moisture-derrsity relations): 96,

Ref. 24
deter¡ninations, l4- I 6
dry, 12,13, 14-16,108, l8l, ReI.7
field tests, xviii, 158
lime treated soils, 48, 5l
maxilnum dry, xv, xxiv, 8, 12, 108, 156
soil cement mixes, ll0, 183, 189, Ref.7, Ref. 18

deserts:107-108

Dhawan, P. K.: Ref. 4

dolomite: 45

drilling: l7-18

dryseason: xi, l19

Dunlap, W. A.: Ref. 2

durability (gsg_djg wet-dry tests):
bitunren-stabilized bases, 2l 3
lime-soil, 32, 55
soil-cement mix, xxii, xxv, ll0-l 12, 183,184, 188,

189, 190, Ref. 7, Ref. 20

Eades and Grim mixture design procedure: 32r 59

earthworks: l6

elasticity (s"g_qlso modulus of deformation): l2l

Elsevier Scientific Publishing Company (P.O. Box 330,
I000 AH Amsterdam, The Netherlands): Ref. l6

emulsified asphalts: 40-42

engineering codes: Ref. I

Epps, J. A.: Ref. ?

equipment: xiv, xix, 19, 63, 66, 69,82-85, 168, Ref. 5,
Ref. 22

agricultural, xxi, 19,82-85, Ref. 4
compaction, 13, 14, 69,20A,zrc
grader, 10,19,167,216
mixing nrachines, xx.iii, 19, 20,21, 69, 148, 149, l5i,

152, 153, 167, )99,Re|.22
spreaders, 10r 66

expensive soils: 79

extrusion test¡ 39

fatigue: xx
lime treated soils, 52-55

field studies, biturninous surfacing: 217-220

fillers, calcareous: 215,216r 220

flexible pavements: 136,137-141r 206, Ref. l, Ref.5,
Ref. 9, Ref. l7

flexural strength: 136
lime treated soils, ,4
soil-cement, 93, 95, 97 , 137

flocculation-agglomeration, see linle stabilization

flow charts for selecting the type and amount of stabi.lizer:
xviii, 25, Ref. 2



Freeme, Charles R.: Ref. 9

freeze-thaw cycles:
lirne-soil, 56, .57

soil cement, Ref. 20

freeze-thaw test: 32, 36, llI, I 12, Ref. l9

Gallaway, B. M.: Ref. 2

Ghanaian soils: 90-161, Ref. 5

gradation:
of rnaterials suitable for bituminous stabilization,

37, 216, Ref. 24
soil cement, 124

grain size (Xç¡lgS soil particles): 28

gravel: 104,105,144r216, Ref. l0,Ref. l4
lateritic, 108, 109, 144

hand spreading ol stabilizers: 8-9

Highway Research Board (now Transportation P.esearch
Boar d) (_sS s_g.Lo_ Tr arìsport at iolr R esr: arch ßoard):
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publications, Rcf. 2, Ref. 4, Ref. 7, Ref. 10, Iìef. 12,

I{ef. 14, Ref. 19, Rcf. 20

l-litch, L. S.: Ref. ti

Hookers lars¡ I l9

Flubbard-Field stability: xxvi, 198, 204r 205

Hveern stabilometer test: 55, 58

hydrated lime applicationz 64, 67r 81

Illinois nrixture design procedure: 59

illite: 124, 126

improved roads¡ Ref. I

in-place mìx.ing: (ggg_gbg mix-in- place construction):
cement stabilization, xxiii
lime-soil, xxi, 6l-64

Indian soils: 79, 80r 95, 106, I 12, Ref. 16

kaolinite: 46, 124,126, Ref. l6

Kenya: 20

laboratory control during laying of experimental pavement:
2t7-2t9

laboratory tests: x.iii, xvür7, Ref. 24
bitunren surfacing, 2 17 -2 19
cptimum moisture content, 108
soil-lime mix design, 55-58
strength of soil-cement, 17)-178, Ref. 6, Ref. 19,

Ref. 20

level pegs, placement of; 217

Lightsey, George R.: Ref. 7

lime, see calcium hydroxide

lirne-asphalt stabilization: 29

li¡ne-cement stab.ilization: 29, 106

lime-fly ash stabilizationt 29, Ref. 10, Ref. lI, Ref. 12,
Ref. l4

lime stab!lization: xii, xvii, xviii, xx-xxi,6-9, 16,
19, 25,28,29,30,31-33, 45-74,79, I06, Ref, 2,
llef. 3, Ref. ll, Ref. 13, Ref. 14, Ref. i5, lief. 19

catiorr exchange, xix, 45-46, Ref. ll
f locculation-agglomeration, xix, 4 5-4 6
pozzo!anic reactions, xx, 46

liquid lirnit: 104, 105
of rnaterials sL¡itable ior biturnilrous stabilization, 37
soil-cement, 108, 109, 182

loanr (see also sandy loanr; silty loam; si.lty clay loarn):
soil-cement, 94

Louisiana mixture design procedure: 60

low-cost roads: xxv, 193-210, Ref. l, Ref. 8

macadams: 203

machines, see equipment

manual .labor (see also hand spreading irr soil stabilization):
pulverizatioñfET-EZ

Marais, Claude P.: Ref. 9

Marshall nrethod criteria: 37, 38, 40-42

Marshall stability: xxvi, 198, 204,205

Marshall test: 196

measurement of lime stabilization: 68-72

Mehra, S.R.: Ref. I

Melancon, Janres L.: Ref. 6

Millard, R. S.: Ref. I

minerals: 7, 46, 103, 124, Ref. l6

mix-in-place construction: xviii, l9
bitumen stabilization, 198-199
soil cement, xxiii, 19, 147,150

mixture design: Ref. 14, Ret.22, Ref. 23
soil bitumen, 39
soil cement, xxüi, 142-147, Iìef. .5, Ref . 19, Ref. 20
soil-lime, xix-xx, 55-75rRef, 14

modulus of deformation:
lime treated soils, 52, 5i
soil-cement, 93r 95, 97, I19, 138, 142

modulus of elasticity, see nrodulus of defc¡rmation

moisture content ($gg]:g moisture-density relation;
optirnum moisture colitent): xi, xxi, l), 14, 15,

19,71r83,84, 105, l5r-158, Ref. ll, Ref.24
soil cenrent, lll, 120, 168, l8l-190, Ref. l7

moisture-density relations: 48
soil-cement, 108-110, ,I.60, 185, 189, 1.90, Ref. 5,

Ref. l9

molding water content: l8l.-190
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montmorillonite: 46, 48r79, 124, 126, 128, Ref. 14,
Ref. 16, Ref. 19

mortar: 203

National Lime Association (5010 Wisconsin Avenue,
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publications, Ref. l5

Nigeria: 197
Northern, 196, Ref. l6

Odier, L.: Ref. I

Oklahoma mixture design procedure: 60

Olar 5.A.: Ref. 16

optimum moisture content: xv, xviii, l2
soil cement, xxiv, 108, ll0, 154, 182, 185, 190, Ref. 7

organic soils: xxii, 31,34,106,107, ll2-118, 154, Ref. l0

overlays, bituminous¡ 194

P.I., see plasticity index

pavement design: 13>141, L60,206, Ref. I, Ref. 2l

payment for lime stabilization: 68-72

perfornrance: xix
asphalt pavements, xxvi, 213-221
bitumen stabilized pavemcnts, 2?-0-221
conrpaction equipment, l4
stabilized soilsr 2T

permeability of soil-cement: 95, Ref . 5

pl{: 3l , 32, 33, 34
soil-cernerrt, 36
soil-lirne,46

phosphoric acid and phosphates: Ref. ll, Ref. 12.
Ref. l3

plant mixing:
lirne stabilization, xx, 64
soil-cement construction, 147, 148, 150

p.lasticity (see also plasticity index):
lime stabilized soiis, xx, 7, 4 5, 47, 48
limit, 104, 105
soil-cement, 106

plasticity index: 19, 28,104, Ref. l6
lime stabilized soils, 7, 49, 62
materials suitable for bituminous stabilization, 37,

Ref. 24
soil cement, 108, 109, 182

pneumatic tyred rollers: 13, 14,69,200,216

Poissonrs ratio:
li¡ne treated soils, 52, )4
sôil-cement, ll9

Portland cement (Cgq 4so cement stabilization): xviii,
ll2,l2o,l27;T7Ç-ß2, Ref. 2, Ref. 18, Ref. l9

Portland Cement Association (5420 Otd Orchard Road,
Skokie, Illinois 60077): 34,91, I 18, 15,
publications, Ref. 17, Ref. l8

pozzolanic reactions, see lime stabilization

Prandtl bearing capacity: 197, 1981 208

premix processi xviii, I99-200

pressure injection in lime stabilization: xx, 64

priming: 203

Proctor test, standard: xxiv, J8l, 182, Ref. 7, Ref. ll
pugmill: 19, 2l

pulverization: xiv, xxi, 9, 19r 67,68,154, Ref. 15, Ref.
black cotton soil, 79-85, Ref. 3

qtlality control
soil cement construction, xxii-xxiv, 150, lii-159,

Ref. 5
soil Iime construction, 70

quarries: l7-18, Ref. I

qtricklime: 65, 66, 67

R-valr.re, see Hveem stabilometer test

rainfall (!gg_qþg rainy season): xix, 102, 103

rainy season: (g"e_gþg rainfall): xi
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lime stabilization, 72^7 5
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soil-cement, 162-166, 190
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riding quality: 10, ll
rigid pavements: 136-137, Ref. 5, Ref. l9

rolled asphalt: 203
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sand replacement method: l4

sands: xxvi, 182, 189, Ref. 19
bitumen-stabilize d, 19 ), 19 4, 197, 20 4, 207, 2A8,

210,213-221, Ref. 8, Ref. 9

sandy clay: 144
compaction, l3
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sandy soils (see also sandy loam soil cement; silty
sand)r 9,ll¡¡-13, 143; Ref. 6, Ref. l8
California bearing ratio, 8
clay rnixtures, 126
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sealant, see waterproofing agents

selection of a soil for cement stabilization: 98-t08

Shah, S. C.: Ref. 6

shale, stabilization of: Ref. l2

shaping: l0-ll

shear box test: 207

shear strength:
bitumen stabilized sand, 213, 218, Ref. 9
lime treated soil, 50
soil-cement, 142

sheepsfoot rollers: 13, 69

shrinkage: 7, Ref. 13, Ref. 16
clayr 92r 95
soil-cement, 160, Ref. 20

Sierra Leone: 20

silts, soil cement: xxv, l8l, 182, 188, 189, I90
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silty clay loam soil cement: xxv, 94, 130, l8l, 182, 185,
186, 188, 189, 190, Ref.7
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bitumen stabilization, 38, 42,213
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Ref. 10, Ref. ll, Ref. 12, Ref. 13, Ref. 19
combination, 29, 106, Ref. 2, Ref. l6
selection of, xviii, 28-31r 32,35r 40, 194-200, Ref. 2
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lime-soil, 32, 33, 45, 47, 49, 50, 56, 57
so.il-cement, xxiv, 34, 93r 95-97, 123-134, l-54, 160,
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lime treated soils, 50-52, 54
soil-cement, xxii, ll9-123, Ref.5
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finish, I I
Iime-soil, 32, Ref . 3, Ref. 4, Ref . l5
shaping, l0
soil-cement, 139, 146, Ref. 20
stabilization, 27, Ref. 4

subgrade: 102-103,136, Ref. 2l
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lime-soil, 32,49r 57r 59-60,71, Ref. 3, Ref. 15
shaping, l0
soil-cement, 137, 138, 139, 142, 146, 153
stabilization, 27, 28

sulphates and sulphate contaminated soils: xxii, 31,34,
36, ll8-l 19,120, Ref. 19

surfacing layers:
asphaltic concrete, xxvi, 203
bituminous, xvii, 18, 193-210,217, Ref.8, Ref.2l
compacting, l4
finish, I I
shaping, l0-ll

swell pressure of .lime-treated soil: 48

tack coating: 203

tem perature (!gg_eþg curing):
bitumen stabilization, 218-219

tensile strength of lime treated soil: 50, 53

Texas mixture design procedure: 60
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lime-soil mixtures] 33,47-50, 51, 57 rvet-sand process (see bitumen stabilization): xxvii, 215
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thermal expansion: 95, 96
soil cementr 94, Ref. 5

thermal stabilization: Ref. l3
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design for rigid pavement, 137

Thompson mixture design procedure: 60-61
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