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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, adominant 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. 

Descripci6n del proyecto
 
En las regiones rurales de palses en desarrollo, 
el desarrollo de la agricultura, la distribuci6n de 
viveres, la provisi6n de servicios de sanidad, y 
el acceso a informaci6n por medio de servicios 
educacionales y otras formas de comunicaci6n, 
dependen en gran parte de los medios de trans-
porte. Aunque en ciertas 6reas los medios de fe-
rrocarril y agua desempefan un Dapel impor-
tante, existe una necesidad universal ydomi-
nante de crear sistemas viales que provean un 
medio asegurado pero relativamente poco cos-
toso para el movimiento de gente ymercanclas. 
La mayor parte de esta necesidad se soluciona-
ra con la construcci6n de caminos de bajo vo-
1Imen que generalmente moverlan 6nicamente 
de 5 a 10 vehiculos por dia yque pocas veces 
moverlan tanto como 400 vehlculos por dia. 

Description du projet 
Dars les r6gions rurales des pays en voie de 
d6veloppement, 'exploitation agricole, la disiri-
bution des produits alimentaires, I'acc~s aux 
services m~dicaux, I'acc~s aux mat~riaux et aux 
marchandises, A l'information et aux autres ser-
vices, dependent en grande partie des moyens 
de transport. Bien que les transports par voie 
ferrde at par voie navigable jouent un r6le impor-
tant dans certaines r6gions, un besoin dominant 
et universel 6xiste d'un r6seau routier qui puisse 

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 

El planeamiento, diseho, construcci6n y man
tenimiento de caminos de bajo volimen para 
regiones rurales de palses en desarrollo pueden 
ser mejorados, con respecto al costo, calidad, y 
rendimiento, por el uso de la tecnologla de ca
minos de bajo volOmen que se encuentra dispo
nible en muchas partes del mundo. Mucha de 
esta tecnologla ha sido producida durante las 
6pocas de desarrollo de lo que ahora son los 
palses mcls desarrollados, yalguna se produce 
continuamente en estos palses as[ como en los 
paises menos desarrollados. Pane de la tecno
logfa se ha documentado en disertaciones, artf
culos, e informes que han sido escritos por ex
pertos en el campo. Pero mucha de la tecnolo
gia no estc documentada y existe principal
mente en la memoria de aquellos que han desa

assurer avec certitude et d'une fagon relative
ment bon march6, le d~placement des habi
tants, et le transport des marchandises. La plus 
grande partie de ce besoin peut 6tre satisfaite 
par la construction de routes Afaible capacit6, 
capables d'accomrnoder un trafic de 5 a 10 vd
hicules par jour, OL. plus rarement, jusqu'A 400 
v~hicules par jour. 

L'utilisation des connaissances actuelles en 
technologie, qui sont acc6ssibles dans beau



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

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

rrollado y aplicado la tecnologla por necesidad. 
En cualquier caso, los conocimientos en exis-
tencia sobre la tecnologia de caminos de bajo 
vohimen est~n grandemente esparcidos geogrA-
ficamente, varian bastante con respecto al idio-
ma y su forma, y no se encuentran f~cilmente 
disponibles para su aplicaci6n a las necesida-
des de los palses en desarrollo. 

En octubre de 1977 el Transportation Re-
search Board (TRB) comenz6 este proyecto es-

pecial de tres arIos de duraci6n bajo el patroci-V1 	 nio de la U.S. Agency for International Develop-
ment (AID) para mejorar el transporte rural en 
los palses en desarrollo acrecentando la dispo-

coup de pays, peut faciliter I'6tude des projets 
de construction, trac6 et entretien, de routes 
faible capacit6 dans les r6gions rurales des 
pays en voie de developpement, surtout en ce 
qui concerne I'6conomie, la qualit, et la perfor-
mance de ces routes. La majeure partie de cette 
technologie a 6t: produite durant la phase de 
developpement des pays que I'on appelle main-
tenant developpes, et elle continue 6 dtre pro-
duite Ala fois dans ces pays et dans les pays en 
voie de developpement. Certains aspects de 
cette technologie ont 6t6 documentes dans des 
articles ou rapports 6crits par des experts. Mais 
une grande partie des connaissances n'existe 
que dans I'esprit de ceux qui ont eu besoin de 
developper et appliquer cette technologie. De 
plus, dans ces deux cas, les 6crits et connais-
sances sur la technologie des routes Afaible 
capacitd, sont dispersts geographiquement, 
sont 6crits dans des langues differentes, et ne 
sont pas assez aisdment accessibles pour Ltre 

the planning, design, construction, and mainte
nance of low-volume roads. With advice and 
guidance from a project steering committee, 
TRB defines, produces, and transmits information 
products through a network of correspondents in 
developing countries. Broad goals for the ulti
mate impact of the project work are to promote 
effective use of existing information in the 
economic development of transportation infra
structure and thereby to enhance other aspects 
of rural development throughout the world. 

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

nibilidad de la informaci6n en existencia sobre 
el planeamiento, disefo, construcci6n, y man
tenimiento de caminos de bajo volimen. Con el 
consejo y direcci6n de un comit de iniciativas 
para el proyecto, el TRB define, produce, y 
transmite productos informativos a traves de una 
red de corresponsales en pafses en desarrollo. 
Las metas generales para el impacto final del 
trabajo del proyecto son la promoci6n del uso 
efectivo de la informaci6n en existencia en el 
desarrollo econ6mico de la infraestructura de 
transporte y de esta forma mejorar otros aspec
tos del desarrollo rural a traves del mundo. 

Ademcs de la recolecci6n y distribuci6n de la 

appliques aux besoins des pays en voie de d6
veloppement. 

En octobre 1977, le Transportation Research 
Board (TRB) initia ce projet, d'une dur6 de 3 ans, 
sous le patronage de U.S. Agency for Interna
tional Development (AID), pour ameliorer le tran
sport rural dans les pays en voie de develop
pement, en rendant plus accessible la docu
mentation existante sur la conception, le tract, 
la construction, et r'entretien des routes Afaible 
capacit6. Avec le conseil, et sous la conduite 
d'un comit6 de direction, TRB defirnit, produit, et 
transmet cette documentation AI'aide d'un r6
seau de correspondants dans les pays en voie 
de developpement. Nous esperons que le resul
tat final de ce proje, sera de favoriser l'utilisation 
de cette documentation, pour .ider au develop
pement 6conomique de I'infrastructure des tran.. 
sports, et de cette fagon mettre en valeur d'au
tres aspects d'exploitation rurale Atravers 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 

of existing transporta-transportation, knowledge 

tion technology, and experience in its use.
 

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

informaci6n tecnica, se provee acciones recf-
procas personales con los usuarios por medio 
de visitas de campo, conferencias en los Esta- 
dos Unidos de Norte Am6rica y en el extranjero, 
y otras formas de comunicaci6n. 

Comit6 de Iniciativas 

El comit6 de iniciativas se compone de exper-
tos que tienen conocimiento de las caracteristi-
cas fisicas y sociales de los paises en desarro-
la, conocimiento de las necesidades de trans-
porte de los paises en desarrollo, conocimiento 
de la tecnologia de transporte en existencia, y 
experiencia en su uso. 

Las funciones importantes del comit6 de ini
ciativas son las de ayudar en la definici6n de 
usuarios y sus necesidades, de productos in-
formativos que se asemejan a las necesidades 
del usuario, y la identificaci6n de recursos de 

En plus de la dissemination de cette docu-
mentation technique, des visites, des conferen- 
ces aux Etats Unis et A '6tranger, et d'autres 
formes de communication permettront une inte- 
raction constante avec les usagers. 

Comit6 de direction 
Le comite de direction est compose d'experts 

qui ont Ala fois des connaissances sur les ca-
ract6ristiques physiques et sociales des pays en 
voie de dveloppement, sur leurs besoins au 
point de vue transports, sur la technologie ac-
tuelle des transports, et ont aussi de 'exp6

rience quant A l'utilisation pratique de cette 
technologie. 

Les fonctions majeures de ce comit6 sont 
d'abord d'aider Ad~finir les usagers et leurs be-
soins, puis de d~finir leurs besoins en matibre 

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

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

Information Products 

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

conocimientos y humanos para el desarrollo de 
los productos informativos. A traves de sus 
miembros el comit6 provee vinculos con activi
dades relacionadas con el proyecto y tambisn 
una guia para la interacci6n con los usuarios. En 
general el comit6 de iniciativas proporciona 
consejos y direcci6n general para todos los as
pectos del trabajo de proyecto. 

El personal de proyecto es responsable de la 

preparaci6n y transmisi6n de los productos in- A
 
formativos, el desarrollo de una red de corres
ponsales a traves de la comunidad de usuarios,
 
y la interacci6n con los usuarios.
 

Productos |nformativos
 

Se preparan tres tipos de productos informati
vos: los compendios de la informaci6n docu
mentada sobre ternas relativamente limitados, la
 
sintesis del conocimiento y pr~ctica sobre temas
 

de documentation, et d'identifier les ressources
 
documentaires et humaines necessaires pour le
 
developpement de cette documentation. Par I'in
termediaire des ses membres, le comit6 pourvoit
 
Ala liaison entre les differentes fonctions relati
ves au projet, et dirige l'interaction avec les
 
usagers. En general, le comit6 de direction
 
conseille et dirige toutes les phases du projet.
Notre personnel est responsable de Iaprepa
ration et de la edocuments, dudissemination 
dveloppement d'un rseau de correspondants 
pris dansla communau6 d'usagers, et de 'inte
raction avec les usagers. 

La documentation 

Trois genres de documents sont prepares: des 
recueils dont le sujet est relativement limit6, des -7 



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

Interactions With Users 
A number of mechanisms are used to provide in-
teractions between the project and the user 

un poco m~s amplios, y los expedientes de 
conferencias de caminos de bajo voltimen que 
est~n totalmente o parcialmente amparados por 
el proyecto. El personal de proyecto prepara los 
compendios a raz6n de unos 6 por afio; se utili-
zan consultores para preparar las sintesis a 
,raz6n de 2 por aro. Se publicar6 por lo menos 
un expediente de conferencia durante el pe-
riodo de tres ahos. En breve, este proyecto pre-
tende producir y dibtribuir entre 20 y 30 publica-

viii ciones que cubren mucho de lo que se conoce 
de la tecnologia de caminos de bajo vol Jmen. 

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

syntheses de connaissances et de pratique sur 
des sujets beaucoup plus gun~raux, et finale-
ment des comptes-rendus de conferences sur 
les routes Afaible capacit6, qui seront organi-
sees compl6tement ou en partie par notre projet. 
Environ 6recueils par an sont prepares par no-
tre personnel. Deux syntheses par an sont 6cri-
tes par des experts pris A l'ext6rieur. Les 
comptes-rendus d'au moins une contfrence se-
ront 6crits dans une p~riode de 3 ans. En r6-
sum6, l'objet de ce projet est de produire et dis-
s~miner entre 20 et 30 documents qui couvriront 
'essentiel des connaissances sur la technologie 
des routes Afaible capacit6. 

Interaction avec Ies usagers 

Un certain nombre de m~canismes sont utilis~s 
pour assurer l'interaction entre le personnel du 

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, tie project staff ac
quires first-hand suggestions for the project 
work and can assist directly in specific technical 
problems. Additional ,pportunities 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. 

yecto en cada edici6n de la Transportation Re
search News. Se transmiten, con los productos 
informativos, formularios de retroacci6n para 
que los recipientes tengan oportunidad de decir 
c6mo benefician los productos y c6mo pueden 
ser mejorados. A trav~s de visitas semianuales a 
los palses 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 t6cni
cos especificos. Surgen oportunidades adicio
nales para la interacci6n con los usuarios a tra
v~s de conferencias internacionales y naciona
les en donde participa el proyecto. Finalmente, 
se organizan diclogos con estudiantes de pal
ses en desarroilo que est~n inscriptos en uni
versidades norteamericanas. 

projet et la communaut6 d'usagers. Un bulletin 
d'information est publi6 dans chaque numero de 
Transportation Research News. Des formulaires 
sont joints aux documents, afin que les usagers 
aient l'opportunit6 de juger de la valeur de ces 
documents et de donner leur avis sur les 
moyens de les am~liorer. Au cours de visites 
semi-annuelles dans les pays en voie de d6ve
loppement notre personnel obtient de premiere 
main des suggestions sur le bon fonctionnement 
du projet et peut aider A r~soudre sur place cer
tains probl~mes techniques sp~cifiques. En ou
tre, des conferences tenues soit aux Etats Unis, 
soit Ai'6tranger, sont I'occasion J'un 6change 
d'id~es entre notre personnel et les usagers. 
Finalement, des colloques annuels sont or
ganis6c pour les 6tudiants des pays en voie de 
d6veloppement qui 6tudient dans les universit6s 
amrricaines. 
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Overview 
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 

Vista General 
Antecedentes y alcance 

En el Compendia 7: Gravas se dice que los 
caminos de bajo volOmen se construyen 
mayormente de suelos. Cuando estos suelos 
son de material granular tosco en la correcta 
graduaci6n, se puede construir una superficie 
de camino con capacidad de carga utilizando la 
estabilizaci6n mec.nica o granular. La mezcla 
correcta de tamafios de particula produce un 
efecto de engranaje, o resistencia mec~nica, 
cuando se compacta correctamente con 
humedad 6ptima o casi 6ptima. 

Los materiales granulares toscos, o gravas, 
no siempre se encuentran a distancias 
econ6micamente factibles para su transporte 

Expose
 
Historique et objectif 

Dans le recueil no, 7,nous avons formuld que 
les routes Afaible capacit6 sont, la plupart du 
temps, des routes de terre. Quand cette "terre" 
est constitu6e par des mat6riaux granuleux 
grossiers, de granulom~trie ad6quate, on peut 
obtenir, A 'aide de la stabilisation m~canique, 
une route dont la surface aura une bonne capa-
cit6 de portance. La compaction d'un melange 
ad~quat de grains de dimensions diffrentes, 
r~sulte en un ph~nom~ne d'accrochage ou r6-
sistance m6canique, quand ce m6lange est 

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 inmaintaining 
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. 

hasta la zona de construcci6n, especialmente 
en muchas de las 6reas en desarrollo a trav6s 
del mundo. Cuando se construye un sendero xl 
sencillo con materiales insitu, para solucionar el 
problema de los materiales inferiores se puede 
clausurar el camino durante los periodos 
cuando es estructuralmente defectuoso debido 
a excesiva humedad, es decir, durante la 6poca 
de Iluvia. Durante la 6poca de sequia, los 
usuarios pasan por grandes nubes de polvo y 
sobre roderas y baches porque es dificil man
tener una superficie de rodamiento razonable a 
un costo justificable en un camino construldo 
con materiales inferiores. 

compactL A,ou presqu'A, sa teneur en eau op
timale. 

Les mat~riaux granuleux grossiers, ou gra
viers, ne se trouvent pas toujours Aune distance 
de transport 6conomique, surtout dans les pays 
en voie de d~veloppement. Quand il s'agit d'une 
simple piste de terre construite de mat6riaux in 
situ, on peut r~soudre le probl~me de la qualit6 
inf~rieure de ces rnat~riaux en interdisant 'ac
c~s Acette piste durant la saison des pluies, 
quand I'humidit excessive la rend dangereuse. 

II 



xli 

Improving road surfaces made from inferior 
material is neither inexpensive nor simple. It 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, 

El usuario acepta estas condiciones cuando 
el volkmen de tr~nsito es bajo. Sin embargo, 
cuando el tr~nsito aumenta - especialmente si 
es comercial, es decir, camiones y autobuses 
utilizadcs con fines lucrativos - se presiona al 
constructor de caminos para que mejore las 
caracteristicas 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 
ahiadiendo algin material ajeno o combinaci6n 
de materiales que reaccionan qulmicamente 
con el suelo nativo para mejorar sus pro-
piedades ffsicas. La selecci6n de estos aditivos 
quimicos, Ilamados estabilizadores o aglu-
tinantes, depende de la clasificaci6n del suelo 
nativo a estabilizarse. 

Pendant la saison seche, les usagers de la piste 
avancent Atatons Atravers des nuages de 
poussiere, en suivant les ornieres, et en es-
sayant d'eviter les nids de poule, tout cela car il 
est difficile de garantir une surface de roulement 
adequate pour un prix justifi6, quand cette piste 
est construite en materiaux de qualit6 inferieure. 

L'usager acceptera ces conditions si la circu-
lation est tres modeste. Par contre, quand la cir-
culation augmente, particulierement si celle-ci 
devient commerciale, c'est i dire inclut des ca-
mions et des autocars essayant d'operer 6 pro-
fit, la situation change et on va faire pression sur 
les responsables du reseau routier pour obtenir 
une route praticable en toutes saisons et ayant 
une bonne qualit6 de roulement. 

L'am6lioration des routes construites avec de; 
mat6riaux de qualit6 inferieure, est une opera-
tion qui n'est ni simple, ni peu onereuse. Cette 
operation consiste Aajouter un ou plusieurs ma-
t(riaux, de fagon ti obtenir une reaction chimi-
que quand ils sont melanges au mat6riau in situ, 
qui ameliorera ses propri6tes physico-

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 reasonabk- lost. Although 
their use should certainly be investigated by 
highway engineers who have access to such 
products, Compendium 8 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 

Exposlci6n razonada para 
este compendlo 

Hay muchos aditivos que se pueden utilizar 
para estabilizar los suoos qulmicamente. Al
gunos aditivos - por ejemplo, melaza, sal, 
ceniza vol.til, fosfatos y sulfonato de lignina
son productos de industrias locales. Estos pro
ductos son de interes limitado ya que su utiliza
ci6n se limita a aquellos lugares donde se 
pueden obtener a co3to razonable. Sin duda ai
guna deben ser investigados por aquellos in
genieros que tienen acceso a tales productos, 
pero el Compendio 8 se interesa en los estabili
zadores obtenibles en cualquier lugar, es decir, 
cal, cemento, y productos asfclticos o 
bituminosos. 

mecaniques. La s6lection de ces adjuvants 
chimiques d6pend de la classification du sol 
que l'on veut stabiliser chimiquement. 

Objet de ce recueil 

On peut utiliser toute une gamme d'adjuvants 
pour effectuer la stabilisation chimique des sols. 
Certains d'entre eux peuvent 6tre les produits 
d'industries locales, tels que la melasse, le sel, 
les cendres volantes, les phosphates, le ligno
sulfite de sodium (sous-produit de la fabrication 
de la pAte Apapier). Ces adjuvants sont d'un in
tert limit6 car leur utilisation est restreinte aux 
endroits oO on peut se les procurer Ades prix 
raisonnables. Bien que, dans ces conditions, 
l'utilisation de ces produits devrait certainement 
dtre consider6e par les ing6nieurs routiers, nous 
allons examiner dans ce recueil, les stabilisants 
les plus usuels que Ion peut trouver partout: la 
chaux, le ciment, et les produits bitumineux. 

La stabilisation chimique des sols implique 
une serie de problbmes que l'on doit resoudre 



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 selected texts to deter-
mine the needed admixture rates. Inexperienced 

En la estabilizaci6n quimica hay una serie de 
problemas que deberin resolverse antes de 
poder construir un camino adecuado. A causa 
de la qran cantidad y variedad de problemas, 
muchos ingenieros han 3nido malas experien-
cias con relaci6n a los proyectos de estabiliza-
ci6n de suelos. Este compendio identifica y 
ofrece soluciones para algunos de estos 
problemas. 

El primer problema se relaciona con la iden-
tificaci6n del suelo o suelos a estabilizarse en un 
determinado proyecto. Ya que cada suelo reac-
ciona diferentemente con cada estabilizador, la 
mala identificaci6n de los suelos causa una in-
correcta selecci6n del agente estabilizador. 
Ademcs, algunos suelos no se pueden es-
tabilizar de modo seguro con los metodos con-
vencionales. Una vez identificado el suelo, se 
puede determinar el material estabilizador. 

avec succ&.; si I'on veut aboutir Aune qualit6 de 
roulement convenable. A cause du nombre et 
de la diversit6 de ces problmes, beaucoup 
d'ingenieurs ont 6t6 soumis Ades experiences 
desagr6ables lors de projets de stabilisation 
chimique. Dans ce recueil nous allons essayer 
d'abord d'identifier ces problmes, puis de leur 
trouver des solutions. 

Le premier de ces problemes est relatif A 
l'identification du sol ou des sols Astabiliser. 
Comme differents sols reagissent differemment 
avec chaque stabilisant, une mauvaise identifi-
cation d'un sol conduit Aune selection inexacte 
d'un stabilisant. En outre, il existe quelques sols 
qui ne peuvent pas 6tre stabilis6s en utilisant les 
m thodes conventionnelles de stabilisation. Une 
fois que le sol est identifi6 on peut determiner le 
stabilisant Autiliser. 

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 ot 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 orocedures mL!st 
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 

Un segundo problema es la determinaci6n de 
la cantidad de agente estabilizador a utilizarse. 
En los tuxtos seleccionados se explican varios 
ensayos de laboratorio utilizados para determi
nar las cantidades necesitadas de aditivos. Los 
ingenieros de poca experiencia que tienen in
tenci6n de utilizar estos ensayos deber~n 
ocuparse de los siguientes detalles: 

1. Todos los procedimientos de ensayo debe- xii 
r, n leerse cuidadosamente para determinar si 
los porcentajes a los cuales se refieren son por 
volOmen de material seco o por peso seco de 
material. Ademcs, con respecto al material 
bituminoso fluidificado ("cutback") o emul
sificado, se deberA averiguar si el porcentaje 
especificado (por peso o volkmen) es para todo 
el material tal como se aplique, o Onicamente
 
para la parte de cemento asf'ltico.
 

2. Los suelos que se utilicen en los ensayos 

Un deuxieme probleme concerne la quantit6
 
de stabilisant necessaire. Plusieurs essais en la
boratoire, pour la d6termination du dosage ap
propri6 des adjuvars sont esquisses dans les
 
textes choisis. Les ingenieurs peu familiarises
 
avec ces essais devront faire tres attention aux
 
points suivants:
 

1. On doit lire tres attentivement les instruc
tions avant de cummencer I'essai, pour d6termi
ner si les dosages se referent au volume de ma
teriau sec ou au poids de mat6riau sec. De plus,
 
avec les bitumes fluidifi6s (naguere appel6s les
 
cut-backs) ou avec les emulsions de bitume, il
 
faut verifier si ce dosage, ponderal ou volume
trique, se rapporte au materiau dans son en
semble tel qu'il va 6tre applique, ou seulement
 
pour la partie ciment asphaltique du materiau.
 



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 un!,ss 
specialized equipment !s used. However, the 
proper rate of application isoften a problem 
even with specialized equipment. 

deber~n 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. Deber~n ser consistentes 
durante todos los procedimientos de ensayo y 
deber~n representar el material y condiciones 
que realmente se encontrar~n en la construc-

xiv ci6n del camino. 
4. Los procedimientos de ensayo que se utili- 

cen deber.n representar, en forma realistica, las 
tecnicas de construcci6n disponibles en el 
campo, especialmente las operaciones de 
mezclado y compactaci6n. 

5. Los resultados de ensayo del laboratorio 
ser~n m~s favorables que los resultados de en-
sayo del producto terminado del campo. 

2. Les essais en laboratoire doivent 6tre faits 
sur des 6chantillons representatifs des mat6-
riaux que l'on va utiliser dans la construction rou-
tiere, preleves directement et de fagon adequate 
dans les gites ou les emprunts, car les resultats 
des essais ne peuvent pas dtre transferes d'un 
sol c un autre. 

3. Le stabilisant, 'eau, et la temperature de la 
cure, influencent les resultats des essais. Donc, 
il est important de les garder constants durant 
les essais, et de s'assurer qu'ils soient repr6seti-
tatifs des materiaux et des conditions tels qu'ils 
seront sur le chantier, lors de la construction de 
la route. 

4. Les methodes d'essais employees de-
vraient refleter, de fagon realistique les proc6-
d~s que l'on va utiliser sur le chantier, surtout en 
ce qui concerne le malaxage et !e compactage. 

5. Les resultats des essais faits en laboratoire 

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. If a qranular 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 chemica: stabilization does not 
react to moisture in the same way as a soil being 
mechanically stabilized, because the water is in-

La correcta aplicaci6n del agerte es
tabilizador en el campo es el tercer problema. El 
ingeniero en el campo deber, saber tambi6n si 
el porcentaje a aplicarse es por peso o voltmen. 
Es muy diffcil aplicar el aditivo uniformemente, a 
menos que se utilice equipo especializado. Fre
quentemente la aplicaci6n 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 preparaci6n del suelo antes de la apli
caci6n del estabilizador. '.-as arcillas pesadas 
deber~n pulverizarse antes de poder mezclarse 
correctamente. Si se agrega material granular al 
material in situ, 6ste deberA mezclarse bien 
antes de aplicar el aditivo. En los textos selec
cionados se explica c6mo utilizar los distintos 
tipos dr, equipo de construcci6n para mezclar 

seront plus favorables que les resultats des 
memes essais faits sur des 6chantillons preleves 
sur la route une fois qu'elle a 6t construite. 

L'application du stabiiisant en chantier pose 
une troisieme problbme. L'ingenieur routier doit 
savoir si le dosage de stabilisant est calculL en 
poids ou en volume. IIest tres difficile d'obtenir 
une couche uniforme d'enduit sans avoir recours 
Ades engins specialises. Midme avec ceux-ci, 
une vitesse d'application ad6quate n'est pas 
toujours facile Aobtenir. 

Un quatribme probleme est cause par le m6
lange du stabilisant et du materiau. Ce probleme 
peut aussi mettre en jeu la pr6paration du mat6
riau avant I'addition du stabilisant. Les argiles 
lourdes doivent 6tre pulverisees avant le ma
laxage. Si l'on doit ajouter des granulats au 
mat6riau in situ, il faut prendre la precaution 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 mechanical 
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 

los diversos estabilizadores con el suelo. Sin 
embargo, no hay explicaci6n que valga si el in-
geniero trata de acortar los procedimientos de 
mezclado para aumentar la velocidad de pro-
ducci6n. 

El quinto problema es el uso correcto del 
agua. Un suelo que se estA estabilizando 
quimicamente no reacciona a la humedad de la 
misma manera que un suelo que se est6 es-
tabilizando mecinicamente, ya que el agua 
toma parte en las reacciones quimicas de casi 
todos los procesos de estabilizaci6n quimica. 
Frequentemente la humedad 6ptima no da 
como resultado ni la mezcla m~s densa ni el 
producto resultante m~s resistente. Los metodos 
empiricos que muchas veces se utilizan para 
determinar la cantidad correcta de agua en la 
estabilizaci6n mecAnica podrian resultar en el 

bien les inmlanger avec celui-ci avant d'intro-
duire I'adjuvant. Le mode d'emploi de plusieurs 
engins pour melanger les diff6rentes sortes de 
stabilisant, est expliqu6 en d6tail dans les textes 
choisis. Cependant aucune explication, si d6-
taillee soit-elle, ne pourra venir AI'aide de I'ing6-
nieur routier qui va essayer de prendre un rac-
courci dans cette operation pour soit-disant 
augmenter la vitesse de production. 

Un cinquieme probleme Aconsiderer est celui 
de I'eau. Un materiau en train de subir un traite-
ment chimique, ne reagit pas de la meme faron 
AI'eau qu'un sol qui subit la stabilisation meca-
nique, car I'eau elle meme est associe aux 
reactions chimiques de la plupart des procedes 
de stabilisation chimique. Souvent la teneur en 
eau optimale peut ne pas resulter en le melange 
le plus dense ou le materiau final le plus solide. 
Les moyens empiriques qui sont souvent utilises 
pour determiner la teneur en eau necessaire 
pour [a stabilisation mecanique peuvent avoir 

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. Increasing 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 
stabilized material. While the cation exchange 
and flocculation-agglomeration reactions occur 
very rapidly in lime stabilization, all other chemi

fracaso de un material estabilizado 
quimicamente. Asimismo, ya que el agua toma 
parte en la reacci6n quimica, ciertas impurezas 
en el agua pueden inhibir la correcta estabiliza
ci6n quimica. 

Un sexto problema es la correcta compacta
cidn del material estabilizado. Cada agente es
tabilizador requiere su propia tecnica de com
pactacidn. La estabilizacidn quimica depende 
del tiempo. El esfuerzo necesario de compacta
ci6n, la numedad 6ptima y la densidad seca 
mAxima varian segn la demora entre la aplica- xv 
ci6n y la compactaci6n. La estabilizacien de 
cemento y suelo es la m~s sensitiva a esta de
mora. La resistencia del producto resultante 
disminuye rc.pidamente a medida que se au
menta el tiempo entre el mezclado y la compac
tacidn. Si se aumenta el contenido de humedad 

pour resultat la rupture d'un materiau stabilis6 
chimiquement. Le fait que I'eau est un des 
agents reactifs peut aussi signifier que si I'eau 
est impure, la stabilisation chimique ne se fera 
pas correctement. 

Le sixieme probleme concerne le compactage 
des materiaux stabilises. Chaque stabilisant 
exige sa propre technique de compactage. La 
stabilisation chimique se fait en fonction du 
temps. Leffort de compactage, la teneur en eau 
optimale et la densitO seche maximale varient 
selon les delais entre I'application et le compac
tage. La stabilisation au ciment des sols est par
ticulierement affectee par les delais de compac
tage. La resistance du sol-ciment decroit au fur 
et Amesure que le temps entre le malaxage et le 
compactage s'accrolt. En augmentant la teneur 
en eau durant le malaxage on peut quelque
fois reduire la perte de resistance causee par 
ces retards. Cependant, beaucoup d'ingenieurs 
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 

durante la operaci6n de mezclado, esto a veces 
reduce la p6rdida de resistencia debida a la 
demora. Sin embargo, son muchos los in-
genieros que no entienden totalmente la critica 
importancia de la regulaci6n del tiempo entre 
mezclado y compactaci6n de suelo-cemento. 

Un s~ptirno problema es el curado del mate- 
rial estabilizado. Mientras que el intercambio de 
cati6n y las reacciones de floculaci6n- 
aglomeraci6n ocurren r~pidamente en la es-
tabilizaci6n con cal, todas las otras reacciones 
que se describen en los textos seleccionados 
contin0an durante un perlodo considerable de 
tiempo junto con un aumento continuo de resis-
tencia en el producto resultante. Las t~cnicas de 
curado cambian de material a material. Se de-
bertn seguir las recomendaciones en los textos 
seleccionados para evitar dafio por el uso pre-

ciale de l'intervalle malaxage/compactage des 
sol-ciments. 

Un septi~me probl~me concerne la cure du 
mat~riau trait&. Les r6actions cationiques et de 
coagulation/agglomeration se produisent tr~s 
rapidement dans le traitement Ala chaux, mais 
les autres reactions chimiques qui sont d~crites 
dans les textes choisis continuent 6 se produire 
pendant un temps considerable, et Aaugmenter 
la resistance du mat~riau trait6. Les m~thodes 
de cure sont diff6rentes selon les mat6riaux. Les 
recommandations donn~es dans les textes 
choisis devraient 6tre suivies tr~s attentivement 
pour s'assurer que I'op~ration de stabilisation ne 
soit pas ruin~e par une circulation pr~matur~e. 

Le huiti~me probl~me Aconsid~rer concerne 
I'entretien des mat~riaux trait~s. Les textes choi- 
sis indiquent que les mat~riaux stabilis~s chimi-
quement sont utilis~s principalement comme 
couche de base. Une des raisons pour ce choix 

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 siabilized 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. 

maturo del proyecto de estabilizaci6n. 
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 estabilizaci6n quimica le 
da resistencia estructural al suelo pero no 
necesariamente mejora su resistencia a los efec
tos desgastadores del trLnsito. Otra raz6n es 
que la estabilizaci6n quimica por si sola no 
asegura que el suelo sea impermeable. Por esta 
raz6n los textos seleccionados recomiendan 
que a los suelos estabilizados se les d6 por lo 
menos una capa de imprimaci6n de material 
bituminoso. Este material ayudar.A en el curado y 
protejer, el suelo estabilizado del trnsito y del 
agua. 

La cantidad y magnitud de los problemas 

est que le traitement chimique augmente la r6
sistance fondamentale du sol mais n'ameliore 
pas n~cessairement sa capacit6 de resistance 
I'effet abrasif de la circulation. Une autre raison 
est que la stabilisation chimique par elle-m~me 
nassure pas l'imperm6abilit6 du sol trait6. Par 
consequent, plusieurs toxtes choisis recom
mandent que tous les sols trait6s chimiquement 
regoivent un enduit d'impr~gnation hydrocar
bone. Ce traitement hydrocarbon6 facilitera la 
cure et prot~gera le sol stabilis6 des effets de 
'eau et de la circulation. 

Le nombre et I'ampleur des probl~mes dont 
nous venons de parler d~montrent les difficult~s 
ir.h~rentes A Iastabilisation chimique des sols. 
L'ing~nieur qu construit des routes Afaible ca
pacit6 n'a pas toujours l'opportunit6 de devenir 
un expert en 'art de la stabilisation chimique 
des sols. Les frais en jeu, les erreurs qu'on au
rait p0 6viter, sont les raisons pour lesquelles les 



However, soil stabilization, when done properly, 
can be a viable option for the road designer arid 
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. It presents 
a general description of soil types that are suita-
ble for stabilization and of the physical fac!ors 

aquf presentados nos dan una idea de las difi-
cultades ingenieriles inherentes en la e'-fhiliza-

ci6n qufmica de suelos. Muchos ingenieL2- 'i 
caminos de bajo vol6men no tienen la opor-
tunidad de convertirse en expertos de este arte. 
Por raz6n de los costos y las equivocaciones 
que se podrian haber evitado en el pasado, los 
ingenieros de poca experiencia consideran la 
estabilizaci6n quimica como 61timo recurso. Sin 
embargo, la estabilizaci6n quimica correc-
tamente realizada puede ser una opci6n viable 
en el diserfo y construcci6n de un camino. 

Presentaci6n de los textos seleccionados 

El primer texto se compone de dos extractos 
de Low Cost Roads; Design, Construction and 
Maintenance (Caminos de bajo costo; diseho, 
construcci6n y mantenimiento) (UNESCO, 1967; 

ing~nieurs inexp~riment6s consid6rent le traite-
ment chimique des sols en dernier recours. 
Malgr6 tout, le traitement chimique des sols peut 
6tre une option viable lors de la conception et 
de la construction des routes. 

Discussion des textes choisis 

Le premier texte est en r~alit6 deux extraits du 
livre Low Cost Roads; Design, Constructionand 
Maintenance (Routes dans les pays en voie de 
d~veloppement; conception, construction et en- 
tretien) (UNESCO, 1967; traduction angiaise, 
1971). Le premier d6crit la stabilisation ou trai-
tement chimique des sols 6 I'aide de ciment, de 
chaux, ou de produits bitumineux. Ce texte pr6-
sente une description g~nLrale des genres de 
sols propices Ace traitement, et les facteurs 
physiques qui limitent I'emploi de ces sols. Les 
dosages utilis~s normalement, et la proportion 
minimale ou maximale d'6lrnents fins requis par 

that limit the use of these soils. The text discus
ses the rormal application percentages of the 
various stabilizers and the minimum or maximum 
proportion of fines required by each stabilizer. It 
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 ,he construc
tion of the roadway. It 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. It also describes 

traducci6n al ingles, 1971). El primer extracto 
describe la estabilizaci6n del suelo utilizando 
cemento, cal, y betin. Presenta una descripci6n 
general de tipos de suelo que son aptos para la 
estabilizaci6n y los factores fisicos que limitan el 
uso de estos suelos. El texto habla sobre los 
porcentajes normales de aplicaci6n de los di
versos estabilizadores y la proporci6n minima o 
mAxima 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 estabilizaci6n y 
para determinar la resistencia de suelos es-
tabilizados. 

El segundo extracto describe la construcci6n 
del camino. Se da importancia a la formaci6n 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 

chaque stabilisant, sont indiqu6s. Certains es
sais en laboratoire, qui sont utilis~s pour juger 
des possibilit~s de stabilisation d'un sol et d6
terminer sa r6sistance apr~s le traitement, sont 
expliqu~s.


Le second extrait d~crit la construction de la 
route. On met 'emphase sur le profilage de la 
couche de base parce que la qualit6 de la sur
face de cette couche d~terminera la r~gularit6
de I'enduit hydrocarbon6 mince qui constitue le 
revtement de surface appliqu6 sur les mat6
riaux stabilis~s des routes Afaible capacit6. Le 
proc6d6 de compactage est d~crit, et le rapport 
entre I'6nergie de compactage, la teneur en eau 
optimale et la densit6 s~che maximale, est ex
pliqu6. Le texte passe en revue les diverses fa
gon de mesurer la densit6 s~che in situ pour d6
terminer le taux de compactage. Des directions 
quant au nombre, genre et location des essais 
n~cessaires pour contr6ler le compactage sont 
pr~sent~s. 

xvi 



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. Itpresents 
guidelines for the types, numbers, and locations 
of tests required to control the compaction oper- 
ation. 

rhis text also addresses the major compo-
nents of tne 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, Soil Stabilization: A Mission 
Oriented Approach, is a report that appeared in 
Highway Research Record 351 (Highway Re-

de base estabilizados en caminos de bajo vo-
l6men. Tambi6n describe la operaci6n de com-
pactaci6n y explica la relaci6n entre el esfuerzo 
compactivo, la humedad 6ptima, y la densidad 
seca maxima. El texto habla sobre los ensayos 
de densidad realizados en el campo para de-
terrninar l&compactaci6n. Presenta una gula 
para los tipos, ncmeros y ubicaciones de en-
sayos que se necesitan para controlar la opera-
ci6n de compactaci6n. 

Este texto tambien habla sobre los com-
ponentes principales de la construcci6n 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. 

Les composants les plus importants pour la 
construction de sols stabilises soit sur place, soit 
en centrale, sont examines. On met r'emphase 
sur le dosage du stabilisant et le melange de ce 
stabilisant avec le materiau Atraiter. 

Le deuxime texte, Soil Stabilization: A Mis-
sion Oriented Approach (Stabilisation des sols: 
une approche systematique), est un rapport 
paru dans le Highway Research Record 351 
(Highway Research Board, 1971). Ce rapport 
decrit le Soil Stabilization Index System (SSIS) 
qui a 6t6 developpL6 pour le U.S. Department of 
the Air Force. Ce systhme a t6 concu pour ai-
der les ingenieurs dont I'experience est limitee 
quant Ala stabilisation des sols. 

Une serie de tableaux est presentee pour la 
selection du stabilisant et son dosage pour les 
differents sols. Ces tableaux sont A la fois pour 
la stabilisation mcanique et la stabilisation chi-
mique puisque les deux alternatives doivent 6tre 

search Board, 1971). It describes the Soil 
Stabilization Index 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 selectiog 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 ot 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-

El segundo texto, Soil Stabilization: A Mission 
Oriented Approach (Estabilizaci6n del suelo: 
un enfoque pr~ctico), es un informe que 
apareci6 en Highway Research Record 351 
(Archivo de Investigaci6n Vial 351, Highway 
Research Board, 1971). Describe el sistema de 
Indice para la estabilizaci6n del suelo (SSIS) de
sarrollado para el Departamento de la Fuerza 
A6rea de los Estados Unidos de Norte America. 
Este sistema asiste a los ingenieros con poca 
experiencia en la estabilizaci6n de suelos. 

El texto presenta una serie de diagramas que 
se pueden utilizar en la selecci6n del tipo y can
tidad de estabilizador para un suelo deter
minado. Estos diagramas incluen la estabiliza
ci6n qulmica y mecc nica; se deberln evaluar 
ambas alternativas antes de Ilegar a una deci

considerees avant la decision finale. Le SSIS 
traite de la chaux, du ciment portland, de mate
riaux hydrocarbones et de combinaisons de ces 
materiaux. Les criteres de sols utilises dans ce 
systeme exigent une determination des caract6
ristiques des sols assez simple. 

Les autres donnees que I'on peut entrer dans 
ce systeme comprennent: (a) facteurs d'utilisa
tion (couche de base ou couche de forme) (b)
facteurs climatologiques y compris les tempera
tures et les chOtes de pluie (c) facteurs de cons
truction y compris le materiel disponible et le 
temps de construction et (d) les conditions re
quises de performance in situ du sol stabilis6. 
Apres avoir entr6 ces donnees, on peut obtenir: 
(a) le stabilisant Autiliser, (b) le dosage du stabi
lisant, (c) ies sols qui ne se prdtent pas A la sta
bilisation, et (d) I'6limination de la possibilit6 de 
stabilisation Acause des conditions climatiques 
ou du manque de materiel adequat. 



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 

si6n. 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-
ci6n 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 Iluvia y la temperatura, (c) factores 
de construcci6n, 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 estabilizaci6n, y (d) la elimina-
ci6n de la posibilidad de estabilizaci6n debida a 
condiciones clim~ticas o falta de equipo apro-
piado. 

Deber6 subrayarse que este sistema no 
reemplaza el diseFlo estructural del pavimento. 

Nous appuyons cependant sur le fait que ce 
systeme ne peut remplacer le calcul des chaus-
sees. De plus, certains des resultats sont orien-
tes vers la construction des champs d'aviation. 
La liste complete des references utilisees pour 
compiler ce systeme est incluse dans le texte et 
aidera le lecteur A identifier les donnees se rap-
portant directement A la construction routiere. 

Le troisi~me texte est State of the Art: Lime 
Stabilization (Etat de la question: stabilisation A 
la chaux) (Circular 180, Transportation Re-
search Board, 1976). Ce rapport presente I'6tat 
de la question sur le traitement Ala chaux, en 
prenant pour base une analyse d'ensemble des 
m6thodes actuelles et de la littdrature technique. 
IIcontient quatre sujets principaux: reactions en-

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

The third text is State 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. It 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 

AdemAs, algunos de los resultados propor
cionados son para uso en campos de aviaci6n. 
Se incluye en el texto seleccionado la lista com
pleta de referencias que se utiliz6 para compilar 
este sistema. Esta lista ayudarA en la identifica
ci6n de los datos que se desarrollaron es
pecificamente para las prActicas de construc
ci6n vial. 

El tercer texto es State of the Art: Lime Stabili
zation (El estado del arte: estabilizaci6n con cal, 
Circular No 180 del Transportation Research 
Board, 1976). Este informe representa el estado xix 
del arte en el tratamiento con cal, basado en un 
an lisis comprensivo de pr~cticas actuales y 
literatura t6cnica. Contiene cuatro Areas prin
cipales de informaci6n - las reacciones entre la 
cal y el suelo, las propiedades y caracteristicas 
de los suelos tratados con cal, el diserho de 
mezclas de cal y suelo, y la construcci6n con 
estabilizaci6n con cal. 

La estabilizac;6n con cal se puede dividir en 
dos reacciones separadas: El intercambio de 
cati6n y la floculaci6n-aglomeraci6n ocurren 

tre le sol et la chaux, propri6t6s et caracteristi
ques des sols traites A la chaux, le calcul des 
melanges sol/chaux, et la construction avec le 
traitement A la chaux. 

Le mode d'action de la chaux peut Ltre divisd 
en deux parties: un 6change cationique accom
pagn6 d'une reaction de floculation/agglom6ra
tion, qui se produisent tres rapidement quand la 
chaux et le sol sont melanges intimement, et des 
r6actions pouzzolaniques sol/chaux qui sont 
fonction du temps et sont influencees principa
lement par les proprietes du sol en train d'etre 
trait6. 

Quand on leur adjoint de la chaux, pratique
ment tous les sols fins demontrent une diminu
tion de leur plasticit6, une amelioration 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. 

r~pidamente cuando el suelo y la cal se 
mezclan a fondo, y las reacciones puzol~nicas 
de suelo y cal dependen del tiempo y son in-
fluenciadas principalmente por las propiedades 
naturales del suelo que se estcA estabilizando. 

Casi todos los suelos de grano fino, cuando 
se mezclan con cal, demuestran una reducci6n 
de plasticidad y mejoria en manejabilidad y en 
las caracteristicas de cambio de volemen. Sin 
embargo, no todos los suelos demuestran 

xx 	 mejorla en las caracteristicas de resistencia, 
esfuerzo-deformaci6n, y fatiga. Las propiedades 
de las mezclas de cal-suelo dependen de 
muchos factores variables. Los factores m.s 
importantes son (a) tipo de suelo, (b) tipo de ca!, 
(c) porcentaje de ca! y (d) condiciones de 
curado, incluyendo ei tiempo, temperatura, y 
humedad. AOn m~s 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. 

maniabilit6 et de leurs caracteristiques de gon- 
flement. Cependant, tous les sols ainsi traites ne 
montrent pas necessairement une am6lioration 
de leurs caracteristiques de resistance, tension-
deformation et fatigue. Les proprietes des m6-
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, temperature et humidit6). Plus important 
encore est le fait que ces variables sont fonction 
l'une de I'autre, et que I'effet cause par le chan-
gement d'une variable donnee est fonction du 
dngr6 de sensibilit6 des autres variables. L'6ta-
blissement de critbres pour le melange chaux/ 
sol ; st dxpliqud. L'objectif principal en ce 

The major objective of the mixture design pro
cess is te 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. It 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. In-place mixing 

El objetivo principal del proceso de diseno de 
la mezcla es el de establecer un contenido 
apropiado de cal para la construcci6n. Los 
contenidos de cal de disefo se basan general
mente en un anclisis del efecto de porcentajes 
variables de cal sobre ciertas propiedades in
genieriles de la mezcla do cal-suelo. Es impor
tante observar que se pueden establecer distin
tos contenidos de cal de diseflo 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 disehio de mezcla. Los procedimien
tos de disero de mezcla deber6n ser lo suficien
temente flexibles para permitir el uso del juicio 
profesional cuando se tienen objetivos excep
cionales de estabilizaci6n. 

Hay esencialmente tres metodos reconocidos 
de estabilizaci6n con cal - mezclado in situ, 
mezclado en planta, e inyecci6n a presi6n. El 
mezclado in situ puede subdividirse en tres 
metodos: (a) mezclado de la cal con los 

cas, est de trouver le dosage appropriL de 
chaux pour la construction. Les criteres de choix 
des chaux sont bases sur une analyse de I'effet 
de differents pourcentages de chaux sur certai
nes proprietes routieres du melange sol/chaux. II 
faut signaler ici que differents criteres de choix 
pour le meme sol peuvent 6tre necessaires se-
Ion l'objectif du traitement Ala chaux, c'est A 
dire si I'on va utiliser le melange pour la fonda
tion ou le revetement, et selon la methode de 
melange choisie. Les m6thodes de melange de
vraient d'ailleurs dtre assez souples pour per
mettre I'exercice du jugement professionel 
quand on envisage le traitement Ades fins inha
bituelles. 

Essentiellement, il existe trois methodes 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 text, Field Studies on the Pulveriza-
tion of Black Cotton Soil for the Constructionof 
Stabilized Soil Road Bases, was published in 
Highway Research Record 315 (Highway Re-
search Board, 1970). It stresses the importance 
of properly pulverized soil as a prerequisite for 
proper soil stabilization. Black cotton soil (ex-

materiales existentes que ya forman parte de la 
zona de construcci6n o el pavimento, (b) 
mezclado de la cal con suelo de pr6stamo en 
una ubicaci6n fuera de la zona de construcci6n, 
transporte de la mezcla hasta la zona de con-
strucci6n para la manipulaci6n final y la com-
pactaci6n, y (c) mezclado en que el suelo de 
prestamo se transporta hasta la zona de con-
strucci6n donde es procesado. Esta secci6n in-
tenta describir y resumir los procedimientos y 
equipo modernos en la construcci6n 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 pulverizaci6n de suelo "black cotton" 
para la construcci6n de bases de camino de 
suelo estabilizado), fu6 publicado en Highway 
Research Record 315 (Archivo de Investigaci6n 
Vial 315, Highway Research Board, 1970). Sub-
raya la importancia de una correcta pulveriza-

stabilisation A la chaux: le melange en chantier, 
le melange en centrale, et l'injection de cartou-
ches de chaux. Le melange en chantier peut 
6tre fait de trois fagons: (a) on m6lange la chaux 
au materiau existant et faisant dejA partie de la 
route, (b) on melange la chaux au mat6riau 
d'emprunt et ensuite on transporte le melange 
au chantier pour la construction finale et le 
compactage, et (c) on transporte le materiau 
d'emprunt jusqu'au chantier et on le traite Ala 
chaux selon le proced6 utilis6 en (a). Les m6-
thodes de traitement Ala chaux, ainsi que le ma-
teriel utilis6 Aces f'ins, sont passes en revue 
dans la derniere partie de ce texte. 

Le quatrieme 6crit, Field Studies on the Pul-

verization of Black Cotton Soil for the Construc-


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. It 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 isexcerpted from Soil-Cement: A 
Material of Construction for Road and Airfield 
Pavements (Building and Road Research Insti
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 

ci6n del suelo como requisito previo a su es
tabilizaci6n. 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 dificil de pulverizar. El informe des
cribe varios metodos que se han utilizado en el 
campo para obtener un metodo de pulveriza
ci6n econ6mico y eficaz. Demuestra que se 
puede obtener un grado satisfactorio de pul-
verizaci6n con maquinaria agricola si el suelo se 
encuentra dentro de ciertos limites de contenido 
de humedad. 

El quinto texto fu6 extraldo de Soil-Cement: A 
Material of Construction for Road and Airfield 
Pavements (Suelo-cemento: un material de 
construcci6n para pavimentos de camino y 
aeropuerto, Building and Road Research Insti
tute, Ghana Academy of Sciences, 1967). Este 
texto afirma que la combinaci6n de suelo con 
cemento bajo condiciones controladas de 

tion of Stabilized Soil Road Bases (Etudes sur le 
c.,hantier de la pulverisation des terres noires 
pour la construction de couches de base en sol 
stabilise), fut pubti6 dans le Highway Research 
Record 315 (Highway Research Board, 1970). 
Cette communication met I'emphase sur la n6
cessit6 de pulveriser correctement le sol au pr&
alable pour obtenir une stabilisation convenable. 
Les terres noires (argile expansive noire ou gris 
foncee) peuvent dtre ameliorees efficacement 
quand on utilise la chaux comme stabilisant. 
Cependant, les terres noires sont particu
liirement difficiles Apulvdriser. Cette communi
cation decrit un certain nombre de procedes qui 
ont 6t6 utilis6 en chantier pour effectuer une pul
v~risation efficace et 6conomique. IIest demon-, 
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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. It 
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 suitable for cement stabilization. It 
describes the important factors in the stabiliza-
tion of soil with cement, including the moisture-

humedad y densidad produce un material de 
caracteristicas distintivas fisicas 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 energla compactiva utilizada para 
el moldeo del suelo-cemento, y (d) las con-
diciones fisicas, tales como las temperaturas de 
curado y la edad de las mezclas de suelo-
cemento. 

xxii El texto examina algunas propiedades de 
suelo-cemento tales como cambios de volimen, 
expansi6n termal, permeabilidad, y carac-
teristicas de resistencia. Subraya la necesidad 
de una investigaci6n del suelo de la ubicaci6n, 
en el planeamiento de un proyecto de es-
tabilizaci6n con cemento, y presenta los criterios 
para la selecci6n de suelos adecuados para la 
estabilizaci6n con cemento. Describe los fac-
tores importantes en la estabilizaci6n del suelo 
con cemento, incluyendo la relaci6n humedad-

tr6 que I'on peut arriver Aun degr6 de pulv6risa-
tion satisfaisant en utilisant du materiel agricole, 
si la teneur en eau du materiau est entre certai-
nes limites. 

Le cinquieme texte est extrait de Soil-Cement: 
A Material of Construction for Road and Airfield 
Pavements (Le sol-ciment: un mat6riau de cons-
truction pour routes et pistes d'aerodromes, 
Building and Road Research Institute, Ghana 
Academy of Sciences, 1967). Ce texte affirme 
que la combinaison de sol et de ciment, sous 
certaines conditions contr61ees d'humidit6 et de 
densit6, resulte en un mat6riau aux caracteristi-
ques physiques et de construction tres precises. 
Ces caracteristiques sont en fonction de (a) la 
nature du sol, (b) les proportions de sol, ciment 
et eau dans le melange, (c) I'6nergie de com-

density relationship and the durability of the soil
cement mix. It 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. It 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. Itevaluates 
the basic concepts of design considering soil
cement as a rigid material and as a flexible 
material. It concludes that design, using either 
concept, is overly conservative because soil
cement - basically a flexible material - shares 

densidad y la durabilidad de la mezcla de 
suelo-cemento. Define los suelos que necesitan 
un tratamiento especial, tales como los suelos 
org~nicos y suelos contaminados con sulfatos. 
El texto tambien examina las caracterlsticas de 
esfuerzo-deformaci6n del suelo-cemento. 
Analiza los factores principales que afectan la 
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 disefo de pavimentos de 
camino y aeropuerto utilizando el suelo
cemento. Eval0a los conceptos b~sicos de di
seho considerando el suelo-cemento como un 
material rigido y como un material flexible. Con
cluye que el diseflo, si se utiliza cualquiera de 
estos dos conceptos, es demasiado restrictivo 
ya que el suelo-cemento - bsicamente un 
material flexible - posee algunas de las carac
teristicas de un material rigido. 

pactage utilis6e pour le moulage du sol-ciment, 
et (d) les conditions physiques, comme la 
temperature de cure et I'age des m6langes sol
ciment. 

Le texte discute certaines proprietes des 
sols-ciment telles que: les variations de volume, 
I'expansion thermique, la permeabilit6 et les ca
ract6ristiques de resistance. On met I'emphase 
sur la necessit6 de faire une reconnaissance sur 
les lieux quand on envisage la stabilisation au 
ciment, et les criteres de choix des sols qui se 
pretent Ace traitement sont present6s. Les fac
teurs importants dans le traitement des sols par 
le ciment sont le rapport entre I'humidit6 et la 
densit6, et la durabilit6 du melange sol-ciment. 
Les sols qui ont besoin d'un traitement special 
sont les sols organiques et les sols contamines 
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some of the characteristics of a rigid material, 
The text presents the criterion for mix design. 

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

El texto presenta los criterios para el diseho 
de la mezcla. Tambien describe metodos de 
construcci6n con suelo-cemento incluyendo el 
mezclado in situ y el mezcfado en planta. In-
cluye tablas sobre el equipo tipicamente 
utilizado con diversos tipos de mquinas de 
mezclado, y las etapas en los procedimientos 
de construcci6n con diversos tipos de equipo 
de mezclado. El texto tambien incluye una sec-
ci6n detallada que describe el control de 
calidad en el campo para la construcci6n con 
suelo-cemento. El control cientifico en el campo 
deberfa incluir el acondicionamiento de la sub-
rasante, la selecci6n del suelo, verificaci6n de 
la calidad del cemento y agua, la proporci6n del 
mezclado, y los procesos de mezclado, coloca-
ci6n, compactaci6n y curado. 

El sexto texto, Variation in Laboratory and 
Field Strengths of Soil-Cement Mixtures (La va-
riaci6n en las resistencias de mezclas de 
suelo-cemento en el laboratorio y en el campo), 
apareci6 en Transportation Research Record 
560 (Archivo de Investigaci6n Vial 560, Trans-

par les sulfates. Les caract6ristiques "tension-
deformation" des sols ciments sont aussi di-
scutees. Les facteurs les plus importants qui in-
fluencent la resistance des sols-ciments sont 
analys6s: l'influence du ciment, 'effet de I'lge, 
et 'effet de la temp6rature de la cure. 

Ce texte decrit aussi la conception de routes 
et de pistes d'aerodrome AI'aide de sol-ciment. 
Les concepts de base de calcul en utilisant le 
sol-ciment comme un materiau rigide ou un ma-
teriau souple sont 6values. On conclut que les 
methodes de calcul de Iun ou I'autre concept 
sont trop moder6es, car le sol-ciment qui est au 
fond un materiau souple, partage quelques ca-
racteristiques d'un materiau rigide. 

Les criteres pour le calcul du melange sont 
presentes. Les m6thodes de construction du 
sol-ciment sont decrites et comprennent le m6-
lange en chantier et le melange en centrale. IIy 
a un tableau sur 'equipement necessaire pour 

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. 

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

portation Research Board, 1976). Evaltia el 
efecto de variaciones de los procedimientos de 
diseno en el laboratorio y compara las resisten
cias verdaderas en el campo con las resisten
cias de diseio en el laboratorio. Concluye que 
pueden ocurrir inconsistencias en el diserlo de 
laboratorio si no se adhiere cuidadosamente a 
factores como moldeo, temperatura, hidratacien, 
y tiempo de fabricacien. Asimismo, concluye 
que el mezclado in situ de cemento y suelo 
puede producir una variaci6n de 5 por ciento 
del contenido te6rico de cemento. 

El s6ptimo texto, Changes in the Characteris
tics of Cement-Stabilized Soils by Addition of 
Excess Compaction Moisture (Cambios en las 
caracteristicas de suelos estabilizados con 
cemento por la adici6n de excesiva humedad xxiii 
de compactacien), apareci6 en Highway Re
search Record 315 (Archivo de Investigaci6n 
Vial 315, Highway Research Board, 1970). In
dica que la humedad de compactaci6n de los 
suelos esiabilizados con cemento normalmente 
se especifica como la humedad 6ptima para ob

diff rentes sortes de machines melangeuses, et 
un autre qui 6xplique pas Apas la marche Asui
vre pour la construction en se servant de ces 
machines melangeuses. Une section detaill~e 
sur le contr6le de qualit6 en chantier est incluse. 
Ce contr6le doit comprendre: la preparation du 
sous sol; le choix du sol et la verification de la 
qualit6 du ciment et de I'eau; le dosage du m6
lange; et les proced6s de malaxage, de r6pan
dage, de compactage et de cure. 

Le sixieme texte, Variation in Laboratory and 
Field Strengths of Soil-Cement Mixtures (Varia
tions de la resistance des melanges sols-ciment 
selon les essais au laboratoire et sur le chantier) 
a 6t6 publi6 dans Transportation Research Rec
ord 560 (Transportation Research Board, 
1976). Ce texte 6value 'effet des variations qui 
existent entre les methodes d'essais des labora
toires et compare la resistance actuelle obtenue 
sur le chantier Ala resistance obtenue lors des 



design procedures and compares actual field 
strengths with laboratory design strengths. It 
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 avariation of ± 5 percent from the 
theoretical cement content. 

The seventh text, Changes in the Characteris-
tics of Cement-Stabilized Soils by Addition of 

tener la densidad maxima de acuerdo con el 
ensayo Proctor. En algunos casos la densidad 
maxima podria no corresponder a la resistencia 
mAxima. Si se demora la compactaci6n de la 
mezcla de suelo-cemento, la relaci6n entre la 
humedad de compactaci6n y la resistencia y 
densidad del suelo-cemento tambi~n cambia. 

El texto Ilega a la conclusi6n de que la p6r-
dida de resistencia y durabilidad del suelo-
cemento causada por una demora en la com-
pactaci6n puede reducirse considerablemente 
en muchos casos con la adici6n de excesiva 
humedad de compactaci6n. La resistencia de 
marga aluvial y marga arenosa mezcladas con 
cemento se increment6 en un 40-50 por ciento 

xxiv 	 con la adici6n de un 2-4 por ciento de excesiva 
humedad cuando se demor6 la compactaci6n. 
La marga aluvial arcillosa v el limo estabilizados 
con cemento y compactados despu~s de de-
moras, demostraron poca inejoria en resistencia 
y durabilidad cuando se ariadi6 excesiva 

essais en laboratoire. En conclusion, des varia-
tions peuvent exister dans les r~sultats des es-
sais en iaboratoire si on n'adh~re pas 6troite-
ment aux facteurs de moulage, temperature, ex-
tinction et temps de construction. Pour terminer, 
le m6lange en chantier du sol-ciment peut diff6-
rer de 5pour cent du dosage th~orique du ci-
ment. 

Le septibme texte, Changes in the Character-
istics of Cement Stabilized Soils by Addition of 
Excess Compaction Moisture (Modification des 
caract~ristiques des sols-ciments par addition 
d'eau exc~dentaire pendant le compactage), a 
6t6 publi6 dans le Highway Research Retord 
315 (Highway Research Board, 1970). IIest ii-
diqu6 que la teneur en eau de compactage pour 
les sols trait~s au ciment est d'ordinaire la teneur 
en eau optimale pour obtenir une densit6 maxi-
male selon I'essai Proctor. Cependant, dans cer-
tains cas, la densit6 maximale ne r6sulte pas en 
la r6sistance maximale. Si le compactage du 
sol-ciment est retard6, le rapport entre la teneur 

Excess Compaction Moisture, was reported in 
Highway Research Record 315 (Highway Re
search Board, 1970). It 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. In some instances 
maximum 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 den

humedad de compactaci6n. Sin embargo, sf 
mejoraron las margas aluviales arcillosas con la 
adici6n de excesiva humedad sin demora en 
compactaci6n. 

El texto indica que la cantidad de excesiva 
humedad que se requiere para mxima resis
tencia y durabilidad depende del tipo de suelo y 
el tiempo de demora entre mezclado y compac
taci6n. Excesiva humedad mejora la lubricaci6n 
de los agregados granulares de suelo despu6s 
de demorarse la compactaci6n, 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 hidrataci6n del 
cemento. 

El octavo texto fu6 extraido de Bituminous 
Bases and Surfacing for Low Cost Roads in the 
Tropics (Bases y revestimientos bituminosos 
para caminos de bajo costo en los tr6picos, 
Transport and Road Research Laboratory, G.B., 

en eau de compactage et la r6sistance et 
densite du sol-ciment, changent. 

La perte de resistance et de durabilit6 qui r6
suite d'un d'un dlai de compactage, peut 6tre 
r6duite consid~rablement s; I'on ajoute un exc6
dent d'eau au moment du compactage. La r~si
stances des sols-ciment de marne limoneuse et 
de marne sableuse est augment~e de 40 c 50 
pour cent quand on ajoute 2 A4 pour cent d'ex
c6dent d'eau quand la compaction est retard~e. 
Par contre la marne argilo-limoneuse et les 
silts trait~s au ciment et compact~s apr~s un d6
lai ne montrent gu~re d'am~lioration en r~si
stance et durabilit6 quand on leur ajoute un ex
c6dent d'eau. Cependant, si I'on ajoute cet ex
c6dent d'eau et que I'on compacte immediate
ment, leur resistance et durabilit6 se trouvent 
grandement am6lior~es. 

Le texte indique que la quantit6 d'exc~dent 
d'eau exig~e pour obtenir la plus grande r6si
stance et durabilit6, depend du genre de sol et 
de la p~riode de temps entre le malaxage et le 
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sity of the soil-cement also changes. 
The text concludes that the loss in strength 

and durability of soil-cement resultirg 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 2 to 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 by the 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 

1977). Describe ensayos experimentales 
realizados en escala natural y apoyados por in-
vestigaci6n en el laboratorio, que han instigado 
propuestas de criterios de aceptaci6n para 
bases de arena estabilizadas con betLin para 
trlnsito liviano-mediano. Subraya que el 6xito de 
la estabilizaci6n bituminosa del suelo depende 
de la correcta selecci6n del tipo y clasificaci6n 
de aglutinante bituminoso. La selecci6n del pro-
ceso mismo exige la consideraci6n de otros fac-
tores, tales como el tipo o tratamiento del mate-

compactage. Un excedent d'eau augmente la 
lubrification des agregats de materiau granuleux 
aprbs les delais de compactage, avec une 
augmentation subsequente de la densit6 seche. 
L'exc6dent d'eau ameliore les caracteristiques 
des melanges sols-ciment Agrains fins qui sont 
compactes immediatement en augmentant I'hy-
dratation du ciment. 

Le huitieme texte est tire de Bituminous bases 
and surfacings for low-cost roads in the tropics 
(Bases et revetements hydrocarbones pour rou-
tes 6conomiques des tropiques, Transport and 
Road Research Laboratory, U.K., 1977). IIdecrit 
des essais experimentaux Agrande 6chelle, ap-
puyes par la recherche en laboratoire, qui ont 
permis de proposer des crit~res de reception 
pour les couches de base en sable stabilisees 
avec un liant hydrocarbon6 pour les routes A 
circulation faible ou moyenne. L'emphase est 
mise sur le fait que la reussite du traitement aux 
liants bitumineux depend de la s6lection appro-

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). It 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. It stresses the fact that 
the success of bhiuminous soil stabilization de
pends on the -,,rrect selection of both the type 
and grade of bituminous binder. Selection of the 
process itself involves a consideration of other 

rial, la planta, y el medio ambiente. 1.:enciona 
que los valores minimos del CBR (California 
Bearing Ratio) empapado, que normalmente se 
utilizan como criterio para la estabilizaci6n de 
cal y cemento, presentan problemas en el di
sefio de la estabilizaci6n bituminosa de suelos. 
Esto es porque las mezclas bituminosas reac-
cionan viscoel~sticamente y son susceptibles a 
la temperatura. El informe recomienda que el 
disehio de las bases estabilizadas con betsn 
dependa de la estabilidad de la mezcla, y 

priees de la classe et de Ianature de ce liant. Le 
choix du porced6 de stabilisation lui-mdme im
plique I'examen d'autres facteurs tels que le 
genre de materiau et de traitement, la fabrication 
et les conditions climatiques. IIest note que les 
valeurs CBR minimales apres imbibition qui sont 
normalement utilis6es comme crit6res pour le 
traitement A la chaux ou au ciment, presentent 
des problemes dans le calcul du traitement aux 
liants bitumineux. Ceci provient du fait que ces 
materiaux bitumineux sont susceptibles, c'est A 
dire que leur viscosit6 varie en fonction de la 
temperature. Le calcul des bases stabilisees 
aux liants bitumineux d6pend de la stabilit6 du 
melange. Ce rapport suggbre comme valeurs 
minima!es pour les routes Afaible circulation: 

Stabilit6 Marshall 600 C .......... 100 kg
 
ou 

Stabilit6 Hubbard-Field A600 C ....300 kg 

Le neuvi6me texte, Performance Study of 
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features, such as material type or treatment, 
plant, and environment. Itnotes 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

Sbiahlt0 
or 

Stability, Hubbard-Field at 600 C ... 300 kg 

The ninth text, Performance Study of Asphalt 
Road Pavement with Bituminous-Stabilized-
Sand Bases, was published in Transportation 

sugiere los siguientes valores minimos para 
caminos con volimen liviano de tr~nsito: 

Estabilidad, Marshall 	a 60' C ...... 100 kg 
o 

Estabilidad, Hubbard-Field a 600 C . 300 kg 

xxvi El noveno texto, Performance Study of Asphalt
Road Pavement with 	Bituminous-Stabilized-
Sand Bases (Estudio de rendimiento de 
pavimento de asfalto con bases de arena es-
tabilizadas con betin), fu publicado en Trans-
portation Research Record 641 (Archivo de In-
vestigaci6n Vial 641, Transportation Research 
Board, 1977). Describe la construcci6n de un 
camino experimental utilizando arena e6lica 
(soplada por el viento), estabilizada con material 
bituminoso, como capa de base. Se utilizaron 
varios estabilizadores bituminosos, es decir, dos 
betunes fluidificados (cutback), una emulsi6n 

Asphalt Road Pavement with Bituminous-
Stabilized-Sand Bases (Etude du comporte-
ment des chauss6es en asphalte avec base de 
sable stabilis6 aux liants hydrocarbon~s), fut pu-
bli6 dans le Transportation Research Record 
641 (Transportation Research Board, 1977). La 
construction d'une route exp6rimentale dont la 
couche de base est faite de sable 6olien stabi-
lis6 aux liants bitumineux est d~crite. Plusieurs 
stabilisants bitumineux ont 6t6 utilis~s: deux bi-
tumes fluidifi6s ou cut-backs, une 6mulsion ca-
tionique et du goudron fluidifi6. Les cut-backs et 
I'6mulsion cationique ont 6t6 r~spectivement m6-
lang6s Aau moins deux dosages diff~rents. De 
plus, dans certaines sections de la route, on a 

Research Record 641 (Transportation Research 
Board, 1977). It 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 windblowil 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 

bituminosa cati6nica, y alquitr~n fluidificado. Los 
betunes fluidificados y la emulsi6n fueron incor
porados cada uno en por lo menos dos porcen
tajes distintos. Adem s, se aradi6 un relleno 
calcrea de 15% (por volimen) a la arena e6lica 
antes de ariadir los aglutinantes bituminosos en 
algunas de las secciones de ensayo. El esta
blecimiento de las mezclas de betn-arena 
sobre el camino se estudi6 durante dos afos 
bajo un sello liviano de arena antes de colocar 
una superficie de asfalto-hormig6n de 30 mm de 
espesor. 

El texto describe (a) los detalles del ex
perimento, (b) los materiales utilizados, (c) las 
t~cnicas de construcci6n, (d) el control de 
laboratorio durante la colocaci6n de las capas 
de base experimentales, (e) los estudios de 
campo realizados despu6s de completarse la 
capa de base y despu~s de la colocaci6n del 
pavimento, (f) las conclusiones hechas al final 

ajout6 15 pour cent (volume) de filler calcaire au 
sable 6olien avant I'adjunction des liants bitu
mineux. Le comportement de prise des 
m~langes sable/bitume recouverts d'une mince 
couche de sable, a 6t6 6tudi6 pendant deux 
ans, avant la pose finale d'uri rev6tement de 30 
mm de b~ton asphaltique. 

Le texte d6crit (a) les d6tails de I'6tude, (b) les 
mat6riaux utilis6s, (c) les m~thodes de construc
tion, (d) les examens de contr6le au laboratoire 
pendant la construction des diverses couches 
de base exp6rimentales, (e) les 6tudes sur le 
chantier apr6s la construction de ces couches 
de base, et apr~s avoir revdtu la chauss~e, (f) 
les conclusions de cette 6tude, et (h) I'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, (f) 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 

del estudio, y (h) la extrapolaci6n de los resul-
tados de rendimiento a condiciones de trcnsito 
de mayor voit~men. 

El metodo de construcci6n, que se conoce 
como el proceso de arena mojada de es
tabilizaci6n bituminosa, incluye la adici6n de 
agua a la arena y la mezcla de arena-relleno 
antes de ariadir el aglutinante, para aumentar la 
densidad y resistencia al esfuerzo cortante del 
producto terminado. La compactaci6n arbitraria 
de esta arena mojada (cuyo contenido de 
humedad es aproximadamente 10-12 por ciento 
antes de la estabilizaci6n con el aglutinante) 
tambien mejor6 la estabilidad pobre inherente 
de la arena seca. Como resultado, la planta es-
tabilizadora pudo trasladarse sobre la base de 

tion des resultats obtenus Ades conditions de 
circulation plus intense. 

La technique utilisee pour la construction, 
connue sous le nom de "wet sand process" 
(proced au sable humide) demande I'adjunc
tion d'eau au sable et au melange sable/filler 
avant I'adjunction du liant pour augmenter la 
densitd et la resistance au cisaillement du mate-
riau final. Le compactage, arbitrairement decide, 
de ce melange de sable humide (teneur en eau 
d'A peu prbs 10- 12 pour cent avant stabilisation 
avec le liant) ameliora aussi la stabilit6, plutot 
mediocre, du sable sec, et permit do pouvoir 
faire avancer 'enrobeur automoteur-auto-
chargeur Ala vitesse desire sans que les roues 

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. 

Biblingraphy 

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 

arena a la velocidad requerida sin excesivo res
balamiento. La condici6n 6ptima para la corn
pactaci6n del material estabilizado fu6 deter
minada por medio de una veleta. 

SibIlograf(a 

Los textos seleccionados son segui<,:; por una 
breve bibliografia qu9 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 
ariiculos, info, mes, y libros que se podrian nom
brar, no es el pruposito de esta bibliografia con

glissent Avide. La condition optimale de com
pactage du materiau stabilis6 a 6td determinde 
AI'aide de I'appareil Apalettes. 

Bibliographie 

Les textes choisis sont suivis d'une breve biblio
graphie contenant des donn6es de references 
et des analyses de 24 publications. Les neuf 
premieres decrivent les textes choisis. Les au
tres quinze dLcrivent des publications apparen
tees au theme des textes choisis. Bien qu'il y ait 
beaucoup d'autres articles, rapports et livres qui 
pourraient 6tre inclus, l'objectif 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
tiona 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 Onicamente 
aquellas publicaciones de las cuales se selec
cion6 un texto o las publicaciones b6sicas que 
se hubieran seleccionado si no hubiera un Ifmite 
al ntmero de p~ginas para este compendio. 

graphie n'est pas d'6num6rer toutes les r~f~ren
ces possibles ayant rapport au sujet de ce re
cueil. Donc, cette bibliographie, telle qu'elle, se 
rapporte seulement aux publications dont nous 
avons choisi des extraits, ou aux textes de base 
que nous aurions choisis aussi, s'il n'y avait pas 
de limites quant au nombre de pages de ce 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 hav- t,en 
reproduced from the original puLiication. 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 

Textos seleccionados 
Esta secci6n del compendio contiene pginas 
seleccionadas de los textos catalogados en la 
tabla de materias. Se utilizan recuadros rectan-
gulares para encerrar las p~ginas que han sido 
reproducidas de la publicaci6n original. Algunas 
de las p.Aginas 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 nmeros de p~gina del texto original apa-

Textes choisis 
Cette partie du recueil contient les sections ex-
traites des publications indiqu6es Ala table des 
mati~res. Les pages du texte original qui sont 
reproduites, sont entour~es d'un encadrement 
rectangulaire. Certaines pages ont dO dtre r6dui-
tes pour pouvoir dtre plac~es dans I'encadre-
ment. Le texte original n'a pas 6t6 chang6 
sauf pour quelques explications qui ont 6t6 
ins~r~es. Donc, si le texte original contient des 
erreurs, elles sont reproduites dans le recueil. 

La pagination originale apparait A l'int6rieur de 
'encadrement. La pagination du recueil est A 

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 

recen dentro de los recuadros. Los n~meros de 
pcgina para el compendio est~n fuera de los re
cuadros y aparecen en el centro del m~rgen iz
quierdo o derecho de cada p~gina. Los ncme
ros de p~gina que se dan en el fndice del com
pendio se refieren a los del compendio. 

Cada texto comienza con una o mcs p~ginas 
de material de introducci6n que contenfa la pu
blicaci6n original. Este material generalmente 
incluye una pdgina tftulo, un fndice, o ambos. 
Los asteriscos que han sido agregados al Indice 
original significan Io siguiente: 

.*Algunas p~ginas (o partes de pcgina) en 
esta parte del documento original aparecen 

t'ext~rieur de 'encadrement, soit Adroite, soit 
gauche de la marge ext~rieure des pages, et es 
celle qui est cit~e dans la table des mati~res et 
dans l'index du recueil. 

Chaque texte commence par une ou plusieurs 
pages d'introduction qui 6taient incluses dans le 
texte original. Ces pages sont g6n~ralement le 
titre, ou la table des mati~res, ou les deux. Des 
ast~riques ont 6t6 ajout6s Ala table des mati6
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. 

*"Allpages in this part of the original 

document appear in the selected text. 


The selected texts therefore incl.4de only those 
parts of the original documents that are 

en el texto seleccionado, pero otras p~ginas 
(o partes de p~gina) en esta parte de la pu-
blicaci6n original han sido omitidas. 

**Todas las p~ginas en esta parte del docu-
mento original tambi~n aparecen en el texto 
seleccionado. 

Por lo tanto, los textos seleccionados Onica-
mente incluyen aquellas partes de los documen-
tos originales que est~n precedidas por asteris-

incluses dans les textes choisis, mais d'au-
tres pages (ou portion de pages) de I'6di-
tion originale ont W 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 

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

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

cos en el fndice de las publicaciones respecti
vas. 

Lineas de guiones cruzando cualquier p~gina 
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 est~n insertadas en 
recuadros de guiones y comienzan con la pala
bra NOTE. 

pr~c6d6s d'un ast~rique dans les tables des 
mati~res des publications respectives. 

Les lignes bris6es sur les pages des textes 
choisis indiquent les endroits oO le texte original 
a t6 omis. A certains endroits, les textes choisis 
contiennent des explications qui ont 6tL 
ins~r~es par notre personnel. Ces explications 
sont entour6es d'un encadrement en pointill6, et 
commencent toujours par le mot NOTE. 
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I.I---------------------------------------
I NOTE: The deleted materialdoes not 
I, pertain to chemical stablization. I 

4.4.2.3 Stabilisedsoil (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 coefficient of uniformity should 
be greater than 5 and preferably greater than 10. The coefficient 
of uniformity is the ratio of the sieve size through which 600/o 
of the material passes to the sieve size through which 10/o of the 
material passes. 

The. important characteristic of stabilisation with 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-

II
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come wet. The mixtures. particularly with cement, may attain 
strengths considerably in excess of those of the compacted dry soil. 
High strengths arc not necessarily an advantage since they are 
accompanied by shrinkage and cracking to relieve internal stresses. 
Thus the proportion of cement or lime required normally ranges
between 3 and 70, by weight of the dry soil.' 0 

With lime stabilisation, clay minerals are necessary in the soil 
for the stabilisation reaction to proceed. A useful working limit is 
that the soil should contain at least 150 of fines passing the 425 pm
(US. 36) sieve and have a plasticity index of at least 10%. Cement 
may be used to stabilise both plastic and non-plastic soils. 

the suitability of soils for stabilisation with cement or lime is 
judged on the results of laboratory tests. The simplest test is a 
simple wetting and drying test to judge whether mixtures retain 
their strength when wetted. Quite useful results can be obtained 
by subjective assessment using hand and eye. A form of this test 
has been recommended by the Portland Cement Association and 
adopted as standard by the American Society for Testing and 
Materials.I I 

In testing the strength of stabilised soils the C.B.R. test iswidely 
used for testing gravelly soils whereas the unconfined compression 
test isoften used with finer textured soils. Both tests are often made 
at an age ofseven days comprising three days moist curing followed 
by four days immersion in water. Since the strength of stabilised 
soil mixtures iscritically dependent on temperature, where strict 
comparability between results is needed the temperature should 
be maintained constant (± 2'C) during these seven days. The 
curing temperature selected in tropical countries will normally be 
between 25°C and 35'C, the precise level being that at which it is 
possible to maintain an even temperature in a laboratory without 
refrigeration. 

Guiding criteria for laboratory tests are as follows: 
(a) C.B.R. Test. A.C.B.R. value of 80-1000,% at the density to 

which the soil will be compacted in the field. 
(b) Uncoq/ined Compression Test. Criteria are more uncertain 

lying probably between 350 and 1700 kN/m 2 (50 and 250 
lb/in 2) with the same qualitication on the density of test 
specimens. Fig. 4.3 shows 12. 13 the relation between C.B.R. 
and unconfined compressive strengths for a wide range of 
soils and it is suggested that the unconfined compressive
strength requirement for the different soils can be taken as 
that corresponding to a C.B.R. of 100%. 

7 
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In all but very dry areas it isimportant to examine the effects of 

moisture on the stabilised materials by testing specimens that have 
been immersed in water. Specimens should be prepared at the 
maximum dry density obtained in the BS. compaction test, 

700. 50-
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• Heavy clayA'SAConcreionary 
7gravel
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F. 4.3. Relaion between C.B.R. and unaconfined compressive strengthfor soil-ctment mixtures. 

2"5 kg (5"5 lb) rammer method since this is usually close to the 
density achieved in the field. Alternatively, a series of tests at a 
range of densities should be undertaken so that the strength at 
field density may be interpolated.The stabiliser content indicated from the test may have to be 
adjusted from a knowledge of how effectively the stabiliser will be 
spread and mixed with the soil in the field. With hand spreading, 
amounts of cement of less than 8 kg/m 2 (15 lb/yd 2) or of hydrated 
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lime ofless than 6"5 kg/m 2 (12 lb/yd2) for a 15 cm (6 in) thick base 
are difficult to distribute uniformly.' With most soils the stabiliser 
requirement will be of the order of 11 kg/m 2 (20 lb/yd2 ) for a 
15 cm (6 in) thick base and amounts exceeding 16 kg/m (30 lb/yd2) 
are usually uneconomical. To perform the mixing operation 
effectively, plant should be capable of pulverising the soil so that 
75% ofall material other than stone or gravel will pass the 4'75 mm 
(*h. in) sieve when mixing is complete 14 . 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 difficulty 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 14m 
(BS. 200) sieve does not exceed 10/o and is non-plastic. The 
cheapest method is to employ the sand without drying or heating. 
In wet areas this is accomplished by using up to 2% of hydrated 
lime as an adhesion agent in conjunction with a cut-back bitumen 
containing special acids to react with the lime"5 . In dry areas 
where the natural moisture con:ent 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 sufficient stability. 

Generally the proportions of bitumen required range between 
4 and 6%1 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 2%.10 

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

I I 

NOTE: Text deleted for continuity.-~~~~~~~ ~ 

9 
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6.4 SHAPING 

The riding quality of a road surface depends on the smoothness of 
the upper surface of the pavement and it is this quality which 
determines the comfort or discomfort experienced by the road 
user. A poorly finished surface gives an uncomfortable ride, in
creases the maintenance cost both for the road itself and for the 
vehicles travelling over it and increases hazards by allowing puddles 
to form 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 layer. 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 pla_'ed leads to an uneven surface. Rectification of this 
unevenness is often a time-consuming operation and in many 
instances is wastefil of material, since it is thoroughly bad practice 
to attempt to scrape off the high spots and distribute the material 
in thin layers in the hollows, especially on base layers. Such thin 
layers of material do not bond elfectivelv with the mass of the base 
layer and will subsequently .peel off under traffic. 

Thin bituminous surfacings are the norm in developing coun
trivs and the riding quality must be built into the base layer. The 
motor grader is widely used to shape natural gravel and soil 
whether stabilised or not and is rapidly superseding manual 
methods. With harsh base materials of large particle size, such as 
crushed stone, spreading may be carried out by spreader boxes or 
by paver, but hand finishing may still be needed. 

The motor grader is virtually indispensable nowadays both 
for road construction and for maintenance, its uses ranging from 
spreading and shaping pavement and embankment layers, and the 

*triinming of cutting and embankment slopes, to the digging of 
ditches. A skilled operator isessential when high standards of finish 
are required and unskilled operation can appreciably diminish its 
usefulness. 

In towns and cities, road surfaces must generally be finished to 
precise levels in relation to footpaths and adjacent property. On 
rural roads the surface must be built to precise levels on bridge 
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approaches; elsewhere it is ofno great consequence if final surface 
levels differ by 5 to 7 cm (2or 3 in) from the design levels. The im
portant consideration is to provide a true running surface of good 
riding quality and with the correct cambers and superelevation on 
bends. Standards of finish for the different layers of construction 
are indicated in Table 6.1. These standards are not difficult to 
achieve and, if they are combined with adequate design and care 
in compacting the different layers of construction, will provide 
roads that keep a good riding quality for many years. 

Table 6.1 RECOMMENDED STANDARDS Of FINISH ON PAVEMENT LAYERS 

.Ilaxitnum depression unIder 3 in (10 fi) 

Sufae f lar Mraight-edgemm in 

Subgrade 50 2 
Sub-base 25 I 
Base 13 1 
Base with thin bituminous surfacing 

lless than 25 mm (I in) thick) 10 j 
Surfacing 10 

On roads with the single or multiple bituminous surface 
dressings generally used in developing countries, particular care is 
necessary in shaping the surface of the base. 

The following technique has been used successfully on gravel 
bases. The spread and processed loose layer of material is shaped 
before compaction starts. The initial compacting passes are given 
by light rollers, pneumatic-tyred rollers operating at low tyre 
pressures being very suitable, so that the surface of the layer is not 
distorted. Compaction by heavy rollers follows and then the final 
grading (sometimes called scalping).4 Lastly a coverage with a 
smooth-wheeled roller is given to close the surface. Using such a 
sequence of operations, surface finishes complying with the above 
recommendations can be consistently attaineds. 

6.5 COMPACTION 

The aims in compacting soil and other materials in road building 
are: 
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(a) 	 to increase the strength of the material and thus obtain the 

best use from it as a component in the road structure,
(b) to reduce within tolerable limits subsequent compaction

under traffic, i.e. to prevent the road structure from being
distorted and possibly damaged by differential compaction 
under traffic. 

The process of compaction consists essentially of packing the 
particles ofsoil or other material closer together and expelling air.6 

Compaction is measured quantitatively in terms of dry density,
i.e. the weight of solid material per unit of bulk volume. 

The state of compaction achieved is determined by the amount 
and character of the energy applied and the moisture content of the
material. With a given conpactive effort there exists for each soil, 
as shown in Fig. 6.4, a moisture content termed the 'optimum
moisture content' at which a maximum dry density is obtained. 
As the compactive effort increases so the maximum density is in
creased and the optimum moisture content decreases. The effects 
of moisture content on compacted density can be appreciated by
considering the water as a lubricant. As the moisture content in
creases, the lubrication given by the water causes the soil to soften
and become more workable. This results in higher dry densities 
and lower air contents. As the air content becomes less, the water
and air in combination tend to keep the particles apart, and pre12 vent any appreciable decrease in air content. The total voids,
however, continue to increase with the moisture content, and
hence the dry density of the soil falls. 

An essential feature of the compaction process is thus to adjust
the moisture content of the material so that the compacting plant 
can be fully effective. Soils as they arc obtained from the excavation 
may contain sufficient moisture for compaction. It is important
for compaction to be done before drying takes place. With ex
perience, squeezing a lump of soil in the hand can provide a simple
test to indicate whether the material to be compacted is in a
moisture content range suitable for compaction. 4' ' At the opti
mum moisture content, the lump so formed can be broken into 
two pieces without crumbling yet it is not sufficiently plastic to 
squeeze between the fingers or more than lightly stain the hands.
The data from standard specimens made in the laboratory are a
better guide. With experience, the moisture content of soils can be
controlled within quite close limits by such methods. In addition,
regular measurements of the densities achieved should be made so
that consistently high standards of compaction will be achicved.6 
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Smooth-wheeled, pncumatic-tyrcd, vibrating and sheepsfoot 
rollers are commonly used on road works. Ont large embank
ments'on which heavy equipment isused this equipment alone ca 
often give sufficict compaction provided it isrouted systematically 
over the whole area being constructed. 

The various types of roller operate most effectivcly under 
different conditions but all are capable of achieving good states of 

, m 

.. I., \ 

120
-, saraston 

116 Its0
1 2S 	 6'lowsS 

112 1-0 
0 	 25 blow$
 

WI"ayf

stundarde c1.45 -- , '	 13. 

1.65 - 1 I I 
8 ~312Q 16 16 20 22 

Moisture content Iper cent) 

FiG. 6.4. Effea of differern amounts of bompduion on dry d&ity of sdy clay $.oil. 

compaction on a wide range of materials. Smooth-whceled and 
pneumatic-tyred rollers are all-purpose pecs of plant although 
the heavier vibrating rollers can now be considered in this category 
alvo. Vibrating plates, grid and sheepsfeot rollers and the lighter 
vrating rollers are less versatile buz it isalways well worthwhile 
to mtch the compaction plant to the job in hand especially on 
large works where maximum economy ca, accrue. 
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Data are available indicating the performance of compaction

equipment with different soils and base materials over a range of 
moisture conditions.7' 8. 9. 10 Fig. 6.5 shows typical compaction 
curves for commonly used items of compaction plant compacting 
a plastic clayey soil and a well-graded gravel-sand-clay base 
r-erial. In general terms smooth-whceled rollers are most useful 

in drier conditions compacting material spread in thin layers and 
for surface finishing operations; pneumatic-tyred roll,!rs are more 
appropriate in wetter conditions and on thicker layers, and the 
self-propelled variety is especially useful in compacting bituminous 
surface dressings. Vibrating rollers and plates are seen to advantage 
on more granular well-graded materials, particularly on base 
courses. Over-stressing of the layer being compacted should be 
avoided; with well-graded material the range of moisture content 
can be critical and a spongy unstable condition can develop if it is 
exceeded.9 With uniformly-graded cohesionless soils compaction 

rcessures must be low initially and be increased gradually as the 
aring capacity of the material improves. 
In works of any magnitude rigorous control of the compaction 

process is always desirable and in-situ density determinations, 
normally using the sand replacement method, are added to the 
simple control techniques outlined above. 1' 12. i3 More rapid and 
sophisticated methods of measuring density and moisture content 
are at present being developed using radioactive sources. Particular 
care is required in calibration if these methods are to give accurate 
resultsI4. The required state of compaction is normally specified
relative to a laboratory compaction test. To obtain a reliable 
average value of the dry density achieved, at least 6-10 in-situ 
determinations must be made and the laboratory compaction test 
must be carried out on exactly the same material. With unstabilised 
materials this is easily achieved since the laboratory tests can be 
carried out on the soil extracted from the density holes. 

The amount of testing required to control the density will be 
determined by the magnitude ofthe works and by the nature ofthe 
material and its position in the road structure. To determine a 
reliable average figure, sampling points should be confined to an 
area where materials are substantially the same and which has been 
subjected to the same construction sequences under similar weather 
conditions. For example, on stabilised base construction, in
dividual areas processed are commonly about 100-300 m (100
300 yd) long and in each such area the average state of compaction
would be determined. About six dry density determinations would 
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be appropriate for the smaller areas, increasing to ten on the larger.
Similarly, on carthworks the material placed daily would often 
form a useful unit for measurement but on large contracts five dry

3density determinations for every 765 m (1000 cu. yd) placed 
would be appropriate. 4 

Ofgreater importance than the amount of testing isthe location 
oftest points. While the location of these at chainage pegs isadmini
stratively simple it is liable to lead to optimistic results, since the 
pattern of testing will often result in greater care being taken with 
compaction at the known test locations. Test points should, there
fore, be selected at random; simply drawing or casting lots for test 
locations would be quite appropriate. 

Table 6.2 AVERAGE STATE OF RELATIVE COMPACTION THAT CAN BECONSISTENTLY 
OBTAINED UNDER NORMAL WORKING CONDITIONS 

Minimum avitaqe relatim 

Decriptlinoflaye compaction attainable* Standard laboratory 
c,, pacl .(, sts 12. i 

( OC) 
95 (with moisture control) BS. 1377, 1967. Test II

Earthworks and subgrades 85 (without moisture control) and AST .'D.698-64T 

Base and sub-base layers:
 
Granular and lime- 100 1S. 1377, 1%7. Test 1 I and
16suablised materials or ASTM.D 698-64T 

95 1S. 1377, 1%7. Test 12 and. 
ASTM.D. 1557-64T 

Cement- stabilsed 
materials 95 ASTM.D. 558-57 

*Avirugetw compaction - AvtAt fild dLdenmuv xI0) PcrcentMaximum df) dcin " I laboratory 

As with all operations it is essential that the levels ofcompaction
ecified are realistic and the tolerances required for work in the 

ield recognised. Table 6.2 summarises the states of compaction 
that are commonly specified in pavement and subgrade layers and 
which have been shown to be attainable in practice in climates 
ranging from moist temperate to arid tropical. It is particularly
important to recognise that with cement-stabilised materials, delay 
between mixing and comp,ction may result in lower values of 
relative compaction being obtained than would be expected with 
the same soil without stabiliser. " Standard laboratory compaction 
tests making allowance for this phenomenon arc available' 2 and 
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provide a measure by which the state of compaction of cement
stabilised materials can be judged. 

6.6 	 QUARRIES, DRILLING, BLASTING AND 
CRUSHING 

con-Stone is needed at some stage in almost all forms of road 
struction and potential quarry sites which can provide the quan

early 	stage. Geologicaltities required should be located at an 
surveys will be ofassistance in locating stone deposits and indicating 
the type of rock likely to be available. A new quarry should be 
carefully planned to take full advantage of the terrain in construct
ing access roads and siting crushing and associated plant; differences 

provide gravity loading of the quarry products.in levels can 
Overburden and debris should be cleared from working areas and 
all-weather access provided. 

Quarry operation requires skilled personnel and careful adher
ence to safety regulations. Drilling isnormally done by rock drills 
operated by compressed air. Improved performance of operation 
will be achieved by the use of tungsten carbide bits which should 
be kept correctly sharpened. Modem blasting 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 with good fragmentation and minimum ground disturbance. 16 

a large number ofBlasting with short time delay fuses enables 
charges to be blasted virtually simultaneously, thus producing 
sufficient rock to match the weekly output of the quarry. Earlier 
methods of blasting involved the intermittent firing of smaller 
numbers of charges with considerable delay to other operations. 

After blasting, the rock is crushed to sizes required on the road. 
The size and type of crushing plant will depend on several factors: 
the type of rock, the amount required and the specified gradings. 
The output of crushing plant should be assessed bearing in mind 
the amounts of stone likely to be required; too large a plant will 

involve heavy capital expenditure and only operate for short 
reperiods; too small a plant, however, will be unable to meet 

quirements on schedule and work may well be delayed. 
The minimum requirement to produce chippings of reasonable 

shape and size is a plant with two-stage crushing, the first to reduce 

block stone from 20-30 cm (9-12 in) to 5-8 cm (2-3 in) and the 

second to produce chippings from the 5-8 cm (2-3 in) stone. The 

17 
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crushed stone will be stockpiled prior to use on the road and care 
should be taken to avoid mixing the various sizes and contamination 
with soil or other materials. Every effort should be made to remove 
the dust from crushed stone which is to be used for bituminous 
surface treatments. Even a small quantity of dust can affect adhesion 
between the stones and bituminous binders. 

6.7 STABILISED SOILS 

6.7.1 SPREADING AND MIXING OF STABILISED SOILS 

Road bases consisting of natural gravels or soils of low plasticity
and stabilised with small proportions of cement or hydrated lime 
have been described previously and are widely used in developing 
countries, especially in tropical and sub-tropical areas. Mix-in
place methods are generally used to incorporate cement and lime 
into the natural soil. Mix-in-place may be used with bitumen but 
premix plants are more commonly used. 

When the mix-in-place method isused, the required amount of 
stabiliser isspread on the surface of the soil to be stabilised and then 
mixed in. In the premix method, the correct proportions of 
stabiliser and soil are mixed and then laid on the subgrade to the 
required depth. 

6.7.1.1 Spreading or proportioning the stabiliser 

In mix-in-place construction the bags ofcement or hydrated lime 
are spotted on the layers of soil to be processed, split open and the 
stabiliser distributed over the surface by hand (Fig. 6.6). It is 
essential that this spreading should be carried out carefully since 
any lack of uniformity will be reflected in the finished base. s Bag
spotting should be arranged so that each bag islocated at the centre 
of an area which isas near a square as practicable and for the usual 
quantity of stabiliser, 11 kg/m 2/15 cm base ,hickness (20 lb/yd2/6 
in base thickness), this is achieved with bags spotted in three 
longitudinal rows on a 6 m (20 ft) wide carriageway. Where bulk 
supplies of stabiliser are available a mechanical spreader is often 
used and recent research has shown that mechanical spreaders can 
spread low proportions of cement and hydrated lime more uni
formly than manual methods.4 Where bituminous binders are 

Af
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being used these are normally applied through the metered system 
of specialised mixing plant. 

With plant-mix, weigh-batching ofthe soil is usual. Cement and 
ime are supplied in bags of known weight and bitmncn is pro

portioned by either weight or volume. It isessential that a close 
check iskept on the quantities of stabiliser used by regular checking 
of the invoices and stocks, so that no gross proportioning error is 
overlooked. 

6.7.1.2 Mixing oj the stabiliser and soil 

Where soils are friable and frce-flowing at the moisture content 
prevalent in the field little or no pulverisation is required. The 
description of soils as frce-flowing, though qualitative, is fairly 
clear. It depends on the combined eff cts of the plasticity and 
grading of the soil and the prevailing moisture conditions. 

The product of the plasticity index and the percentage passing a 
425 gm (BS. No. 36, ASTM No. 40) sieve can usefully define soil 
properties for this purpose. Where the product does not exceed 
1000, a wide range of plant has been found to be effective in 
mixing these soils; s this range includes agricultural plant which 
effects mixing by tumbling the constituents over and over (e.g. 

disc harrows and ploughs and motor graders) inagricultural 
addition to specialist machinery such as single or multi-pass 
machines of the rotavator or pugmill. type. (Fig. 6.7). 

In mix-in-place using cement or hydrated lime with heavier 
plastic soils, pulverisation of the soil becomes more important and 
machines of the rotavator type with a positive shredding action are 
needed. Even with these it is usually not practicable to stabilise a 
soil where its liquid limit and plasticity index exceed 50 and 300/o 

commonrespectively. 1 Hlowever, the friable red clay soils in 
tropical areas have been successfully treated although exceeding 
these limitO,8 . In any given instance, zhe quality of pulverisation 
attainable can be checked by sieve analysis and a common require
ment is that soils should be pulverised until 75% of all material 
other than stone or gravel particles will pass a 4-75 mm (-k-in)

19
sieve.

Water is normally added to soils being stabilised with tcement 
and lime after some initial mixing passes of the dry soil and 
stabiliser, when multi-pass mixing methods are used. With agri

the surface from bowsers, butcultural plant, water is sprayed on 

APl
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FIc. 6.6. Spreading cementflorn bag's Jil a stabilised road base. Sierra Leone. 

20 7. 

FIc. 6.7. Mixing cement-tabilised road base with a multi-pass mixing mathie. Kenya. 
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most specialised mixing machines of the rotavator and pugmill
 
type spray the moisture required into a mixing chamber, which
 
greatly assists in quick dispersion through the soil and reduces
 
evaporation losses. Where central plants are employed, the
 
mixers used for cement. lime and bitumen stabilisation are com
monly those used for premixed bituminous materials. With
 
friable and free-flowing soils, concrete mixers can be used for
 
cement and limc stabilisation.
 

Materials stabilised with cement and hydrated lime should be
 
damp-cured until the bituminous prime coat is applied. This is
 
simply achicved by spraying the surface of the stabilised base with
 
water at least three times daily (morning, mid-day and evening);
 
alternatively the surface may be covered with damp sand or poly
thene sheeting. At least three days should elapse between the con
struction of the base and the application of the prime coat.
 

I-	 I 

I 	 NOTE: The details of surfacingare I 
beyond the scope of this compendium. 

I- - - - - - - - - - - - - - - - - - - - - 

21 
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Grader blade isused to mix lime-stabilized laterite soil (Honduras). 
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SOIL STABILIZATION: A MISSION 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 
to simplify the selection ofneed for a classification and indexing system 

the 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 
described in detail with extensive references to thethese stabilizers are 

A series of flow charts have been developed that can be usedliterature. 

in selecting the type and the amount of stabilizer for a given soil.
 

a broad array of airfield*THE U. S. Department of the Air Force demands and utilizes 

ppvement 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
can accommogram of maintenance and reconstruction is carried so that the airfields 

date modern aircraft. 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-
To neer has no past experience or specialized training in soil stabilization techniques. 

an index system is required that will allow the engineer to sealleviate thir, problem, 
The use of the index system in thelect the appropriate type and amount of stabilizer. 

Thesefield should require determination of relatively simple properties of the soil. 

soil properties, together with suitable use factors and environmental data, should be 

used as input to the index system. 

AIR FORCE SOIL STABILIZATION INDEX SYSTEM 

An overall systematic approach was used in developing the Air Force soil stabiliza

tion index system (SSIS). The development of this system, shown in Figure 1, is dis

cussed in this section (1). 

Type of Stabilization 
However, both chemicalChemical stabilization is of primary concern in the SSIS. 

and mechanical stabilization must be considered and the alternatives evaluated. 

Sponsored by Section on Compaction and Stabilization and presented at the 50th 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 nonexpedient pavements and (b) zone of interior 
use on permanent pavements. 

Expedient refers to short-lived, high-risk, rapidly constructed pavements, whereas 
nonexpedient and permanent pavements have a longer life 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. 
Permanent construction is identical to that used by state highway departments for pri
mary roads, and the index system for nonexpedient constt.,ction supplies a "Jumping
off" point for investigations in permanent construction. 

Figure 1 shows uaother way in which u'e 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 s bgrade or base course 
subsystems depending on the material type and desired stre. :Uh characteristics. 

Environmentel Factors 

Environmental factors might influence the ultimate durability and suitability of the 
stabilized soil. They are based primarily on climatological effects. Both rainfall and 
temperature must be considered because either can significantly influence the type 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-
Ucipating 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 partners. 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-
Ummal evaluations of stabilized sections that are already in place will also aid in eval
eating the ultimate performance of the index system. 

Finally, It should be stressed that the SSIS Is not a substitute for structural pave
meat 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 to 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
stances, such as climatic conditions or lack of appropriate equipment, rule out the 
possibility of stabilization, the Index system can also provide this information. 
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GENERAL REQUIREMENTS FOR SELECTING STABILIZERS 

Several guides have been published that assist the engineer in the selection of a sta
bilizer for a particular soil (2, 3). These guides indicate that 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 (1), 
although only the base course stabilization system will be presented in this paper. 

Both the Unified Soil Classification System and the AASHO Soil Classification System 
have been utilized to select soil stabilizers (4, 5). Because both grain size and Atter
berg limits are necessary inputs to classify soils according to either system, these 2 
parameters were used for the initial separation of the soils into specific categories. In 
particular, the percentage passing the No. 200 sieve and the plasticity index (P1) were 
selected. 

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

Criteria for Lime Stabilization 

Lime will react 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 (7) cayoy gravels, sily 
clays., and clays. All soils classified by AASHO as A-5, A-6, and A-7 and some sofis 
classified as A-2-6 and A-2-7 are most readily susceptible to stabilization with lime. 
Soils classified according to the Unified System as CH, CL, MH, ML, CL-ML, SC, 
SM, GC, and GM should be considered as potentially capable of being stabilized with 

28 lime. 
Robnett and Thompson (6), based on experience gained with Illinois sols, hPve in-, 

dicated that lime may be an effective stabilizer with clay contents (< 2p4)gs low as 7 
percent; and, furthermore, soils with a PI as low as 8 can be satisfactorily stAbilized 
with lime in certain instances (8). Armed forces criteria (2) indicate that the PI should 
be greater than 12, while representatives of the National Lime Association (9) indicate 
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 exist for suc
cessful stabilization with lime. 

Criteria for Cement Stabilization 

The "orland Cement Association (10, 11) indicates that all types of soils can be sta
bilized with cement. However, well-graded granular materials that possess a floating 
aggregate matrix have given the best results (12). 

Limits on PI have been established by the armed forces (2), depending on the soil 
type. The PI should be less than 30 for sandy and gravelly materials and 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) Indicates that ce
ment should be used as a stabilizer for materials with less than 35 percent 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, while A-5, A-6, and A-7 soils can be best stabilized 
by lime. 

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

Criteria for Bituminous Stabilization 

The majority of soil-bituminous stabilization has been performed with asphalt ce
ment, cutback asphalts, and emulsified asphalts. For this reason, only these types 
of bituminous stabilizers are considered. 
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Some of the earliest criteria for bituminous stabilization were developed by the HRB 
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 (T4), The Asphalt Institute (15, 10), Herrin (17), Chevron Asphalt Com
pany (18), Do-glas O11 Company (19), and the U.S. Depa'iment of the N$avy (20). Al
though these criteria were developed for particular types of bituminous stabiizers (i.e., 
soil-bitumen made with cutback asphalt), they are given in a single table (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 HRB Committee on Bi
tuminous Aggregate Bases (21). This survey of criteria together with data published 
by the armed forces (22) suggests 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 these criteria, a limit of 20 percent passing the No. 200 sieve, a PI less 
than 6, and the product of PI and the minus No. 200 material less than 60 have been 
utilized for selecting soils suitable for stabilization by asphalt. Less stringent require
ments have been used in conjunction with the other stabilization subsystems deve!oped 
for the Air Force (1). 

Criteria for Combination Stabilizers 

Combination stabilization is here defined specifically as lime-cement, lime-asphalt, 
and lime-fly ash. Because lime-fly ash stabilization is not expected to be a common 
stabilization method used by the Air Force, it will not be incorporated into the index 
system. The purpose of using combination stabilizers (lime and then one or the 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 (23) have reviewed the literature and have suggested that soils 
that may be treated by thes-e-combination stabilizers are those classified by AASHO as 
A-t and A-7 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 than 35 percent passing the No. 200 sieve and 
bat quantities of lime be used sufficient in magnitude to ensure that the PI is less than 
the established criteria for either cement or asphalt stabilization as arropriate. 

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

This stabilization system separates soils into various groups so the 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 

CIJTERIA DEVELOPED FOR BITUMINOUS STABILIZATION 

Plasticity Index 
Percent Psing PlasticityDeveloper No. 00 Sieve index Percent Passing 

1o. 200 sieve 

Whaerkorn I to 50 is 
American Road Builders Assocation 0 to 35 10 
Herrin 0 to 30 10 
Th. Aspalmt Institute, Pacific Coast 

Diviaion 3toI 6 so 
Chevron Asphalt Company 9 to 35 Noaplaslic 72 
Dmugias Oil Company 0 to 30 7 
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TABLE 2 

ENVIRONMENTAL AND CONSTRUCTION PRECAUTIONS 

Environmental 
stabilization or Precaution 

Construction 

Lime Environmental U the soil temperature is less than 40 F and Is not expected to increase for I month,
 
chemical reactions will not occur rapidly and, thus, the strength pin of the lime-soil
 
mixture will be minimal.
 

Lime-soil mixtures should ka scheduled for construction such that sufficient durability
 
will be pined to resist any expected freeze-thaw cycles.
 

Construction Heavy vehicles should not be allowed on the Llne-stabilized soil for 10 to 14 days after
 
constructior..
 

Cement Environmental If the soil temperature is less than 40 F and Is not expected to increase for I month,
 
chemical reactions will not occur rapidly and, thus, the strength pinof the cement-soil
 
mixture will be minimal.
 

Cement-soil mixtures should be scheduled for construction such that sufficient durability
 
will be gained to resist the expected freeze-thaw cycles.
 

Construction during periods of heavy rainfall should be avoided.
 
Construction Heavy vehicles should not be allowed on the cement-stabilized soil for 7 to 10 ays after
 

construction.
 

Bituminous Environmental When asphalt cements are used, construction should be allowed only when proper com
paction is possible. If thin lifts are being placed, the air temperature should be 40 F
 
and rising. Adequate compaction can be obtained at freezing temperatures.
 

When cutbacks and emulsions are being used, the air temperature and soil temperature
 
should be above freezing.
 

Bituminous materials should completely coat the soil particles prior to compaction.
 
Construction Central batch plants, together with other specialized equipment, are necessary for bitu

minous stabilization with asphalt cements.
 
Not, dry weather is preferred for all types of bituminous stabilization.
 

DESIGN SUBSYSTEMS 

Numerous research publications and technical guides are available to aid the engi-

neer in the selection of criteria to determine the amount of stabilizer. A wide variety 
of test methods have been proposed; however, quantitative criteria are not always avail
able. The criteria discussed here are for establishing the design subsystems aimed 
at determining appropriate stabilizer quantities for lime, cement, and bituminous sta
bilization. 

Lime Stabilization 

Selection of Appropriate Soils-The preceding section discussed the general require
ments of the soil with respect to gradation and plasticity. However, there are other 
physicochemical features that must be considered in determining whether lime will re
act with a soil.* 

Thompson (24) has defined soils as being lime-reactive if they display significant 
strength increase (measured by unconfined compressive strength) when treated with 
lime. Soils that are not lime-reactive according to this definition are not necessarily 
unimproved by the addition of lime because lime may still decrease the plasticl.y, de
crease the susceptibility to water, and enhance the overall engineering behavior of the 
soil. However, because improved load-bearing characteristics are desired in the sta
bilization index system, strength will be a major consideration here. 

Factors that may prohibit soils from being lime-reactive include soil pH and the 
presence of organics and sulfates. Soils with a pH less than 7 may not be lime-reactive, 
although some soils with pH values as low as 5.7 have reportedly been effectively sta
bilized with lime (24). It has also been reported that soils with organic carbon con
tents exceeding about I percent are not satisfactorily lime-reactive (24). In addition, 
experience has shown that the presence of significant amounts of sulfates diminishes 
the effectiveness of lime. 

It has been reported that A-horizon soils in Illinois do not satisfactorily react with 
lime (24), and similar reports have been made on other soils. This is probably the 
result of high organic contents in the upper horizon. Poorly drained soils often are 
the most reactive to lime, possibly because of the higher pH and the availability of 
lime-reactive constituents, such as unweathered soil minerals. 

31 
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Selection of Type of Lime-Lime is generally used as an all-encompassing term to 
denote either slaked (hydrated) lime or quicklime. Both calritic lime and dolomitic 
(high magnesium) lime are available in the United States. Although there is sot &edis
agreement as to whether the type of lime influences the strength of lime-soil mixtures 
(25), the selection of the lime type is usually predicated by availability of the stabilizer 
and safety requirements of the particular job. 

Selection of Lime Quantity-There are fewer definitive criteria for evaluating the 
correct quantity of lime than for cement or bituminous materials. 

Eades and Grim (26) have proposed a short-cut test where the appropriate lime con
tent is that which will produce a minimum pH of 12.4 one hour after mixing. This test 
has not been validated for soils on a worldwide basis and should be used with caution. 

Most authors have reported that a minimum of 3 percent lime is necessary to pro
duce adequate reactions in the field (27). The Air Force (28) suggests that 2, 3, and 5 
percent lime be used in coarse soils -those containing 50 percent or less passing the 
No. 200 sieve) while 3, 5, and 7 percent be tried for fine-grained soils (greater than 50 
percent passing the No. 200 sieve). The National Lime Association recommends 3, 5, 
and 7 percent lime in trial mixtures (27). With the exception of the pH test described, 
the lime content must generally be determined by trial mixtures with the amount of lime 
being the minimum required to produce the desired reactions. 

Methods of Evaluating Soil-Lime Mixtures-Several types of tests have been proposed 
for evaluating soil-lime mixtures. These include, but are not limited to, unconfined 
compressive strength, California bearing ratio, flexural fatigue 7trength, triaxial 
compressive strength, tests yielding elastic properties, cohesiometer values, and 
freeze-thaw and wet-dry tests. Most of these tests are not used routinely, and satis
factory criteria are not generally available. Some of the most reliable data are based 
on unconfined compressive strengths developed from research done by Thompson (29). 

32 Table 3 gives his results. 
Durability, the ability of a material to retain stability and integrity over years of 

exposure to service and weathering, is perhaps the most difficult to determine. Of the 
many tests developed, only a modified freeze-thaw test shows substantial merit (30). 

Figure 3, the lime stabilization subsystem, has been developed from these criteria. 

TABLE 3 

TENTATIVE LIME-SOIL MIXTURE COMPRESSIVE STRENGTH REQUIREMENTS 

Strength Requirements for Various Anticipated 
Service ConditionsaResidual 

Strength b 8-Day
Anticipated Use Requirementb $-Dy Cyclic Freeze-Tbawc (p)(psi) Soan

Sing 
 3 Cycles 7 Cycles 10 Cycles 

Modified subgrade 20 50 50 90 120 
56d 

Subbase 
Rigid pavement 20 50 so 90 12050d
 
Flexible pavement 

10-in, covers 30 s0 60 100 120 
sod 

8-in. cover* 40 70 70 110d 1407j


5-in. covers 60 90 90 130 to100d
 

Base too' 130 130 170 2W0 
150d 

attermination comtructon) to provide adequate residual Wenph.
b'mn m antripiated gtefft folflowng twx writer gxp~e. 
CNuwbeq offraze-thmw cycleexpected in the ltwocit Layer the fist winter of-iv,5. 

89rsm h oequired of filed curing (following 

durlng 

dFreuethew srenlh lose s aied ona10 pellcyde except for thew 74cyle values that ae bated ona Peew* 
easilitd resosion equation.
Toeiu pesement ttticu8Oserlyble the~,= ~ war dbejbutiont;rim suriet uslbaud on lonse~lnm 

went rsquirsensnts api if oaused matesias are wsedat beesons.
 
lFlsawrl atairiph eheud be considred Inthicknes m *i
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0.CL3 

5psi INCREASE FOR LIME CONTENT ABOVE ItC OTEND
 

N M- ' DETERMIN SeCeE DTERINEL-CEC
 

,' -ESTMATE LIME INCRASE AR NOT]:PRSNEIN
 
COTN SIGNIFICANTYTABLEI
 

E TIATEMOLDUNCNFI- TD
DETEMIN

APPRXIMAE CMPRESIV
STRNGT
LIMECONTICREAE O STENGT SPCIMES
F~gure 3.Susss for bss cowls stlzwith lime.
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Cement Stabilization 

Infcrmation as to general requirements such as gradation and Atterberg limits have 
been discussed previously. Most research and construction with cement-soil mixtures 
has been performed on soils that have been classified according to the AASHO classifi
cation system. Experience has shown that this approach is satisfactory; but, it does 
not include important soil properties such as clay type, soil pH, organic content, and 
soil sulfate content that may influence the suitability of a soil for cement stabilization. 
These effects are discussed in this section. 

Effects of pH, Organics, and Sulfates-The Road Research Laboratory has shown a 
general trend of strength increase with soils possessing high pH values. For pH values 
greater than 7, no ill effects on strength were noted (31). The Portland Cement Asso
ciation has conducted pH tests on soils, but it has found no general correlation between 
pH and performance (32). 

Two tests have been proposed to assess the effects of organics on soil-cement 
strength. The Portland Cement Association (33) has suggested the use of the calcium 
adsorption test to determine the presence of organics in sandy soils, but this test should 
not be used for clay soils. Additional research conducted by the Portland Cement As
sociation (32, 33) has shown that the standard colorimetric tests will not identify the 
presence of organics satisfactorily. 

A satisfactory method for determining the presence of active organic matter, accord
ing to MacLean and Sherwood (31), is the pH test conducted on a soil-cement paste 15 
minutes after mixing. This test essentially indicates the reactivity of the soil with ce
ment; however, the reactivity is not solely a function of the organic content (32, 34), 
but it is dependent on both the organic content and the type of organics (35). 

Studies conducted by Sherwood (36) have indicated that sulfate contents in soils in 
excess of 0.5 to 1.0 percent reduce the strength of soil-cement mixtures. Similarly, 
sulfate concentrations in water in excess of 0.05 percent create strength loss. For 
these reasons the sulfate content of the soil should be ascertained. 

Type of Cement-The influence of the type of cement on the properties of soil-cement 
mixtures has been examined by several investigators (36, 37, 38, 39). In general, Types 
I, II, HII,and V produce only small differences in behavior for most soils. Thus, be
cause of its general availability and economy, it is recommended that Type Icement 
be utilized.
 

Selection of the Cement Quantity-Research performed by the Portland Cement As
sociation (10, 40, 41, 42) on more than 2,000 soils provides data for determining ce
ment contents for various types of soils. Cement contents for subsurface soils are 
given in Table 4 (10). Requirements for soils in various horizons are also specified 
by the Portland Cement Association. 

TABLE 4 

CEMENT REQUIREMENTS FOR VARIOUS SOILS 

Usual Range In 
Cement Requirementb Estimated Cement Cemet Content 

AASHO Soil Unified Sol Content Used in for Wet-Dry and 
Classification ion Percent Percent Moisture-Density Freeze-Thaw Tests 

by by Test (percent by weight) 
Volume Weight (percent by weight) 

A-I-a GW,GP,GM, SW, 
SP, SM 5to 7 3to 5 5 $to 5to 

A-I-b GM, GP.SM, SP 7 to 9 $to a 6 4to Sto I 
A-2 GM, GC,SM, SC 7 to 10 5Itol 7 5 to 7 to 9 
A-3 SP Slo12 7tol 9 7to 9to 11 
A-4 CL, ML Ito 12 ito 12 10 Ito 10to I 
A-5 ML, MH, OH &to 12 8to 13 10 :to 10to 12 
A-6 CL, CH 10 to 14 9 to 15 12 10 to 13 to 14 
A-7 OH, MNH,CH 10to 14 10to 16 13 I1to 1to 15 

"bIwdow,U S AirForce rcommendaion (2).
 
bFor onott ods. Sulid it ray to gray -aga I
A horiuor theCement Contlnt hbe inursd4 percenhge pointsthe ilisdork and 6 pm pmwnu 
te it to bick. 
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Methods of Evaluating Soil-Cement TABLwi S
 
Mixtures-Various types 
 of tests have PORTLAND CEMENT ASSOCIATION CRITERIA FOR

been used to evaluate the properties of SOIL-CEMENT MIXTURES USED INBASE COURSES
 
&ol-cement mixtures (43). 
 These methods Soil-Cemet Weight

include unconfined com-pressive strength, 
 Loss Drurin 12flexural strength, modulus of elasticity, C.So Soil Unified Soil Cycles of EitherC Classification Classifications Wet-Dry orCalifornia bearing ratio, plate bearing 
 Freese-Thaw Testvalue, fatigue, R-value, and freeze-thaw (percent)

and wet-dry tests. A-I GW, 
GP.G SW'.

Many of these test methods have not sP,SM '14

been used extensively, and satisfactory A-2-4. A-2-5 GM, C,C SM, SC
 
criteria are not available. However, the A-3-S, A-I- ,
 
Portland Cement Association recommends A-4 CL, ML S10
 
the use of freeze-thaw and wet-dry tests A-5 ML, MH, OH
 
and has established criteria (Table 5) for A-6 CL, CH '
 
these tests. A-7 OH,i, CH
 

The design subsystem for cementbased l8ud on cw~uition pmetgd by US. AiFore 121.
 
on these criteria is shown in Figure 4.
 

Bituminous Stabilization 
A bituminous binder in 1 of 3 forms is generally used; the forms include cutbacks,


emulsions, or cements. An indication of the type of bitumen to use for certain types

of soils has been suggested by The Asphalt Institute (15), Herrin (17), the U.S. Navy
(20), the Air Force (28), and Chevron Asphalt Compai (18). Selection of the proper

bituminous stabilizer-should depend on the grain-size distribution in addition to the

function of the stabilized layer in the pavement system. Table 6, adapted from Herrin 

and prepared by using the soil gradings also suggested by Herrin (17), and Table 7 give

data regarding bitumen stabilization.
 

Asphalt Cement-Criteria used for selection of the binder viscosity and the quantity

of cement for base stabilization vary among state highway departments (21), 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 (Table 8).

The quantity 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 guide only. Final selection should be based 
on a test performed on the 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 STABILIZATION PURPOSES 

Mix Sand-Bitumen Soil-Biumen Crushed Stones and
 
Sand-Gravel-Bitumen
 

Not Asphalt cements Asphalt cements 
60 to 70 hot climate 45 to 50 hot climate 
85 to 100 50 to 70
120 to 150 cold climate 85 to 100 cold climate 

Cold Cutbacks Cutbacks Cutbacks 
See Figure 5 See Figure 5 See Figure 5 

Emulsions Emulsions Emulsions Emulsions
lee Table I! See Table 11 See Table 11
lee Figures 6 and 7 to determine See Figures 6 and 7 to determine See Figures 6and 7 to determine 

whether cationic or anionic whether cationic or anionic whether cationic or anionic
emulsion should be used emulsion should be used emulsion should be used 

35 
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TABLE 7
 
PIGINZERING PROPERTIEB OF MATERIALS SUITABLE FOR BITUMINOUS gTABIILATIDN
 

lem snd-Bitumen oll-Bitumen Sand-Gravel-Bitumen 

Grsitton (percent passing)1fA-in. sieve too
 
l-In. sIeve 100
 
*A-in. sieve so to 100
 
No. 4 sieve lto 100 soto 100 S5lo 100
 
No. 10 sieve 40 to 100
 
No. 40 sieve $$ to 100 13 to 50
 
No. 100 sieve Ito ll
 
No. Oo sieve 5 to1I Good 3 to 10
 

Fair 0 to 3 and 20 to 0 0 to 13 
Poor 30 

unLimi 	 Good 20
 
Fair 20 to 30
 
Poor 30 to 40
 
Unumble 340
 

Plasticity index '10 	 Good 43
 
Fair 5 to 9
 
Poor 9 to 15 '1O
 
Unusable >12 to 15 

Noe; Inck~de digit modificatiom lte mde by Herin 111). 

vary from state to state. Marshall method criteria utilized by the armed forces (2) are 
given in Table 10 (2). The criteria listed for asphaltic -concrete binder course are in
dicated for use with coarse-graded, hot-mix base courses, while separate criteria are 
g,"en for sand-asphalt. The Air Force has also indicated that 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 courses, does 
not appear to be warranted for base courses. 

The Asphalt Institute (44) recommends Marshall, Hveem, and Hubbard-Field cri
teria for use in hot-mix base course design. Specifically, The Asphalt Institute rec
ommends 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 the surface. 

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

Recently, attempts have been made to develop a more rational approach to pavement 
design. Among others, Monismith (47) has indicated that elastic and fatigue properties 

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

TABLE 1 behavior of these stabilized materials.
 
DETERMINATION OF ASPHALT GRADE FOR
 
BAS COURSE STABILIZATION
 

Pavement Temperature Indeia Asphalt Grade 
(penetration) 

TABLE 9 
Negative 	 100 to 120 
0 to 40 65 to 100 SELECTION OF PRELIMINARY ASPHALT CEMENT
 
40 to 100 60 to 10 CONTENT FOR BASE COURSE CONSTRUCTION
 
100 or more 40 to 50
 

Asplat by Weight

re Owe 1, F of TeofrO n for a I-y w Seioe, of mwnt 75 Awregate SmIpe and Sorface Dry Agg.-ept 

S1m "" f ft M o -wu. A-ap Texture(pitted)o~q "IVfskqmat e 
wihere 0or more vowsoof ormwe awie. For roraof keg eRoundedand smooth 4
 

an-l0 wrwdwt the*o ecod for th houmemvm domId be usegd
 

d ,y~mwm swa for tw ~dof recokd beI 	 wd 

A gnest remift nmuv swap sooe F.ds. when no 7 Aalpr and rwh
 
%oo uin o we evaied melv by mrctul Ow lorpot latermediate $
 

m map kern 11 F.
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TABLE 10 
CRITERIA OF MARSNALL METHOD FOR DETERMINATION OF OPTIMUM BITUMEN CONTENT 

Point o0 Curve Criteria 
0 0 

Test Property Type of mix For 1 .psi For 200-pai For 100-psi For 00-pet 

Tires
5 Tires

a Tires
5 Tiree 

Stability Asphaltic -concrete 
surface course Peak of curve Peak of curve 500 lb or higher 1,000 lb or higher 

Asphaltic -concrete 
binder course Peak of curveb Peak of curveb 500 Ib or higher 1,300 lb or higher 

lMW asphalt Peak of curve 500 lb or higher 

Unit weight Asphaltic-coecrete 
surface course Peak of curve Peak of curve Not used Not used 

Asphaltic course 
binder course Not used Not used Nat used NAt used 

land asphalt Peak of curve Not used Not used 

Flow Asphslic-concrete
 
surface course Not used Not used 20 or less 
 16 or less 

Asphaltic course 
binder course Not used Not used 20 or less 16 or Ie" 

Sand asphalt Not used Not used 2O or less l or es 

Percentage voids Asphaltic -concrete 
(3) 3to 5 (2to4) to5 (2to4)in total mix surface course 4 (3) 4 


Asphaltic-coocrete
 
binder course 5 (4) 6 (5) 4toS (3 to 5) Sto? (4to6) 

Sandasphbaf 6 (5) - (-) to 7 (4 to 6) - ('-) 

Percentage voids Asphaltic -concrete 
filled with surface course 0 (85) 75 (60) 75 toS5 (80to 90) 70 tol8 (8ito 85) 

bitumen Asphaltic -concrete 
binder course 70 (75) 60 (65)b 65to75 (70to 60) 70toO0 (55tol7) 

3and asphalt 70 (75) - (--) 65 to75 (70toS0) - (--) 

iFirs inpwwdmn we for ue with bulk4rnpesnted ipecliic pravtv (wSW oc Ip-ion greer then 2.5 earud. 
tnclusion of asphalt contants of these points inthe sverage causa to fell outsie the tmld 


be s4ustid m that the voids in the total mis we within the *WitL.
 
t If the tvkd tk then the oplinwn aphalt owtI AM 

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

Cutback Asphalts-The U.S. Navy (20) has suggested that the grade of cutback can 
be selected based on the percentage of the soil passing the No. 200 sieve and the am-

The Air Force (28) and The Asphalt Institutebient temperature of the soil (Fig. 5). 
(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 
in Oklahoma (48) and by The Asphalt Institute (15) based on the surface-area concept. 
The equation recommended by The Asphalt Institute (15) is 

p a 0.02(a) + 0.07(b) + 0.15(c) + 0.20(d) I) 

where 

p = percentage of asphalt material by weight of dry aggregate;
 
a - percentage of mineral aggregate retained on No. 50 sieve;
 
b = percentage of mineral aggregate passing No. 50 and retained on No. 100 sieve;
 
c a percentage of mineral aggregate passing No. 100 and retained on No. 200 sieve;
 

and 
d - percentage of mineral aggregate passing No. 200 steve.
 

Numerous laboratory tests have been used to determine asphalt contents for cutback
 
These methods include Hubbard-Field, Hveem stability, Marand emulsified asphalts. 

shall stability, Florida bearing, Iowa bearing, extrusion, unconfined compression, tri

axial compression, R-value, and elastic modulus. Mixing methods, curing conditions, 
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Figure 5. Selection of type of cutback asphalt for stabilization. 
II I
 

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

The Air Force is currently utilizing the extrusion test (28) for mixture design. The 
unconfined compression test is easy to perform, but sufficient experience to determine 
adequate criteria for its use is not available. 

!J
CONTENT OF SILICA S51033%
 
0 10 20 ~0 40 50 60 70O 00
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I(CONTENT OF Coo) I I 

100 90 0 70 60 50 40 30 20 I 0 

CONTENT OF ALKALINE OR ALKALINE EARTH OXIDE, V 

After Mertens a4 Wright (52) 

Figure 6. Classification of aggegates.. 
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TABLE It 
0% SILICA CONTENT 100%IELECTION OF TYPE OF EMULSIFIED ASPHALT 

APRXMT/ // 	 '/AP//XI/A /FOR STABILIZATION 
RteEFFECTIVE RANGE OFII~..i~s/.Relative Water Catedof ll 	 AOI// 4ULm//


CATIONdIC EMULSIONS 

No. "0 wet Dry 
sieve (5 percent or more) (0 to 5 percent) 

APPROXIMATEN 
0 to5 38-lh (or S8-Kb) 8M-K (or U1-lh)a 	 EFFECTIVE RANGE OF 

ANIONIC EMULSIONS 
5 to 15 53-1, U-lb (or 1K, 


SS-K) SM-K (or U 33-1)
S-lb-
16 to 25 U8-1 (orS-K) 8M-K 100% 	 ALKALINE OR ALKALINE 0% 

EARTH OXIDE CONTENT 

New: Ostwmr fom FImxwen 1~stih an nas i---nic 

emwson Istebewuds& MAftu udi W1 11 
%W1 beprewett w before owng thsm type of ,ssdmfled50smi with 
elo,, Figure 7. Approxinate effective range of cat

ionic and anionic emlsiom on various type 
of agregates.

It is important to note that not only are 


strength or stability criteria necessary for
 
the determination of asphalt content but also
 
a durability criterion is recommended by 
most agencies. Typical examles of durability tests are the immersion-compression 
test utilized by Winterkorn (13) and by Riley and Blumquist (49) and moisture vapor 
susceptibility that isutilized by Chevron Asphalt Company (1, The Asphalt Institute 
(50), and Finn et al. (51). 

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). Criteria are 

4 	 based on the percentage passing the No. 200 sieve and the relative water content. The 
selection of either a cationic or an anionic emulsicr should be based on the type of ag
gregate that is used. Mertens and Wright (52) havrz 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 charac
teristics (Fig. 7). 

A preliminary selection of the quantity of emulsion can be obtained from data given 
in Table 12 (20). Other methods based on surface area concepts have been used by The 
Asphalt Institte (15) and Bird (53). The final selection of the quantity should be based 
on laboratory testing of the asplt-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 

TABLE 12 
EMULSIFIED ASPHALT REQUIREMENT 

Pounds of Emulsified Asphalt per 100 lb or Dry Aggraepte 
Percent ing When Percentage Paessing No.10 Sieve Is 
No.2W00Sieve 

50 orLeas o 70 o0 00 100 

a 6.0 3.2 6.5 6.7 7.0 1.2 
2 6.3 6.5 6.7 7.0 1.2 1.5 
4 6.5 6.7 7.0 7.2 7.5 1.7 
1 6.7 7.0 7.2 7.5 7.7 1.9 
0 7.0 7.3 7.5 7.7 7.9 1.2 

10 7.2 7.5 7.V 1.9 6.1 6.4 
23 7.5 7.7 7.0 6.2 8.4 L6 

14 7.2 7.5 7.1 T.9 .2 L4 
16 7.0 7.3 7.6 1.7 7.6 L2 
Is ILI 7.0 7.3 7.1 7.1 1.9 

so 0.5 6.7 1.0 7.3 1.5 1.1 
3 LS .5 .7 1.0 7.3 1.T 
34 LO 6.3 6.5 6. 7.0 1. 

26 .2 6.4 6.6 6.6 .1 1.3 
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Lefebvre (54) is suggested for use (Table IS). TABLE 1 

It should 9 recognized that this test Is per- MAMALL MIX DsElN cmzmA FRs cUTBrc 
formed at 77 F. AND EMUL5nnED ASPHALT MIXTURIS 

The design subsystem for bituminous sta- Cieria r aTat 
bilization Is shown in Figure 8. Marsiall Tea Temperature e YI 

Mtaimum Maim 
SUMMARY 

stabiity. S 199 
A system utilizing currently available in- n, 0.0 1ic V 

formation has been developed to aid the onge- Air vaide, perei 3 
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 applications. 

Many of the criteria utilized are based on cA.acrvations and experience gained in con
structing highway pavements. Because the Air Force is primarily concerned with air
field construction, validation or adjustment af these criteria may be necessary. 

Equipment and environmental factors have not been incl.ded in the detail desired. In 
particular, field durability of the stabilized mixture Is not vell documented and, thus, 
suitable test methods are not always available to evaluate this important factor. 
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Prepard by Transpooation Research Board Conmmittee on Lime and Lime-Fly Ash 
Stobilietion 

INTRODUCTION SOIL-LINE REACTIONS 

Various forms of lime have been successfully utilized General 
as a soil stabilizing agent for many years including 
products with varying degrees of purity. However, The addition of lime to a fine-grained soil initiates 46 
the most commonly used products are hydrated high several reactions. Cation exchange and flocculation
calcium lime Ca(Ot)a, monohydrated dolomitic lime agglomeration reactions take place rapidly and pro
Ca(aI)2-.2 O, calcitic quicklime CaO, and dolomitic duce immediate changes in soil plasticity, workabil
quicklime CaO.MgO. The use of quicklime for soil ity, and the immediate uncured strength and load
stabilization has increased during the past few years; deformation properties. Depending on the character
in the United States it now accounts for more than istics of the soil being stabilized, a soil-lime 
10 percent of the total stabilization lime while in pozzolanic reaction may occur. The pozzolanic re-
Europe quicklime isthe major type used. action results in the formation of various cementing 

Many significant engineering properties of agents which increase mixture strength and durabil
soils are beneficially modified by lime treatment. ity. Pozzolanic reactions are time dependent; 
Although lime is primarily utilized to treat fine- therefore, strength development is gradual but con
grained soils, it also can be used to modify the tinuous for long periods of time amounting to sever
characteristics of the fine fraction of more granular al years in some instances. Temperature also af
soils, facts the pozzolanic reaction. Temperatures less
 

There are several objectives for lime treat- than 13 to 16? C (S to 600 F) retard the reaction
 
ment of soils such as to expedite construction, mogi- and higher temperatures accelerate the reaction
 
fy subgrade soils, and improve strength and durabil- (Ref 4).
 
Ity of fine-grained soils. Lime carbonation is an undesirable reaction 

Lime-treated soils have been used in pave- which may also occur it. soil-lime. Construction 
merit construction as modified subgrades. subbase should be carried out in such a fashion that lime 
materials, and base materials. The position of the carbonation is mininied. 
lime-treated soil layer in the pavement system is 
controlled by the quality of the lime-treated soil Cation Exchange and Flocculation-Agglomeration 
and other pavement design considerations. Railroad 
sbbgrades have also been successfully stabilized Practically all fine-grained soils display cation 
with lime. exchange and flocculation-agglomeration reactions 

In this report, the major aspects of soil- whet, treated with lime. The reactions occur quite 
lime treatment are considered. The report represents rapidly when soil azrlime are intimately mixed. 
the state-of-the-art in lime treatment based on a The gener-i order of replaceability of the 
comprehensive analysis of current practice and the common cations Associated with soils is given by the 

"
 * SO).
technical literature. For those desiring more de- lyotropic series, Na <K* gCa <g* (Roef 

tailed Information, an extensive listing of refer- Cations tend to replace cations to the left in the 
onces has been included, series and monovalent cations are usually replace-

This report was prepared by Transportation able by multivalent cations. The addition of lime 
Research Board Committee A2.J03, Lime and Lime-Fly Ash to a soil in sufficient quantities supplies an ax-
Stabilization. Various Task Groups prepared the cess of Ca* and cation exchange will occur, with 
different sections of the report. The final version Ca** replacing dissimilar cations from the exchange 
of the report was reviewed by Committee A2J03 prior complex of the soil. Insome cases the exchange 
to publication. complex may be Ca** saturated before the lime addi

tion and cation exchange does not take place, or is 
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mimtlazed. 

Flocculation and agglomeration produce an 
apparent change in texture with the clay particles
 
"clumping" together into larger sized "aggregates". 
According to Herzog and Kitchell (Ref 55) the floc- 

culation and agglomeration iscaused by the increased
 
electrolyte content of the pore water and as a result 
of io exchange by the clay to the calcium form. 
Diamond and Kinter (Ref 39) suggested that the rapid 
formation of calcium aluminate hydrate cementing 
materials are significant in the development of floc-
culation-agglomeration tendencies insoil-lime
 
mixtures. 

Soil-Lime Pozzolanic Reaction
 

The reactions between line. water, and various 
sources of soil silica and alumina to form cementing 
type materials are referr.d to as soil-lime pozzo-

Ilanicreactions. Possible sources of silica and 
alumina in typical soils include clay minerals, 
quartz, feldspars, micas and other similar silicate 
or alumino-silicate minerals, either crystalline or 
amorphous in nature, 

When a significant quantity of lime is added 
to a soil, the pitof the soil-lime mixture is ele-
vated to approximately 12.4. the pH of saturated 
line water. This is a substantial pH increase com-
pared to the pH of natural soils. The solubilities 
of silica and alumina are greatly increased at ele-
vated p 1 levels (Ref 60). 

In an early study of soil-lime reactions, 

lade (Itef43) suggested that the high pH causes oil-

Ice to be dissolved out of the structure of the clay 

minerals, thereby becoming available to combine with 

the Ca + to form calcium silicates and that thia reac-

ties will continue as long as Ca(OH)2 exists in the 

soil and there is available silica. Diamond et al 

(Ref 41) postulated that the reaction processes in 

the highly alkaline soil-lime system involved a dis-

solution at the edges of the silicate particles fol-

lowed by the precipitation of the reaction products. 


Although the work of Eades (Ref 43) and Di-
smond et &I (Ref 41) generally suggest a "through-
solution" mechanism in which clay lattice compon-
ents are "dissolved" from the clay structure and 
eprecipitated as CSH and CAH, direct reaction of the 
lime at the surface of clay mineral particles has not 
been ruled out. Recent work in the adsorption of 
lime by kaolinite and mntmorillonite (Ref 40) as 
well as electron optical work on clay-lime-water sys-
tesm (Ref 85) tends to support the idea that surface 
chemical reactions can occur and new phases may nu-
cleate directly upon the surfaces of the clay par-
ticles. It is also possible that the reactions may 
occur by a combination of through-solution (solution-
precipitation) and surface chemical (hydration-crys
tallization) processes.


An oversimplified qualitative view of som 
typical soil-lime reactions is sumarized below: 

Ca(OH) ------------- ) Ca* # 2(1) 

CO* * 2(OH)" SiOl (Clay Silica) -------- CSH 


W4*+ 2 (OH)" * A1203 (Clay Alumina) --- i CAH 

A wide variety of hydrate forms can be oh-
taiMed, depending on reaction conditions, e.g., quan
tity and type of lime, soil characteristics, curing 

time, and temperature. Typical soil-line reactions 
are. 

KaolIglte * lime ---a CSH (C/S a 0.2-1) 
SCAR CASH (Ret 80) 

aolinite # lime --- , CASH (prehnite) (Ref 93) 

l4ontmorillonite * lime ---b CSII (gel) ---
CSH (lI) (Ref 91) 

Iontsorillonite * lime --- > CSH (gel) * hydro
garnet C4AH13 (Ref 112) 

ontmorillonite * lime --- s CSH(gel) * CSH (1). 
tobermorite * hydrogarnet 

Clay * lime --- b CHS (gel) and/or CSH (1) * C.AHI13 + 
C1Ptg (Ref 41) 

where 

C - CaO
 
S - Sia
 
A At20 3., and
 

0
H H26a


The extent to which the soil-lime pozzolanic reaction
 
proceeds is influenced primarily by natural soil 
properties. With some soils, the pozzolanic reaction 
is inhibited, and cementing agents are not exten
sively formed. Thompson (Ref 101) has termed those 
soils that react with lime to produce substantinl 
strength increase, i.e., greater than 34.S N/cm 
(SO psi) following 28 day curing at 22.80 C (730 F), 
as reactive and those that display limited pozzo
lanic reactivity, less than a 34.5 Ni/cm2 (So psi)
 
strength increase, are called nonreactive.
 

Some of the major soil properties and char
acteristics which influence the lime-reactivity of a
 
soil, i.e., ability of the soil to react with lime
 
to produce cementitious materials, are soil pH, or
ganic carbon content, natural drainage, presence of
 
excessive quantities of exchangeable sodium, clay
 
mineralogy, degree of weathering, presence of carbon
ates, extractable iron. silica-sesquioxido ratio,
 
and silica-alumina ratio. Detailed summaries con
cerning the effects of soil properties on lime reac
tivity are contained in Refs 53, 54, and 101. It is
 
emphasized that the main factors controlling the de
velopment of cementitious aterials in a lime treated
 
soil are the inherent properties and characteristics 
of the soil. Ifa soil is nonreactive, extensive
 
pozzolanic strength development will not be achieved
 
regardless of lime type, lime percentage, or curing
 
conditions of time and temperature.
 

Those desiring more extensive and detailed
 
background information on basic soil-lime reactions
 
should refer to the "Interpretive Review" by 
Diamond and Kinter (Ref 39) and a recent comprehens
ive publication by Stocker (Ref 95). 

Summary
 

Soil-line reactions are complex and not completely 
understood at this time. However, sufficient basic 
understanding and successful field experience are 
available to provide the basis of an adequate tech
nology for successfully utilizing soil-life stabili
zation under a wide variety of conditions. Future
 
research findings will further augment our technol
ogy and permit more refined engineering decisions to
 
be made concerning lime treatment of soils. 

PROPERTIES AND CHARACTERISTICS OF LIME-TREATED SOILS 

In general, when mixed with lime all fine-grained soils 
exhibit improved plasticity, workability and volume 
change characteritice; however, not all soils exhibit 
improved strength, stres-strain, and fatigue character
istics. It should be emphasized that the properties of 
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lime-soil mixtures are dependent on many variables 
(Refs 100 and 101). Soil type, lie type, lime per-
centage, and curing conditions including time, tempera-
ture, and moisture are the most important variables, 
More important, however, the effect produced by any 
given change ina given variable isdependent on the 

levels of the other variables. 


At present only limited information is avail-

able concerning some of the properties of lime-

treated soils. Nevertheless, in order to effect-

ively utilize these treated soils as a structural 

material, it is necessary to evaluate and sumarize 

the existing knowledge concerning the properties 

of soil-line mixtures. 


Comaction Characteristics 


The compaction characteristics, i.e., maximum den-
sity and optimum moisture, are important for two 
basic reasons. First of all, an adequate level of 
compaction must be obtained inorder to achieve 
satisfactory results. Secondly, and possibly more 
important, is the fact that density isused for 
field control. 


When compacted with a given effort, soil-lime 

mixtures have a lower maximum density than the original 

untreated soil and the maximum density normally con-

tinues to decrease as the lime content is increased. 


In addition, the optimum moisture content 

increases with increasing lime contents (Fig. 1). 

Similarly, if the mixture is allowed to cure such 

that substantial cementing occurs the density would 

be further decreased and the optimum moisture in-

creased. 


Thus, moisture-density relationships are 

constantly changing, and it is important that the 

proper curve be utilized in field construction. 

Thus, if curing has occurred, itmay be impossible 

to achieve density; however, itis important to 

realize that it is not necessary to achieve that 

density because the reduction is not due to poor 

compaction but rather to the fact that the material 

is different.
 

Plasticity and Workability
 

Substantial reduction inplasticity, i.e., reduced 
plasticity index Pl, increased shrinkage limit, is 
produced by lime treatment, and in many cases the 
soil may become nonplastic. Generally, soils with 
a high clay content or exhibiting a high initial PI 
require greater quantities of lime for achieving the 
nonplastic condition, if it can be achieved at all. 
The first increments of lime addition are generally 
most effective in reducing plasticity, with subse-
quent additions being less beneficial (Ref 100). 
The reduced plasticity of the lime-treated soil and 
its silty and friable texture cause a significant 
improvement in workability and expedite subsequent 
manipulation and working of the treated soil. Fig
ure 2 and Table I illustrate the nanner in which 

lime influences the plasticity characteristics.
 

Volume Change 


Swelling potential and swelling pressures normally 

are significantly reduced by treating clay with 

lime. These reduced swell characteristics are gen-

erally attributed to decreased affinity for water of 

the calcitm saturated clay and the formation of a 

ceentitious matrix which resists volumetric expan-

sion. CBR-swell values of lime treated soils vary. 


but itis not uncommon to decrease swell to less 

than 0.1 percent compared to values of 7 to 8 per-
cant for the untreated soil (Table 2). Typical ex-

passive pressures (Ref 49) are shown in Fig 3. 


Text 3
 

Shrinkage due to moisture loss from the sta
bilized soil isof importance relative to the problem 
of shrinkage cracking. Lime treatment improves the 
shrinkage and swell characteristics of the treated 
materials. Figure 4 contains data (Ref 37) for typ
ical Illinois soils. 

Field moisture contents of lime treated soils
 
suggest that the moisture content changes in the sta
bilized material are not large and the in-situ water
 
content stabilizes at approximately optimum (Ref 106).
 
Theoretical calculations based on laboratory shrink
age data as well as field service data from many areas
 
indicate that for typical field conditions shrinkage
 
will not be extensive (Ref 106).
 

Strength
 

The strength of lime-soil mixtures can be evaluated
 
in many ways. The unconfined compression test is 
the most popular procedure while the stabilometer
 
and CBR tests are used to a lesser extent. These
 
methods, however, are definitely not the most appli
cable or desirable. Only limited data are available
 
concerning the tensile properties of lime-soil mix
tures (Refs 78, 82, 105, and 109), and additional 
effort is needed to evaluate the tensile character
istics of lime-treated materials.
 

It should be emphasized that the strength of
 
a soil-lime mixture is dependent on many variables
 
and that it varies substantially (Refs 100 and 101).
 
Soil type, lime type, lime percentage, curing con
ditions of time and temperature, and the interac
tions between these variables are the major factors
 
influencing strength (Refs 78, 82, and 109).
 

A distinction must be made with respozt to
 
curing. An immediate beneficial strength effe.t oc-

curs with the addition of lime due to the imediate
 
reactions, i.e., cation exchange. flocculation, and
 
agglomeration. The long-term strength gain is pri
marily related to the pozzolanic reaction. Thus. it
 
isnecessary to separate the discussion into cured
 
and uncured strength.
 

Uncured Strength
 

Immediately after the addition of lime a substantial
 
improvement in strength and stability can be ex
pected (Refs 84 and 110). Thee immediate effects
 
can be considered to be an expedient for construc
tion when soft, highly plastic, cohesive soils cre
ate mobility problems for wheeled vehicles (Fig S)
 
or do not provide satisfactory subgrade support for
 
pavement construction operations.
 

Examples of the immediate effect of lime
 
treatment on cone index, CBR, and unconfined com
prassive strength are shown in Fig 6. From this
 
figure itis apparent that substantial improvements
 
in strength can be realized. In some cases these
 
increases may amount to several hundred percent.
 

Cired Strength
 

Unconfined Compression. Unconfined comprea
slv atrengths of typical fine-grained soils compacted
 
at optimum moisture content and density (ASTm D2166)
 

2 

range from about 17 N/cm (25 psi) to more than 207
 

2
N/cm (300 psi) depending on the nature of the soil.
 
Soil-lime mixture strength increases for Illinois soils
 
cured 28 days at 22.80 C (730 P) range up to approxi

2

mately 183 N/cm (265 psi) with many soils displaying


2

increases greater than 70 N/cm (100 psi). Extended
 
curing of 56 days at 22.80 C (730 F) of the same
 
mixtures produced gtrength increases for some soil
lime combinations that exceeded 430 N/cm2 (625 psi).
 
Prolonged curing for 75 days at 48.9* C (120' F) of
 
the MASITO Road Test embankment soil treated with
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5 percent lime produced an average compressive
2


strength of 1090 N/c€ (1580 psi). Field data indi-

cats that with some soil-lime mixtures, strength con-

tinues to increase with time up to and in excess of 

ten years. Typical results for various densities are 

shown in Fig 7. 


The difference between the compressive 

strengths of the natural and lime-treated soil has 

been used as an indication of the degree to which 

the soil-lime pozzolanic reaction has proceeded 

(Ref 101). Substantial strength increase indicates 

that the soil is reactive with lime and can probably 

be stabilized to produce a quality paving material, 


Shear Strength. Unconsolidated and undrained 

type triaxial testing have been utilled to partially 


simulate field service conditions, 

The major effect of lime on the shear 

strength of a reactive fine-grained soil is to pro-
duce a substantial increase in cohesion with some 
minor increase in the angle of internal friction. At 
the low confining pressures normally considered to 
exist in a flexible pavement structure, the cohesion 
increase is of the greatest significance. For ma-
terials such as soil-lime mixtures which are char-
acterized by very high cohesion, it isdifficult to 
effectively evaluate the angle of internal friction. 

For the typical lime reactive Illinois soils, 

the angle of internal friction for soil-lime mixtures 

ranged from 250 to 350 (Ref. 103). The cohesion of 

the mixtures was substantially increased compared to 

the natural soils and cohesion continued to increase 

with increased unconfined compressive strength. Us-

Ing the linear regression equation shown in Fig. 8. 

cohesion values can be estimated from unconfined com-

pressive strength results. 


It is apparent that large shear strengths can 

easily be developed in cured soil-lime mixtures. It 

has been demonstrated that if high quality mixtures are 

used In typical flexible pavement structures, the 

strengths would be adequate to prevent shear failure 

(Ref. 103). Shear-type failures generally have not 

been observed and reported for field service conditions. 


Tensile Strength. Tensile strength proper-

ties of soil-lime mixtures are of concern inpave-

ment design because of the slab action that is af-

forded by a material possessing substantial tensile 

strength. Two test procedures, indirect tensile and 

flexural, have been used for evaluating the tensile 

strength of soil-lime mixtures, 


The indirect tensile test is essentially 
a dianetral compression test in which the material 
fails In tension along the loaded dlamct,:r of the 
cylindrical test specimen. Details and an evalua-
tion of the test procedure for soil-lime mixtures 
are presented inRefs 2, 78, 82, 10S, and 109. 

Typical results (Fig 9) indicate that the 

mixtures can possess substantial tensile strength, 

The ratio of indirect tensile strength to unconfined 

compressive strength in one study (Ref I05) was 

found to be approximately 0.13, while in another 

study (Ref 109) It was found to be much lower as in
dicated by the following regression equation: 


S -6.89 * 50.6 qu
T 5analyzing 


where 


ST= tensile strength, psi 


qu - unconfined compressive strength, kst 


The most common method used for evaluating 

the tensile strength of highway materials has been 

the flexural test. Typical flexural strengths of 


soil-lime mixtures (Ref 96) subjected to various
 
curing conditions are shown in Table 3. Indirect
 
tensile strengths are shown for comparison purposes.
 
For a specific mixture, the ratio of the flexural
 
strength to indirect tensile strength decreases as
 
strength increases and the ratio is apparently not
 
the same for all soil-lime mixtures.
 

If the ratio of flexural strength to Indirect
 
tensile strength is taken as approximately 2,a re
alistic estimate of flexural strength is 25 percent
 
of the unconfined strength. The ratio is approx
imately equivalent to those reported for lime-flyash
aggregate and soil-cement mixtures.
 

California Bearing Ratio. The CBK testing
 
procedures have been extensively used to evaluate the
 
strength of lime stabilized soils. Many agencies
 
have arbitrarily adopted this technique because of
 
their familiarity with the test. In reality, however,
 
the CBR test is not appropriate for characterizing the
 
strength of cured soil-lime mixtures.
 

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

Lime-treated soils were cured for 48 hours at 
48.90 C (1200 F) and companion specimens which had not
 
been cured were placed in the 96-hour soaking cycle
 
immediately after compaction. The 48-hour curing
 
period is approximately equivalent to 30 days at
 
21.10 C (70* F) and the mixtures that were not cured 
prior to soaking had little opportunity to develop 
cementitious products fros the soil-line pozzolanic
 
reaction. The improvements in engineering properties
 
of the no-cure soil-lime mixtures were therefore pri
marily due to the cation exchange, flocculation, and
 
agglomeration produced by the addition of lime. Test
 
results for the natural soils and the soil-lime mix
tures are presented in Table 2. The CBR increases
 
of the no-cure soil-lime mixtures show the benefits
 
that can be obtained from stabilization without pro
longed curing. It is apparent that the no-cure
 
specimens have not developed extensive cementing
 
action.
 

The CBR values foe many of the soil-lime 
mixtures cured for 48 hours at 48.90 C (1200 F) are 
quite large and definitely indicate the extensive 
development of cementing agents. For those mixtures 
that display CBR values of 100 or more, the test re
suits have little practical significance and are not
 
meaningful as a measure of strength or stability.
 
In general, these materials would also exhibit high
 
compressive and tensile strengths, and these types
 
of tests would provide a better strength evaluation.
 
If extensive cementing action has not developed due
 
to either lack of curing time or non-reactivity of
 
the treated soil, CBR values may serve as a general
 
measure of strength; but even in these cases the use
 
of the CBR test is questionable.
 

It is evident that lime treatment of fine
grained soils produces increased CBR irrespective of
 
the length of curing and lime-reactivity of the soil.
 

Stress-Strain Characteristics
 

Stress-strain properties are essential for properly

the behavioral characteristics of a pave

sert structure containing a soil-lime mixture struc
tural layer. The marked effect of lime on the com
pressive stress-strain properties of fine-grained
 
soils is shown in Fig 10. The failure stress is
 
increased, and the ultimate strain isdecreased for
 
soil-line mixtures relative to the natural soil. As
 
with strength itis necessary to separate the dis
cussion with regard to whether the soil-lime has
 
been cured or not since Imediate beneficial effects
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occur which relate to improved workability and con-

struction. 


Uncured Soil-Lim, 


Figure II shows typical improved stress-strain char-

acteristics which occur without curing and indicates 

the general nature of the modification attained from 

lime treatment. 


As indicated in Fig 11, substantial increases 

in modulus of deformation can be expected. Figure 

12 illustrates typical stress-strain relationships 

for soil and soil-lime which were compacted on the 

wet side of optimum to simulate a wet field condi- 

tion during construction.
 

Cured Soil-Lime 


As a result of an extensive study of representative 

Illinois soils stabilized with lime (Ref 103), it 

was possible to develop a generalized compressive 

stress-strain relation for cured soil-lime mixtures 

(Fig 13). The mixtures studied appeared to be strain 

susceptible, and the ultimate strain at maximum com-

pressive stress was approximately 1 percent, regard-

less of the soil type or curing period, 


Modulus of Deformation or Elasticity. It was 

found (Ref 103) that the compressive modulus of elas-


2
ticity at a confining pressure of 1.05 kg/cm (IS psi) 

could be estimated from the unconfined compressive
 
strength of the lime-soil mixture according to the 

following relation: 


E - 9.98 * .124 qu 


where 


E - compressive modulus of elasticity, ksi 
qu - unconfined compressive strength, psi 

For soil-lime pavement layers possessing high 

shear strength, the flexural stresses in the mixture 

may be the controlling design factor. In view of 

this fact, flexural moduli of elasticity have been 

evaluated for typical cured soil-lime (Ref 103).
 

Typical Illinois soils were stabilized with
 
line, and beams with dimensions of 5.08 cm x 5.08 cm 

x 22.86 cm (2 in. x 2 in. x 9 in.) were prepared and
 
cured for 48 and 96 hours at 48.90 C (1200 F). 

After curing, strain gauges were attached to the mid-

portion of the beams and the beams were tested under 

third-point loading conditions. 


The modulus of elasticity in flexure was 

calculated from the moment-curvature relationships 

for the beams, and the relationship between the mod-

ulus of elasticity and the flexural strength was 

calculated (Fig 14). For the range of data consider-

ed, it was concluded that the regression equation 

shown in Fig 14 can be used to estimate the flexural 

modulus of elasticity. It should be noted that flex- 

ural moduli were substantially larier than compres-

sive moduli for the same mixture. • 


Repeated compressive loading data for soil-
lime mixtures are limited. Fossberg (Ref 45), util-
Izing a montmorillonitic clay treated with 10 per-
cent lime, studied the influence of deviator stress 
and confining pressure on resilient modulus. The 
specimens were prepared at extremely high water con-
tents and low densities. Consequently the data are 
not directly comparable with field conditions. The 
general relation between resilient modulus and prin-
cipal stress ratio appeared to be linear and resil-
ient moduli in excess of 69,000 N/cm2 

(100,000 psi) 
were noted for some test conditions, even under the 
rather unfavorable testing conditions involving high 

water content and low density.
 
Maxwell and Joseph (Ref 67) used a field vi

bratory testing procedure for evaluating the strength

of an airfield pavement section containing a 15.2
centimeter (6-inch) lime-stabilized subgrade and an
 
20.3-centimeter (8-inch) lime-stabilized clay-gravel
 
subbase. Based on periodic field-velocity measure
ments, computed elastic moduli for the stabilized
 

2
subgrade ranged from 114,000 N/cm (165,000 onit
 
2
following construction to 392,000 N/cm (568,000 psi)
 

approximately 2 years after construction. Similar
 
data for the lime-treated subbase were 135,000


2

N/cm (196,000 psi) after construction and 696,000


2

N/cm (1,010,000 psi) 2 years later.
 

Poisson's Ratio. Only limited data are
 
available for lime-soil mixtures. Reported values
 
at stress levels less than 25 percent of ultimate
 
compressive strength ranged from 0.08 to 0.12 with
 
an average of 0.11 (Ref 99). These values are in
 
agreement with those previously reported for rock,
 
lime-flyash-aggregate mixtures, and soil-cement. At
 
higher stress levels, greater than 50 to 75 percent
 
of ultimate compressive strength, Poisson's ratio
 
increased, ranging from 0.27 to 0.37 with an average
 
of 0.31. A similar type of behavior has been noted
 
for lime-flyash-aggregate mixtures. The influence
 
of stress level, expressed as a percent of ultimate
 
compressive strength, on Poisson's ratio for soil
lime mixtures is shown in Fig 15.
 

General. Since the properties of a soil
lime mixtu-recange with increased curing time, it 
say not be justified to conduct elaborate tests to
 
precisely evaluate properties that will change due
 
to field curing effects. It may be more desirable
 
to use unconfined compressive strength or the indi
rect tensile test for evaluating the quality of the
 
mixtures. Use of correlations in place of testing
 
Is discouraged since these correlations depend on
 
the conditions for which they were developed and
 
can produce large errors. Correlations Should be
 
used only when there is no other alternative or the
 
desired property cannot be measured and then only
 
with caution.
 

Fatigue Characteristics
 

The flexural strength of soil-lime mixtures is im
portant to its use in subbase and base courses.
 
Flexural fatigue data developed for typical Illinois
 
soils are shown in Fig 16.
 

The response curves are typical of fatigue
 
in general and are similar to te curves normally
 
obtained for similar materials such as lime-flyash
aggregate mixtures and concrete. The fatigue
 
strengths at S million stress repetitions of the
 
lime-soil mixtures varied from 41 to 66 percent of
 
the ultimate flexural strength with an average of
 
54 percent.
 

More important is the behavior of lime
treated mixtures when subjected to repeated applie
tions of tensile stresses such as in the indirect
 
tensile test or the direct tensile test. Prelimin
ary fatigue experiments using the indirect tensile
 
test indicated that this test is quite applicable
 
to the study of lime-treated materials (Ref 81).
 

Soil-lime mixtures continue to gain strength
 
with time and the ultimate strength of the mixture
 
'isa function of curing period and temperature. The
 
magnitudes of the stress repetitions applied to the
 
mixture are relatively constant throughout its design
 
life. Therefore, as the ultimate strength of the
 
material increases due to curing, the stress level,
 
as a percent of ultimate strength, will decrease and
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Factors cotributinl to testing variability 
iloclile: a) heterolenous nature of suils; h) nw'n-
ifemeity of satures; 0l slight tleviations ills$aple 
properation end testing techniqist; 4) small valid-
Omis in curino tamperaiure and tme: and e) density 
Valiatioens, 

movii fem the laboratory to a field cn-
stlctien site. It could be *ietctrJ that aore varn-
altl. would be ilroduced as a result of the vthl-
lively uncontrolled constructitn process as co pared 
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II 

to tue carefully controlled laboratory coditions. 
Additional variation way also be introduced with time 
during cunstruction. The variation in material prop
erties introduced along the roadway Includes varia
lion intro6dced by the envirenent, changes in the 
constituents of the statuse. changes in contractor 
or construction technique, and various other factors. 

This variability should be recognized and 
considerd in the evaluation of oil-lile mistures. 

An atteapt his been sade to sinearise the basic char
aweristics and properties vf soil-liat mixtures with 
respect to their eninerting uses. These properties 
vary significantly dependin on the type of soil. 
method aid qualty or construction, and type and 
lenlth of curing. thus, at this tie it is not PtI. 
sible to define the actual properties. Only values 
can be provided. The use. evaluation, and mixture 
design procedures should be developed in term of 
intended uae, objectives, and test conditions. In 
addition, the evaluation should be based on seaning. 
(il tests which provide funlamental engineering prop. 
orretsisecrtis tiher than empatical test results. An at
teapt should also be Vhde to recognile and consider 
the inhercht variation ir soil-lime mixtures, 

SOIL-LlNL WISTUALE MSIC 

General 

The major objective of the sixte design process Is 
to establish an appropriate lise content for con
struttitn. It is laporiwit to note that the prisary 
variable that ca.n he altered is Ine percentage since 
the inhrc proprties :AnJ characeristics of the 
soil are essentially fised. BMeause of the any 
varied applicacions of line treat"nt df soils, 9e1
oral 4sxture dAign procedures have been developed 
which ire dvfcirt.ed in this section. The general 
prinacpe Of soil-linetmixture design is that the 
sixture should provide satisfactory performance hen 
consturted In a desired position in the paVement 
structure or the Subgraoe. It is apparent that a 
Wide raine of suil-lil: ialtures of varying quality 
can be sugcoestiully used t!) accosplish differing 
line tretmienl uhjectives. lsiga lite contents 
genrtally are based on an analysis of the effect of 
various il percenta6es on selected engineering 
properties of the soil-lir oixtulte. Fngineering 
properties bhich are conidere", depewling on the 
statlliation )bjectives. Are Atterbert limits, i.e.. 
liquid limit, plastic limitt, and plasticity ides, 
%*ellpotential. and strength of cured or uncured 
eistures. 

'ialtrt design criteria are needed to estab
lish the qu4ntity of lire requiredl to produce an 
acceptat-le qaality sitture. Par son. stabilization 
objectives and soils, accetable soil-lisa mixtures 
may not be pro ceJ legal 'ess of the lime peictage 
used. 

Laboratory Testinx Procedures
 

Many different laboratory testing ptxedLures have 
been utilized in the various mixture design methads. 
5pecific details of the various pracedures have not 
bccn inluided in this report. however, general con
sideratis Are slamarfled below. 

lest methoals hich have been used in he do
sip of toil-lie misttire include () Atterbeeg 
i.its. () California Ovaring atio, (3) Ilvers at
bicsieter or It.wvlue, (4) swell tests, and (5) unacon. 
fIne.l corpression. Laboratory testing involves soil
line mixture preparation, specimen preparation. 

http:dvfcirt.ed
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Rpm 20.MRdaUOlwMp beween unit lenh change
Nt dele wi hfree-ew cycle (Ref 36). 

nd Fiure 21. Influence of Initid unconfined compressive 
Wieth on the residual strength after freele-thaw cycle (Ref 36). 
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curing, ana testing. 


Mixture Preparation 


Lime contents generally are specified as a percentage 
of the dry welaht of soil, although a few agencies 
specify on a volue basis. Soil-lime mixtures are 
normally prepared first by dry mixing the proper 
amounts of soil and lime and then blenjing the re-
quired a nt of water into the mixture. In most 
procedures, mixtures are prepared at or near optimum 
moisture content as determined by AASH'TO T-99, T-180 
or T-212. 

Frequently the soil.lime mixture is-allowed
 
to mellow one hour or some other designated time 

prior to conducting Atterberg limit tests or pre-

paring test specimens, 

Specimen Preparation 


Strength test specimens are generally cylindrically 

shaped. Diameter and heights vary substantially 

ranging from 35.6 m (1.4 inches) in diameter by 

71.1 m (2.8 inches) high to 15.2 cm (6 inches) in 
diameter by 20.3 ca (8 inches) in height. Since the 
length to diameter ratios (t/d ratios) vary, it is 
recommended that compressive strength values be 
corrected to an t/d ratio of 2 for comparison pur-
poses. 

The density of the compacted specimens must 
be carefully controlled because the strength of a 

cured soil-lime mixture is greatly influenced by

density (Fig 6) and small density variations may 
make it difficult to accurately evaluate the effect 
of other variables such as lime percentage and curing
conditions. 1us, the compactive effort should al-
ways be specified since some test methods specify 

ASNTO T-99 or the equivalent and other procedures 

specify AASITO T-180 or T-212. 


Curing Conditions 


Time, temperature, and moisture conditions during the 
curing period vary significantly. Some agencies cure 
at Tom temperatures while others cure at elevated 
temperatures, e.g., 45 hours at 48.90 C (1200 F).
Normally elevated temperature curing is of shorter 
duration than ambient curing. Many procedures spec-
Ify that the specimens should be cured in a sealed 
container -hile others (AISHTO T-220) require a moist 
curing c/cle followed by a drying and capillary 
vetting cycle. It should be noted that in some pro-
cedures no curing period is required. 

The great disparity in curing conditions makes 

It ve- difficult to compare the results obtained 

from different testing methods. Thus. mixture qual- 

ity criteria developed for a particular test pro-

cedure should not be arbitrarily adopted for analyt- 

Ing test repults obtained from a different test 

method.
 
Testing 


Procedures used to evaluate soil-lime specimens us-
sally involve conventional tests. For example, the 
Atterberg Limits (AASHTO T-39. T-90). California 
Searing Ratio (AAS11TO T-193), and R-Value (ASTM 
D2844) are used for many different types of mater-
ils. There is probably more variation inuncon. 
fined compression testing than any other procedure. 
Thus, details concerning specimen size. rate of 

loading, etc. should be specified in the description 

41 any test method which is not standardized, 


Mixture Design Criteria
 

fixture design criteria are needed to evaluate the
 
adequacy of a given soil-lime mixture. Criteria will
 
vary depending on the stabili:stion objectives and
 
anticipated field service conditions, i.e., environ
mental factors, wheel loading considerations, design
 
life. etc. It is thus apparent that mixture design
 
criteria may range over a broad scale and should be 
based on a careful consideration of the specific con
ditions associated with the stabilization project.
 

Types of Criteria
 

Current mixture design criteria can be classified into
 
two broad categories. The first category relates to
 
those situations where the major stabilization objec
tives are PI reduction, improved workability, immedi
ate strength increase, and reduced swell potential.
 
To a large extent, these property improvements are
 
produced by the cation exchange and flocculation
agglomeration reactions which occur quite rapidly.
 
Mixture design criteria for this category of stabil
itation might typically include some of the following
 
requirements:
 

(1) no further decrease in PI with increased
 
percentage of lime,
 

(2) acceptable PI reduction for the partic
ular stabilization objective,
 

(3) acceptable swell potential reduction,
 
and
 

(4) CUR and R-Value increase sufficient for 
anticipated uses. 

It is difficult to establish actual quanti
tative values for the above requirements because in
 
many cases they must be established relative to the
 
properties of the untreated soil and the specific job 
conditions.
 

The second category of criteria is concerned 
with strength improvement produced by the po:zolanic 
reaction between the soil and lime. For example, if 
the mixture is to be used as a subbase or base course 
in the pavement structure, it must possess minimum 
strength and durability. Thus, mixture design cri
teria normally specify that the cured mixture meet a 
minimum strength requirement and the design lime con
tent is that percentage which produces maximum
 
strength for given curing conditions.
 

Most current minimum strength criteria are 
specified in terms of compressive strength. The min
ima strength requirements generally are higher for 
base materials than for subbase materials since stress 
and durability conditions differ for various depths in
 
the pavement structure.
 

Typical current mixture design criteria are
 
presented in the section entitled Current Mixture
 
Design Procedures.
 

Experience and Evaluation
 

Mixture design criteria can be validated only on the 
basis of actual field performance. McDowell's ex
tensive publications (Refs 72 through 77) concerning 
Texas experiences. Andy's sumary (Ref 3) of Virginia 
projects, and McDonald's recent reports (Refs 68 
through 71) are examples of extensive validation ac
tivities for widely separated geographic areas with
 
drastically different climatic conditions.
 

Mixture design criteeia developed for use 
with a particular mixture design procedure and geo
graphic location must not be applied indiscriminately 
to other aTeas. Careful consideration should be liven 
to all aspects of the problem before adopting any 
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criteria. 


Current Mixture Design Procedures 


Selected current mixture design procedures are sum-
mrlzed below. As discussed, mixture design proced-
urea consider specimen preparation, curing conditions, 

testing procedures, and mixture design criteria. More 

detailed information concerning the mixture design 

procedures can be obtained by consulting the various 

references listed in this section. 


California Procedure 


California's current design procedure is based on 

stabilometer test data developed for mixtures con-

taining various lime percentages. The general pro-

cedure is as follows: 


1. Soil-line mixtures are prepared at various 

lime percentages. The mixture moisture content is 

adjusted to approximately optimum (AASHTO T-180) and 

the moist mixture is loose cured for 24 hours. 


2. Stabilometer samples are compacted using 

the California kneading compactor (California Test 

Method 301). The compacted specimens are not cured. 


3. The compacted specimens are tested using 
the stabilometer (California Test Method No. 312) to 
determine the R-value. 

4. Depending on the intended use of the mix
ture, the lime percentage required to develop an I-

value in the range of 60 to 80 is determined. 


S. The lime percentage is increased approx
imately I percent to compensate for field construc-
tion variability. 

fades and Grim Procedure 

The pH mixture design concept developed by Eades and 
Grim (Ref 44) involves, to a certain extent, a 
strength based criterion. 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, lime-sc4l po:zolanic reaction. Tht pH pro-

eedure, as developed by Eades and Grim, is summarized 

below, 


I. Representative samples of air-dried, minus 

No. 40 soil to equal 20 g of oven-dried soil are 

weighed to the nearest 0.1 g and poured into 150-al 

(or larger) plastic bottles with screw tops. 


2. Since most soils will require between 2 

and S percent lime, it is advisable to set up five 

bottles with lime percentages of 2, 3,4, 5, and 6. 

This will insure, in cost cases, that the percentage 

of line required can be determined in 1hour. Weigh 

the lime to the nearest 0.01 g and add it to the 

soil. Shake to mix soil and dry lime. 


.. Add 100 ml of CO-free distilled water to 

ti bottles. 


4. Shake the soil-liLe and water until there 
is no evidence of dry material on the bottom. Shake 
for a minimum of 30 seconds, 

S. Shake the bottles for 30 seconds every
 
30 minutes. 


&. After 1 hour, transfer part of the slurry 
to a plastic beaker and measure the pH. The pH meter 
must be equipped with a Hyalk electrode and standard-
lied with a buffer solution having a pH of 12.00. 

7. Record the pit for each of the soil-lime 
mixtures. If the pH readings so to 12.40, the low-
est percent lime that gives a pitof 12.40 is the per-
cent required to stabilize the soil. If the pH does 
sot go beyond 12.30 but at least two consecutive per-
centages of lime give the same reading, the lowest 
percentage which gives a pitof 12.30 is that required 

P./
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is 
to stabilize the soil. However if only the highest
 
percentage checked gives a pit of 12.30. additional 
test bottles should be started with larger percent
agesof lime.
 

Thompson and Eades (Ref 108) have demon
strated that for typical Illinois soils, the lime
 
percentage determined by the pH test was approxi
mately the same as the lime percentage producing
 
maximum compressive strength. Recent work by Harty
 
(Ref S3), however, indicates that the lime percentage
 
obtained from the pH procedure does not produce max
imum cured compressive strength for tropical and sub
tropical soils. There are limitations to the pH pro
cedure in that, (1)the technique does not establish
 
whether the soil will react with lime to produce a 
substantial strength increase, and (2)strength data
 
are not generated for use in evaluating mixture
 
quality.
 

Eades and Grim (Ref 44) recogni:ed the need
 
for supplemental strength data and have stated, "The
 
one-hour pH or 'Quick Test' can be used only to de
teruine the lime requirements of a soil for stabili
zation. Since strength gains are related to the for
mation of calcium silicates, and their formation
 
varies with the mineralogical components of the soil.
 
a strength test is necessary to show the percentage
 
of strength increase."
 

Illinois Procedure
 

The Illinois procedure considers two types of ata
bilization objectives: 

1. Soil-lime stabilization in which the mix
ture will be utilized as a base or subbase material 59 
in the pavement system, and 

2. Subgrade modification and expediting
 
construction. 

The procedures are outlined below.
 

Soil-lime Stabilization. The mixture design 
procedure is based on unconfined compressive strength 
test data. Specimens with a 5.1 centimeter (2inch) 
diameter and a 10.2 centimeter (4 inch) height of 
the natural soil and soil-lime mixtures are prepared 
at optimum moisture content and maximum dry density 
(AASHTO T-99). The soil-lime specimens, prepared at 
various lime treatment levels, are cured for 48 hours 
at 48.90 C (1200 F) prior to testing.
 

The compressive strength of the soil-lime mix
ture with 3 percent lime must be at least 34.S N/cm2 

(S0 psi) greater than the compressive strength of
 
the natural soil. The design lime content is desig
nated as the lime percent above which further in
creases do not produce significant additional strength.
 
For field construction, the lime content is increased
 
O.S to 1.0 percent to offset the effects of field 
variability. Minimum strength requirements are 
69 N/cm 2 (100 psi) for subbase and 103 N/cm2 (IS0 psi) 
for base course. These minimum strengths relate to 
AASHTO coefficients of relative strength of 0.12 for 
subbase materials and 0.11 for base course materials.
 

Subgrade Modification. The mixture design 
procedure for lime modification is based on the el
fact of lie on the plasticity index of the soil. 
Optional CDR testing can also be conducted if desired.
 

AASHTO Methods T-89 and T-90 are utilized to 
determine the liquid limit, plastic limit, and plas
ticity index of the soil treated with various per
centages of lime. The lime-soil-water mixture is 
loose cured for one hour prior to testing. A plot 
of plasticity index versus lime content isprepared. 
The design lime content may be designated as (i)
 
that line content above which no further appreciable
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reduction in P1 occurs, or (2) a minimum lime content 
which produces an acceptable P1 reduction, 

Depending on the stabilization objectives, 

CIR tests may also be conducted to evaluate the sta-

bility and/or swell properties of the lime-treated 

soil. Curing and soaking of the CBR specimens prior 

to testing is optional depending on the stabiliza-

tion objectives. If appropriate, the design lime 

content may be changed based on the CBR data, sta-

bility values, or swell properties. 


For field construction, the design lime con
tent is increased O.S to 1.0 percent to offset the 

effects of field construction variability.
 

Louisiana Procedure 

Lime contents for soil-line mixtures to be used as 
base or subbase corsees are determined in accordance 
with LDOlDesignation TR 433-70, "Determining the Min-
Imum Lime Content for Lime-Soil Treatment." Quality 
requirements, expressed in terms of minimum unconfined 

compressive strength a,, 69 N/cm 

2 
(100 psi) for base 


course and 34.5 N/cml (50 psi) for subbase courses, 

SoLl-lime wixtures of various lime contents 


are prepared at optimum moisture content (LDH TR 418) 

and specimens 15.2 cm (6 in.) in diameter and 20.3 cm 

(8 in.) in height are compacted to maximum dry den-

sity (LDl TR 418). 


The curing cycle for the compacted soil-lime 

mixture is: 


1. seven days in moist room, 

2. air dried 8 hours at 60* C (1400 F), 

3. eight hours of cooling, and 

4. ten day capillary soaking at a confining 


pressure of 0.69 N/cm
2 
(I psi), AASHTO T-212 procedure. 


so 	 Following curing, the specimens are tested in 

unconfined compression at a rate of 3.81 rn/minute 

(0.15 in./minute). The minimum lime content providing
 
adequate unconfined compressive strength, i.e.. 69 N/ 

cm

2 
(100 psi) for base, 34.5 N/cm 

2 
(50 psi) for sub-


banse Is determineJ from the test data. 


Oklahoma Procedure 


Oklahoma's standard procedure for determining the 

optimum lime content is the Eades and Grim Procedure. 

As an alternate, a plasticity index reduction test 

procedure, as outlined below, is used. The basic
 
objective of Oklahoma's lime treatment is to modify 

subgrade soils without any specific strengthening 

objective. 


1. Soil-lime mixtures with lime contents of 

3. S. 7, and 10 percent are prepared at the AASHTO 

T-99 optimum moisture content for the soil. 


2. The soil-lime mixtures are loose cured 

in a moisture room for 48 hours, 


3. The cured soil-lime mixture is then 
dried in accordance with AASHTO T-87 paragraph 4(a). 

4. The liquid limit, plastic limit, bnd 

plasticity index PI are determined in accordance
 
with AASIfl0 Methods T-89 and T-90, respectively. 


S. A plot of PI versus percent live is pre-
pared. The percent lime which reduces the P! by two 
points per one percent increase in lime is considered 
to be the optimum lime content for the soil-lime 
ixture. Any lime content at or below the optimum 


lime content which gives the desired modification 

may be recomended by the engineer. The P1 should 

be reduced to a maximum value of 10. 


South Dakota Procedure 


Initial lime requirements are established based on a 

p1 procedure (Test No. SD 128) which is similar to 

the Eades and Grim Procedure. Supplemental strength 

data are developed by evaluating the CDR of various 
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soil-line combinations compacted at optimum moisture 
content (AASIITO T-99) to maximum dry density. 

The South Dakota technique (Test No. SD 107) 
is similar to AASTO T-193. If the CBR of the soil
lime mixture with no curing except for the 96-hour 
soaking period is 3 to 4 times greater than the CBR 
of the natural soil, the soil-lime mixture is con
sidered to be of adequate quality for use as a pave
meantlayer (AASHTO coefficient of relative strength . 

O.05). 

Texas Procedure
 

The soil-lime mixture design procedure used by the 
State Department 	 of Highways and Public Transporta
tion is AASHTO T-220 which provides for the determ
ination of the unconfined compressive strength of 
soil-lime mixtures. The procedure suggests strength
 
criteria of 69 N/c 

2 
(100 psi) for base construction
 

and 34.5 N/cm 
2 

(SO psi) for subbase construction.
 
Details of the procedure are inciuded in AASHTO
 

T-220, however, a general outline of the procedure is
 
presented below.
 

1. Based on the grain size and plasticity in
dex data, the lime percentage is selected from 
Fig. 23. 

2. Optimum moisture and maximum dry density 
of the mixtu-e are determined in accordance with ap
propriate sectib:- of AASilO T-212 or Tex-121-E. The 
compactive effort is 50 blows of a 4.54 kg (10 ib) 
hammer, with a 4S.7 cm (18 inch) drop. 

3. Test specimens, 15.2 cm (6 inches) in di
ameter and 20.3 (8 inches) in height are compacted at
 
optimum moisture content to maximum dry density.
 

4. The specimens 	are placed in a triaxial
 
cell (A.ASHTO T-212 or Tex-121-E) and cured in the
 
following manner:
 

a. seven days at room temperature,
 
b. remove cells 	and dry at a temperature not
 

to exceed 600 C (1400 F) for about six hours or until
 
one-third to one-half of the molding moisture has
 
been removed,
 

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

d. subject the specimens to capillarity (sec
tion 6 of AASHTO T-212 or Tex-121-E) for 10 days.
 

S. The cured specimens are tested in uncon
fined compression in accordance with sections 7 and 
S of AASIITO T-212 or Tex-12l-E. 

Relative to Fig 23, the Texas Procedure notes
 
that the percentages should be substantiated by ap
proved testing methods on any particular soil ma
terial. The results of the unconfined compression
 
strength testing can be used for the purpose of sub
stantiation.
 

Thompson Procedure
 

Thompson (Ref 104) has developed a mixture design
 
process for lime-treated soils in which different
 
procedures are proposed for lime m%.ified soils and
 
soil-lime mixtures.
 

The lime modification procedure is utilized
 
when the stabilization objectives are to expedite
 
construction and produce subgrade modification, e.g.
 .
 
CDR increase, decreased swell potential, and de
creased plasticity. Soil-lime mixtures which display
 
significant compressive strength increases, 34.5
 

2

N/cm (SO psi) minimum, can be utilized as base and 
subbase materials depending on the soil-lime mixture 
properties and pavement service requirements. 

A flow diagram illustrating the mixture de
sign process is shown in Fig 24. Quality criteria
 
for the soil-lime mixtures were establish@t based on
 

p
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considerations of pavement structural beharior and 
durability requirements. The :oil-lime quality cri-

teria are summarized inTable 4. 


The development of the mixture design process 
and the detailed testing procedures are contained in 
Ref 104. it is emphasized that the line-modified 
soil mixture design process can be utilized for re-
active soils if the stabilization objectives are pri-
marily to expedite construction or modify the sub-
trade. 

Virginia Procedure 


Virginia's mixture design procedure, VTM-11 Virginia 

Test Method for Lime Stabilization, is based on the 

cured compressive strengch of soil-lime mixtures ste-

bilized with various amounts of lime. The procedure 

is sumarized below. 


I. Proctor sized specimens at various lime 

percentages are prepared at approximately optimum 

moisture content and maximum dry density (AASHTO 

T-99), compaction test conducted with 6 percenb lime. 


2. Specimens are cured in sealed containers 

at high humidity for 72 hours at 48.90 C (1200 F). 


3. The soil-lime specimens are tested inun-

confined compression using a loading rate of 1089 kg/ 

minute (21400 pounds/minute) or approximately 

1.3 kg/cal/ainute (19 psi/minute). 


4. Virginia criteria require a minimum com- 

pressive strength of 10.5 kg/cm2 (150 psi) for soil-

lime mixtures tested in accordance with the above 

procedure. 


Summary 


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 mix-

ture. The basic components of a mixture design pro-

cedure generally are: 


1. method for preparing the soil-lime 

mixture, 


2. procedure for preparing and curing 
specimens, 

3. testing procedures for evaluating a 

selected property or properties of the cured soil
line mixture, and 


4. appropriate criteria for establishing the
 
design lime content. 


It is important to note that different de-
sign lime contents for the same soil may be estab-
lished depending on the objectives of the Jlime 
treatment and the mixture design procedure utilized. 
kixtuy: design procedures should be flexible enough 
to allow the exercise of judgment when unusual stab-
ilization objectives are contemplated. 

LIME STABILIZATION CONSTRUCTION 


Introduction 


The modern version of lime stabilization is less than 

30 years old, but considerable advancement has been 

made in construction procedures during these past 

three decades. This progress of this method of stab-

ilization was due to the efforts of many engineers 

and scientists and can be summarized as follews 


1. basic and applied research by numerous 

state highway departments, governmental agencies, 

and universities; 


2. education by worldwide publication of 

research studies and construction reports of actual 

lime stabilization projects; and 


3. equipment manufacturer's recognition of 

the potential of lime stabilization and development 

of equipment to meet theneeds of the contractor. 
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Twenty-five years ago there were two basic stabilizers
 
that could be adapted to lime stabilization, but today 
there are approximately twenty different types of equip
ment designed primarily for this stabilization.
 

With the growth of lime stabilization through
out the world for many climatic corditions, a diver
sity of applications has developed and a variety of 
construction techniques has evolved. This variation 
has been due to such factors as type of soil, degree 
of stabilization required, complexity of project, 
ecological restraints, and type of pavement design. 
For example, some heavy clay soils are very reactive 
to lime and can be completely pulverized with only 
one pass of a traveling mixing unit; however, this is 
the exception to the rule, as the stabilization of a 
heavy gumbo clay usually reqlircs much more manipula
tion and curing than a low-plastic granular material. 
Modification of soil, e.g., drying out of wet soil 
with lime to expedite construction, s less involved 
than completely stabilizing a heav, :lay to be used 
as a part of the pavement structure. 

Projects may range from maintenance activities
 
for which only a few bags of lime are required (Fig 29)
 
to vast interstate highways or airfield pavements re
quiring thousands of tons of bulk lime. Because of
 
dusting, projects located in uiban areas generally
 
require the use of lime slurry rather than dry lime.
 
Thus, with the growing emphasis on ecology the trend
 
is toward a greater use of a lime slurry and some
 
engineers are now discouraging the use of dry lime
 
except in very localized areas.
 

Finally, when lime is used !n pavement desijn
 
to reduce overall thickness, the stabilized layer
 
must be built under tight corstruction specifications,
 
whereas requirements are more lenient when lime is
 
merely used to form a working table. 

Regardless of the specific applicatio, of scil
lime, the following basic steps are involved in the
 
construction procedure: soil preparation, lime
 
spreading, mixing and watering, compaction and fin
ishing, and curing. These basic steps, along with
 
the more significant variations, are discussed in de
tell. Since this 3s a state-of-the-art report, un
doubtedly there will be more variations as lime sta
bilization continues to expand throughout the world.
 

Line Stabilizat.on Methods
 

Basically. there are three recognized lime stabiliza
tion smtioda, including in-place mixing, plant mixing.
 
and pressure injection.
 

In-place Mtixing
 

In-place mixi- bo- subdivided into three methods: 
I. m? viIwith the existing materials
 ,,. 


already ap&, o kv construction site or pavement
 
(Fig 25).
 

2. n.a ',t_ixing in which lime is mixed 

with borrow &:. ;;I, mixture is then transported to 
the construction site for final manipulation and com
paction (Fig 26), and 

3. mixing inwhich the borrow source soil is 
hauled to the construction site and processed as in 
method number 1. 

The following procedures are utilized for in
place mixing
 

1. One increment of lime is added to clays or
 
granular base materials that are easy to pulverize.
 
The material is mixed and compacted in one operation,
 
and no mellowing period is required.
 

2. One increment of lime is added and the
 
mixture Is allowed to mellow for a period of I to 7
 
days to assist in breaking down heavy clay soils.
 

3. One increment of lime is added for soil
 
modification and pulverization prior to treatment
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Figure 27b. Tractor plow pulled by asecond tractor for Figure 27c. Root plow for scarifying to adepth of 46cm 
deep stabilization. (18 IndM). 

.Val 

Figure 28. Plant mixing pug mills. 

(a)Lime-treated gravel with lime fed by screw conveyor-South lb) Lime-cement-flyash-aggregate base course-Newark Airport. 
Dakota IRef 21). 

Figure 29. Application of lime by the bag for a small maintenance Figure 30. Application of lime by a bulk pneumatic truck for levee 
project.Taxa. repair project. 

63 
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with cement or asphalt. 

4. One increment of lime is added to produce 


a working table. Proof rolling is required in lieu of 

pulverization and density requirements. 


S. Two increments of lime are added for soils 

which are extremely difficult to pulverize. Between 

the applications of the first and second increments 

of lime. the mixture is allowed to mellow, 


6. Deep stabilization which has been accom-

plished by one of two approaches (Ref 98). 


a. One increment of lime is applied to mod- 

ify soil to a depth of 24 inches (Fig. 27). Greater 

depths are possible but to date have not been at-

tempted. A second increment of lime is added to the 

top 15 to 30 cm (6 to 12 in.) for complete stabiliza-

tion. Plows and rippers are used to break down the 

large clay chunks in the deep treatment. Heavy disc 

harrows and blades are also used in pulverization of 

these clay soils. In frost zones, the use of small 

quantities of lime for soil modification under some 

circumstances may result in a frost susceptible ma
terial which in turn can produce a weak sublayer. 


b. One increment of lime is applied for
 

complete stabilization to a depth of 46 cm (18 in.). 

Mechanical mixers are now available to pulverize the 


lime-clay soil to the full depth by progressive cuts 

as follows: first pass cut to a depth of 15 cm 

(6 in.), second to 23 cm (9 in.), third to 30 cm 

(12 in.), fourth to 38 cm (IS in.). and then a few 


passes to a depth of 46 cm (18 in.) to accomplish 

full pulverization. The full 46 cm (18 in.) is com-

pacted from the top by vibratory and conventional 

heavy rollers. 


Plant Mixing 


The plant-mix operation usually involves hauling the 


soil to a central plant where lime, soil, and water 

are uniformly mixed and then transported to the con-

struction site for further manipulation (Fig 28). 


The amount of lime for either method is us-


ually predetermined by test procedures. Specifica-

tions may be written to specify the actual strength 

gain required to upgrade the stabilized soil, and 

notations can be made on the plans as to the esti-

mated percent of lime required. This note should 

also stipulate that changes in lime content may be 


necessary to meet changing soil conditions encountered 

during construction, 


Pressure Injection 


Pressure injections of lime slurry to depths of ? to 


3 meters (7 to 10 feet) for control of swelling and 


unstable soils on highways and under building sites 

are usually placed on 1.5-meter (5-foot) spacings, 

and attempts are madt to place horizontal seams of 


lime slurry at 20- to 30-cm (8- to 12-in.) intervals, 


The top IS- to 30-c (6- to 12-in.) layer should be 

completely stabilized by conventional methods. Pres-


sure injection will not be considered in detail since 


the technology is different and is outside the scope 


of this report. Additional information and detail 

can be obtained from Refs 58 and 113. 


Construction Steps 


Soil Preparation 


The in-place subgrade soil should be brought to final 


grade and alignment. The finished grade elevation may 


require some adjustment due to the potential fluff 

action of the lime stabilized layer resulting from 

the fact that some soils tend to increase in volume 


when mixed with lima and water. This volume change 
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may be exaggerated when the soil-lime is retixed over
 
a long period of time, especially at moisture con
tents less than optimum moisture. The fluff action
 
is usually minimized if adequate water is provided
 
and mixing is accomplished shortly after lime is ad
ded. For soils that tend to fluff with lime, the
 
subgrade elevation should be lowered slightly or the
 
excess material trimmed. Trimming can usually be
 
accomplished by blading the material onto the shoulder
 

of embankment slopes.
 
This blading operation is desirable to remove
 

the top 6.4 mm (4 inch) since this material often is
 
not well cemented due to lime loss experienced during
 
construction. Excess rain and construction water may
 
wash lime from the surface, and carbonation of lime
 
may occur in the exposed surface.
 

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

Lime Application
 

Dry H drat!d Lime. Dry lime can be applied
 
either in bulk oreby bag. The use of bagged lime is
 
generally the simplest but also the most costly method
 
of lime application. Bags, 22.7 kg (50 Ib). are de
livered in dump or flatbed trucks and placed by hand
 
to give the required distribution (Fig 29). After
 
the bags are placed, they are slit and the lioe is
 
dumped into piles or transverse windrows across the
 

roadway. The lime is then leveled by either hand
 
raking or by meins of a spike-tooth harrow or drag
 

pulled by a tractor or truck. Immediately thereafter,
 
the lime is sprinkled to reduce dusting.
 

The major disadvantages of the bag method are
 
the higher cost of lime because of bagging costs,
 

greater labor costs, and slower operations. Never
theless, bagged lime is often the most practical
 
method for small projects or for projects in which it
 

is difficult to utilize large equipm::it.
 
For large stabilization projects, particularly
 

where dusting is no problem, the use of bulk lime has
 
become common practice. Lime is delivered to the job
 

in self-unloading transport trucks (Fig 30). These
 
trucks are large and efficient, capable of hauling
 
13,300 to 21,800 kg (15 to 24 tons). One type is
 

equipped with one or more integral screw conveyors
 
which discharge at the rear. In recent years pneu
matic trucks have increased in popularity and are
 
preferred over the older auger-type transports. With
 

the pneumatic units the lime is blown from the tanker
 
compartments through a pipe or hose to a cyclone
 
spreader or to a pipe spreader bar mounted at the
 

rear (Fig 31). Bottom-dup hopper trucks have also
 

been tried, but they are undesirable because of dif
ficulty in unloading and obtaining a uniform rate
 

of discharge.
 
With the auger trucks, spreading is handled
 

by means of a portable, mechanical-type spreader at

tached to the rear or through metal downspout chutes
 

or flexible rubber boots extending from the screw
 

conveyors. The mechanical spreaders incorporate
 
belt, screw, rotary vane, or drag chain conveyors
 
to distribute the lime uniformly across the spreader
 
width. When boots or spouts are used instead, the
 

lime is deposited in windrows; but due to lime's
 

lightness and flowability, the lime becomes distrib

uted rather uniformly across the spreading lane.
 

Whether mechanical spreaders. downspouts, or boots
 
are used, the rate of lime application can be regu

lated by varying the spreader opening, spreader drive
 
speed, or truck speed so that the required amount of
 

lime can be applied in one or more passes.
 
With the pneumatic trucks, spreading is gener
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ally handled with a cyclone spreader mounted at the 

rear, which distributes the lime through a split 

chute or with a spreader bar equipped with several 

large downspout pipe%. Fingertip controls in the 

truck cab permit the driver to vary the spreading 

width by adjusting the air pressure. Experienced 

drivers can adjust the pressure and truck speed so 

that accurate distributidn can be obtained in one or 

two passes. 


When bulk line is delivered by rail, a variety of 

conveyors can be used for transferring the lime to 

transport trucks; these include screw, belt or drag-

chain conveyors, bucket elevators, and screw eleva-

tors. The screw-type conveyors are most commonly 

used, with large diameter units, 25.4 to 30.5 cm (10 

to 12 inches) being recommended for high speed unload-

ing. To minimizc dusting, all types of conveyors 

should be c.closed. Rail car unloading is generally 

facilitated by means of poles and either mechanical 

or air-type vibrators. 


Lime has also been handled through permanent or 

portable batching plants, inwhich case the lime is 

weigh-batched prior to loading. Generally, a batch-

Ing plant set-up would only be practical on exception-

ally large jobs. 


Obviously, the self-unloading tank truck is the 

least costly method of spreading lime, since there is 

no rehandling of material and large payloads can be 

carried and spread quickly. 


Dry Quicklime. Quicklime may be applied in bags 

or bulk. Dueto its higher cost, bagged lime is only 

used for drying of isolated wet spots or on small 

jobs. The distribution of bagged quicklime is similar 

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, water is applied and mixing operations started at 

once. The fast watering and mixing operation helps 

minimize the danger of burns. Quicklime may be ap-

plied in form of pebble, approxinately 9.5 mn (3/8 

inch), granular, or pulverized. The first two are 

more desirable as less dust is generated during 

spreading. 


Bulk quicklime may be spread by self unloading 

auger or pneumatic transport trucks, similar to those 

used for dry hydrate. In addition, however, due to 

its coarser size and higher denzity, quicklime may 

also be tailgated from a regular dump truck with tail-

gate opening controls to assure accurate distribution 

(Fig. 32). 


Because quicklime is anhydrous and generates heat 

tpon contact with water, special care should be taken 

during stabilization to avoid lime burns. Where quick-

lime is specified, the contractor should provide the 

engineer, for review, a detailed safety program coy-

ering precautions to be exercised and emergency treat-

sent to be available on the jobsite. The program 

should include protective equipment for eyes, mouth, 

nose, and skin as well as a first-aid kit with an 

eyeball wash. This protective equipment should be 

available on the jobsite during spreading and mixing 

operations. The contractor should actively enforce 

this program for the protection of the workers and 

others in the construction area. 


Slurry ethod. In this method lime and water 

are mixednto, slurry. listorically, hydrated lime 

has been used in slurries. Nevertheless, quicklime 

could potentially be used providing that adequate 

equipment wss developed for preparing the slurry. At 
the present time, this process involves a two-step op-
eration inwhich a quicklime paste is first prepared 
and then additional water added to furm the slurry. 
The hydrated lime-water slurry is mixed either ina 
central mixing tank (Fig 33), jet mixer (Fig 34), or 
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in a tank truck. The slurry is sproad over the scar
ified roadbed by a tank truck equipped with spray bars
 
(Fig 35). One or more passes may be required over a 
measured area to achieve the specified pu.centage 
based on lime solids content. To prevent run-off and 
consequent non-uniformity of lime distribution that 
may occur under certain conditions, it may be neces
sary to mix the slurry and soil immediately after 
each spreading pass (Fig 36). 

A typical slurry mix proportion is 907 kg

3
(1toll)of lime and 1.9 m (500 gallons) of water
 

which yields about 2.3 M
3 (600 gallons) of slurry
 

containing 31 percent lime solids. At higher concen
trations there is difficulty inpumping and spraying
 
the slurry. Forty percent solids is a maximum pump
able slurry.
 

The actual proportion used depends upon the
 
percent of lime specified, type of soil, and its mois
ture condition. Where small lire percentages are re
quired, the slurry proportions may be reduced to
 

3

907 kg (Iton) of lime per 2.6 to 3.0 m (700 to 800
 
gallons) of water. Where the soil moisture content is
 
near optimum, a stronger lime concentration normally
 
would be required.
 

inplants employing central mixing, agitation 
is generally accomplished by using compressed air and 
a recirculating pump, although pug mills have also 
been used. The most typical slurry plant incorporates 
slurry tanks large enough to handle whole tank truck 
loads of hydrated lime, approximately 18,100 kg (20
 
tons). For example, on one job two 57-cubic meter
 
(15,000 gallon) tanks, 3-meter diameter by 8-meter
 
length (10-foot diameter by 26-foot length) were used,
 
each fitted with a 20-centimeter (8-inCh) perforated
 
air line mounted along the bottom. The air line was
 
stopped 46 cm (18 inches) short of the end wall,
 

thereby providing maximum agitation in the lime feed3 

ing zone. A typical batch consisted of 38 m (10,000
 
gallons) of water, charged first, and 18,100 kg (20


1

tons) of lime, producing about 45 0 (12,000 gallons)
 
of slurry in less than 25 minutes. Loading of the
 
tank trucks was handled by a standard water pump, with
 
one slurry tank being unloaded while the slurry was
 
being mixed in the other tank.
 

On another job the contractor used a similar 
tank and air line, but in addition made use of a 10
cs (4-inch) recirculating pump for mixing; the same 
pump loaded the tank trucks. To keep the lime from 
settling, the contractor devised a hand-operated 
scraper fitted with air jets. 

Still another job involved a much smaller tank,
 
approximately 9 m3 (2400 gallons), mounted below a
 
lime bin and weigh-batcher. A typical batch consisted
 
of 1800 kg (2 tons) of lime and 4 m3 (1000 gallons) of
 
water, producing enough slurry for one tank truck.
 
Mixing was accomplished with air jets and a 7.6-centi
meter (3-inch) recirculating pump.
 

The newest and most efficient method of slurry
 
production which eliminates batching tanks involves
 
the use of a compact jet slurry mixer. Water at
 

2
5 kg/cm (70 psi) pressure and hydrated lime are
 
charged continuously in a 65:35 (weight) ratio into
 
the jet mixing bowl, where slurry is produced instan
taneously. The mixer and auxiliary equipment can be
 
mounted on a small trailer and transported to the job
 
readily, giving great flexibility to the operation
 
(Ref 16).
 

In the third type of slurry set-up, measured
 
amounts of water and lime are charged separately to
 
the tank truck, with the slurry being mixed in the
 
tank either by compressed air or by a recirculating
 
pump mounted at the rear. The water is metered and
 
the lime proportioned volumetrically or by means of
 
weight batchers. Both portable and permanent batching
 
plants are used. Mixing with air isaccomplished at
 
the plant. The air jets are turned on during the
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Figure 31. Distribution of lime from bar spreader-Wisconsin. 	 Figure 32. Spreading of granular quicklime on canal relining 
project-California (Ref 18). 

Al 

Figure 33. Slurry mixing plant using recirculating pump formixing. Figure 34. Jet slurry mixing plant.Dallas County, Texas (Ref 16). 

wI
 

Figure 35. Spreading of lime slurry. 

Figure 36. Grader-scarifier cutting slurry into stone base. 

(a) Stabilization of stone base (Ref 16).*w~ 

lb) Recirculation pump on top of 2.3 mi (6000 gal) wagon 
agitates Surry. 
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loading operation, and remain on until the slurry is 
thoroughly mixed which takes about 10 to IS minutes. 
The use of a recirculating pump, however, permits 
mixing to occur during transit to the job. Generally. 
S,8 or l0-centimeter(2, 3, or 4-inch) pumps are used 
in this operatioo, with the slurry being rccirculated 

through the tank by means of a perforated longitudinal 

pipe extending the length of the tank and capped at 

one tnd. 


Spreading _-= the slurry distributors is ef-

fected by gray.- -rby pressure spray bars. the 

latter being p..,tred due to better distribution, 

The use of spray deflectors is also recomended for
 
good distribution. The general practice in spreading 

isto make either one or two passes per load. Hiew-

ever, several loads may be needed in order to distrib-

ute the required amount of lime. The total number of 

passes will depend on the lime requirement, optimum 

moisture of the soil, and type of mixing employed, 

Windrow mixing with the grader generally requires 

several passes. 


Double AplictionofLime. In some areas where 

extremely plastic, gumbo clay (P!of SO.) abounds, 

it may prove advantageous to add the requisite amount 

of lime in two increments to facilitate adequate pul-

verization and obtain complete stabilization. For 

example, 2 or 3 percent lime is added first, par-

tially mixed, then the layer issealed and allowed 

to cure for up to a week. The remaining lime is then 

added preparatory to final mixing. The first appli-

cation mellows the clay and helps inachieving final 

pulverization and the second application completes 

the lime-treatment process. 


Advantages and Disadvantages of Different Types of 

Application 


Listed below are some of the advantages and disad-

vantages of the various lime application procedures. 


1. Dry Hydrated Lime. Advantages: (a)dry lime 

can be applied two or three times faster than a slur-

ry; and (b)dry lime is very effective indrying out 

soils. Disadvantages: (a)dry lime produces a dust-

ing problem which makes its use undesirable in urban 

areas; and (b)the fast drying action of the dry lime
 
requires an excess amount of water during the dry, 

hot seasons. 


2. Quicklime. Advantages: (a)more econom-

ical as it contains approximately 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 reaction with soils; 

and (e)due to faster drying, construction season 

can be extended, both spring and fall. Disadvantages:
 
(a)field hydration less effective than commercial 

hydrators, producing a coarser material with poorer 

distribution in soil mass; (b)quicklime requires 

more water than hydrate for stabilization, which may 

present a problem indry areas; and (c)greater sus-

ceptibility to skin and eye burns, 


3. Slurry Lime. Advantages: (A)dust-free 

application ismore desirable from an environmental 

standpoint; (b)better distribution is achieved with 

the slurry; (c)in the lime slurry method, the lime 

spreading and sprinkling operations are combined, 

thus reducing job costs; and (d)during summer 

months slurry application pre-wets the soil and min-

lmazes drying action. Disadvantages: (a)applica-

tion rates are slower; high capacity pumps are re-

quired to achieve acceptable application rates; (b) 

extra equipment is required and thus costs are higher; 

(e)extra manipulation may be required for drying pur-

poses during cool, wet, humid weather, which could 

occur during the fall, winter, and spring construc-
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tion season; and d) not practical for use with very
 
wet soils.
 

Pulverization and Mixing
 

To obtsin satisfxctory qoll-lime mixtures adequate
 
pulverization and mixing must be achieved. For heavy
 
clay soils two stage pulverization and mixing may be
 
required while for other soils one stage mixing and
 
pulverization may be satisfactory. This difference
 
is due primarily to the fact that the heavy clays are
 
more difficult to break down.
 

To-stage Mixing. Construction steps in two
stage mmixi sist Of preliminary sizing, moist
 
curing for 24 to 48 hours (or more) and final mixing
 
or rectixing. The first mixing step distributes the
 
lime throughout the soil, thereby facilitating the
 
mellowing action. For maximum chemical action dur
ing the me! wing period, the clay clods should be
 
less than 5 cm (2 inches) in diameter. Prior to mel
lowing the soil should be sprinkled liberally to
 
bring it up to at least two petcentage points above
 
optimum moisture in order to aid the disintegration
 
of clay clods. The exception to excess watering
 
would be in cool, damp weather when evaporation is at
 
a minimum. In hot weather, however, it may be diffi
cult to add too much water.
 

After preliminary mixing, the roadway should be
 
sealed lightly with a pneumatic roller as a precau
tion against heavy rain, since the compacted suhgrade
 
will shed water, thereby preventing moisture increases
 
which might delay construction. Cenerally, in 24to
 
48 hours the clay becomes friable enough so that de
sired pulverization can be easily attained durin final
 

mixing. Additional sprinkling m.aybe necessary diring 

final mixing to bring the soil to optimv moisture or
 
slightly above (Fig 37). In hot weather more than
 
optimum moisture isneeded to compensate for the loss
 
through evaporation.
 

Although disc harrows (Fig 38) and grader
 
scarifiers are suitable for preliminary mixing, hiph
speed rotary mixers (Fig 39) or one-pass travel plant
 
mixers (Fig 25) are required for final mixing. Motor
 
graders are generally unsatisfactory for mixing lime
 
with heavy clays.
 

Both blade and rotary mix
ing or i na ve been used successfully in
 
projects involving granular base materials. However,
 
rotary mixers are preferred for more uniform mixing.
 
finer pulverization, and faster operation. They are
 
generally required for highly plastic soils which do
 

One.stage Pixin. 


not pulverize readily and for reconstructing worn-out
 
roads inorder to pulverize the old asphalt.
 

Blade Mixing. When blade mixing is used in
 
conjunction with dry line, the material is generally
 
bladed into two windrows, one on each side of the
 
roadway. Lime is then spread on the inside of each
 
windrow or down the center line of the road. 
 The
 
soil is then bladed to cover the lime. After the
 
lime is covered, the soil is mixed dry by blading
 
across the roadway. After dry mixing is completed,
 
water is added to slightly above the optimum moisture
 
content and additional mixing isperformed. To assure
 
thorough mixing by this method, the material should
 
be handled on the mold board at 
least three times.
 

When blade mixing is used with the slurry meth
od, the mixing isdone in thin lifts which are bladed
 
to windrows. One practice Is to start with the mate
rial In a center windrow, then blade aaide a thin layer
 
after the addition of each Increment of slurry, thereby
 
forming side windrows. The windrowed material is then 
bladed back across the roadway and compacted, provided
 
that its moisture content is at optimum.
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A second practice Is to start with a side wind. 

row. then blade a thin, S-centimeter (2-inch) layer 

across the roadway, add an increment of lime, then 

blade this layer to a windrow on the opposite side 

of the road. On one job this procedure was repeated 

several times until all the material was mixed and 

bladed to the new windrow. Since by this time only 

hali of the lime had been added, the process was re-

peated, moving the material back to tileother side, 

This procedure is admittedly slow, but it provides 

excellent uniformity. 


Rotary Mixing. When high-speed rotary mixers 
or one-pass travel plant mixers are used, the lime is 
generally spread evenly on the entire roadway, and 
mixing starts from the top down. Depending upon the 
type of equipment used and the soil involved, complete 
mixing can normally be accomplished in one to three 
passes. Ifneeded, water is added during mixing to 
obtain the desired moisture content, generally op-
timum. 1he water may be added by sprinkling trucks 
or by spraying into !he mixing chamber of the mixer, 
The latter method has considerable merit, since the 
intimate contact of lime, water, and soil facili-
tates chemical breakdown and pulverization. 

The traveling windrow-mixing type machine, 

commonly referred to as the soil-through-machine 

type. may also be used for one-stage mixing if ad-

equate pulverization and mixing can be achieved in 

one pass. 


Central lixing. Pre-mixing of lime with 
granular base materils is becoming popular on new 
construction projects, particularly where submarg-
inal gravels are utilized. Since the gravel has to 
be processed anyway to meet gradation specifications, 
it isa relatively simple matter for the contractor 
to install a lime bin, feeder, and pug mill at the 
screening plant. On one project a small pug mill 
was installed at the head pulley of the collecting 
belt conveyor (Fig 28a) and at another operation a 
larger pug mill plant was utilized (Fig 28b). The 
general practice isto add the optimum moisture at 
the pug mill, thereby permitting immediate compac-
tion after laydown. 

Pulverization and Mixing Requirements 


Pulverization and mixing requirements are generally 

specified In terms of percentages passing the 1-1/2-

inch or I-inch screen and the No. 4 sieve. Typical 

requirements are 100 percent passing the I-inch and 

60 percent passing the No. 4, exclusive of non-

slaking fractions. However, in some applications 

the requirements are relaxed. For example, the 

South Dakota Department of Transportation only re-

quires 100 percent passing the 1-1/2-inch screen 
with no requirement for the No. 4 sieve. Other 
specifications may only require 40 to SO percent 

passing the No. 4 sieve, 


In certain expedient construction operations 

formal requirements are eliminated, and the "pulver-

Ization and mixing to the satisfaction of the en-

ginee' type clause is employed. 


Compaction 


For maximum development of strength and durability, 
lime-soil mixtures should be properly compacted. 
Many agencies require at least 95 percent of AASIfro 
T-99 density for subbasts and 98 percent for bases. 
Some agencies have required 95 percent AASIITO T-180 
maximum density. Although such densities can be 
achieved for more granular soil-lime mixtures, it 
Is difficult to achieve this degree of compnction 

for lime-treated fine-grained soils. 

Text 3
 

If a thick soil-lime lift is to t,,compacted
 
in one lift, many specifications require 95 percent
 
of A.ASIITO
T-99 maximum density in the upper 15to
 
Z3 centimeters (6 to 9 inches) and lower densities
 
are accepted in the bottom portion of the lift. To
 
achieve high densities neceasitates compacting at ap
proximately optimum moisture content with approved
 
compactors. Granular soil-lime mixtures are gener
ally compacted as soon as possible after mixing, al
though delays of up to two days are not detrimental,
 
especially if the soil is not allowed to dry out and
 
lime is not allowed to carbonate. line-graired soils
 
can also be compacted soon after final mixing, al
though delays of up to four days are ,ot detrimental.
 
kbsenlonger delays, e.g., two weeks or more, cannot
 
be avoided, it may be necessary to incorporate a
 
small amount of additional lime into the mixture,
 
e.g.. 1/2 percent, to compensate for losses due to
 
carbonation and erosion.
 

Various rollers and layer thicknesses have
 
been used in lime stabilizaticn. Ihe most common
 
practice is to compact in one lift, using the sheeps
foot roller (Fig 40) until it "walks out," followed
 
by a multiple-iheel pneumatic roller (Fig 41). In
 
some cases, a flat wheel roller is used in finishing.
 
Single lift compaction can also he accomplished with
 
vibrating impact rollers (Fig 42) pneumatic
or heav'y 

rollers, with light pneumatic or steel rollers being
 
used for finishing. When light pneumatic rollers
 
are used alone, compaction is generally done in thin
 
lifts, usually less than IScentimeters (b inches).
 
Slush rolling of granular soil-lime mixtures with
 
steel rollers is not recomrended.
 

During compaction light sprinkling may be re
quired, particularly during hot, dry weather, to com
pensate for evaporation losses.
 

Curing
 

Maximum development of strength and durability also de
pends on proper curing. Favorable temperature and mois
ture conditions and the passage of time are required
 
for curing. Temperatures higher than 4.4 to 10' C (40 
to 500 F) and moisture contents around optimum are con
ducive to curing. Although some specifications require 
a 3 to 7-day undisturbed curing period, other agelcies 
permit the immediate placement of overlying paving 
layers if the compacted soil-lime layer is not rutted
 
or distorted by the equipment. This overlying course 
mintains the moisture content of the compacted layer 
and Is an adequate medium for curing. 

Two types of curing can be employed, moist and 
asphaltic membrane. In the first, the surface iskept
 
damp by sprinkling (Fig. 43) with light rollers being
 
used to keep the surface knitted together. In membrane
 
curing, the stabilized soil is either sealed with one
 
shot of cutback asphalt at a rate of about .45 to 1.1
 
liters/sq m (0.10 to 0.25 gal/sq yd) within one day
 
after rolling or primed with increments of asphalt
 
emulsion applied several times during the curing pe
riod. A common practice is to apply two shots the
 
first day, and one each day thereafter for four days,
 
at a total rate of .45 to 1.1 liters/sq m (0.10 to 0.25
 
0.25 gal/sq yd). The type of membrane used, amount,
 
and number of shots vary considerably. Generally, it
 
Is difficult to apply more than 0.76 liters (0.2 gal)
 
oi asphalt prime because the lime stabilized layer Is
 
relatively impervious after compaction.
 

Measurement and Payment
 

Measurement and payment considerations in the contract
 
documents are typically incorporated in the manner
 
illustrated below. Particular attention should be 
given to the water item since abnormally large quan
titles are used in soil-lime construction operation.
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Figure 37. Watering of lime-treatad clay on airport project-Kansas Figure 38. Mixing with disc harrow. 
City, Missouri (Re 9). 

Figure 39. Mixing with rotary mixers. 

(a) Rotary mixers on project in Dallas County, (b) Train of rotary mixers on Dallas-Fort Worth Airport. 
Texas. 

Figure 40. Compacting lime-treatbd matorials with sheapsfoot roller. 

(b) Double sheepsfoot roller. 

(a) Self-propelled sheepsfoot roller. 

Figure 41. Pneumatic roller completes compaction of lime-aement. 
flyash base. Newark Airport. 

i-v
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Method of Measurement 


l. Lie to be measured in tons. 
2. Processing of the lime-treated layer to 


be measured by the square yard. 

3. Water used for mixing, compacting, fin 

Ishing, and curing to be measured in units of 4 cubic 
meters (1000 gallons). 

4. Bituminous materials used for curing 
seals to be measured by the ton or gallon. 


Basis of Payment 


1. Line to be paid for at unit bid price 
per ton of material accepted inplace. 

2. Processing of the lime-treated material 

to be paid for at the unit bid price per square yard 

of material completed in place.


3. Water to be paid for at unit bid price 

per 0.38 cubic meters (100 gallons) of material 

used on the project. 


4. Bituminous membrane to be paid for at 

unit bid price per ton or gallon of material used 

for curing purposes. 


Field Quality Control 


Adequate quality control is essential to obtain a 
soil-lime mixture which will meet the stabilization 
objectives and provide the desired performance. 
There are many factors which should be considered in 
the quality control of soil-lime construction. 

Factors typically considered in soil-lime 

construction and procedures for field use are listed
belew. 

1. Depth of Lime Treatment. Since lime el

evates the pitof the soil, phenolphthaleln, a color-

sensitive indicator solution can be sprayed on the 

soil to determine the presence of lime (Fig 44). If 

lime is present, a reddish-pink color develops, 


2. Pulverization. The degree of pulveriza-
tion attained in field mixing is evaluated using se-
lected sieve sizes. Most specifications are based 
on the 1-inch and the No. 4 sieves. The processed 
material is "dry sieved" to determine the percent
passing. Care should be taken to insure that the 
plus No. 4 material fraction is not really an ag-
glomerated soil-lime mixture which can be easily 
broken down by a simple kneading action to pass the 
No. 4 sieve. 

3. Lim Spread Rate. In dry line spreading
operations, the spread rate is established in terms 
of pounds of lime per unit area oz surface. A simple
procedure fir measuring the actual field spreading 
rate is to place a I-square meter or I-square yard

piece of canvas or other suitable material on the 
grade and then afvsr the lime has been spread de-
terusine the weight of lime on the i square meter or 
square yard. 

4. Slurry Composition. To accurately de-
termine the quantity of lime slurry required to pro-
vide a desired mount of lime solids, it is necessary 
to know the slurry composition. The mnst convenient 
method of checking lime-slurry composition is to de-
termine the specific gravity of the slurry, either 
by using a hydrometer or a volumetric-weight pro
cedure. 

S. Lime Content. Line content is specified
in all soil-lime construction. An ASTH prtcedure 
(ASTI D31SS-73) has been developed for determining 
th line content of uncured soil-lime mixtures. The 

procedure is rapid and easy to conduct. Other meth-

ads of determining lime content are also used and 
are discussed in the proceeding section on design,

6. Density. Conventional procedures, i.e., 
sand cone, rubber balloon, nuclear, (Fig 45) are 

used to determine the in-situ density of compacted
 
soil-lie mixtures. It is very important to recoi
nit that the proper moisture-density relation for
 
the soil-lime mixture be used in the density control
 
operation. The moisture-density relation for a soil
lime mixture may change relative to such factors as
 
curing time. For example, ifa soil-lime layer is
 
reworked at some later date following initial con
struction the maxiua dry density and optimum muls
ture content for the mixture probably will be differ
ant from the original mixture.
 

7. Moisture Content. Conventional proced
ures, oven drying and nuclear methods (Fig 45) can

be used for moisture determinations. In calibrating
 
the nuclear equipment consideration should be given
 
to the presence of the lime in the mixture.
 

8. Mixing Efficiency. The thoroughness and
 
efficiency of the field mixing operation is of in
terest. A simple procidure for evaluating mixing
 
efficiency is: (a)secure a sample of the field
 
mixed soil-lime material; (b)halve the sample; (c)
 
prepare strength specimens (unc'wf!Ued strength is
 
normally satisfactory) from one portion; (d)com
pletely "re-mix" the other portion of the field mix
ture to insure almost "Ilou percent mixing;" (e)pre
pare strength specimens from the "re-mixed" material;
 
(f)cure both sets of strength specimens and test 
them; and (g)calculate the mixing efficiency, as 
follows: mixing efficiency, %- field mixed strength/ 
lab mlxtd strength x 100. For mixed in-place opera
tions lixing efficiencies normally range from 60 to 80 
percent. In some types of soil-lime mixing operations 
lower values may be acceptable.
 

Specification References 

Many agencies have developed specifications and spec
ial provisions for-soil-lime ccnstruction. A compre
hensive listing of current specifications and special
 
provisions is presented below.
 

I. AASHTO - Guide Specificationt for Highway
 
Construction, 1968, (Sec. 307 on lime-treated sub
grade).
 

2. V.S. Department oV Transportation (FAA)

150/5370A "Standard Specifications for Construction
 
of Airports," Iter4 P-155 "Lime-Treated Subgrade," 
May 1968.
 

3. U. S. Corps of Engineers, "Engineering
 
and Design Manual - Soil Stabilization for Roads and
 
Streets" (also APH 88-7, Chapter 4), June 'o69.
 

4. U. S. Corps of Engineers, "Guide Specifi
cation for Military Construction - Lime Stabilized 
Base Course, Subbase or Subgrsde for Roads and 
Streets," CE 807.32, December 1961 (partly revised 
February 1971). 

S. National Lime Associatton, "Lime Stabil
ization Construction," Bulletin 326, 1972.
 

6. State Specifications or special provisions
 
for the following states: Alabama, Arkansas, Arizona,
 
California, Colorado, Florida, Georgia, Idaho, Illi
nois, Iowa, Kansas, Louisiana, t.aryland, Minnesota,
 
Mississippi, Missouri, Nebraska, Neq Mexico, New
 
York, North Carolina, North Dakota, Ohio, Oklahoma,
 
Oregon. South Dakota, Tennessee, Texas, Utah, Vir
ginia, Wisconsin, Wyoming, etc.
 

Field Variability
 

Complete soil-lime construction will display varia
tions inengineering properties such as strength 
and modulus of elasticity. Such variability is typ
ical of all field construction operations. Major 
factors contributing to field variability in soil
lime construction are: 

1, variations in properties of the soil en
countered along the grade, 
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2. variability In lime spreading end distri-
bution. 


3. variability in pulverization and mixing,

ad 


4. moisture and density variations in the 

compacted soil-line layer. 


As indicated in the Field Quality Control Sec-

tim. it is essential to monitor all aspects of soil-
lime construction to assure t0at the desired quality 
of construction is secured and an acceptable level of 
uniformity is achieved (Fig. 44). 

Sumary 

This section attempts to describe and summarize mod-
em soil-line construction procedures and equipment. 
It is anticipated that these procedures will change 
rapidly as new pieces of equipment and new uses for 
line are developed. Nevertheless. it is felt that 
this section provides a comprehensive summary and 
description of lime stabilization construction at the 
time this report was prepared. 
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Field Studies on the Pulverization of 
.Black Cotton Soil for the Construction of 
Stabilized Soil Road Bases 
II. 	 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 properties of the soil. Consequently, this has led to the 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 and effective pulverization method. It 
has been shown that an acceptable degree of pulverization can be attained when 
the soil is handled mechanically at a particular moisture range by using agri
cultural machinery. 

9EXPANSIVE SOILS (1) occur in different parts of the world. One such soil, commonly
termed black cotton soil, has similar characteristics and forms one of the major soil 
groups (2) of India, covering an area of about 500,000 km 2 (Fig. 1). The soil is pre
dominantly montmorillonite (3, 4) having high base exchange capacity. It is character
ized by high swelling on wetting and excessive shrinkage on drying. When swelling is 
restricted, it results in the development of swell pressure (3). On account of these 
peculiar properties, the black cotton soil presents serious problems in the construc-
tion of roads. Even at places where the conditions for the development of swell pres
sure do not exist, the roads still fail because of poor supporting power of the subgrade 
in wet condition. 

It has been observed that the waviness at the road surface is mostly due to the work
ing up of the soft si-bgrade soil into the crevices of the stone soling, thereby dislodging 
the soling stone from its original position. The sinking of the stone soling into the soft 
subgrade is a continuous process, and no amount of strengthening of the existing pave
ment at the surface wosld remedy this defect. It is, therefore, very necessary that a 
compacted layer of nonexpusive material having low voids be provided to prevent the 
movement of subgrade soil into the crevices of the stone soling. Such materials that 
could be considered suitable are light-textured soils, sands, or gravelly soils. In 
India, sandy soils or sands are not generally found in black cotton soil areas. At 
places, however, granular material mixed with soil fines, locally called moorum, 
occurs and a compacted layer of this 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 existing soil for use as a subbase between 
the subgrade and the stone soling. One of the known effective methods (4, 5) to im
prove the engineering properties of black cotton soil is the stabilization with lime. To 
achieve these requirements, it is necessary that the soil, which is generally in the 
form of hard clods, be brought to a reasonable degree of fineness to facilitate uniform 
mixing of lime with soil. 

Paper sponsored by Committee on Lime and Lime-Fly Ash Stabilization. 
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Figure 1. Black soil region of India. 

Whereas light-textured soils are generally in a friable state when removed from the 
fields, it is not so in the case of expansive black cotton soil, which is very soft and 
sticky in the wet condition but very hard 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 development 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 Research 
Laboratory, the der'ee of fineness, which is also commonlytermed as degree of pul
verization, is deV' .rJned from the formula 

W.- W2 x 1000
V11 + W3 

where 

W, = total weight of the sample,
 
W= weight of the sample retained on Yx-in. sieve, and
 
W3 = 
weight of the sample passing Y6-in. sieve and retained on No. 8 sieve (British

standard sieve or B. S. S.) 2 mm size. 

It will appear from this formula that the fineness is not only controlled by the per
centage of material passing the Y/w-in. sicve but also by the fraction smaller than 2 mm. 

For stabilization of light-textured soils with cement, about a 65 percent degree of 
pulverization (6), according to this formula, is considered suitable; but for hard 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 PULVERIZATION OF SOIL ON THE SOAKED
 
CBR WHEN TREATED WITH 3 PERCENT COMMERCIAL
 

HYDRATED LIME (PURITY 40 PERCENT) AND
 
COMPACTED TO 1.5 pa/cc DENSITY
 

Percent Pasing 
CDR Moisture 

bample a No. I Soaked Absorptlio
Sieve %1. Move (percent) (percent)Steve sieve [Sl.) 

1 100.0 0.0 0.0 2.4 27.6 

2 1M.0 50.0 15.0 14.3 26.3 

3 101.0 100.0 30.0 14.2 36.9 

4 100.0 100.0 100.0 14.7 25.3 

awe 
r Vhw .o, 200 Iwo(U.S. Sim) - 5.0 percet. 

Now: Sail chaeactwlslicsliquid Witi 75.3 puwit; plasticitykxdex- 34.7 Vuiun; eVdfraction 

(7), 8). It was, therefore, considered necessary to relax the limits of fraction finer 
than"2 mm from the calculations. Before finally accepting the modification, it was 
essential to know how the clods of black cotton soil pulverized to particles of varying 
sizes will affect the resultant strength in saturated condition when the soil is stabilized 
with lime. Toward this objective, a preliminary laboratory study was carried out with 
soil samples having varying clod sizes. To achieve a limited increase in strength, 
trials were made using a low concentration of lime. 

In the laboratory trials, the soil having a varying degree of fineness was compacted 
at optimum moisture with 3 percent commercial lime of known purity. After curing 
the treated specimens for 10 days, these were tested for soaked CBR. The results ob
tained are given in Table 1. 

It will be observed from the data given in Table 1 that if the soil to start with con
sists of at least 50 percent passing the %-in. sieve then the strength attained is practi
cally the same, irrespective of the fraction passing the No. 8 sieve (B. S. S.). It may 
be due to the fact that the process of mixing lime with soil and subsequent compaction 
may have resulted in further improving the degree of pulverization. 

PULVERIZATION BY MANUAL LABOR 

It is a common experience that during the rainy season the black cotton soil is sticky 
and difficult to handle. The field trials on the pulverization of soil by manual labor 
were, therefore, restricted to the. dry season; details are given in the following. 

Crowbar and Pickax 

The field trials for the pulverization of black cotton soil were carried out on Berasia-
SironJ Road near Bhopal (central India) in 1964. After removing the top vegetation, the 
dry soil crust for a depth of about 8 in. was loosened with crowbars. The soil thus ob
tained was comprised mostly of 5-to 6-1n. clods. These were broken with pickaxes or 
rammers but the output was very poor, which raised the cost to20 rupees ptr 100 cu ft 
for getting soil of acceptable degree of pulverization, i.e., about 100 percent passing 
the 1-in. sieve and about 50 percent passing the /'s-in. sieve. With a view to economiz
ing on cost, an attempt was made to use a country plow drawn by a bullock, instead of 
digging manually, but this did not work well on account of the soil being dry and hard. 

Wetting and Drying of Soil Clods 

It has been observed that, when black cotton soil shrinks in the process of drying, 
high stresses are produced that lead to the disintegration of soil at the surface. Ad
vantage was taken of this phenomenon in the rulverization of the soil. In actual prac
tice, the soil dug from the fields was stacked and water was sprinkled on the clods. In 
the process of drying, the shrinkage of the soil took place and led lo its disintegration 
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at the surface. The process was frequently repeated to get more and more of the soil 
fines. It gave satisfactory results as almost 50 percent of the material passing the 
3/a-in. sieve could be obtained. This process would, however, require water-within 
economic reach. Besides being slow, such operations will cost about 12 to 15 rupees 
per 100 cu ft. 

PULVERIZATION BY MECHANICAL MEANS 

Power Roller 
The soil in the dry condition was dug from the adjoining fields, and clods werebroken 

with pickaxes so as to reduce them to a size not bigger than 2 in. The soil clods were 
spreadover a hard subgrade, and a power roller passed over them a number of times 
with frequent raking of the crushed material. It was found that about 8 passes of the 
roller and frequent raking of the rolled soil resulted in grading as follows: 

Sieve No. Percent Passing 

in. 100.0 
I in. 83.0 

in. 80.0in. 60.0 

The cost of soil pulverized according to this method worked out to 10 to 12 rupees 
per 100 cu ft. 

Heavy Agricultural Machinery 
82 In the absence of a specially designed plant for the purpose, agricultural machinery

available in the country was used. Field trials were, therefore, carried out with the 
following heavy agricultural machinery normally used for plowing the field and break
ing clods (Fig. 2): 

1. International Caterpillar tractor, 110 hp;
2. Moldboard plow consisting of 4 plowshares that can plow to about 15 in. in depth;
3. Disc plow consisting of 5 discs 28 in. in diameter with a working width of 10 ft; 

and 
4. Offset notched disc harrow consisting of 18 discs 22 in. in diameter arranged in 

2 gangs with a working width of 10 ft. 
A field trial was initiated at Sehore (central India) by using this machinery in April 

1964 when the ground surface was hard and badly cracked because of a hot, dry sum
mer. To start with, the moldboard plow with a working width 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 plow was operated on the 
excavated soil. This reduced the size of the big clods to about 4 in. in the process of 
slicing. The soil was further subjected to the action of the offset notched disc harrow 
to improve pulverization. It was observed that, even with 6 passes of the disc harrow, 
there were still many clods 4 in. in size that resisted pulverization and were therefore 
removed manually. The sieve analysis of the resultant soil is as follows: 

Sieve No. Percent Passing 

1%in. 100.0 
I In. 81.4 
73in. 57.6
', in. 33.5 

During this operation, It was observed that those clods that were dry and conse
quently hard resisted breaking up, whereas slightly wet clods could be pulverized 
easily. It was, therefore, inferred that the pulverization of black cotton soil with 
heavy agricultural machinery required the soil to exist within a certain range of 
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Mldboard plow Dic Plow 

Oftuet n*tchW diac hifrow IulwwtzWd block cotton soil b.thg carod by the tbur 

Figure 2. Agricuitt ral machinery. 

moisture for effective pulverization. With a view to finding out the range of moisture 
that would facilitate pulverization, soil samples at various depths of the natural sub
grade were taken and subjected to moisture tests. The results are as follows: 

Depth, in. Moisture, Percent 

6 7.1 
12 15.6 
18 18.2 

It can be Inferred that the clods that could not be pulverized had a moisture content 
of about 7 percent and those that could be readily 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 likely to prevail. 

Experiments were also made on the pulverization of black cotton soil in a moist 
state. Before operating the machinery, the moisture distribution to a depth of 2 ft 
was checked at 3 different stretches on the Sehore-Bilquishganj Road (central India) 
where the experiments were carried out. The data axe given in Table 2. 

It will be observed that the moisture throughout the depth is very uniform except 
at the top where there is a slightly lower moisture content. 

The field trials were carred out in December for a length of about 440 yards using 
the same machinery. 

I t
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TABLE I TABLE 3P&CENTAGE OF MOISTURE IN BLACK COTTON JM SIEVE ANALI IS OF DLACK COTTON SOIL 
PULVEIUZFD IN THE MOIST STATEDepft, In. 81t. I 8it. 2 11t.3 WITH AGIUCVLTI.RAL MACHIWERY 

1 14.7 15.1 . Seve No. Pevent Passlag
1 1 .6 15.5 19.6 (1.8.8.) 2 P sse 4 Pass es p us 

12 20.4 19.9 30.9

II 1. 
 1.6 21. I 1%Ia. 100.0 100.0 100.0
24 U.6 32.0 211 1 In. 81.6 U.3 9.41 

% I. 70.6 .5 79.0
'In I. 44.8 45.6 55.6 

NO. I 29.1 24.3It was observed that, after the soil had 
38.6

No. 3s 5.2 CS 6.2been dug out wiU- the moldboard plow, the 
disc plow could conveniently vut down the 
big clods to a smaller size at this mois
ture. The operation was also smoother at compared to pulverization of the drysoil. The soil thus pulverized was further subjccted to the action of the offset notcheddisc harrow, with a view to determining the minimum number of passes needed toachieve the required degree of pulverization. The soil was tested for sieve aralysis
after 2, 4, and 6 passes. The results are given in Table 3.It will appepr from the data given in Table 3 thaL the acceptable limits of pulver-Ization, i.e., 50 percent passing the 3/16-in. sieve, could be achieved with 6 passes of theoffset harrow. It will be observed further that insofar as the upper limits are concerned the conditions are just satisfied. It will b found more economical to acceptabout a 10 percent fraction coarser than I in. than to make additional passes of theoffset disc harrow to pulverize it further. It will also be noticed that with this type ofmachinery the moisture for effective degree of pulverization ranges between 15 and 20percent. The cost of pulverization as worked out by this machinery is 1 rupee per
100 cu ft as given in Table 4. 

Light Agricultural Machinery 
As heavy agricultural machinery Is not easily available at most of the sites, furtherfield trials were carried out using light agricultural machinery, which is readily procurable. The trials were made at Sidhantam in Andhra Pradesh (south India) where theconstruction of 5%miles of the right approach road to Vasista Bridge, forming a part

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 discs 10 in. in diameter; and4. Offset disc harrow consisting of 10 discs 20 in. in diameter arranged in twogargs. 
The operation with this machinery was carried out, as in the case o? heavy agricvltural machinery, at varying moisture contents. It was found that effective pulverization could be economically achieved when the moisture content of the soil ranges between10 and 22 percent, as against 15 and 20 percent in the case of the heavy machinery. Itwas further observed that it required about 6 passes of the disc harrow and 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 pulverization with light agricultural machinery as compared toheavy machilery resulted from the itct that the moldboard plow fitted with a light trac

tor could not plow more than 8 in. deep.
As a result of conducting a number of trials, it was found that, with the light machinery, it was possible to pulverize only about 8,000 cu ft of the scil in 8 hours asagainst 40,000 cu ft with heavy machinery during the same period. Although heavy 
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TABLE 4 	 TABLE 5 
COST ANALYSIS OF PULVERIZATION OF BLACK COST ANALYSIS OF PULVERIZATION OF BLACK
 

COTTON 30i' WITH HEAVY AGRICULTURAL COTTON SOIL WITH LIGIIT AGRICULTURAL
 
MACHINERY MACHINERY
 

item 	 Amount Item Amount 

Cubic feet of soil pulverized in 8 hours 40,000 Cubic feet of soil pulverized in 8 hours 8,000 
Hire charges of the machinery at 45 	 Hire charges of the machinery for 

rupees per hour 360.00 8hours, rupees 	 120.00 
Labor charces, rupees 20.00 Labor charges, rupees 	 20.00 
Miscellaneous charges s ch as for tools 	 Miscellaneous charges such s for tools 

and tepairs, rupees 	 30.00 and repairs, rupees 20.00 

Total rupees 400.00 Total rupees 	 160.00 

Ccat (inrupees) of pulverizing 100 cu ft Cost (in rupees) of pulverizing 100 cu ft 
100 % 400 100 100 

-0-,--0-0 1.00 * -Wa 2.00 

machinery is more economical touse, it is not readilly available in the market. There
fore, even though the cost of pulverization with light agricultural machinery is slightly 
more, it is still preferred on account of its easy procurement either from the market 
or on hire from the agriculturists. The additional cost of pulverization is not likely to 
have any significant effect on the overall cost of road construction. 
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I &ringthe orld war nI ad the mseaquet post war 

read developmnt in Western Buope anr the United StatQP eon

sidweble use was made of 30oal materials with oertatn bindera 

for pavement oonstmotion. Tt was hrinS this period that in 

sztonaive program or researoh on the use of soil-oement for 

-road construction was initiated in various Arts of the world. 

This vu followed by large xaca experimental tests, to uOr

stand fully the limitations of soil-emnt an a material of 

construotion. A number of other binders such as bitumen, 

9lme, ehenicalo industrial wastes, eta*# were also tried for 

the stabilisation of so ls and sow of these have given satis

faotory performance in the field. However the us* of oemnt 

for stabilisation of soil, under varied coandton of'olinate 

and soilj has found wide acoeptance snong highway engineers, 

an to the ease of handliog such a oonstrction, in addition 

to satisfaotory performanoe In the field. 

2. During the post war road oonstructios en, man 

orthod x civil eineer8 con oidered soIl-o mnt as a second 

grade angieering material for road construotion, as ooqpared 

to stow and oonete. This group of enin ers considered Oil

emnt as a suitable material only for roads oar-ying light 

traffic a teuporary airfield pavements. Jerge scale field 

aqwrimmnato bahed by systematlresearch i& this field steadily 

sonrineed anl shades of professicimi coin that soil-cment 
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OOUld etfetilw y isplaft the conventional methods of road Dor 

strution, without impairing tbe * ty of oontru ti In 

addltion to introducino a certain amount of conomy. 

I BUV HIST Y FT DIMV.:T C1 §OUC 

I* The South Carolina State Highway Department In the 

United States of America, initiated a scientific study on the 

ue of soil-oamnt for pavment construction as far back as 

1932, and this was folowed by an extensive programme of 

research by the Portland Cement Association in 1935. In the 

sane year the U.S. Bareau of Roads in collaboration with Port

land Ceent Association put up 1.5 miles of an experimental 

road length near Johnsonville, to check the laboratory results 

prodced by various resoarch organisationa in the United 

States. Tho success df this oxperibent attrapted many states 

towards the idea of using soil-eenent for road oonatruetion. 

2. The use of soiloeiwnt for airfield construction 

was made during the World War II and it was felt that soil

epnt was the only answer to speed up construction, even under 

vor7 abnormal conditions. It is estimated that during 194-44, 

about 22 mlion squaro yards of airfield pavements were built 

witb soil-oment. 

3-. or the post var road development soil-eement was 

very extensive2y used in maxy countries of the World# in addi

tion to U.SeA. and 'estornBurope. 

4. *The objeoot of this nonograph is to review the deve

"*at of soilwmmt as an oniueorin material for road and 

airfield eonstrustion, wit3pipoci ehasis on tropi"l &n 

inbtropisal onditionse 
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I a The sobbination of soil with cemt under oontro. 

lied conditions of solsture and density pro&lOos a material 

of distinct physical and engineering charaoteriaties. 

TheS properties depond on four main tators:

(1 Nature of soil. 

(1) Noportion of soil, omnt, and water in the 

(JI) he oopactive eneru used for the moulding 

of soil-coMent. 

(IT) Phayical conditions such as the urin tea

peratures and age of the soil coment mixes. 

2. ir the absence of ar oonsolidated data shoving 

general mechanical, physical, elatie and strength chareate

riotics of similar soi-oement mixes, tables 1and)3 are 

presented to give aso idea of the t"o of engineering 

natOrial, soil-cement nies =ako, Irtmay ao be of goe 

Interest to mai a fev general remark on the inter-rela

tionship botwoen various properties of soil-oement mixes, 

before the imitations of various propertio are discussed 

in detal. 

It Is earall;- observad that an Inervase in 

aoent eontent tends to reduoce the shrinkage of a OW, due 

to theinte Wlar Sohosia pro&od by th bydration of 

aemat. It may however be pointed out that in using soil. 

SMant am optiOW' qaUatity of eoment Is requJird to out down 
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so= static 
Clay 28 15 13. '123 5.7 
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105 
150 

1.3c 
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-
- elatity 

11.9 13 800 195 1.75 -

Silty 26 7 15 113 8.0 9 525 125 0.90 (.55 
loan 11.0 725 155 1.05 0.65 

14.2 15 900 190 1.25 .0.75 
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tV shrinks, to, na iw . NIor.2Y M&~i o eetatios 

atp oemnt twA to pro&i ahrinkme orsoks In the soil

*emn and sometimes thes are detrimental to the strength 

of a pavement. 

• heMal jxsAnsion. 

In the tropics where temperatures are high, the 

thermal expansion is an icprtn physical property of soil
(2) 

eement. i.study conducted In India on four types of soils, 

revealed that for the sme density, the inorease in percentas 

of eament increased the thexual expansion. Tn addition the 

Increase in densities with the sane quantity of cement also 

Increases tho thermal expansion. The ourves as obtained 

in the study under reference are shown in figure I. 

Generally all types of soils respond very sharply 

to the decrease of permeability with the addition of cement. 

The permeability depends on tho texture quantity and quality 

ef cement, Sore studies conducted in the United States 

Indicate that addition of eight percent cement in a sand pam

ple reduced its eceffielent of permeability from 1500 to 

6 ft./year. In the ease of clay-sand and sandy clay samples, 

with the sane perecntage of cement the pereabilities were 

seduced from 182 to 6 and i to 0.9 ft./year respbotive3y. 

G. Strength Chamrit,±gg 

The compressive strength, flexutal strength, and 

nodulus of elasticity of a soil-cement nix increwas with the 

eanontration of eoment. In addition the stzw*th wifh thO 

96 
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5aw3 comentmtin of eet, Ishib r in a sol uth a a
 

bettor gradini. Thu various strength properties of soi.
 

sevet azr correlated and It Isgenerally aooptod that
 

fiexavl strength of sol eonent nizes is appruxite3r
 

2045 percent of the unconfined corossive stren-th. The
 

relationship between oopret2siv streath and the flem ml
 

strength, as eso the naodlus of elasticity am linar, ezoept
 

for lower strongth&of silt7 and clay soil.
 

The ourIng torperature and period of curing have
 

pronounced effect on the increase in strength of soil-cesent •
 

nixes and this has boen covored in ore dotail In the follow

tag sootions.
 

ZI OL " 


i * The soil forms about 90." poreent of a soil-poneat 

nix end at. as an aggrecato, ad com nt inparts to the nix
 

cohosion. It is thus inportant that a propor selection of the
 

soil Is nao to got tho .ost results with a rni-a p"aortiba
 

Of eamt. 

2. Bfore carrying out a datailed soil viwvy along
 

a proposel alignomt of a read, it is important to havo a
 

visual looasane of the arm. to k o, in a gonral uV the
 

natun of soil, topo&Mhyp water tablej, availsbIlity of
 

atlns er rivers for the supply of water eta, Such an infor

nation Is very useful at the tin of deta led planning of
 

eo~i2,meent eonastuation.
 

I.It =ay be Iartant to say word an ,be" Soll Clasi.
 

rfetits 3yetac to be adopted for th latifiation'a
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.6

elassification of soils, in ordor to get uniforn r encltuxe
 

of soil&in the country.. Many systea of soil olasiti atona
 

hare been developed during the past three decades* The =at
 

wibsy accepted system at present is a codification of the
 

original Casagrando's Systn# which is known as *Unifed Soil
 

02lafca4tion Systee, in the United States of Anorioca. 

4. The various groups of the Unified Soil Classification
 

System are shown in table II. In addition v4ble IV givem broad
 

indication of the engineeringrWopertinc of various groupas when
 

thn syston is gsed for road and airfield constrotion.
 

5. In aloast .&1 the advancod oontries of the world, 

Sal enierin naps are available, which an a great help in 

planning soil surveys for road projects, Tia Ghanr. also the 

(5)
Central Materials Laboratory of the Public Works Dopertmnt,
 

did saoe preliminary work on the distribution of surface soils
 

in the countryo The nap as produced by the Central XCtriala
 

JIboratory is shown in figure 2. Anothor map shown in figure 3
 

was also produoed by the san organisation, showing the general
 

distribution of gravels for road conatruetion in the courtry.
 

Those two naps can Le useful n the initial planning of a soil

esent road project. These naps however give only a general
 

guidane and can not replace detailed soil and gravel survey 

en a project. Tables V and VI give additional information on
 

the foation and engineering properties of different groups of
 

soils 	in Chana, as provided in figure 2. 

V = 	 LUR 7Mn 71M SEIOCTION ASOIL 

19 A q stion has often been asked as to hieh aen tbe 

NOTE: Refer to Compendium 6, Selected Text 1 for
 
detailsrefered to in Table HI which is not reproduced
 
here.
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boat suitable type of soil for stabilisation with cent# and 

also if a dearcation line can be drawn between the soils which 

can be stabilized and which cannot be stabilized. 

2. There is sufficient data available now to aajgest that 

almoat all types of soils can be stabilised with cenent, the only 

onsideration boing econonio, .which has to bo worked out In 

relation to similar type of construction with conventional nate

rials. No hard and fast rules can be laid down regarding the 

relative eoonosios of soil-cenent construction in relation to 

eonventiona. methods and this Is left to the discretion of the 

Project Bnginnor. The choice of one method or the other daponda 

on the availability and coat of difforont road natorials on a 

106 given site. 

3*. It is however fairly well Imown that very ola-yc 

lkm tropical earths and also organic soils nead special treat

senta before these can be stabilized with cement. Many attevpts 

to stabilise such soils with cement alone have proved rather 

uneeonomioal. A lot of work has been done in Rusla, Amnerica, 

United Kingdom and India on using two or more atabilisers for 

such soils, and the results reported with lii/eomnt particu

larly Are very satisfactory. 

4. For a. types of soils the quantity of cement required 

for their effeotivo stabilisation depends on their plasticip 

eharscteristica and gradings Normally after a preliminary survey, 

only suech soils are seleoted for detailed study uhich have a 

medium plasticity and appreciable quantity of sand. Some atteupts 
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have been mads to use"s the requir=m of omeant for atabi

ltsation in a given soil on the basis of its specifio surface 

area, but the method is not very convenient for application in 

(7)the field. According to the Highway Research Board, an idoal 

soil for economical stabilization with cenent should fall 

within the following grain size limits. 

laxisum size t. .. s ..... a 3inches 

Passing No. J sic A.S.T.M. 1 50% 

Passing No.40 sieve A.S.T.U. > 154 

Passing No. 200 sieve < 50. 

In addition the liquid limit should preferably be loss than 4.0
 

and platicity index not more than 18. This does not suggest 

that soils not oonfoing to those characteristics cannot be 

stabilized, exeopt that the eost of stabilization in such oases 

wil be rvlatively high. There are a number of soils highly 

silty and olayey, which not Vailing within the limits specified 

above are known to have beon stabilized sucessftully but the 

requirements of cement in such eases is as high as I0.15 percent. 

5. In certain eases blending of soils to bring them near 

or within the recommended Highway Research Board limits, can 

reduce the quantity of cement. Therefore in places where blend

lAg is possible within an easy reach, it should be tried. 

6. It has been observed that soils noar the surface usua

22y need a higher poreentae of cement for stabilisation, due 

to the presence of sertain amount of organic matter. If however 

the upper 6-12 inch laver of soil is removed, it MIT require 

mach less oement. In desert areas or areas of lw reanfall, 

107 
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such a possibility is rae and therefore the Surface soil ean
 

direetl- be stabilized. 

VI D3;P-*-.NT Fh0.'ORS IN S LiZ'.o0; CE .SOIL ,.17! M I.T 

Is Moistura-Denst,- Roltion 

Lib raw aoil, the sol-oMent also has an eptinm 

moisture at which it gets maximum density with a 
given con

pactive effort. Different laboratory methods euployed f4r
 

laboratory copartion of soils are, Proetorts Compaction, 

0ASHO,nod. AASHO, Ghana Compaction etc. The selection of a 

given method for laboratory compaction will depend theon 

nature of compaction plant available in the field. Tho labo

ratory moisture density curve of a aix should be comparable to 

a oertain degree to the field moisture density curve, obtained 

with the compaction plant. Thorefore to achieve the beat cm

trol and satisfactory results in the field, an appropriate 

laboratory test should be selected in deterrpning .the optimmn 

moisture content.
 

2. The effect of increasing concentrations of cement on
 

the optimum moiature-density relation of a mix, is the sae, as
 

would be the effect of adding fines in a soil. The effect of 

increasing compactive ener- will also follow the sae trend, 

as in a rev soil, i.e. the increase in compaetive enoror decreases 

the optimum moisture content and increases the dry donsity. 

Figure 4 shows the moisture-density relation of a tpical Ghanaian 

5o1 stabilized with increasing concentration of oonnt. The 

oil is a lateritie gravel -ith liquid limit and plasticity indez 

of fine fractions as 32.5 and 17.40 pareet respeetivelyo 

http:D3;P-*-.NT
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3e It coy however be pointoA out that the optitun dena

ties in moil eant nixes do not neoossarily rod ce maim-in 

strengths, as is the case in r 8 The 4 on the stabisoils* wrO 

lisation of san y and clayey soils, indicates that in tho easo 

of stabilised sand and sandy- soils the maylow strenths er 

aohie;ed on the dry aide of tho optimum noistur. On the other 

had olayey soils givo naxin strengths at densities slightly 

above the opticun noisture. This tends to point out that higher 

densities in a soil cenent mix does not neoessarily nean propor

tionately higher atengths. This is due to the fact that sands 

and sandy soils have a aurfoe area moh loa than the clayey 

soils, and for this reason such soils do not absorb. oisture 

en the surface of soil particles, with the result that most of 

the oisturo is available for hydration of conent. 4t optioun 

moisture content therefore the anmant of water required for ement 

b~dration is noro than needed, thus causinG a reduction in strength. 

In the oeme of Plays and clayey soils, the surface area in wry 

much greater eopeared to sand soils. A higher surface area win 

loep a lot of moisture tied up a absorbed water around the 

elay particles, thus leaving a deficienoy of noisature for bydr.

tion at optinan noisture ecntcnt. 

Before a soil-cenent nix is finally aceopted for use 

in the field, it must satisfy certain criteria of durability 

tests. LbeordinG to =riean standards, soil-eoont apeoimens 

4. inches din ter, 4.6 inch in height are prepared in a Pratorls 

muld having ronovablo base and collar, ans sures for 7 days. 
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tam a subjonted to 12 cycles Of NUtNt 6nd Iifag fOdt106 

*Atwmng tests as per *,8.T.Lstonards maid &adA ofafm 

to the followigs

(1) 	1w0s ring 12 emles of eitir wt --m &V tests
 

or fre and, thaw tests (iTU designated D 559

aend D560. ) for diftrenzt goups of sons 

diall ooforn to the followng stanlards. 

ol Grfoup zoss% 

U... olassification A2&L31 

U7..P..A 6 & A? 7 

(L4.) 	 Vhmaa Tolis changs &waing the wet and lzy test 

or fre and thaw test should note zooed M 1 

than 2 p rocnt of the value at the tm of DmIaUdiS, 

(ini) 	 Noamn moisture emt*nt at ,M7 time &urin the
 

test shall not o ood the uantity whifth is 2

qdued to cam' tely fill the voids of tha
 

Saim Sn,at the tbW Of zaouA -.
 

(Iv) Ow ocpmwsslwe strength of sil-oament oseolm .
 

sohed f r 1-4 hours prior to courossiv steng
 

esat should inorease with p elso ith
andl 


Inersa in oemot octe .
 

5. MrUnited, Kngdm, the Road Reseach Za4l1Zt: 7 In an 

attempt to establish see sinl tests for finding out the w"

therl qualities of soi *. :40crmoe 0, UbomtorW 

oeqiemia strength of 250 psit after 7 lasy eAring, at Its 

mmadIaW nobtu as a sultelb oiteroho to tab ee at all 
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ti utchian ty tests,i peified in th s t.TH.st darep 

ID 3nvestigatonalterl resulted cut of an carrid out 

In 199 by the Road Rsearch aeatory andod not be 

1blItsisd due to war. In thist isthe taound that cubes 

e snh iss should h avealv o 5 sit 7ray. f 250 
Pal at 7 das, to stad the mrerients of the i.S.T,.I. 

duability tests of wttinl and dryin fnesd and tharinh 
It was further observed that the oritorion of 250 pal can

positv strength, is ipptioab3A to hylndarioa speciens 2 
Inch A1lavoter, 4 Inch heigt and th results faiLrly corrspond. 

with3 inch oue spcLoans. 

A. dtalo stud theat Central RoadResearch 

ltpal onditi. , where treeze and th tests renota 

Uesnt, a ouor strength of 150 psnt 7 days cuin 

Fr fiuient to statd 12 tyles o ettig adrig, isof 

do satisfy wathering contions In the tropios. 

The studies onduted at the load Research 
(11, 12)

laboratory, U.K. 4nd4ote that an orwai content of amr than 

0@3 pomoent noruaUT retardls the setting of Portland CO=Mnt, 

endtolts in lovar strengths of' aqi. eammnt uLes, It .s 

ftorfr suggsted thbat If tho organic ontent in a soil Is of 

W "tiv Datums whc can not be extrated with sodiun.bdo 

x1s solution, then tho hardaning of *mant ean be assoplLsbd 

w to sdhitla of 0,2-0.3 pereont saliun chloride. 



Compendium 8 	 Text 5
 

- 15 

2. ILa41r studies in the UnitSa States an sa soils 

suast that the presence of all types of organic matter did 

not aff..t the setting of oemnt. It was ftarwr observed that 

the type of organic matter was more Important than the peroee

tae present. & tudy on a number of organic conpournA,. such 

" starch, sugars, cellulose etop suggested that poly-msaoha

ride compounds such as bd celuIloasa and uronides which are 

the result of a nmiorobial daecoposition of soil organic matter 

and also anino sugars present in certain soils, are d4fin±te3 

bauful for stabilization of soils. Orgsnic matter with high 

molecular waight, such as lignin, starch, cellulose etc., does 

not apreciably affect the strength of soil cenent smtiirws.
 

It has now been confirmed that retardation in the setting of 


iemnt
s not trmjht about by the wholdcompound of organic
 

matter, but due to erctain active fraction of the compound.
 

. MT wtffeot of different organic compounds an the 

development of strength of soil-oeent is shown In figure 

(a) and (b). In addition table (16) shown the percentage ce 

various 	organic copounds likely to retard the hardening of 

ement. 

(11, 12, 13)

4e Aonsiderable awunt of work has been dam to show 

%st the additlo - anl concentration of qaloium Almd", 

0.2 - 0.5 pereent 1alps in the stabillsation of organic soils 

with oemnt. The solls *A& g rsl3 giv best results with 

selolas dcride belong to B horisca, mording to Pedos' 

alassfiautiom of solls, 

113 
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Organie eompau. that retard 

Clef. 14) 
the settlz of Oeet 

r 

L 

htard4m a~ziti leadg &t 

_ 

cellulose 

I 

Range of 
conoentration%by wigt 

nf ceent 
. i 

.0di3ed0.00 - 0.27 

Author WeOrMMe 

_ _ __. 

U.s8.P.2p474 4 632/1g%9 

I 

lulose 

Hydroxyethylaoel
4ulose 

Ckidised corn 
starch 

Guns (acacia, arabic 

traaoanth. etz.) 

:2 a ar 
Dextrin, laetose 

boat and invert. 
rMar3 
Totrabydaxyudlt

pio acd y0.10 

0.05 - 0.75 

0.05 - 0.50 

0.08  0.20 

C.15 - 0,90 

-aG0.15-0.90 

0,@50 - I.00 

- ,,20 

I 

Ludwig14s1r.2,427,683/1947 

Ldwig U.S.P.2,427,683/1947 

Andes and U.S.P.2,429p211/194 

J 
eller U.S.P.2,006426/1935 

er U.S.p.2,006,426/1935 

French Patent
Grea34y 317/908 

Winkle U.S.P.2 9174,05i/1939 

115 

saccharate 

Tartaric acid 

*lkueteacid 

LUgnin-sulphonie
aoOs, ignins and 
tanning 
Casein 

' "-

0,10 - 0.25 

0.04.- 0O 

0.15 - 0.75 

0.20 - 0,40 

Brmm 

Ludwig 

Cannon and 
Faster 

ruewald 

Durbin a 

u.s.P.tM70J21/1927 
U.S.P.2,374,581/ 945 

U.S.P.2,1470,505/199 

U.S.P.2#188,767/19 

U..P.2.290,956/142 

.U.S.P. United States Patent 

.00 
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5. ia attoupt was also nae to use lime in place of 

ealoum ohloride to acoelerate the setting of Portland Cemnt, 

but it was obsorvod that oalciua chloride vas more effective than 

ordinary line, 0.2 percent oalcuin chloride producod the san 

strengths, as produced by about 2 percent line. 72e strengths 

obtained with the sane quantity of calcium chloridela usually 

about twice as muh as that obtainod with lime. Mw ma;uam 

increase in strength in most of the oases is by addin 0.5 per

esent calcium chloride# after which further increase in the con

eontration of calcium .chloride helps little in the devolopuent 

of strength. Fi)i'" 5 (e) shows tho relative effect of calcium 

chloride and oalcium ldroxide on the strength of a ceent 

treated organio sands It is now established that the effect of 

oalcium chloride on sol.-cement mixes is oore duo to the 

accelerating effect of hydration of eement, rather than its 

neutralising effect on organic matter, as is the ease with 

line. During the reaction of lime vith organic matter, 

ertain calcium compounds are libsr&t-hioh get preoipitated 

arund cement groin , thus blocking the hydration of cement 
(06)further. In addition it is observed that the degree of 

lhdration of cement in a saturated solution of line is very 

sub less than In vator. If therefore .;.css line is present 

In soil cement mie, it will apt as a retarder for the hydration 

of ement. This nay explain to a certain degree the greater 

efrectiveness of osloium chloride, compared to lime in at&

bilising organic soins with oeennt, 
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5200 
S"1 DENSITY IN LB/CUBPT
 

I!SO MOISTURE CONTENT_ -1401
 

WITH CALCIUM CHLOIDE 

WT H CALCIUM HYDROXIDE
 
(LIME)
 

0 10 . 30 

PERCENT ADDITIVE 

Fig.5(c) EFFECT OF THE ADDITION OF 
CALCIUM COMPOUNDS ON THE 7-DAY 
COMPRESSIVE STRENGTH OF CEMENT-
TREATED SAND CONTAINING DELETER-
IOUS ORGANIC MATTER. (Ret 15) 

I4
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6. As organiu motter ha a definite deleterious offcet 

an the I7dratio of cement, it ay be essential to refer to um 

methods of organic matter detezination, and the comon y 

exp1oyed methods are, loss on ignition, dichrocate oxdations 

hqdrogen, peroxide oxidation etc. In addition the Portland 

Oment Association, developed a calcium absorption method, 

for quick identification of sandy soils, containg deleter: Ms 

organic matter likely to affect the setting of cement. 

7. It is now poseible to obtain special oements, such 

as W7 Portland Cement, for the stabhiliation of organic aoils. 

The cement contains about 1.0 percent calcium chloride which 

helps in aocelerating the hydration of cement in soila 

118 eontaminated with organic matter. 

2. Soils Contaminated with Sulphates 

1, Sulphates are uaually present in a -1ber of soils 

In tropics and the roat comon form in which they exist in 

moture are as calciun sulphates. The presence of sodium ad 

maseaiua sulphate in aub oU in many tropical countries is 

also noticed. The effect of these salts on cement soil 

mAixture Is important, a some of these salts tend to loosen 

the soil structure when they come in contact with moistue. 

It has been observed that sulphates are usually present in 

higher oonentratio ai caysoils as cmpared to amns and. 

sandy apila, due to the fact that sandy &oils get easily 

le"aheds by the percolating rain water. The detrimental effeet 

OC suiphates an soil cement mass Is due to t tendency of 

subhete to absorb moisture from met soil and get caystaM.ed 

http:caystaM.ed
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with a lUrge zmber of water molecules. The press&p of orytal

lisation brings in very Ure volume changes and hia pressures 

within the soil eorent mass. Tho reverse prooes starts when 

the auI4hates lose -cisture during the hot dry season. n 

addition the su2phates raot with oalciu aluninate of oenmet 

ond this reaction is also aompoaonisd by high volwuh Ghanges. 

Suoh high volume changes, leave the soll-cenent loose and weak. 
It is for this reason that soil and water free from waphates
 

are used for sol2-oe.-znt construction. It has been observed
 

that sulphates as s-al3 as 0.2 peroont can aie-t the sol2

ement struoture, reduoing its strength to about 40-50 percent.
 

-2 The detrimtal eofact of -- gnesiw suphate on the
 

sol-oemont strengths La ruih 
more than that of oalcium hate 

and this is sho'- for oe M particulw soil in figure 

6 (a) and (b). 

1. In en or-AboorinS material, the nowilns of e2asti i y 

and Poisson's Ratio are two icportant paramters for design 

work. In soil-enont nixes also these praters uv eqjuL2y 

izortant to understand the behaviour of sonl-eent under 

eonditions of stross. The atress is usc $4y aused by the 

application of external load, alled force per unit area an a 

seap o The strain Is the ooesequent change In the dimensions 

of a mmber as a result of tress, per unit lengthr."ocs law 
of proportionality )Netuen stress sad straILL ip troe andy an 

2owe stress range, in most of the engineering naterIas. 

119 
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In addition, on a perfeotly elastic material, the stress-atrain 

relationship in this range is reversible. For sei-elastic 

materials, strains are not only a function of stress intensity 

but also the rate of loading its repetition, and the tins for 

shich the load is imposed on a material. Therefore there is 

difference between stress and strain curves of elastic and 

seal-elastio materials. The typioal stress strain curves of two 

types 	of materials are shown in Figure 7. Curve (b) in figure 

7 shows a typical semi-elastio 	material with a residual strain 

after 	the stress is removed and the loop strain in such a 

curve 	is kown as hystersis. 

.n 	 &e light of the abcve basic properties, soil

122 	 cement is to be considered as an engineering matorial with the 

point of view of assossinr its structural values. The tern with 

which an engineer is normal2y conce.nad in soil-oement mix is 

its degree of elasticity, which is doflned as the elastic 

strain over the total strain. In terms of stress-strain 

relations the soil-cement normally possess the following gen-

Val Charaorstics as shown in figure 8. 

(i) 	 The stress strain curve is core or less comoave 

with respect to strain axis. 

(i) 	 The curve up to A one third of the failure 

load, is almost a straight line. The plastic 

deformation in this range is extremely small and 

the material can be considered perfect:4 elastic. 

(1.ii) 	 When the stress Increases to 0.6 of the ftiure 

load 3 the ourvabre -tarte increasing, rapidly. 

150 
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3. In a general sase it can be said that *a e"atie
 

behaviour of soil-oment is a function of its strenth. l
 

the faotors that influenco strongth also influence the elastic
 

behaviour of soil-oerant. Therefore the following can be aoep

'bA if the failure stres&in high.
 

() The stress strain xulation iwill be less curved.
 

(iL) The Ulnear rnwgo of the stress-strain relation
 

shall be higher. 

(iii) 	 The plcatio dofor=tion is small# and the degree
 

of elastioity Ua higher.
 

. From the above discussion it can be concluded, 

that ay factors which help to give higher strength are apt to 

make the material core elastie, therefore hiGh perontae 

of eeent In soil and high densities do help to achieve greater 
(20) 

elasticity. It has also been observed that clay content too 

I4ereases the elastioity of soil eer-nt rdxos, and the optimm 

quantity of clay to produce nmaiman elasticity is about 25 

peroent. 

19 In 	 order to use soil-accont as a material of con

struetion, It is irportant to know the strength characteristics 

of the natorial. The strength of soil oeront nixes is primarily 

required to resist weathering and also to with stand the 

deposed stresses vithout undergoing aeessivo dafornations. 

Ln unconfined compreasivo strenth test being a aimple test 

has found popular aecoptaneo for the assossnont of strength 

eharsoteristics of soil-*enent ulxtores. 

1Ml
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-OoJkJ test though popular for raw sols Ic used less ftrqentlyp 

than the ocepiessive strength test. It my therefore be late

matUW to study in ore detail the factors Influecing the 

00§ saiVe strength of Doil-enent. 

2e . IM n of Cenent on Strenath 

It is wl knoin that In a given soil, t 4nrease 

in # conentration of omnt i scoompanied by an increase 

In the compressive strength. igures (9) ana (10) shw the 

valns of ompressive strength and C.B.L tor fee typical 

hanalsan soils. It wil be noted from the trend of these 

cuves that in most of the soils an increase In ceint content 

initialy increases the compresive atreaft rapid y$ and this 

124 n a gets lass rapid at highe oonoentrations of cement. 

3. !be developeent of strength with the sas oonoentra. 

Men of cement for different soils Is different and this Is in

fluonced by the grading and the nnerml oouposition of the clay 

fraction in a soil. The results of an interesting st*$ carried 

out 1 Iowa State Un J reproseated in figure (11).ea-iy, are 

It Is seen in this figure that in a meohanically grsa@d soil, 

it is possible to achieve suffibiently, high strengths with a 

seall a percentage of cement as "-6. Ouch graded soils usually 

ecatain about 25 percent clay an 75 percent sands, and tUy 

attain hige dnasities with the sam oopective *ffot 02 

Eqard to other solta. As a result of th study it was noted 

that for clay content greater than 25 peroent, tmin'bu 

ecmtsonintMobtDo flonite clay gave hior strengths than the 

aM concentration of aint with Illte ant kol 4lte caw. 
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son-

Ws am be explalnod &e to the greater surface activity of 

smrnorinonito, which is 1lkmly to produe nore oontitiomus 

ooeMndas with conent, as ooLpaMA to lASS aotive noMls. 

4. jRttot of "m on the Deolopoent of Stront~h 

The Road Research Laboratory (23) in the U.L aid 

Dan useful work to find out the icreaso in coepressliv 

strength of soil ecoent with age. Three soils, a neat sanAd 

a silty clay and a clay saulo weore tested with four different 

types of cenonts, newly Portland, High Llaains, Rapid Hardening 

and 3uper Hardening Comnts, and tho stro/ls wore studied up 

to 28 days. The spocinena wero cured at a oonstant moisture 

ad temperature of 25*C by waving and placing them in an oven. 

For s nd and silty clay the oont used was 10 poroont, 

doreas for clay it was 15 percent. Tho curves as obtained in 

this study are shown in figure 12. It would be seen that 

although sand has initially lower strength than silty clay and 

vlsly the sand strongths progressively incroases after 28 days 

uring. 

A soil having no organic nattor would norrwfly go an 

Increasing in strength with age. The increaso in strength in 

the first one week is considorable, but the strength goes an 

Inereasing up to 28 days at a steady ratesafttr which the 

InMaSS is ez~r small. orally for design work, 7 days 

strenth is nade the criterion for evaluating quality of soil

seeant nixes, but the increase in strength with age can also be 

bale us* of in the economical design of pavements. It is for 

this reason that the developont of soil.-Gont strengths over 
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periodse In importat to stu4y. Tho results of two
 

1Iigtims, giving the relative strength. of sol-cesmnt
 

for a period of om year and five years are shown in figures
 

(13) &Md (14) respectively. 

. SIfct of Curim Teoneratures 

1. Ow Offeat of cuzd teaperatures on the development 

of 	strangth in conorete is fairly vei 4mown. it has been
 
(25,

#hwn26, 27)
an increase in the curing terperature at ocnorete
that 

from i0°C to 30 oC-o inoreases o copreosive strength by about 

800 - 1000 psi. The 1 uaies on soil-oeent alzo reveal that 

Curing tenperatures have very pronounced effeot on the strength 

of soil, cement mixes, ind this is shou in figure 13. This 

figure gives the effect of ouring temper-tares between 0 - O0"., 

for thres types of soils, san,-silty clay and a clay. 

2. The results of a ra+hsr short study oe.-ried out in 
(28)


Ghana an the development of oe'reng with age, under tropical
 

temperatures, both for laboratory and Qe field fonditiona &M 

shown in figure 16. The study gives fairly good relations for 

tim strengh of soil-cement pertaining to different curing 

periods and at tenperstures typical of the 9e3t Africa Coast. 

In addition it givee a relation between the field and laboratory 

strengts for similar mixes, uhen adz in place method is 

emloyed for construction. 

3.- The following general reuarka _a,. be "ad&on the 

effet of curng tempetureS In joil-ement. 
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CLAME SAN. SOIL 

9Y VOLUMEO
 

10%' CEMENT
 

-~0 EMEN C0I. 

L I W1 V 
OAY DAYS DAYS DAYS MO. YR. YRS.
 

AGE
 

Fig.14 COMPRESSIVE STRENGTHS OF LABORATORY.MOLDED 
SPECIMENS OF SOIL-CEMENT (R.29) 

'57.
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22. 

(L) It a aeia s biased am the oOpMOSIVe strength 

at aoil"osat mix, lesas emat would be req4uire 

toi development of a givs atrurat under tropical 

eonaitiona than in a tempera t elite. 

(Ui) In tropics for temper atres betwon 85-9501# the 

7 aM compresive atrngth in soil-0e2nt is 

about 0.80-0.85 of the 26 days compreasive 

straiwth. This is found to be true both for the 

laboratory and field strangth&on the bus of a 

limited data available in Ghana. 

(11) 

(jv) 

Soil-oement gets hard with tim at all temporaturesa 

eumpt below OC. 

The strength of soil-eont at 7 d cuzing changes 

by 2.0 to 2.5 percent for eachOG rise in OUrinS 

teerature, in the teoperature range of 2U-c0. 

133 

(v) With clays an ola y soils, the strength obtained 

after 7 days ourind at 250C could be developed 

within 24 houns, if the temperature of ouring 

was raised to 450C. If the temp rature was 

lcwrsd to 0°C, then the sam strength would be 

delop*d after 28 days. 

(i) It wee observed in Uo&L, that soil-coment road base 

eongtveeted In spring would have a strength 5040 

ponsat hiher aftber three onths, than the base

east usted in autu=n with the sams mix. 
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X 	 =a~ Q? RM A~D*&OLD U AVZI 

o Btore dssign apeots of soilmmeannt Pavement. a
 

disouased, It is important to Imow the basic re.quireaent of
 

a good road mterials wicoh are as foLlows:

(i) 	 The road material should have adequate strenth 

to withstand stresses inposed by the traffic 

both under dry and wet conditions. 

(11) 	 The material should have good weathering
 

qualities.
 

(UIi) 	 The plastic deformations In the material, due
 

to the repetitive load of traffic should not
 

be excessive.
 

2. 	 Ay material which could be acceptod for road worU 

dacul AL fIl the above referred conditions, . , in
 

addition to its cost being low. The question of providing
 

economical road pavements has attracted the attention of Road
 

Ingifters at al tines. There are generally two choice& for
 

road construction

(1) 	 To construct a road pavement enploying conven

tional methods, using hard broken atom (Macadm 

or Telford Construction) or Cement conreste. 

(i1) 	 or In plaeos weres tone is not available or
 

avallablo at high coat, the use of local naterial
 

Luh as 801j, bat l industrial wastes, smah as
 

f-y 	ash# euder *to., be made, with or without binders. 

13 
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.3. In using loeal2y availabl* materials. the questioneR 

sta4ing the stability of thes materials under worst moistare 

ditionsp asma s a very preat izpsta=o. 1 is for this 

ressoan that most of these locally available mterials med so" 

sort of bindera to give thea stability under different moisture 

eonditions This monograph only deals with the use of *ssent 

as a bindse and discusses the limitations of &oiloement as a 

road material. 

4. There are two categories of conventional road paementa 

masely the flexible and the rigid type: The former type has no 

resistanoe to bending, harea the later has flexural strength 

and resistance to bending. A flexible pavement normally under

136 	 gobs defornation with the deformation of the subgrado, whereas 

rigid pavement on account of its flexurel strength does not get 

deformed, even If the subgrade at places lo"s contact with the 

pavement. 

5* In the light of the above facto, it is important to 

study whether for design pur-poses, soil-onant should be treated 

as a flexible or a rigid paveente Co=mentin on the flexural
(9) 

strwigth of soil-coemnt the Road Research Labortory, in the 

U.fK. suggest that soil-ce ent with an unoonfined comqessive 

strength of 250 psi has a flexural strength of about 50 psi* 

It may however be interesting to work out the oparative thick

ness of pavements under simnlar conditions of loading, treating 

soi aement as a rigid and a flexible material. 

Lo ao_ n As a Rirtdho.
 
24 snidering soil-cement.as a rigid noterial, the.
 

http:soil-cement.as
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Westergar'a uetho4 of pavement design is used. Assumedl 

the motlus of aubgrade reaction OKI as 100 ps/in, a mtrial 

with a flem -al strength of 50 psi# would need a pavement 

thickness of 21 inches for wheel loads of 9000 lbs and with 

a contact pressure of 80 psi. The deain thickness for a 

concrete pavemnt, with a floxural strength of 500 psi for 

sinIar loads would be Only 6 inches. It has however been 

oW-Led in U.K. that soil-besent pavements with thickness of 

9-12 inches, have given satisfactory service under a wheel load 

of 9000 lbs. and contact prsesuro of 80 psi. It can therefore 

be concluded that for eoonomical design of soil-ceent pavementOS 

the rigid pavement design methods safeguarding flexura failure 

can give very conservative results. 

7. 	 Soil Cc~nt As a 1exible ,aterial 

As discussed earlier soil-cement has a certain 

anount of flexural strength, whereas a flexible material has 

noe. A very inortant effect of flexural strength is thi 

greater load dispersing qualities of a material. This cesa 

that on application of & certain load on a pavement, the 

stresses transnitted to the sub;rade by the sa=e thickness of 

flex:ble and rAid pavement are widely different. This Is a 

reason a ccrete pavement needs a much loe thickness a 

eepared to flexible pavement. 

If moil-cemnt is treated purely as a flexible nateral 

then the flexural strength of soil-cement i ignored, eann4 

that the thickness provided for the pavemnt is higher than what 

Is aetuall needed. 

/. -

137 
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It "y therefore be aid that to treat soiL-m mnt a s a cmltely 

flexibl material,, wAA be to over si,n the pe t. all

sat though vw --ar to being flIbU trial shww sam 

ehavateris tios of a wsiL naterel, sad this should not be 

Ignored In an cowooical tdesign 

8. Vw differeA- between a complete y 92=dbU mterIla 

Wand flexible material l ii.stl-cemn, is * M frzm the 

ratios of modlus of elastioity of thir basn aM subgial. 

this ratio nay be about 5# fow orusaed rook and the subgrade 

ad 20 o nore in the ease of soil-"ecm t, having a oeqresslie 

strensth of 250-00 Psio The effoot of higher ao~ana of 

s2"ti ratio of base ansubads wIlI tend to decems 

138 	 tin ahear stresses in the subpado and tL fore nesi a lesser 

base thie ss. 

9*. A ounber of mthos norsenr used tor the Assin of 

f2xb pavements ae ourreanty sopi3ed for the desipn of 

soil-ow t paeinta, either as uch or with slitht odifies-

Ums. In United States a Conttoe of the Hijam Iesearch 

Board on flexible pavement design, uMiested that *oi2l-esmnt 

Lislqs .anthe oharacteriAstls of a flexible vateria or 

In serkan eases aei-fR ble msaterial, and tberebre t 

6saip method to sol-eent should be United to the 

selection of a pseper a1 d"ip only. Z aitioe the 

thicsas of Pavement my sltwiCY be selsted from eve

rimse an varimos types of vab sa. tSo reced W&lM 

Research Board thlamss of paIemen tor various IWyea of 

sdgSrdes an show In table 1 e 
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416L4043 AIM LViN AM CWMGSD U=2== 

(be. 32) 

A-3-

A-" 

A44 5 6 

A-75 

'fig.ao~l-emt ~uea WooNPlsl at that tim tbi 

bisW paveint. with ausag twat~i ths 4iot ame.4 I AO 

tmehu, whch nag. tao. 4,000-lb poe INA6 to i6,('QO-lb MU 

IM4l Pea la or a tota .t 1,1000 vemeoIis per Wla£as" 

Go stweMatioas tiuck taftio. lsaw owia of tbe tMMSu 

eiwbM la " VW my hay* to be mqplmmate by sAbeas sa 

tuMMGl GMl t&*l*hmEt fti AI' the uMOONbDO bm 

*In" etW latuAi. 
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10. " C UUsa the duiv OA u at flexble mA 

gen-fluiblo ovteast an ochke eat 1w a mod" &e2vd" 

lIe- md 8rmno Ow mtod talms ato mmslentims Oat 

I& lle sa"taoe "Nmos 'I's at so ma pemail 2qmoem 

MA 	 fte echesive rsiastance of anl atreotnorlm2ste moab 

a soil-.omat base and the shAlt wArfes. g assistone 

sM obsive meitasg of various olwnats is usawred b, 

nor s of 3y.s* t.linot. T fet of' t fo Lo 

uA petitlm of 

Into a sb& factor culled trattl Irnie. So not*o os 

to be ratica&Ia an taes oas ot the rgidrty of %' mt s. 

It is hoped that mor data ill be available# In the mar 

ftbm to pie. the sitability of thie tr for th =cat 

toononleoal dsn of ai flexible pa onts. 

erm of beel loM ad oeW Is Intelsd 

11 * n Itan the toad esamb abmto , an ts baSs 

at a Mtry exteasiwv st"d In the fIl on s imtWl 

lsthS. has wsgst*4 that flor a soil emt x bavia a 

ecarossIv stnsgt of 250 psi cad above, ftn pavumt tib

m ss saftly be owitailed to 70 poeat of the tWioks 

ebteinud by C.LL metho of fladble psv t deuap. 

3mmvw a alz bavins omesive strewt Iess ta 250 psi 

Is t sated as a oamqily f3 bl masral, and tbr tis dX 

he tieklmss as dtaind foe= a fImdb. paefm bip mWe 

to use witbout mantimos. U,,,1 CJ..L mO4d is vez 

aboiveb! eqleyed for the bsiia of son-seemt pavmrt, 

ith m.essary noditlatim, ma tbero stt 404 6 

sws fr read and aisfel parnst besps we issded In 

am psdlxo for reedw aeorme 
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I! RZ!DIlf7Jc ic 3sIGr 

1 ltrenth iauircentgs r log4 nmnont 

In addition to the total thickness of a paTSventp to 

psovide an adequate over on the subgeYep it wmy be important 

to consider the quality of pavenent material in terns of its 

strength, so that it is capable of wuthastanding stresses 

Imposed by the traffio. To give an idoa of hm strongasoil 

seent pavement uaterial ahould be the oase of a pavement 8 

nashes thick, composed of 6 inches baao and 2 Inches bittonn 

surface, under a 51 tone pneuratio wheel with contact pressure 

df 80 psi$ is considered. For pavement materials having modulus 

of elasticity ratio of bae to subgrado as 10, the ealculations 

asoordin to elastic theory suggest, that the naxi-n stresses 
In the base at any point ahall not ezosed 50 percent of the 

stresses on the surface of the pavoment. This Indicates that 

for a uhel load under diacussioun the base will not be subjeoted 

to a shear stress of more than 40 psi. Giving an allowance 

ftr the Icact and repetitive action of traffic, it could be 

safoy assumed that the prvweont br.se in soil.-oenent for such 

a load should possess a minmun shear strength of 8 psi. 

for lightor traffio %e shor. strongth rquirer*nts o a beso 

an such lower than 80 psi. 

29 81uA. 2- nt a rId ELwmn 

Se stu ies aied -ut in the United Xingdu 

an the perfernoae of some airfteld pavements suggest that for 

an &U sft wheel, with a contact pressure of 100 psi, the b4e 

ad subbase field compressive strength In soil-cemnt shou2A be 

0 
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s shailoa of 250 and 423 psi respeot000 unerI4. Inches thick 

Vltuman oarpet. lor tir pronouns hiAer than 100 psi, a 

n M A compressive strength of 40 psi is noomonbad 

Under 6 inch bitumn oarpt. 

In the case of temporar7 sirfiells a minim, oompre

"sie strength of 200 psi in considered a suitable criterion# 

under prefabricated bitunen surfmcing. 

3. Linitations of UVnonfilmd Comoaive Strenth Test 

Te use of uncoonfined curessive strwngth test as a 

writerion for the design of soil-cogant mixes is quite justified 

In olos and ola sols, but n the oase of ghoular soils ths 

an be nisleading and results in unsoononical doesigns A 

mterial having only cohesion and no internal friction will not 

show uch Increase In strength whme tested under confied 

semditions, but the inoreme is considerable In naterials having 

Internal friction. It nay therefore be quite unsoncaical for 

sends end sandy soils to use the sam criterion of coreossive 

strangth of 250 psi, as is moomsnSed for olays. 

Mw Road Research Loborator7 In UK,, sth4 A the 

offset of confinent on the strength of various types of 

soi2s. ne stu4y was owT-ied cut on four types of soils, 

sed, silty sond sansy ols and beav elect, by eeohking tbo:e 

oomfineA ooqesssivs strength and C,3., vams under is&Ulr 

balitions ater seven days mig. The results a llustrated 

In VICAM 17. It would be sw In the figure that for el s 

sad owl saes a eaqpssive strength of 100 psi# ment CoLL6 

143 
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velme of 30 and 215 ,%oroont reestively, Mhi leads to the 

Lat 	 conolusion that to ainLhe aame value of oompressive atmogth 

for an types of soils is vey u '.rlistio and the umonflned 

soiproesive strongth con be a usoful criterion# for the rdx 

aeain in 0c auu clay soils alone. This test can not foz 

a reasonable bais for atuyLbng the strongths of manda and san4 

soils. The latermI confinerant hMa a miarked effeot on the -il&l
 

failure load of a naterial, which haa a high angle of internal
 

friction and therofore sandA and sandy soils arm oapable of
 

noblising nuch highor strenths unaer confined conditions than
 

given by unconfined oO-preAaie strength teat. The zeulta of
 

a ainilr study ouried out on Ghanaian,soll sre ashon In
 

The 	Califomia 3erin3 Ratio test or what is inm
 

u Cylinder Penetration Ratio teat in Britain Is a simple teat
 

to stady the strength of a subGradu. The teat is a neae
 

of load required, to oause a cylindrical ploner, 2 Inch d4ae

tar to penetr.te n ieomn of soil
a at the rate of 0.25 Inch
 

per nimate. The C@B.R. or eylindor penetration ratio is
 

ealUlated by eproesing the load on the plungor for a poneta

tie of 0.1 Inch, am a peroenti.ge of standard load of 3000 lbo
 

1e orig;nd C..R. nothod of pavonat design is -ilient
 

on 
te qualtry of brse requiro4 for road and airfield pavement.
 

It ay gives the total thicknas of the sub base, bnaes a phalt
 

S t# required over a oub-grod of a certain strengh. 
 Thia
 

Is Aae to te fact that originally hard brokmn stm oaAs oiy,
 

145 
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mteri l used for rocA onstruotion and tom had little no 

ae of failure under atresses Imposed an the pavoant. With 

the adenoenent of science or road construction and the use of 

a umber of looel.ly .vilcble rztoriels for road construotianm 

it becam important to study the strength of a base material 

before it could be ot~loyed for construction purposos. The 

C*BoRo mthod wa therefore subsequently enployed to rate the 

quality of bf.se and sub-base material. 

(29) (30) 
The work carried out inBritain and the United States 

uweats that a laboratory C.BoR. value of 120 percent is a roe

sonable criterion for accepting aoil-oenent as a base material 

for road pavenanto The field studies further indicate that 

r6with cim-inplace methods, the leboratory C,.P%. value of 120 

percent would ryprazinately give a CoB.R. value of 80 percent 

n the field. 

In ease of tenqorary airfields, likely to tak aircrafts 

with whel contaot pressures up to 250 pai, a laboratory CoBo.k 

vahn of 140-i50 percent has proved satisfactory. For persanent 

airfields which are lilmly to take aircrafta with ibeel contact 

presures of nore then 100 psil a laoratory C.BoL value of 

230- perceont is adequate. should.nsidered Suoh a baem 

Sn addition be covered with 4-6 inches of arphaltic ooorete 

f eW other te of bitumn carpet. 

Tor cab-bese materials in an airfield pavenent, the 

Co.L vales should norLWl be highr than. the CoBaL values 

of uabgpade, but ahould be less than the ban materialo 

,,.,,,__ .. ' ,
,..+ , 
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te ftioissa of variwus lyers of the pavement ean be o cut 

from the standard C.BLL curms, n the basis at C.3.L values at 

vmrious layer of the pavm t. 

MZ MM =73C:C ILn 

i, Ta methods of soll ement construotion nan be divided 

into twe distinot g-oupia

(1s)Mix-in-pi(o. Methods 
(Si) Plant xz methods. (TraV~llnr Plant anM &ttiory plant). 

In recent years, a lot of plant and equipment Is develope 

for the stablisatiaon of toil with coment. The mrits of each type of 

plant and the eonditions under uhich each plant is most useful, ar 

sive by the manufeaturers. A goodl deal of £ AtOumIs also aisi

iable in various paemplcts, papers and Civil Engineering Construotion 

Band 3eoka, -1ch give the relative werite and demerits of various 

plants, on the basis of practical experiewe. 

2. the insitu uixin5 ethods normally empl soes fora of 

light rotary tilling machines to till the soil in-situ. The soil Is 

pulverised with the rotarl machine itself. A laeer of oemmt omea

pending to & known percentage of cement is spread ever the loosened 

soil and mimed by mans of a rotary machine. At this stage water is 

aded and aixed .ithsoil-oanent to bring up the moisture of the mix 

sa the optium moisture. After levelling the lVer of soll-coment, 

it is rolled to bring it to its maxium densitym The use or this type 

of methods limits tho thiokness of a copated layer to about 44 In

obs , at m single time. 

3. The types of plant used in the aml-in-pIaee nethoC an P & H 

singl.-pass stabilizer t0ft. wid, whicb outs the soil, pulverises ard 

mies It vth the stabiliser in a sW pas. The stabilizer is sped 

In treat of the aehiwe. The &aohie is driven by 250 H.P. paer unit 

147 
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aal oan give outputs as hih as 7,000 - 8000 pq. yards per day. o 

seaman pulvimixer or rotavators are -but 5-6 fet, wide and have 

high speed rotors driven by a separate power or in the ows of a 

rotavator, through a poser take eff from a tractor. Esn machims 

an very effhotive for fine grained soils, but have 'inited applioa

tin on gravelly and hard lateritio soils. 

i. In the plant ix methods, the soil is excavated either 

along the algnnt of a road nr from bafrrw areas# anl mixed with1 

sappropriate quantity of cement and water. The @oil aemnt mix from 

the plant Islaid on the site to a uniform thickness and oc esdta by 
rollers. 

. 5te travelling plants usually employed avea the Barber-

Greene mixers the Gardner Type mixerl, the H&B Notopaver etc. in 

148 	 the ease of Barber-Greene mixer the excavated soil and stabilizer are 

lifted by mans of bucket elevators and stored in a hopper. The 

material from the hopper is passed Into a pug-mill and water adde. 

2M pulverised soil-eaent mixture is then spread on the read, levelled 

by a grader and compacted with rollers. In the Gardner type mixer the 

windrowed soil is put in a pig mill to pulverize the material. he 

stabilizer and water wo added and the mixture depoisted back in a 

vindrow. The ixture is spread and levelled by a grader and compacted 

ViUh rollers. 

6. In Stationary Plants, 	there are two types of machines# the 

etinous mixers and the batch mixers. In the coatincs al=xrs, as in 

trawelling plants, an elevator bucket lifts the soil to a hooper, anal 

ts Is discharged into a pig mill by a belt onveyora The stabiltz 

and water Is added at this stage and the material mixed therw4 y, 

Me mixed material in s-llested In tnaka and laid on the Aste levllA 

am rolled. 
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Us htoh mixrmsenothing olebat concrete mius. bse NUM 

ase mozamL~Y employed on seaen Jobe* The soil, stabIls and water 

ae aded n the concrete mixer and mixed till a uniform mixture is 

ebtai.edo The beat resets in pelverisatin an obtained in double-

Paddl mixers, pug mills, etoo The mined material is carried In tr.hs 

to the site# spread and rolled a discussed earlier. 

7 mle choaee of ova or the other method of conatruction is 

dictated sore by the availab.lity of plant and site conditloas than 

anything elan. The stationary mixing plant with a fleet of trucks 

for transporting soil, needs a far greater capital investment &aa 

projAct, as oompared to the In-aitu aetheds of construction. On the 

ether hand the in-situ methods are useful and economical only ibere 

a sinal layer of soil cement is to be lid. In places where a laye- 149 

red systea of construction is adopted stationary plant method is amor 

eoulenient and economical. In the in-situ methods there is a 14it 

up to which a plant can excavate and pulverize a soil and therefore 

If a layered construction is required the top layers after excavation 

ne &tookpiling. The construotion is then carried out by laying 

locae sail lam 8-9 inch, thick and stabillsation carred out after 

mdin the appropriate quantity of cement and weer. This prwoess 

Is rather Inconvenient and uneconomical. 

8. 30a orer to illustrate the relative cost of layeed con

atrautin using in-eitu and plant mixed methods the following tau 

Relting to reative eGots In Dzitain is given as a guide. 
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bthod of Thioknes of e uit Cost 
ConstructLon Costruotion per at*yard 

Jaz n place I5n. sngle sh61

- In 

* 1 Double BIP/& 

8 •a a a 1
"0
 

Plant mind 6 in. single Sh 7/

n 10 • Double a11/4 

* U 3 1/2t e ll"• 

Tbe two aets of ooats are worked out by using the looal2y 

available soil in both the ocas andl employng 5 and 10 percent 

cement in the lower and upper layers. 

P. A point which neoad sone emphassis,,that the 

qla3± y ontrol, in terms of uniformity of cennt and water 

I, the mizo in the stationary plant mthod, is much better than 

that obtained in the In situ process. In addition the in aita 

method tends to weaken the aubgrade through a direot pomms 

ofr sbarade to weather and traffic, 22e eoavation in the 

In situ method in Addition leaves a thin loose layer of soil In 

between the subgrade and the aoil-orient baaej ana these 1iaite

timea ahould be kept in view begoan finall3Y ohoocing thin mthod 

of oontmotion. MW mni a uh u single pas soil stabiU-

Nation plAt, wlda, tpe umohonial apreadera# zu ti 

Vtar mixes, oto. are in ourront use in various perts ofr Vc w 4 

md each plant kaa its ea aftntegus under given got of eo~ltim 

A-%
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IAndrow-ftep Traveling Plt-lyp MltIpl-haes Statinm7
 
Mixer Traeling rar Rotery Mixer 1Ii Plant
 

i Pulverizer - 1 Motor rader I Motor Grader motor Grader 
it reui-red with scantier rollers as needed 

I Motor Grader with 7(M H;U*MM 0ot5- 7 mixers 
scartier am E for pulveri- 71ZP= 

I indrzow Rveoner or sing, as ned 
Con- Water Truk I StationarySpreader bax I Cement 1 a r 

wyor 2 or prowtting, if U4zin p&lnt, 
N mMU,ore cement neded bsah-tMp

track as o tinuous 
rqie FoR IJ5DLTG 1 t 

I 	 Cement oonveyor i portable track CEI, f ao4r4t aB with 
I Cement Ta~nr soa2e for storig
I Portable Traiok i Meoha-rool i Gmat Con- h and 

sc2e oeent 	 prwortioninPOY" 
I ilndrow-type Spreader of 2 cr core oamnt soil# oenent 

mechanical cement proper wih Trucks as and water. 
spreader need 

7MR Un G I 1 Portable Truck ]151
 
ZX19ma m
Ugscale iV.ER .PLIC - I Mechanioal Halr 1uk1 	 WiLndrow type --- "oentu 

'Trv u i fla-tpe spr*u r 2 Sp eader
 
)!achn V.th travellnag of proper boes
 
aotive power Iwxer width


I 	 later Puq at I eater Pum 
water sourie at souro 

See Note 	II 	 Uotor Grader 2 or more BM "PLI XON 
for spr ng water supply o U _ 

t as Nt Mnixied windrow 

newded 1 naterede Oft Note 2
 

z -aL -Of- gnm ff-at source
ME-O ? 
Soo Not* 1 

Eo te I water pressure 
___ _ distributors 

gpirCI - o wter
 
See Note 2 N supply truok
Note 2 

as needed 

See lote I 

JEC OM~g 
ee Note 2
 

Mte II CoqAGtin eVp t dpends on ty of soil-vibratorq
 
eocpawtorso vibratory rollars, sheepsroot-tpe roli",
.1 	 e-ebee rollers and peuratio-te rollers " 	 needed. 

NOU 2: 	 Ir TM w-2, w.-3 eatback spbwlts, w- read tars, or
 
saphalti emlsion are used# pressure dtributos a

nseLa 

15 
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a. 57 m 

IH H l! 01 so i 

I~nrosT~'s 1at-Typ MaltlPls-Pau Itatlouzy 313
n.1 3, rae lUng Mie ibta7y Ue l. Plant 

flathAIM Inhi-l Pt DI Wih borMo 

to aso and to etom aM readq to tf O n M 
-. ad graf aon WAnd

2. 	lsrl road, 2. ,oosen sol to F'dt 2. cmart 
my So12 design depth t. AcarifY MA abmd 

36 	 ilve n moessary way sc.IlolcMat 
SOI-I mo*- anr.h. 3. P vmri asol proossfury7 It 	D0008507 Is",SL 

40 	 iidoande ve nsi Sh p oub g m e Ps o dae sonw t r . "a t 1. I,,lMt4A 
152 wInrow to o1row n plant 

ga soil Nsa otla
au2 	 2. Coapsot s-b- V. Son oes 

1. Shasub. gade 	 6"& 
grade 	 to 3. ?ao. borrw bo aGrp 1.amsoIbSape wbgrpadapadsto 	 0 C 

-. 	 Shop@ borrow psa8. Iqaia
2. 	Coapqt sail 2. 	Coat sub- 5O.as 

3. 	Plum borrow prooas 3. 	 Plc bsou ~ I,* Spread portrAnd $oil
 
U indrow sol Gamut
 

e 2a. 	 4 borrow 

cu. 
I* Spz#Ad port- 4,w "a I~aa a.bread port

3. coact proms" 

lMAd oGat 3. C 	 34lnd Gamut 
2. 	 lz and as"l 2.0 MIX# SM2Y 

waterwaters 	 and mix 
3. 	Spre-Azd 3. Compa~t
 

Windrow4. If~aiah
 
4. 	Coqsot cum 

5. IIDiah 
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"i giv a,.. fta JdJaaes, tas W1J3)
(O)1.U anban. been laeftobd, to &w. the vqwLwsmant fr 

Aiftat es o . g a. ja, steps to ocastst r 

Whrnmst "a or mill" oq*apmnMt fisnihifg pTooepll 

Mlated to tho type of soils, ap os .qOASmat, ato. nd 

this 	Infomtiom is midered ban4 as well "s Useful In 

sloltim the plant n a pwoject. 

I* 	 he quality of woilmemst both fm the point or iew 

of &arobilit sad stability dalwAn to a larp extost x the 

aseatiflo control in the field. Te quality omtrol In the 

fild for soil-oomnt canstructim can be dividaA into ro" 

pOU~52.

(a) 	 Cnitio. of ,ubp-$ 

(b) 	 Selection or saill ahecking the qality of
 

semot an rotor#
 

(e) ix Proporton 

(a) 	 aKix1, laying, comootic. ta amia. 

In the p 'epArattoa oam Wtoal be tabomof udb~o&, 

thet mt imbgrsod is not oowrs4 w:th a pLawit. ,i eak, 

loowe, d sft sitbgrs motion, ahould be brouht to appso

prilato wistures wad compacted* In aerNn oases it m, be 

Mrnasea7to renoe wAd plao, the sk d tt wabgrAl with 

itabl.e materials. 

3. 
no soil shold be abeand tb WuA&MY zor its WOUla& 

MinIftesrg,' Unite. 

13 
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Wly sols ht either Vw r r ufi&ba ft town" 

Mate dom be eolstod for stablhsdatle U ete Wev 

avadlabse m t ts ot soom to the W~ft" Iu.t 

"tasAUIbe mAnS to bisM h8 SOiU to iqioW OWe ps"a 

O lda a1 t"& satqsot,tt t nzel fatr1164 iM On 

to stbUmat of a oaertt utamth. 

tassoils do be awsid but is ese noetbher sol 

1s walabi WMMpprit' - abould be tam to wiM thter 417 

emot or aemst mied L-.. about I psvest saidus ohblerib 

s wantit or omst am the of emtt m sub soilus 

asgeolned by the laborsta sbouli be mw. strIctly above to. 

hW OL amnu be awib4d.soilsSosa than 0.5% surpbate &a"mi 

1iao9=6 sol, Ohould ordtnarhy be avoided for 0t4l1satsmo du 

to their hdh smliLn oharuoteritios. 

sho Isns of pverltinim bas a va eufled .tleot es Oh 

bwapmot of swtent in aow-emst. "ao "Pae of plwAse. 

tim "a bO dotmd as the permentmo of vatelm passing 3A6 

106 do" or No. A.I..L stow, to h total VUty of soi 

*ohs for a robt. The hh the dofma of 91YILS.UA the 

~tetan tas reit. In the ti s. psmiaew aboe 

5-70 Pmsn t is comnidered my atitw7. in o an ea 

son2s bettor pmiveriata am be addenud It the 4Ws Us brealm 

at a ais'ms ubikh is about half of its optimm adstam.X. 

After iLtal pdvwistiju, amet is ae s mid" atimmiued 

oIt the adtta of vaewo The IMg proise s04 the sosad in 

MUM fo a Ister nl f'rtr valmdasti ' esm aea T 

http:91YILS.UA
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5.. £~ 

bhe ement oentest of a six i gier &pee Iin te 

ot pevoeata, , by ,.IZt or b." volue The yevoes.. Iy volua 

of mmat, sma be couertel 1ato ;eomtete by weight, or vim 

Ines for iuW density by aimple ocei~tatioma. Is order to 

taoilitate coquatatLo k the tield, a mftwe&h is Sim $n 

tp, . Om the basis at the pareate of osmt seified, 

amd howinC the thtokness of the base, the qmatli of osemt or 

uAe.r of bars required per sq. yard, an worked cute This an 

be'dmo either by saiple ououlatioa or ith the Midp of t 

244,9. i, Pnpad by Portlad Ceunt A"oclatlo. Ift cae Oeme t 

Is spread by mehaleal spmars shed of the rotary mh 6 plant, 

the eawzsoy of e wmding is choolud from time to time by placing 

&am a;. yard omv" or a oct l plate an the grounA nd oo3.sotia 
1U 

eant over 4t. 

It my be essential to deftrai. the oemat smsteat 

=Anuniformity of nix In the bas from tine to tim, and this 

my require a eortain aant of accurate $estin in the l2borastm. 
(40D) 

A v~er of methods have bees deelped by the 'Csigton Dopart
(41) (4ay

mt of Hishways, Cawifora Opartmnt of !ICbmap, ad load 

lesearsb Laboratory# Vnited LUWaId to assess ths 2erveetam of 

semt In a soilmcoisnt mix. AM mthod dub is qutak eamah 

In the field am e adopted for mtrol wra. 

After 6d"vei the optim moisture emtst la Oh 

Uborstoryp It my be esmtid to .bskv if Ws miostas eastent 

md bmalty have eq r to the optima moistum emeatnLtt rd 

baism.
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ByIVIli4"fftt11baR
i li. I .4!j 

s eI€ut. Mt of okdCemo 4141"0 horI Pera cement ty ,.4ume tmp 
oe eiAM Pirno emen by we oE even, dry son Vwqmn10f eme 

pqg gd a I in cempeded mwnes dor eo 
cem~nbell foe.ge. 3)) 

got 

- . 0 

515 

P ._.3j.. .. , 0,; 

fr ...,o - of) ;msnt needed ;41
 

USOM feet Ws iwelesw.fths end deph&
 
te ee.fled "ament cooksts ,JYAIIU- 4let 31) 

.,
""~ ~~F t 

p. .. : - ,, . . : ,
• .4 h . .11 

/ /Y 

r"@%%,nti..,edtoOF OMbUtw -no ' P m is* 
tw urn peeN~q ,emunr mglrd to relee me mde 

so)IaS& 
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- 39 -

In the fisldp for the oompaction plant available for Una Ibis 

is aoe by la&yi6 mall lengths in 2he field e. various moistuArss 

and rolad. the final densities an checked after the roling 

is oocplete. The field moisture-donsity curve is very essential 

for setting up standards of coosotion in the field. 

O control of moisture content is very essetkial 

&ting compaction and this is done by taking saslose of soil from 

ti to tim and chocked for moisture content with quick mthods 

like the speedy moisture meter, -mlamthod, etc. It has been 

pointed out from field axperience that approximately 2 percent 

additional noisture i needed for 5-40 perofnt cement added to 

the soil, If the optinm noisture content Is detenmned on the 

untreated soil. Figure,22 gives a graph for converting the 
moisture percentage Into gall ns, ter various thicknoss and 

densities of the soil oesmat base. fte soil, oement sad 

misturej, should be mixed as thomoughly s possib so that 

ti unifonmty of mix is obtained throughout the width and 

depth of a layer* this is Judged by visual Insyeetion only. 

The ecopaction Is carried out to bring the soil coment 

to a maziim dansitys, after the rooees o" mixine Is ocmplete, 

goe rolling is started initiaLLy by light x'ol~e 3-3 tomas, 
folacad by heavy compaction plant. The field dansity tests an 

earied out at several plaes to chock the cepaction. In 

eas th densities achieved do not fall within the specified. 

l1mits, the rolling Is contiaed. after SivIng a light sprinking 

of water on the surface of soil osest layer. 
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The soil ement base, after rolliqn; should be wnd 

fbr at least een daWs, to permit the hydration of cement. 

levemal methods of curing are adopted such a sprinkling of 

water from timo to tin , putting wet empty bags of oemnt, use 

of 4 inches thick h" or straw and keeping it moist and spraying 

of asphalt cutback such as N.0.2 or oC1.3, on the pavement soon 

e compaction at the rate of 0.20-025 gallo/l&,. yard. 

so strength of soil cement will lar~ely depend on the 

efficiency of curing, speciaf.l In tropical countries, ihere 

the chances of los of moisture during summor nonth are very 

geat. 

le Use of soil oement for the const=ction of roads and 

airtields isnow aocepted as a standard praetio. The laboratory 159 

studies over a period of thirty years, backed by extensive 

field exerience has gone a 1o way to explain a good deal 

about the behaviour of soil oecent under different j'Tsioal 

eaditioma. It in now felt that even under very difficult 

eanditions, it is possible to use soil cement as a .-.a7eimt 

mterial with eomwono and speed. 

2. It is howoer important to bear in mind that sol 

Pemnt 	is produced out of two materials naaely soil and oeowt 

at of hch cenent a standard material, woiisis S' O 
ummafly wry much variable In texturej, g ,.x i of mineral 

ete. It is fnr this reason that soil cement end product 

man have very variable proertiss, and tihoere it Is essential 

t understand thorouhly the limitations of soil ceen as a 

mebrael of .enstrueti n. 
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3. £lthoush considerable research work hes been done an 

sonl eemit for use umer toue.rst. climate for road andeai

tieldo smstruotion, there i stil l much boop for researh on 

the use of Boll ocent, In tropics. Soma ot those fiels d bdh 

do need further studies ar lsted belom

(1) Studies on the shrinkage and ezpssion of soil 

est &in&#s due to the I1dratio of ocuntp as 

well " t eperature obeMWS. Provision of 

Jouts in tIW PaTvmt to -avoid indisowininate 

amd radoe orsoking in soil onant. 

f)the. optima strengths' of soil oaranit In terms 

of modulus of elustiity#, oop lrea.ve strength, 

C. 0 , etc., to give boat pertornance under a 

given act of loadizz ooditions." 

(Lii) 	 Dsvelopmt, of socis rational method for the 

design of soil s nent parement a semi-rigid 

materiel, by =midG use of it's klemnal stron-th. 

(iv) 	 The development of strength with go, at different 

ouing temperatures, and relativ buiiditios 

under tropical conditions. This an help in an 

SooDOoIc nix design of Boll ceeot. 

v) Inter relatiou h of ouldInG moisture enteat 

density and oamps ssive stangth insoil ceamet 

sixes. 
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(vL) 	 hveloyeent of quick tsts# for the detemains 

tian of venet content, prodiotion of copreadtve 

strength, in situ densities and moisture, for 

effectiwe control of oonstraotion in the fIM2d. 

(vii) 	 Udantenamo of adequate reoords of an soil 

somet construction un&cr tropical conditions, 

and oorrelatinG the fiald behaviour with aom. 

of the basic properties. auch roords oan 

mist a 6ood deal in the formlation of future 

specitications for soil ocemet construction In 

tropics. 

(viii) 	 loview of different nothods of construction and 

witamiility of various plants under different 

conditions. ThUocan help a a.ood deal in 

eoonomising the capital and running cost of 

proSeotat thus bringing doirn the unit cost of 

aoil cenent Construction. 

(ix) 	 Study of the behaviour of various types of 

asphalt surfacings on sol cement constfuction. 

4- It Is felt that soientiflo investigations of MV Me
 

&Wpets,, In adition to the above suggestedp osn go a IMa way In
 

pro B, eoomisg ad standardigl soil onent s a Mteia
 

of oonstmotioup under tropcal coonditions. Som of those aspots
 

are alrady uder study in the 3ulding &Bail Ressaerb InAtItute,
 

9~1 and it is hoped that the results of tJhese nvestiatim 

IIl be made available to hihW engineers in the Country 

from tin to time 
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VARIATION IN LABORATORY AND FIELD STRENGTHS 
OF SOIL CEMENT MIXTURES 
James L. Melancon and S. C. Shah, Louisiana Department of Highways 

This report evaluates 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 8 to 14 percent cement by volume.
 
The data indicate considerable variation in the laboratory and field-molded
 
specimens. In general, under the present construction Oechnlques of ce
ment application and density and moisture control, the product is within
 
75 percent of the 28-day design strength (225 psi or 1550 kPa). T%_e data
 
also indicate a need for pug mill mixing of soil and cemer' to reduce ce
ment content variation.
 

OTHIS report, which is an abridgment of a comprehensive study (1), evaluates the vari
ability in compressive strengths of stabilized in-place soil cement mixtures from the 
standpoint of design and actual 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 percent by volume. 

PROCEDURE 

For strength evaluation, specimens were 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 the variability among and 
within laboratories. 

TEST 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, 7 day) 
include compressive strength results of materials in which the cement quantity recom
mendations were originally based on the wet-dry brush test, as well as those actually 
based on 300 psi (2070 kPa). The projects in which compressive strength was used for 
cement recommendations show substantial verification 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 recommended cement percentage. 

Variability of Cement Content of Bases 

Cement contents of field-molded specimens and cores were determined on all 15projects. 

Pukbliation of this paper sponsored by Committee on Soil.Portland Cement Stabilization. 
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Fkgure 1. Mean perantages of specimen compressive strengths. 
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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-place mixing. This is shown in Figure 2, 
which is a composite of all test runs (311 observations) and shows the percentage of 
observations in which the roadway-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 
amount of variability than was previously acknuwledged. At first, procedural errors 
were blamed, but repeated tests under strictly controlled circumstances confirmed the 
degree of variability. It was found that a difference of 100 psi (6890 kPa) between iden
tical specimens could 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 whether the 
test procedure as set forth is capable of yielding acceptable agreement among results 
from different laboratories. 

Table 1 gives the statistical parameters for the first phase of the cooperative test. 
Laboratory designations used in Table 1 are as follows: 

Designation Laboratory 

1 Research 
2 M4aterials
 
3 District 07
 

The 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 th' coefficient of variation, which is 
the ratio of standard deviation to the mean of a given series. This measure is par
ticularly useful when widely differing means are encountered. 

The magnitude of the coefficient of variation for the district laboratories was con
siderably higher than that indicated by the research or materials laboratories. This 
was because they were unfamiliar with the test procedure. Furthermore, the magni
tude of this variation was considerably higher than would be expected because of chance 
alone. Therefore, an effort was made to isolate the causes of variation before the 
second round of cooperative testing commenced. 

It was found that the temperature of the three components-soil, rement, and water
varied widely within and among the three laboratories. The soil and the cement were 
stored, in some instances, in areas where temperatures were not controlled. That is, 
the temperature of the storage area fluctuated with the season: high in summer and low 
in winter. This could result in the use of hot cement and soil for some specimens 
molded in the summer. 

Trap water was used in the molding of all specimens. This in itself did not seem to 
cause any problems: however, the temperature of one laboratory's tap water was close 
to 100 F (38 C) because its pipes were adjacent to the building's steam lines. 

A check of specimens immediately after molding revealed many dry particles. The 
existing procedure required the full incorporation of water and cement immediately 
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T be .	 Statistical evaluation of laboratory data before Stadardiation. 

Coefficiet o 
Cement Mean Standard Deviation Variation 
Coantent 

Sol (percent) 1 2 3 2 33 1 2 3 

A 	 . 389.35 220.00 254.13 14.36 9.26 21.72 0.05 0.04 0.01 
8 414.00 344.25 344.88 26.41 34.31 22.63 0.06 0.10 0.0?20.13 	 2.06 25.09 0.04 0.04 0.05

10 548.67 439.13 402.88 
65.42 0.09 0.05 0.0

1 678.33 698.25 647.00 50.50 6.62 
.14 789.25 830.76 871.U 60.29 60.33 136.43 0.06 0.07 0.16 

211.63 - - 10.41 	 0.05 - 
278.38 207.86 208.00 14. 14.20 29.39 0.05 0.07 0.14 

10 315.88 219.63 289.25 8.87 5.90 25.19 0.03 0.03 0.09 
1 387.25 303.63 304.00 17.19 17.53 21.91 0.04 0.06 0.08 
14 442.88 335.88 357.25 30.76 28.82 28.85 0.07 0.09 0.08 
16 465.63 411.88 427.38 11.06 16.47 46.49 0.02 0.04 0.11 

C 	 6 277.75 206.00 231.38 12.12 15.55 26.75 0.04 0.08 0.1 
a 344.38 279.13 283.75 2..65 14.37 30.65 0.07 0.05 0.11 

10 398.25 309.25 349.63 15.94 13.11 53.03 0.04 0.04 0.15 
12 445.00 316.50 479.55 24.04 23.40 55.75 0.05 0.07 0.12 
14 535.63 399.65 469.50" 49.51 37.40 36.15 0.09 0.09 0.08 

NoW. I PW 0.9kPa. 

Table 2. Statistical evaluation of laboratory data after standardization. 

17e 	 Coellcie ad 
Cement Mean Standard Deviation Variation 
Content 

So (percent) 1 2 3 1 2 3 1 2 3 

Sandy loam 6 353.00 237.25 219.00 17.98 8.61 18.40 0.05 0.04 0.08 
1 476.50 302.50 281.75 45.54 15.69 2.36 0.10 0.05 0.01 
10 538.00 345.75 322.00 47.22 5.12 20.49 0.09 0.01 0.06 
12 654.25 445.75 440.25 22.31 29.68 27.40 0.03 0.07 0.09 
14 620.25 506.75 556.75 48.04 8.83 52.71 0.06 0.02 0.03 
16 899.00 557.00 540.25 24.22 30.60 25.32 0.03 0.05 0.05 

Clayloam 6 254.25 149.75 181.25 15.73 6.65 5.19 0.06 0.04 0.03 
a 333.00 192.25 220.50 8.60 13.40 16.38 0.03 0.07 0.07 
10 359.50 220.00 227.00 16.10 8.83 12.06 0.04 0.04 0.05 
12 391.00 234.50 224.75 19.04 17.06 16.03 0.08 0.05 0.07 
14 440.50 276.50 273.75 19.33 9.25 17.04 0.04 0.03 0.08 
16 510.00 275.50 322.?5 4.81 21.13 27.29 0.01 0.08 0.06 

SUty loam 6 189.50 136.75 140.75 5.57 5.91 16.50 0.03 0.04 0.12 
8 214.00 157.00 159.50 18.78 12.83 14.11 0.09 0.08 0.09 
10 271.50 199.50 195.50 15.46 12.37 37.12 0.08 0.06 0.19 
12 329.00 218.00 216.50 13.29 11.52 6.35 0.04 0.05 0.03 
14 403.00 265.00 266.00 12.38 12.73 27.64 0.03 0.05 0.10 
16 429.75 310.00 292.25 13.33 16.79 15.31 0.03 0.05 0.05 

N~ote:.
1pg- L.S~a. 
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prior to mixing. The 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 
three laboratories came from different sources. Seven-day compressive strength 
(AASHO T-106) varied from 2,100 to 4,500 psi (14 480 to 31 030 kPa). 

To alleviate these possible causes of variation the following steps were taken: 

1. Each component in the fabrication of soil cement specimens was brought to the 
same temperature, 75 * 5 F (24 1 3 C), before the specimens were molded; 

2. Water was added to the raw soils, and the mixture was allowed to slake overnight 
before addition of cement; 

3. Cement from the same manufactured batch was used; and 
4. The time involved in fabrication of specimens was held uniform. 

The densities and moisture contents of the specimens were closely controlled among 
the three laboratories by using the same density and optimum moisture for specimen 
design for each material tested. 

On the basis of standardization, a second set of soil samples was distributed to the 
same laboratories. The soils belonged to the same classification group. The same 
experimental design as the first one was used in this phase except that there were four 
replications instead of the previous eight. The improvement in the variability is 
clearly evident from data given in Table 2. With the exception of two series of data, 
the relative dispersion was 0.10 or 10 percent or less. Overall there was a decrease 
in the variability of the test procedure as a result of standardization. 

The effect of soil samples stored for some period of time and then mixed for cement 
content determination was another aspect studied. Tc 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 statistical t-test for unpaired data was run. The 
mean for each soil group data obtained at time A was compared to the mean of the same 
soil data obtained at time B. On the basis of the calculated t-values, none of the dif
ferences in the means was significant at the 0.05 level. 

CONCLUSIONS 

The primary conclusions on the basis of this study are as follows: 

1. The inconsistency in laboratory design can be minimized if factors such as 
molding, temperatures, slaking, and fabrication time are closely adhered to. 

2. Under the present construction techniques of cement application and density and 
moisture control, a fair product is produced with 75 percent of the stations having 
achieved 75 percent (225 psi or 1550 kPa) of the design strength at 28 days. The com
pressive strength of cores taken on eight projects after 3 months or more was well 
over 300 psi (2070 kPa). 

3. For those projects in which the laboratory design criteria were based on com
pressive strength, the raw soils sampled ard tested in the laboratory showed substan
tial verification of the materials laboratory design. Only one project had soil tpes in 
which the 7-day strength was less than 300 psi (2070 kPa) at the recommended cement 
percentages. 

4. In-place mi.xing of cement with soil appears to be somewhat undesirable. Re
sults of 311 observations show a variation of k5 percent from the theoretical cement 
content in the soil cement bases stidied. 
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Changes in the Characteristics of 
Cement-Stabilized Soils by Addition of 
Excess Compaction Moisture 
GEORGE R. LIGHTSEY, ARA ARMAN, and CLAYTON D. CALLIHAN, 

Louisiana State University 

The compaction moisture of cement-stabilized soils is usually specified as
 
the optimum moisture content to obtain maximum density as determined by
 
the standard Proctor test. Previous investigations have shown that in iome
 
instances maximum density may not correspond to maximum strength. If
 
compaction o[ the soil-cement mix is delayed, the relationship between
 
compaction moisture and the strength and density of the soil-cement also
 
changes. This study investigates the relationship between compaction
 
moibture content and the strength, density, and durability of cement
stabilized soils in which compaction is delayed after mixing to correspond
 
to typical highway construction practices. Four types of soil suitable for
 
cement stabilization were investigated. The compaction moisture content
 
was varied from 4 percent below to 4 percent above the optimum moisture
 
content obtained by standard Proctor tests with no delay between mixing
 
and compaction. At each of the moisture contents, and at the optimum ce
ment content, specimens were compacted 0, 2, 4, and 6 hours after mixing
 
with no intermittent mixing. Specimens were prepared for unconfined com
pressive strength and durability tests. The results of this investigation 

show that the loss in strength and durability of soil-cement resulting from
 
a delay in compaction can be significantly reduced in many instances by the
 
addition of excess compaction moisture. The soils most benefited after a
 
delay in compaction by excess moisture were the silty loams and sandy
 
learns. Strength increases of 40 to 50 percent were achieved with these
 
Ecils by the addition of 2 to 4 percent excess moisture when compaction
 
was delayed. Cement-stabilized silty clay loans awid silts compacted after
 
delays showed little improvement in strength and durability with excess
 
compaction moisture. Without delay in compaction, only the silty clay
 
larns were significantly improved in strength and durability by the addition
 
of excess compaction moisture. A study of the data has indicated that the
 
amount of excess moisture required for maximum strength and durability
 
depended on the soil type and the detention time between mixing and com
paction. In granular soils the addition of excess moisture improved the
 
strength and durability after delays in compaction. 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-cement mixes compacted without delay by increasing
 
the amount of cement hydration.
 

eTHE STANDARD PROCTOR METHOD is recommended to determine the compaction 
moisture requirements for soils stabilized with cement. Several investigators have 
found that this moisture content does not necessarily produce maximum density and 

Paper sponsored by Committee on SoilPortland Cement Stabilization. 
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puaxlmum strength and durability. Felt (1) reported as early as 1955 that for inaxi
mum effectiveness portland cement and sand mixtures should be compacted slightly be
low 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. 

Dlv~dson et al. (2) also reported that the moisture contents for maximum strength 
are generally on the dry side of the optimum for predominantly sandy soils, and above 
the optimum moisture content for soils rich in clay. They postulated that the variation 
between optimum moisture coa;tent for maximum density and maximum strength was re
lated to the particle 3izes JA the soil. They proposed that soils 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 el the soil and cement z.nd the compaction 
of the soil-cement mixture is normally from 2 to 4 hours. Investigators studying the 
effects of delaying the compaction of soil-cement mixtures have reported large losses 
in the compressive strength, density, and durability if the delay in comp~action exceeds 
2 hours (3, 4, 5). They also found that the moisture content to obtain maximum den
sity changes with delay in compactimi. Data taken by West while working with sandy 
soils showed that after delay in compaction the moisture-density curves tended to change
from the usual convex parabola to a concave parabola with the largest reduction in den
sity occurring near the optimum moisture content. 

The purpose of this study was to investigate the relationship between molding water 
content and the strength, density, and durability of cement-stabilized soils both with 
and without delay in compaction. 

TESTING PROCEDURE 
182 Ten natural soils considered suitable for cement stabilization were selected from 

various locations In Louisiana. The properties of these soils are given In Table 1. 
Each soil was stabilized with the optimum amount 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 558-57 was used to determine the optimum 
moisture content of the soil-cement mixture. Specimens were molded at the optimum 
moisture content ana at 2 and 4 percent above and below 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 were above 
tht plastic limit. Samples were molded according to AS'IM D 1632-63 for uncordined 
compression tests and according to ASTM D 559-57 for wet-dry durability tests. 

TABLE I 

SOIL PROPERTIES 
d 

O OpmmPreOptl m Percent LcompositionPlasticity8011! AL Liquid (percent) 

ImtiicaUwa Group Cements Moljturet Limit" Indeuc 

sand Silt clay 

Silty loam L-1 A-4 10 17.0 27 4 28 60 12 
Sityloam L-3 A-4 to 17.0 28 8 7 79 14 
SiIty loam L-3 A-4 12 15.$ 31 is 32 51 17 
Silt clay loam 
L-4 A-4 10 17.5 20 S 26 53 21 

Silt clay Sam 
L-1 A-1 12 17.0 37 to to 62 10 

Silty clay tam 
3-o A-4 12 20.0 31 14 1 51 21 

Sandy loam L-7 A-2-4 7 15.0 as 7 71 1 I 
Sandy loam L-8 A-2-4 1 10.5 Is I S7 21 13 
8l1I-9 A-4 10 17.5 1s 1 5 to is 
Sik L-10 A-$ 12 19.0 35 1 0 67 I 

0 Acmn IMcrtse, ntalhod by the Porntd Ctemm Amm.ia 
SUndwd Phroc tit.AST 0 S 5 . 
Atobsra hut. ASTM 0 4'3 611 mnASTM 0 414.
Gia mc ol yr by ASTM 42243. 
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In order to study the effects of moisture content on the strength, density, and dura
bility after a delay in compaction, samples were molded approximately 12 minutes after 
mixing had begun and at 2, 4, and 6 hours after initial nilxing. All specimens prepared 
for strength studies were cured for 7 days in a 100 percent humidity chamber and then 
immersed in water for 4 hours prior to compression testing. Samples prepared for 
durability studies were tested according to ASTM D 599-57. All tests were run In trip
licate, and over 1,200 samples were molded and tested during the course of this inves
tigation. 

At various detention times and moisture contents, portions ol selected soil-cement 
mixtures 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 durLng the 
course of the experiment. 

Chemical analysis and X-ray diffraction studies were also conducted to compare the 
extent of cement hydration at various moisture contents and detention times. The chem-
Ical analysis consisted of a specLrophotometric determination of the amounts of acid
soluble s'ilica formed by the hydration of portland cement. Following the procedure de
veloped by Ruff and Ho (6), the 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 centrifuging at 30, 000 rpm for 5 minutes. Ammonium 
molybdate was then added to the solution and the absorption measured at 400. mu with a 
Beckmaii DU spectrophotometer. 

The extent of cement hydration In soil-cement mixes at various moisture contents 
was also measured by X-ray diffraction. Powder specimens were X-rayed from 2 deg 
2 theta to 40 deg 2 theta in a Philips Norelco diffractrometer using copper radiation. 
The reflections at 2.77 and 4.93 1 where chosen for study. The strong reilection at 2.77 1 

lreparationofSoil 

Classification of Soil AASHO Groups 

Determination of Optim Moisture 
nd Cement Content 

Fiuxn of Soil-C f-epermaim d
with CutrCretSt ie
 

Compaction of specimens at 0. 


2. and 41 above and below the 


orptiam compaction Miten 

content. and at 0, 2. 4. and 

6 hr. delay between mixing 


and compaction for uncnfna[ed
 

comprnelv..strength and 


durability tests 


f rees* Drying 

J 

Egxtentof cement hydration by 

Jchemical and x-ray diffractioa 

[anlysis
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ishape from electron and opticalJ
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Figure 1. Flow diagram of experimental procedures. 
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is characteristic of unhydrated cement
 
containing tricalcium silicate and should Too I M,S *, Too
 
decrease as the cement is hydrated. The L-00"
 
diffraction line at 4.93 I results from -- L-,1,%
 

So - - t0$ 
Lthe presence of the calcium hydroxide 

formed during the hydration reaction. 40 

Tl'e quartz peak of the soils at 2.45 j 
was used as the internal standard. ,o00OO 

The testing procedures are shown by ,oo -o t 

the flow diagram in Figure 1. ,.oil '-_ 
160 

DISCUSSION OF RESULTS , L- l, 

Silty Loam ,o . 
n!! -.- 104. ! - B 

The soils identified as L-1, L-2, and ,o4 -, 
L-3 are classified as silty loam. The ,, 
effects of percentage of compaction mois- oo I 
ture on the strength, density, and dur
ability of these soils stabilized with opti- "6 
mum cement content and compacted after " I ' _,
 
detention times of 0, 2, 4, and 6 hours "
 

are shown in Figure 2. ,
 
With no delay in conipactUon, these . 

soils developed maximum compressive '4 

strength and durability at the optimum Lto 
moisture content. However, a delay t It 1 1a . a a.a is t t _j 

.184 in compaction drastically changed the ' 

moisture -strength, -density, and -dura- Too. 
bility relationships. The compressive 
strength of samples compacted at the op- 0 
timum moisture content, obtained with tooti % 

no delay, was reduced 40 to 60 percent ,oo 
after a 2-hour delay in compaction and :DL..
60 to 70 percent after a 6-hour delay. zoo ._, 
Increasing the percentage of compaction ,oo --

imoisture 4 percent above the optimum M -7
 
reduced the loss of strength after a 2- ,o III
 
hour delay to only 15 percent for silty , I I ,o
 
loam L-2. There was also considerable " I i I
 
improvement in strength of soil L-2 0 , L I Ii
 
compacted after delays of 4 and 6 hours. 93 XI L-8 ,
 
Increasing the compaction moisture con- 93 1
 
tent above optimum improved the ,
 
strength of soils L-1 and L-3 only a I I
 
small amount. I ~
 

The moisture content producing max- " 'I i 

imum density was increased more than " 
4 percent after a delay in compaction for ,o I , 
soils L-I and L-2 and decreased 2 to 3 , -. ,1 
percent for soil L-3. ,, V 

ioThe durability of the soil-cement , 
,mixes compacted after a delay showed I r-. .,' 

tangible improvement with excess MO.O1kSWATE4 6e0LOI66 WATMcom- % 6% 

paction moisture. 

Silty Clay Figure 2. Effect of compaction moisture on silty 
lom soil-cement mixes at various detention times. 

The effects of compaction moisture on
 
the behavior of the silty clay loams L-4,
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L-5, and L-6 are shown in Figure 3. The silty clay loams developed maximum strength 
at higher than optimum moisture content even for samples compacted without delay. With 
delay in compaction, the strength generally increased and then decreased as the molding 
water content was increased above the optimum. 

After a delay in compaction, the density consistently decreased with increasing mois
ture content. 

Silty clay learns compacted without delay showed improved durability at moisture 
contents higher than the optimum. The durability of samples compacted after a delay 
was poor regardless of the molding moisture content. 

Sandy.Loam 

The sandy loam soils L-7 and L-8 had varied results as shown in Figure 4. The 
strength of soil L-8 at optimum moisture content was reduced over 50 percent by a delay 
in compaction of 2 hours or more. Varying the percentage of compaction moisture did 
not improve the strength a significant amount. On the other hand, increasing the per
centage of molding water 2 percent above the optimum reduced the loss of strength after 
a 2-hour delay of soil L-7 from 23 to 3 percent. 

The moisture-density curves of the sandy 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 after a delay was a-eaty improved by 
the addition of excess compaction molisture. 

Silt 

The variationq of strength, density, and durability with moieure content for silts 
L-9 and L-10 are shown in Figure 5. The optimum moisture coi~tent for maximum 
strength and density did not change significantly with a delay in compaction. 

These 2 soils differed appreciably in durability after delay in compaction. In gen
eral, the durability improved with increasing compaction moisture. Soil L-9 proved to 
be a very durable material for soil-cement stabilization even after delays in compaction 

Soil L-10, although giving higher initial strength at I-hour delay, hadof up to 6 hours. 

lower durability than L-9 at all moisture contents.
 

General
 

The results obtained for the 10 soils show that, when compaction 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 

Even with no delay in compaction,developed at moisture contents above the optimum. 
the silty clay loams developed maximum strength and durability at higher than optimum 
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 cement with soil in the soil-cement matrix is very vigorous and is a 
function of time and moisture content. If compaction is delayed after mixing, cemen
tation of the loose soil grains into larger aggregates takes place. This conglomeration 
effect increases the resistance 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 maximum density. The necessary increase in compaction moisture 
with delay in compaction seems unusual because large soil particles normally require 
less water for lubrication than small particles. However, consideration of the shape 

of the soil aggregates explains why more moisture is required for 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 resistance to compaction 
by mechanical interlocking. If sufficient water is added to form a continous film around 

1 
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1a) 0-hour after mixing (magnification of 750x) 

1b) 6-hours after mixing (magnifi-ation of 750x 

Figure 6. Effect of delay in compaction on the size and shape of soil particle. 

the aggregates to prevent excessive interlocking, the resistance to compaction will be 
lower and the dry density will be increased. A schematic representation of this effect 
is shown in Figure 7. 

The extent of soil particle aggregation with detention time was measured by a hydro
meter and sieve analysis of the soil-cement mixture. Typical data for a silty clay loam 
are shown in Figure 8. These data indicate that considerable aggregation does occur 

/ 
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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 &nd durabil
ity at higher than optimum moisture con

43 

TABLE 3 
EFFECT OF PERCENTAGE OF COMPACTION
 

MOISTURE ON THE EXTENT OF CEMENT
 
HYDRATION IN SILTY CLAY LOAMS
 

F-Ray Diffraction ot Specimens Cured for 7 Days
 

Compaction Tricalciwn Calcium 
Moisture Silicate Hydroxide 
(percent) Lnie (2.17 A) Line (4.93 A) Line (2.45 A) 

10 15.9 3.2 100 
12 7.0 3.0 100 
14 6.0 4.0 100 
is 11.0 2.0 10o 
is l.0 7.0 100 

Chemical Analysis of Acid-Soluble Silica 

Compaction Acid-Soluble Silica (g/IO011 soil) 

Moisture 6-Hour 1-Day 7-Day 

(percent) Curing Curing Curing 
10.0 0.68 0.86 1.04 

12.5 - 1.03 1.06 
15.0 0.74 1.02 1.07 
17.5 0.14 1.06 1.05
20.0 - 1.11 0.98 
22.5 - 0.95 0.96 
25.0 1.31 1.20 

tents after delay in compaction of the silty loam and the sandy loam soils can be attrib
uted to the increase in dry density. The danger of directly relating the dry density and 
the strength and durability is readily apparent in Figure 4 (c and d). After a delay in 

100 
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, 
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Flgue 8. E~ffect of delay in compaction on soil particle size. 



Compendium 8 	 Text 7
 

44 

TADlE 3
 

COMPACTION MOISTURE FOR OPTIMUM BOIL-CMMENT PROPERTEN
 

Compaction Moisture for Maximme 
loompgoltto trentk and Driaglitys 

matficauca 0-Hour 3-Hour 4-Hour 6-Hoar 
3=1115111 Clay Delay Delay Delay Del"y 

I-I U s0 	 12 17.0 21.0' 21.0 21.0 
14 17.0 21.0' 21.0* 21.0'L-2 T 71 

L-3 32 51 	 11 15.5 15.5 17.5 17.8 
53 21 19.0 10.0 19.0 19.0L-4 26 

L-5 13 62 19 21.r 19.5 13.5 19.6 
L-4 is 51 21 240' 20.0 20.0 22.0 
L-11 71 is 13 15.0 17.0 17.0 19.0 
L-4 67 21 i 10.5 14.5P 14.5 14.5 
L-S 5 60 is 17.5 19.5 21.5 10.0 
L-10 0 87 13 19.0 23.0' 22.0' 13.0 

* a4w motn mnNIW0tet~ di8nah . eomfla~ u oruasIu tragt inihJq wiui InaM ini~edtx'dl~r 

compaction, the density of the sandy loam soils is significantly increased at moisture 
contents lower than the optimum moisture content obtained at 0-hour delay. However, 
at the low moisture contents, the strength and particularly the durability are much less 

than at higher moisture contents. The higher densities at low mcisture content result 

from th' small amount of cement hydration and subsequent small amount of soil aggre

gation. 
The explanation for the behavior of the silty clay loams is not the same as for the 

silty loams and sandy loams. The strength of the silty clay loams continued to increase 

with an increase in the moisture content up to 4 percent above the optimum with no dela) 

in compaction. When compaction was delayed, the strength of the silty clay loam soils 

tended to increase with increasing moldlng water content even though the density con
sistently decreased. toolsOne explanation for this behavior as suggested by Davidson et al. (2) is that the 

ture content gave maximum density and much of the water added for lubrication is ab

sorbed by the clay particles in the soil, resulting in insufficient water for complete hy

dration of the cement. Additional compaction moisture above the optimum increases 

the amount 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 nece3sary for max 

imum density did in fact increase the amount of cement hydration, silty clay loam soil

cement mixtures were compacted at various moisture contents. X-ray diffraction 
studies and spectrophotometric analysis were conducted as outlined earlier. 

The results, although inconclu-The results of these studies are given in Table 2. 
sive, indicate a general trend to increased cement hydration in the silty clay loams 

compacted at moisture contents above that required for maximum density. 
Table 3 gives the data collected during this investigation. The results indicate that 

the amount of excess compaction moisture required for maximum strength and dura
on the soil type and the detention time between mixing and compaction.bility depends 

the strength and durability of the more granularIf the detention time was 2 to 6 hours, 

soils were significantly improved by the addition of 2 to 4 percent excess compaction
 

moisture. With no delay in compaction, only the fine-grained silty clay loam 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 necessarily 

equal to the moisture content that gives maximum density. 
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2. The rate and direction of change in moisture content, which gives maximum 
strength and durability after a delay in compaction, are often not the same as the rate 
and direction of change of the moisture content required for maximum density. 

3. The amount of excess compaction moisture required for maximum strength and 
durability depends on the soil type and the detention time between mixing and compac
tion. Two to 4 percent excess compaction moisture significantly improves the strength 
and durability if (a) the detention time is greater than 2 hours and the soils is granular 
and (b) the detention time is less than 2 hours and the soil isfine-grained. 

4. After delays in compaction, the strength and durability of silty loams and sandy 
loams are significantly improved at moisture contents 2 to 4 percent above the optimum 
determined at 0-hour delay. The change in moisture content for maximum strength and 
durability with delay in compaction is due to aggregation and mechanical interlocking of 
soil 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 
loams is 4 percent above the optimuin'with no delay in compaction, and 0 to 2 percent 
above the optimum with delay in conipaction. The increase in strength at moisture con
tents up to 4 percent above optimum when compaction is not delayed appears to be due 
to more efficient cement hydration. 

6. The moisture-density relationships for silts change little with delay in compac
tion. However, improvement 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 loarns, sandy loams, 
and silts should be 2 to 4 percent above the amount required for maximum density as 

The compaction moisturedetermined by Proctor test performed with 0-hour delay. 
content of silty clay loams should be 3 to 4 percent above the optimum moisture content 
even if no delay in compacticn is expected. 

8. The use of additional moisture does not completely counteract the detrimental 
effects of delay in compaction; however, it will significantly improve the properties of 
compacted soil-cement mixtures with very little extra cost. Additional studies are be
ing conducted to determine methods of completely overcoming 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 restrictions between mixing and com
paction should be strictly enforced. 
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BITWIINOUS BASES AND SURFACINGS FOR LOW-COST ROADS IN THE TROPICS 

ABSTRACT 

Mechanically stable materials for road bases are often not 
obtainable 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 provided 
some of the earliest examples of bituminous stabilisation, 
which originally consisted of thin running surfaces over 
compacted sand. Bituminous stabilisation can also enable 
local sand to be used for base construction, and various
 
tests and design zriteria have been proposed for such
 
applications.
 

The report describes full-scale experimental trials 
supported by laboratory research, which have enabled 
acceptance criteria for bitumen-stabilised sand bases for 
light/medium traffic to be proposed. Construction methods 
for bituminous stabilisation are also described.
 

Details are given of methods of surface dressing, 
which is important both as an initial running surface on 
new bases and as a maintenance treatment. 

Premixed bituminous materials, both as bases and 


surfacings, might perhaps be considered as inadmissible 
for low-cost roads. Such roads, however, usually require
 
progressive improvement because of the traffic growth
 
which accompanies development. There is a growing use of
 
strengthening overlays and the report briefly discusses
 
premixed materials and their application.
 

1. INTRODUCTION 

Much of the accumulated knowledge gained from the construction of roads 
over the last 150 years relates to the 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 years the development of the technique of soil 
stabilisation provides practical alternative roadmaking materials in such
 
situations. 

Stabilisation of 1 soi and gravels with cement and hydrated' lime is 
' 
now well-established, ' notably in Africa, but in the more arid regions, 

particularly those with an abundance of non-cohesive superficial materials, 
bitumen is an appropriate stabilising agent..
 

The scarcity of aggregates in parts of the Middle East, coupled with 
the plentiful supply of oil products and the generally arid climate, has 
encouraged the use of bituminous stabilisation for road construction in 
the region. 

193 
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This report discusses appropriate design criteria for sand-bitumen 
roads carrying light and medium traffic in hot climates. 

Bituminous surface dressings are a very appropriate type of surfacing 
for low-cost surfaced roads. If well-executed they can provide a more 
satisfactory and cost-effective surfacing than some types of hot-mixe' 
bituminous surfacings. This report discusses the design of surface 
dressing and briefly describes appropriate construction procedure. 

Premixed bituminous overlays are appropriate for strengthening low-cost 
surface-dressed roads when this is needed because of growth in traffic. 
The pcrformance of premixed bituminous materials in temperate climates 
is well established, but less information is published about the design and 
performance of different mix types in hot climates. This report reviews 
specifications of premixed bituminous materials for use in hot climates 
and discusses appropriate construction techniques. 

2. CONSTRUCTION METHODS AND THE SELECTION OF BINDERS 

Bituminous binders include materials derived from the destructive distil
lation of coal, naturally-occurring asphalts and petroleum bitumen. The
 
first two are seldom available in developing countries; only petroleum
 
bitumen will be considered in , Zs report. 

Bitumen can function in one or more of the following ways, ie as a
 

(a) lubricant
 
(b) sealant 
(c) adhesive. 

These three functions are the basis of all types of bituminous construction, 
which can be successful only if the type and grade of binder are correctly
 
selected. Selection of the process itself involves a consideration of
 
other features, such as material type or treatment, plant, environments etc.
 
This is perhaps best illustrated in Table 1, which attempts to summarise
 
several processes, with particular reference to binder viscosity. 

3. CONSTRUCTION METHODS FOR BITUMEN-STABILISrD BASES 

3.1 Principlesof bitunen-bound bases 

Bitumen can be used as a stabilising agent in two ways: 

(a) as a waterproofing agent (sealant) 
(b) as a binding agent (lubricant/adhesive). 

In the waterproofing application, bitumen is mixed with a coheaive soil
 
which has a useful mechanical strength at a given moisture content. The
 
bitumen merely seals the system against moisture changes, thus preserving

soil strength. Such applications are rare; more usually bitumen is applied 
as a binding agent for non-cohesive materialsl these can range from a 
dense continuously-graded crushed rock system (as in asphaltic concrete ) 
to local sand. The former is relatively expensive, the latter relatively 

20 
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cheaps indeed it is becoming increasingly common for road engineers 
in developing countries to be compelled tc use local sand. Comparatively 
little is known about design criteria for bitumen-stabilised sand, parti

cularly for roads carrying heavy axle lgads. The Overseas Unit has 

cooperated in one full-scale experiment which has given some valuable 

information, and laboratory research is continuing. (See Sections 3.2.2
 

and 3.2.3). 

3.2 Experience and research 
e 

It is intereptlng to consider briefly wo~k done some 40 years ago,
 

mainly in America"'' and in the Middle East , in both of which Cxtensive
 

ar.d areas occur and through which roads have to be constructed. This
 
work is valuable in that it demonstrates the techniques found to be
 
necessary at a ti ',hen construction plant was usually simple and bitumen 
technology was in ix. infancy. Basically, little has changed since then,
 
especially in construction methods. The blade grader, for example, is 
as useful now as before but one is now able to quantify performance 
criteria to some extent: criteria are discussed later (see Section 3.2.3). 

Soe early work in the Middle East9 in the 1930s provided sand-bitumen
 
roads of a very simple construction; uand bitumen produced in simple
 
paddle mixers was spread, and aerated if necessary, by blade graders
 
before compaction with smooth-wheeled rollers. In the absence of mixers,
 

binder was sprayed directly on to the sand and mixed in by grader. Binder
 
contents were evidently sufficiently high to provide adequate cohesion 

under the abrading action of traffic: this practice would almost cert&'ninly
 
be unacceptable today on both economic and engineering grounds. Current
 
practice is to stabilise with sufficient binder to provide adequate shear
 
strength and to seal the surface against traffic abrasion, usually with a
 
surface dressing.
 

Some valuable precedents were established by the first users of 
bituminous stabilisatior,who soon learned that binde- viscosity had to be 
related to the sand temperature and the efficiency -. the mixing plant; 
the importance of cut-back bitumen for this process was thus clear. 

3.2.1 The design problem: The study of pavement design may be said to
 
have developed from around the 1940s. Much valuable work was done at this 
time and has formed the bans of current practice. The California Bearing 
Ratio method due to Porter is perhaps still the most widely used: the 
pavement design chart (FIWi ) from the Transport and Road Research1 
Laboratory's Road Note 31 relates the strength of subgrade soils to 
thickness of ptement layers and design life in terms of cumulative 
standard axles . Mi!Aimm soaked CBR values of 80 for crushed stone bases 

and 100 fcr cement and lime stabilised material are normally specified. 
A problem arises, however, in the application of these criteria when 
constructing bazes with bitumen-stabilised soils. Bituminous mixtures 
behave viscoelastically and are temperature susceptible. In 1954 Nijboer13 

proposed the concept of "stiffness" of a mix, which reflects loading time, 

acceptable strain (I per cent max) and maximum temperature experienced in 

practice. It was shown that this stiffness could be expressed as a ratio 

of the stability to the flow value (load and strain at failure respectively) 

3 
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14.
measured In the Marshail test A high ratio may ensure resistance to
 
deformation under traffic but at the expense of a brittle mix. The problem
 
of selecting an appropriate ratio for surfacing materials is considered
 
later (Section 5.1). The application of the concept to bituminous
 
stabilisation is perhaps less important and its relevance probably depends
 
upon the type of traffic using the road and the thickness of the
 
surfacing. The stiffness concept proposed by NiJboer is "rational";
 
empirical methods, notably the Marshall, Hubbard-Field and the cone 
penetrometer methods, have fso been used for the design of bitumen-stabilised 
soil bases. A bibliography has been compiled which provides some examples 
of the use of different design methods and the design criteria adopted.
 

3.2.2 A full-scale experiment in Africa Abrasion-resistant sand.'bitumen 
surfaces with relatively high bitumen contents have already been referred
 
to in contrast to the leaner sand-bitumen materials for bases which are more
 
cummon today. The conflict between abrasion resistance and stability has
 
been recognised for many years. In 1960 the Tropical Section (now
 
Overseas Unit) of the TRRL participated in the construction of experimental
 
sections on a road in Northern Nigeria. These sections were incorporated 
into a new bitumen-itabilised road, the construction of which has been
 
described elsewhere . It wai found that cut-back bitumen with a viscosity 
of up to approximately 8 x 10 centistokes at 600C (S.125) could be mixed 
in a simple paddle mixer with the well-graded sand available. The 
tem8erature of the sand was 26-28 C and of the binder when added was 
120 C (ie at a viscosity of approximately 200 centistokes). 

These findings raise the question of whether it is necessary to use
 
sophisticated mixing plant in order to heat sand simply to enable a
 
viscous penetration grade bitumen to be used, even though the superior
 
stability of such mixes on cooling is unquestionable.
 

The experimental mixes were laid without aeration to remove volatiles
 
and were surface dressed before curing could occur. Materials stabilised
 
with MC2 grade cut-back failed quickly but were the only sections to fail.
 
The remainder have, in general, performed as satisfactorily as those with
 
the hot mix material.
 

The road has carried mainly light traffic in its 14 years of use and 
the number of heavy commercial vehicles probably does not exceed 100 per 
day; this volume of traffic, however, is characteristic mf many developing 
countries. 

It is interesting to record that samples of bitumen removed from 
slabs and taken trom several of the experimental sections and from the 
hot-mixed main contract material after 13 years were all found to have
 
essentially the same viscosity, ie 10-20 pen. A limited number of small
 
samples taken after 18 months showed that the cut-back bitumens had, even
 
at that early stage, cured to the consistency of 80-100 pen.
 

3.2.3 Research at TRRL on bituminous stabilisation: The principal
 
objectives of the research undertaken by the Overseas Unit were:
 

1. To evaluate different design methods for bituminous stabilisation.
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2. 	 To esv'.aelish design criteria. 

3. 	To study the behaviour of a variety of sand-bitumen mixtures
 
under different shear conditions.
 

The first two of these have so far been studied in the full-scale ex?9ri
ent in Nigerit and the results have been reported in full elsewhere
 
Briefly, sand-bitumen mixtures were prepared using the sand from the
 

Nigeria experiment and three different binders. Mixtures were cured for
 
one year at 45 C and four tests were used to determine stability. Table 2 
shows the results of stability tests at 60 C after one year and Table 3 
shows some inter-relations of test values for material tested at 45 C. 

Of the five design methods originally incluftd in the study, two le 
(Marshall and Hubbard-Field) are well documented . Alexander and Blott 
proposed the use of the cone penetrometer for sand-bitumen mixtures and 
it has been frequently used although, as with some other methods, design 
criteria have been little more than recommendations. It was found that 
the test did not correlate welli~ith three other methods examined. The 
deformation wheel-tracking test , designed at TRRL and used mainly for 
studying deformation 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 
inapplicable early in the study. 

The following design criteria for sand-bitumen bases for lightly-trafficked
 
roads were deduced from the above study: 


Stability, Marshall at 600C ................ 100 kg(min)
 
Stability, Hubbard-Field at 60 C............300 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 type 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 limited 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 300 pm mesh sieve. The bitumen film 
thicknesses were thus minimal, and mixes were suspected of being prone to 
shear failure. 

The shear properties of the sands used in this road when stabilised
 
with 	different percentages of bitumen were studied using a shear box. 
The effects of binder viscosity and shear rate were also studied. Figure 
2 illustrates a typical stress/strain relationship for three sands, showing 
how the behaviour becomes more plastic as the normal load decreases, ie 
with increase in depth of const.ction. Inspection of site failures 
confirmed Prandtl-type failure, and Fig 3 illustrates the effect of 
binder viscosity and shear rate on Prandtl bearing capacities for one
 
of the sands. 

Calculations based upon the most severe conditions likely to b
 
experienced in a sand-bitumen base showed that the Coulomb equation 

becomes: 
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=c + 1035 tan 2 
where ' shearing stress (kN/m2)2
 

c - apparent cohesion (kN/m)
 
and 0 - angle of shearing resistance (degrees). 

The results obtained using the shear box are in good agreement with 
this expression. 

Figure 4 shows the relationship between 0 and estimated bitumen film 
thickness (EBFT) for three sands. The above formula is much simpler to 
use and 	to express graphically than the formula derived by Prandtl:
 

Prandtl 	bearing capacity - c - (sin +1) Wtan 0ta 1(sn -1). 11 
where c 	- apparent cohesion
 

- angle of shearing resistance from the Coulomb equation.
 

It was found that all of the sands possessed optimum 4' values at an EBFT 
of 0.7 to 0.8 microns, given by
 

4 
ET-X.10 

EBFT x------
(100-x)s
 

where x - bitumen content (S wt) 2
 

and S - Specific surface area (cm /g).
 

196 This recent work has also shown that optimum 0 values for different 
sands are related to Hveem's centrifuge kerosene equivalent (CKE) 22the 
angle of shearig resistance measured by the Angle of Repose method , and 
the Efflux Rate of the dry sand. Results for three sands are plotted 
in Fig 5. 

Whilst this study has been by no means exhaustive, the following
 
conclusions relating to sand-bitumen bases for medium to heavily trafficked
 
roads can be tentatively drawn: 

1. 	 (a) For natural dry sand, an angle of shearing resistance of at least 
30 degrees and/or CKE of at least 1.5 is required, and 

(b) 	for the sand-bitumen mix, in EBFT of 0.7 to 0.8 microns with 
a *value of at leas 1200kN/m is required at 25°C and rate of 
strain of 2.22 x 10 sec 

2. 	Comparative criteria for the Marshall and Hubbard-Field stabilities
 
are as follows:
 

Marshall stability of 300 kg(min) at 60°C, or
 

Hubbard-Field stability of 700 kg(min) at 60°C, both accompanied by 
an EBFT of 0.7 to 0.8 microns. 

3.3 	The mix-In-place process 

It is worthwhile perhaps to consider carefully what is involved in
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any mixing process: the requirement may perhaps be expressed in two parts: 

1. the components must be brought together 
2. an adequate mixing action must be provided.
 

The first statement may seem obvious but deserves discussion. Tho stabi

lisation process involves natural soil as the major component and the
 
It should
stabilisLng agent less than 10 per cent of the final product. 


therefore be rational to bring the stabilising agent to the natural sand,
 

for example, in cement stabilisation 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, difficulties are often
 

experienced in controlling bitumen content, completeness of mixing and
 

processing depth. Whilst these difficulties are lessened by the use of
 

purpose-built single-pass stabilisation machines, mechanical failure
 

usually results in complete stoppage of work. For this reason simpler
 

multi-pass equipment has much to commend it.
 

Single-pass machines require the soil to be spread in a windrow such
 

that it can be picked up by the machine as it travels slowly forward; the
 

stabilLsLng 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 arrangement used on one contract in the Arabian Gulf consisted of
 

a tractor-mounted mixer equipped with a spray bar above the tines inside
 

the mixing hood and supplied with cut-back bitumen by a tanker which
 

preceded it. A metered quantity of bitumen was 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 assisted 
by a blade grader were necessary to complete the mixing process. In its
 

simplest form multi-pass work must often be done using only a bitumen
 
distributor and blade grader.
 

3.4 The premix process 

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
 

with penetration grade binders, premix plant is required, although techni

ques are now available for stailising with foamed penetration grade
 

bitumen; Mobil Oil (Australiai4 describe equipment for both mobile and
 

static processes and Bowering discusses the properties and behaviour
 
of foamed bitumen mixtures.
 

Several points should be made concerning the role of static premix
 

plants for bituminous stabilisation:
 

(a) Continuous type mixers, which are often capable of high outputs, are
 

well suited to this type of work, ie production 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 quality is therefore more feasible than for surfacing materials,
 

which demand close control. Batch-type mixers are essential for surfacing
 
work and can naturally also be used for stabilisation.
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(b) Pre-mixed stabilised material can be laid by paver to uniform depth 
and requarityi shaping by blade grader in thus cut to a minimum. 

(c) odern mixing plants are often constructed as several mobile 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 minimum. 

3.5 Compaction 

The thickness of bitumen coating in soil-bitumen systems is relatively 
thin, conferring cohesion rather than providing lubrication, and in this 
respect such systems resemble dense continuously-graded surfacing materials, 
such as asphaltic concrete, in which the interlocked mineral particles 
resist compaction. In common with these materials, soil bitumen is 
compacted most effectively by the kneading action of rubber or 
pneumatic-tyred rollers. 

i i 

NOTE: The delpted text dea"3 withIroad aarfacingS. I 
I II200road - - - - - - - -- I 
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TABLE 1 

Process/Material 

Some features of different bituminous 

Use Binder 

processes and materials 

Binder viscosity 

functin (as constructed) 

Aggregate system 
O 

Priming binds surface of new base in 
preparation for surfacing 

Tack coating provides bond between existing 
surface and bituminous premix 
overlay 

adhesive high nil 

Surface dressing re-sealing 

re-texturing 
sealant and 

adhesive 

low/medium single-size chippings 

Slurry .sealing sealing open/'hungry'/cracked 

bituminous surfacings 

sealant/adhesive low dense, very fine 

Macadams (includes 
asphaltic concrete) 

bases, surfacings lubricant/adhesive medium/hIgh angular, interlocking 
(very open - very dense) 

Mortar type mixes 
(includes rolled asphalt) 

bases, 
- surfacings 

adhesive/sealant V. high very densey 
may include stone 

-A
CD
9-' 

CO 

X 



0 
C) 

0.
CL 

TAUZ 2 

Properties of sand-bigumen mixes after 1 year (+)storage at 4Sc C 
Stability tests at 60 C (all compacted densities, CDH. in g/m3 ) 

(Sand: as for construction of experimental sections, Maiduguri-aama road) 

C stailiy Deformation wheel Hubbard-Field Marshall Properties of recovered binder 
tracking test 

IViscosity
 
Rate of Stability Stability Flow 	 (absolutel 4S i 	 (poises x 103 an y CDM deformation CDM y CDM 


r wt (mm/mn) (kg) (kg) (mm) at 25 C
 
at 4s*C at 60PC 

3 2.7 1.8 0.9 1.91 0.036 1.91 293 1.93 206 2.0 1.87 92 S.89 0.66 

4 2.2 1.3 0.9 1.92 0.098 1.92 304 1.93 170 1.8 1.89 88 16.2 0.12 

3 2.7 1.8 0.9 1.91 0.036 1.91 413 1.92 337 2.0 1.89 58 13.6 2.2S.125 - - -

4 2.4 1.5 0.9 1.92 0.038 1.92 468 1.93 327 2.0 1.91 65 18.5 2.2
 

S0/100	 3 1.7 0.9 0.8 1.90 0.094 1.90 343 1.91 256 2.0 1.88 44 16.7 4.0 

P n 4 1.6 0.8 0.8 1.92 0.041 1.92 333 1.93 219 2.0 1.91 42 16.0 1.8 

CD 

.0 

IleO 



0 

0. 

CL 
CTABLE 3 

Hubbard-Field/Marshall stability ratios and cone stability/equLvalent tyre pressure
 
(imperial) relationships; uncured and cured 'ateriall tested at 450 C 

(Sand: as for construction of experimental sections, Maiduguri-Bama road)
 

Uncured Cured 1 year (+) at 45 0 C 

inder Binder Hubbard- Hubbard- Cone Equivalent Binder Hubbard- Hubbard- Cone EquivalentMarshall Field/ Marshall Field/
t) (lb/in ) (ent(kg FieldMarshall stability(S) tyre pressure content stability(S) tyre prelsureot)nW Fiegd ratio (ka/cm- (ib/in- (%Wt) (kg) () Mrao (kg/cm- (lb/in

3 SPECIMENS 2.9 41 3 671 382 1.76 11.0 156
 
NC2 
 - USAL
4 UNSTABLE 3.0 42 4 578 421 1.37 B.9 126
 

3 198 79 2.51 3.1 44 3 587 473 1.24 9.6 136
 
S125
 

4 197 44 4.48 3.4 48 4 637 425 1.49 9.0 128
 

80/100 3 420 232 1.81 2.7 38 3 507 384 1.32 7.9 112
 

pan 4 517 192 2.69 3.4 
 48 4 586 391 1.50 6.0 85
 

CD

OD. 

X 
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' '*" " Either 
50mm (21n) of bituminous 

surfacing and 
150mm loin) of bese 

or 
10mm (61n) of be 200mm (Sin) of bea 

with s.face 
dreating 

Minimum thickness of sub-bs of 100mm (4In) to be used with 

ubA0rade of CUR S to 24 per cent. Material used In this zone to 
ho CIR of not hl than 25 par cent 

Subgrede COR 79 

25 &%-,bare - 10 

30 12350 Sutat o.3 W- . - -- 14 

2206 4-W 3iil 

0.05 0.1 0.2 0.3 0.4 0.5 0.75 1.0 1.5 2.0 2.5 

Cumridtlw number of tandrd axles in one direction ( 1061 

If It h dsired tu provide at the time of construction a pavement ceopable of cerrying 
then 0.5 million standard axles, the designer may choose either a 150mm (Gin) 

ben with Gamm (2in) bituminous surfacing or a 200mm (Sin) base with a double 
surface droaing. For both of these alternetives, the recommended sub-base thickness 
Is indicated by the broken line. 

Alternatisely, a base I 0mm (Sin) thick with a double surface drawing may be laid 
Initlly end the thickness increased when 0.5 million standard axles heve been carrid 
The exa thicknese may consist of 50mm (21n) of bltuminous surfacing or at lest 

1mtm (f31n) of crushed stone with a double surface droning. The largest aggregate size 
In the crushed stone must not exceed 1gmm (in) end the old surfec must be prepared 

by scarifying to a depth of 50mm (2in). For this stop construction procedure, the 

tomenI ded thickness of sub4ea is Indicated by the solid line. 

more 

Fig. I PAVEMENT DESIGN CHART FOR FLEXIBLE PAVEMENTS 



Compendium 8 	 Text 8
 

4OO
 

-Sand A 
-- SandA 
---- a ndC 

350 	 Binder content -8%wt 
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Fig. 2 TYPICAL STRESS/STRAIN RELATIONSHIPS FOR 
SAND/BITUMEN IN SHEAR BOX TEST 
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Binder viscosity
(poise) 

Strain rate 
(sec "1) 

O 10 1.67 x 10, 

0 
A 

10 
6X 103 

2.22 x 10. 
1.67 x 10 

A 6 x 103 2.22 x 10-2 
C 106 1.67 x 10 

N 106 2.22 x 10' 

105 

206 i 10 4 

20813 

a. 103 

102 

0 2 4 6 8 10 

Binder content (per cent wt) 

Fig.3 PRANDTL BEARING CAPACITY VALUES FOR TYPICAL SAND/BITUMEN 
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Performance Study of Asphalt Road 

Pavement With Bituminous
Stabilized-Sand Bases 
Claude P. Marais and Charles R. Freeme, National Institute for Transport and 

Road Research, Council for Scientific and Industrial Research, Pretoria, 
South Africa 

that ocw in the northern 
rs of South West Africa for the construction of altweasther roads to 

a" hwy truck traffic has been investigated. Laboratory nnetstions 
and field trials in Pretoria. Soum Africa, showed that bituminous stabili-

action of thee sanas promising, and afullscale road experiment to 
asts limited number of bar of bituminouss-tablized sand wet con-

PW do-

Tke possibilty of using the windblown sands 

In the homeland of Owambo. South West Africa. This 

N the laying of the experiment and the construction tadniques and 
control measures used. A new technique that establishes the optimum 

dihs for the compaction of a cutback bituminous-stbdizd sand mix-
ire ftw erawtion by usinga vershe epp atus isdeuibed. The var 

doe apperatus was to used to meaure the in situ show ttrangths of 
tovarious experimental bituminousitabilized sand bursalter compc-

?Atnactd 

ot aid during service; thmulti of thesa mesurements. togethe with 

polomrhnn data fter yearnsec withrespect to delomationend 
crocking. e discasted. Laboratory and field studies ewedescribed and 

preiictions about the performance of a bituminous-stabilised sand be 
adlrvaer ing talfic conditions re made by using the bust known tech. 
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Vast areas of the southern subcontinent of Africa are 
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-

pced by wind during the lower most Pleistocene epoch 
aproximately 2 000 000 years ago). They were subse-

qvently redistributed by wind and water during the Pleis-
tocene; the latest major redistribution was brought 
about by wind action, probably some 10 000 to 15 000 
years ago, although some minor redistribution is still 
oeurrlng (1). 

Decause-of their widely spread occurrence, these 
sands, apart from various types of calcrete (caliche), 
are sometimes the only natural building material avail-
abl to the civil engineer. From an economic point of 
view, they are therefore extremely important and have 
been studied for use in concrete structures, building 
costruction, and, more recently, pavement construction 
by the National Institute for Transport and Road Research 
(0UTRR)of the Council for Scientific and Industrial Re-
mrch in Pretoria, South Africa (2, 3, 4). 

This paper describes the use o these aeolian sands 
as thi base layer of a road pavement in the recently pro-
claimed homeland of Ovambo, In the northern part of 

South West Africa (SWA). It discusses the performance 
results of the experiment and relates these to the proba
ble performance that might be expected under much 
heavier traffic on a normal freeway. 

The accelerated development of the Infrastructure of 

Owamio during the pasL decade necessitated upgrading 
the existing gravel road linking Owambo to the more de

veloped, southern part of SWA to an all-weather, 8-m
wide, black-topped facility. The construction of the 
R60 000 000 ($84 000 000) hydroelectric facility at 
Ruacana Falls and other major building schemes In 
Owambo have resulted in a significant increase in heavynrae inshea frembh ve esuus inth a is, 
freight vehicles using this, the only surface transporta
tion route to the south. 

Initial laboratory work by the NITRR in the early I960s 
showed that the most suitable method of improving the 
engineering properties of the in-jilace sand was to blend 
it with 15 percent calcareous filler (mechanical stabill
zation) 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 more practical 
because of the length of road required and the problems 
absociated with the establishment of a hot-mix facility In 
this remotc area. 

After extensive preliminary research into the wet
sand process of bituminous stabilization of fins-gralned 
wind-blown sands, a full-scae road experiment was 
carried out in May 1965 in Owambo to test the techniques 
developed during the preliminary study (3,4). 

DETAILS OF EXPERIMENT 

The experiment was designed and constructed with the 
following objectives: 

1. To demonstrate In the field the feasibility of In
 
situ bituminous stabilization of sand by using cutback
 
binders and a cationic bitumen emulsion:
 

2. To investigate the stability and durability, under 
the traffic conditions and climatic environment of the 
site, of various bituminous-sand mixtures.containing 
cutback bitumens, a cutback tar, and a cationic bitumen 
emulsion at binder contents considered suitable from 

213 
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laboratory work and previous experimental trials; 
3. To investigate the effect on stability of adding a 

proportion of calcareous filler to the natural sand be
fore stabilization; 

4. To investigate the effect of laying the bituminous
stabilized sand mixtures over a compacted sand-clay 
subbase of low strength.[California bearing ratio (CBR) 
approximately 30 percent); 

5. To investigate the relative performances of 76.2 
and 152.4-mm compacted la)ers of bituminous-
stabilized sand bases; 

6. To obtain data on the temperature distribution 
throughout a bitumen-sand mixture on the road under 
the climatic conditions of Owambo; and 

7. To study the setting up of bitumen-sand mixtures 
on the road over a period of 2 years. 

The experimental pavement was constructed in 
Owambo from April 27 to May 26, 1965, on the align-
ment of the road route from Oshivelo to Oshakati. The 
experiment consisted of eighteen sections each 91.4 m 
long by 7.3 m wide (width of carriageway). The stabil-
ized sand bases were supported by 3.7-m-wide shoulders 
on either side of the carriageway. The layout of the ex-
periment with details of the base compositions and com-
pacted thicknesses is given in Figure 1. All of the ex-
perimental sections, with the exception cf sections 1 and 
2, were laid over a firm foundation comprising a number 
of layers of approved subbase and base material consist-
Ing of silcrete and calcrete to which binding material was 
added. These layers were designed to obviate any defor-
mation distress below the bituminous-sand base layer. 

The area in the vicinity of the experiment consists of 
214 flat to slightly undulating plains with shallow, localized 

depressions that have been prospected for calcrete (5). 
As distinct from river channels, there is a network of 
shallow watercourses (oshanas). These watercaurses 
drain the level country and do not reach the sea. The 
center of the drainage system is the Etosha pan. During 
years of good rainfall, large quantities of slowly flowing 
water are carried southward along this network of 
oshanas; this phenomenon is of great importance for 
the underground water of Owambo (6). The annual rain-
fall of the area is approximately 501" mm, but it is very 
variable 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 composed of open 
grasslands with scattered palms (Hiyphaene ventricosa) 
In various stages of development in the area near 
Ondangwa; it changes to Mopani veld near the experi-
mental site. In this region, AMopani (Colophospermum
mopanl) displays an interesting tendency to form large 
copses of mven-sized trees varying from scrub bush 
1.2 in high to large trees 6 to 12 mihigh (7). 

Since the opening of the experimental sections, the 
traffic pattern has increased significantly, as was an-
Ulcipated because of the large development program inl-
Uated In Owambo at about the same time as the experi-
ritent. The table below gives the traffic counts recorded 
over the 8-year period and the calculated equivalent 80-
kN axle loads per day (P. 

Dew of Surey Vehickles Equivalent UOkN 
lysal - pe Day Axles per Day 
116%to 1967 100 4 
1971 147 6 
172 195 8 
1973 220 9 

This traffic Is light by normal standards In developed 
countries, where the equivalent 80-kN axle loads per day 
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would be expected to vary between 200 and 500 for free
ways carrying medium to medium-heavy traffic. 

MATERIALS 

Windblown Sand 

The local sand used for the stabilization was cohesionless 
and had an average particle-size distribution as given in 
Figure 2. The particle shape, as seen by microscopic 
examination, can be described as subrounded to sub
angular with relatively few well-rounded grains. The 
color is grey-white to a light reddish-brown caused by 
iron oxide stains on the grains. In the dry state, the 
sand has very poor inherent stability. Its apparent rela
tive density is 2.60. 

Blend of Windblown Sand and 
Calcareous Filler 

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 mm and approximately 50 percent
passed a 0.074-mm sieve (Figure 2). The properties are 
as follows: 

Property Value 
Liquid limiL % 50.9 
Plasticity index, % 17.0 
Linear shrinkage. % 8.0 
Apparent relative density 3.61 

The blend of windblown sand and 15 percent (by vol
ume of dry sand) of calcareous filler was nonplastic, 
with an average particle size distribution as shown in 
Figure 2. 

Bituminous Stabilizers 

The following bituminous binders were used: 

1. Cutback bitumens-A special cutback bitumen man
ufactured from an 80 to 100 penetration bitumen (MX) and 
a cutback bitumen manufactured from a 40 to 50 penetra
tion bitumen and cutback to an intermediate grade of 
rapid-to-medium cure (250) were used. Both were 
straight-run bitumens, refined in South Africa from 
V'ddle East crudes (9,10). The nominal binder contents 
i, ire 4.0 and 6.0 per-ent--by mass of dry sand) for the 
152.4-mm-thick compacted bases and 6.0 and 8.0 percent 
for the 76.2-mm-thick compacted bases (MX only).

2. Cationic bitumen emulsion-The cationic bitumen 
emulsion used was manufactured from an 80 to 100 pene
tration bitumen that was fluxed with 10 percent (by mass 
of emulsion) of a fluxing oil having a boiling point of 
106'C. The base bitumen was straight-run and refined 
In South Africa from a Middle East crude. The nominal 
binder contents were 4.5 and 6.5 percent. 

3. Cutback tar-The cutback tar was manufactured 
from a high-temperature coke-oven tar and cut back to a 
30 to 35eC Evt grade. The nominal binder content was 
6.0 percent. 

All of the binders were tested with the windblown sand 
only and with a blend of wind-blown sand and 15 percent 
calcareous filler. The results of laboratory tests on 
samples of the binders used are reported elsewhere (4). 
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Borehole Water Used for Wetting Sand was Increased to approximately 10 to 12 percent before 
and Sand-Calcrete Filter Bend stabilizing with binder. At this range of moisture con

tent, after arbitrary compaction of the wet sand with a 
The local borehole water used for wetting the sand and pneumatic-tired vehicle, the inherently poor stability of 
the sand-raicrete filler blend before the addition of the the dry sand improved to such an extent that the stabili
bituminous stabilizers had a total dissolved solids con- zation plant was able to move over the sandbed at the 
tent of 52 800 Ihm with an alkalinity of residue as car- required speed without undue slippage. 
bonate of 3980 p,'n. The watering was done with a water tanker fitted with 

a gravity-feed spray bar. The moisture content of the 
TECHNIQUES OF CONSTRUCTION sand was controlled by a nuclear gauge that was very 

useful in obtaining a rapid result. After the required 
A working platform was constructed to correct the longi- quantity of water had been added, motor graders mixed 
tudinal and transverse levels and ensure that, once the the water into the sandbed to uniformly distribute the 
stabilized sand base was laid, the final road profile moisture throughout the sand layer. 
would be in accordance with the design requirements. 
Two 3.66-mm-wide houlders were constructed to give Heating of Binders 
a 7.32-m-wide trough into which the sand could be spread 
before treatment. The full experimental length of work- The binders were supplied in drums. The contents of the 
lig platform was primed with a medium-cure (30) cut- drums were transferred to four 2300-L binder heaters, 
back bitumen at a rate of 0.72 L/m 2. which were fired with liquid petroleum gas. 

In situ CBR measurements were made on the primed The heating of cutback binders Is a fire hazard, and 
platform. The length of platform constructed with cal- because of this, the temperature to which the cutback 
crete had an average value of 142 percent (dry), and bitumens were raised in the binder-heating tanks was 
that constructed with sand-clay had an average value of limited to approximately 5C below that required for 
78 percent (dry) and 28 percent after 24 h soaking. spraying. This procedure was satisfactory, and no fires 

Where a blend of sand and calcareous filler was re- occurred. 
quired, the correct quantity of sand was spread over the The heated binder was then pumped into a 4500-L dis
section, and then the calcarcous filler was spread uni- tributor and further heated to a temperature that gave a 
formly over the sand layer with a znechanical gritter. Saybolt-Furol viscosity of 30 to 40 s, which was satis-
The sandand calcareous filler were mixed with a disc har- factory for spraying. 
row and a motor grader to form a homogeneous blend. 

Sraing and Mixing of Binder Into 
Watering of Sand and Sand-Filler Blend Wet Sand
Before Addition of Binder 

The stabilization train consisted of a tractor, pulvimixer, 

The laboratory work carried out before the beginning of and 1370-L binder-storage tanker. The 4500-L distribu
the experiment showed that water in the fine sand aids in tor pumped hot binder into the storage tanker during the 
coating of the sand particles by the cutback binder. It stabilization process, thus enabling the work to proceed 
also showed that an initial excess of fluids gave a mix- with a minimum of delay. 
ture that, after a specified period of aeration, had the The binder was sprayed through a specially fitted 
highest density and shear strength when compacted (11). spray bar located in front of the rotor of the pulvimixer. 

For these reasons, the moisture content of the sa"i The depth of cut of the pulvimixer rotor blades was set 

Flures1. Diasrammatic layout of bitumen-and tabilization experiment in Owambo. South Wet Afrie. 
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to just touch the working platform, thus ensuring that the 
full depth of sand layer was mixed with the binder. The 
spray bar nozzles were adjusted so that the hot binder 

bixing of Stabilized Sand With Alotor 
Grader 
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was sprayed just ahead of the rotor to obtain an intimate 
mix while the binder was still in a relatively fluid state. 
The distribution of the binder after this spraying pass 
was inadequate, and a second mixing pass was necessary 

An 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. Further mixing
with the pulvlmixer would have delayed the progress of 

to Improve the overall distribution of the binder through 
the sand mass. 

the work and so mixing by means of a motor grader was 
begun as soon as possible after the pulvimixer had com-

A single pass of the pulvimixer covered a width of ap-
proximately 2 m, whic. made five passes over the full 
width of the carriageway necessary to give an adequate 
overlap between successive passes. 

Control of the quantity of binder introduced was 
achieved by calibrating the spray bar to give a known 
output at a particular pump speed and by operating the 
train at the forward speed required to give the desired 

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 
Improving 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 two movements of the material from 
one side of the carriageway to the other. 

binder content. The relative density of the hot binder 
was used to convert the amount sprayed from a volume 

Finally, the grader leveled the now homogeneous mix
ture to an even, loose thickness. 

to a mass basis. The forward speed of the mixing train 
was controlled hy charts relating the true forward speed 
to the various tractor gears and engine revolutions that 

Aeration of Mixtures 

cuuld be selected. The times taken over measured dis-
tances during each mixing run were determined with a 

The laboratory control measures used during this ex
periment indicated that aeration was essential to obtain 

stopwatch and, where necessary, adjustments were the high stabilities required for the traffic that would use 
made to the forward speed. This method of speed con-
trol gave very satisfactory results. 

the road. 
Controlled aeration was therefore carried out with a 

At the outset of the experiment, it was Intended to 
dilute the cationic emulsion with 30 percent (by volume 

disc harrow pulled by a pneumatic-tired tractor. The 
discs were set to cut to the full depth of the loose layer. 

of emulsion) of water so that it could be sprayed in a 
cold condition because a trial experiment had shown that 

During aeration, the resistance of the mixture to the 
movement of the discs increased; this became evident 

the best distribution and coating were obtained with this 
dilution (alter a spraying and mixing pass of the pulvi-
mixer alone). The highiy alkaline water available on the 
site, however, precluded any form of dilution because 
the acidic emulsifier reacted Immediately with the water, 

when the tractor required more power to maintain a 
constant forward speed. 

The aeration was continued until laboratory tests 
showed that the mixture had reached the condition at 
which maximum stability would be obtained on compaction. 

which caused the emulsion to break. The viscous, cat
ionic bitumen emulsion was therefore heated to lower Its Compaction of Mxtures 
viscosity and sprayed in the same manner as the cutback 
binders. The most satisfactory compaction plant was a 30-Mg

pneumatic-tired compactor (fully ballasted), used with 
a sheepsfooK roller. The sheepsfoot roller was fitted 
with a cleaning device to avoid excessive pickup of ma
terial during compaction. The Individual feet measured 
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21 by 13.5 cm and were arranged In 24 rows of four, 
around the periphery of each roller drum. If it is as-
sumed that four feet made contact at one time, the pres-
sure per foot was 1.31 MPa when the roller drums were 
fully ballasted. 

Various methods of compaction were tried, but since 
they all resulted in similar densities, the most practical 
method was chosen. This consisted of compacting in 
approximately 50-mm lifts by using the pneumatic-tired 
compactor and the sheepsfoot roller while a motor 
grader spread uncompacted material over the already 
compacted layer. It is important to obtain a good bond 
between the successive lifts, and the impressions left 
by the sheepsfoot roller assisted in this. Compaction 
was achieved by a continuous operation with a final 
leveling of each section with the motor grader. Each 
section was given a minimum of eight complete cover-
ages with each compactor, 

The sections containing calcareous filler and sand 
were compacted to such high stabilities that the motor 
grader had difficulty in trimming the material to the 
final profile required and, ii some cases, an imperfect 
finish resulted. This difficulty was not experienced 
where only sand was stabilized, as these mixtures were 
more workable. 

On completion of the experiment and before opening 
the sections to traffic, in situ density measurements of 
each section were made in duplicate by the sand replace-
ment method. The densities obtained on the 152.4-mm-
deep sections were fairly consistent, varying generally 
between 1794 and 1826 kg/M. Sections 3 and 4, which 
were 76.2 mm deep, however, had densities of between 
1700 and 1715 kg/m', i.e., significantly lower than those 
for the 152.4-mm-deep sections. 
Surfacin and OpeniFvg of Sections 
to Traffic 

On completion of the btabilized base sections, the type 
of surfacing to be used to protect the base material was 
considered. Because o' the high stability of most sec-
tions, it was decided that initially only a light sand seal 
should be provided; the position could be reviewed if the 
traffic caused serious rutting of the weaker sections. 


Sufficient cutback bitumen binder was available on 

site for all of the surfacing and so a blend of equal quan-
titles of the two types of cutback bitumen used for the 
stabilization work was used for the sand seal. The rate 
of application varied between 1.37 and 1.76 L/m'. The 
application of the sand to the binder film was delayed to 
enable the cutback binder to penetrate into the stabilized 
sand base and to allow the viscosity of the binder re
maining on the surface to increase, which gave a more 
stable surfacing layer. The same wind-blown sand that 
was used for the base stabilization was used for the sur-
facing and was spread at approximately 0.0065 m3/m' 
and then well-rolled with a 15-Mg self-propelled 
pneumatic-tired roller. 

Traffic was not allowed onto the sections until June 
21, 1965, so that the sections laid toward the latter part 
of the experiment could set sufficiently and thus not be 
at a disadvantage during the initial trafficking. This 
light surfacing was overlaid with a 30-mm thick asphalt-
concrete surfacing in mid-1967; it was therefore in ser-
vice for a period of 2 years. 

Placing of Level Pegs for Future 

Ohservations 

Purpose-made pegs were placed in lines transversely 
across each section at distances of 30.5 and 61 m 
from the beginning of each section. The pegs were 
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spaced at 304-mm intervals. 
Level observations were made before trafficking 

and at regular intervals after trafficking. A number 
of permanent bench marks were installed so that all 
precise level observations could be compared in re
lation to a common datum. When the asphalt-concrete 
surfacing was placed in 1907, the level pegs were re
placed in exactly the same positions as the original 
pegs and releveled. 

LABORATORY CONTROL DURING 
LAYING OF EXPERIMENT 

Sampling Mixtures 

Representative samples of the mixed material were taken 
with a sampling tool that consisted of a 75-mm-diameter 
thin-walled aluminum tube that was introduced vertically 
Into the loose mixture to make contact with the firm 
working platform. On withdrawal, the mixture remained 
in the tube and could be extruded into a suitable container. 
Samples were taken at the following times: (a) after 
blade mixing (before the beginning of the aeration) and 
(b) before compaction (after the aeration was complete). 
These samples were analyzed for the residual binder and 
fluid contents, and generally close agreement with the 
designed binder content was found. 

A certain amount of intermixing of material from 
adjacent sections was unavoidable during construction; 
the first and last 15 m of each section were therefore not 
sampled. 

Field Test to Establish When to 
Compact Mixtures 
In the field, the strength of the mixtures produced could
 
be evaluated by a vane shear apparatus. These tests also
 

made it possible to establish when a particular mixture 
was in the optimum condition for compaction (11). 

Accelerated Aeration of Field Sample 

The technique followed was to first obtain a representa
tive sample from the road as soon as the blade-mixing 
operation was complete. This sample was then divided 
into at least eight portions, each weighing approximately 
6 kg. Each portion was placed in a tray of approximately 
I-in area and left to aerate in the sun. Gentle agitation 
of the mixture in the trays accelerated the aeration pro
cess. The material from each tray was tested after 
various periods of aeration by the following procedure: 

I. The mixture from the tray was compacted in a
 
CBR mold under modified AASIIO compaction.
 

2. After compaction, the wet density of the compacted
 
material was determined.
 

3. The compacted sample in the mold was intro
duced Into the vane shear apparatus, which was fitted
 
with a special base plate to retain the CBR mold.
 

4. The shear strength of the mixture was determined
 
with the vane shear apparatus, and the temperature of
 
the mix was measured at the middepth of the vane (Fig
ure 3a).
 

5. After shearing, a representative sample of the
 
mixture from the mold was analyzed for fluid content by
 
evaporating the volatile oils and water.
 

The binder content of the mixture tested was deter
mined from field measurements. The constitutions of
 

the cutback binders and emulsion were known from pre
vious laboratory tests In terms of residual binder and
 
volatiles (oils or water) on a mass basis. From these
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data, it was possible to calculate the dry density of the 
compacted bitumen-sand mixture, 

The dry densities and the vane shear strengths con-
verted to 4WC were then plotted against the fluid con-
tents. Typical results for mixtures with 6.0 percent 
(nominal) cutback bitumen 80 to 100 penetration base) 
MX, sand, and 15 percent calcareous filler (section 6) 
are given in Figure 4. Both the density and the shear 
strength pass through maximum values. To achieve 
maximum stability of the mixture, the highest possible 
shear strength and density should be obtained when com-
paction takes place. However, the peak of the shear 
strength curve always occurs on the dry side of the max-
Imum density, so that it is not possible to obtain both 
maximum shear strength and maximum density at a 
particular fluid content. Eighty to 90 percent of the 
maximum shear strength and 95 to 100 percent of the 
maximum density were chosen as a suitable compro-
mise for the sand used, and this criterion was used to 
establish the time when compaction of the mixture on theI 
road should take place.I 

Field Aeration Control and SubsequentI 

Compaction
Control of the aeration process on the road was achieved
by taking regular samples from the road mix and testing 
these for shear strength and density. The shear 

of vane 
b tumInous-stabilized sand: (a)infield laborstory and (blon 
Fiennent. 

figure 3. Massuremment sheer strength of 

* 

lo).*aM-.............................t
 

TAble 1.Vane shew stength of 
bituminous-stabilized.experintattl 
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strengths were converted to 40"C values by using factors 
determined from laboratory and field tests. The values 
for section 6 shown in Figure 4 indicate the good correla
tlion between field and accelerated test values. The fluid 
content at which compaction was begun on the road Is 
also shown. 

Temperature Records at Experiment 
Site 

A clockwork temperature recorder was installed during 
the experiment and again later for obtaining long-term 
temperature records at the site. Thermocouples were 

Figure 4. Dry deniy, vane hwastrength, contntand fluid 

relationships (section
6).
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placed at depths of 0.75, 150, and 300 mm below the 
surface of section 6. Maximum and minimum road our-
face temperatures on a hot Bummer day in February 
1966 were 70 and 240C. On the same day, the maximum 
and minimuw temperatures were 52 and 34*C at a depth 
of 150 mm. 

FIELD STUDIES 

Setting Up of Btuminous-Stabilized 
Sand Mixtures 

To study the setting-up pattern of the bituminous-
stabilized-sand mixtures, shear strength measurements 
Tere made on the sections with the vane shear apparatus 
(Figure 3b). These measurements were carried out at 
intervals after completion of the work, up to the time of 
laying the asphalt-concrete surfacings (1967), and all 
vane shear strengths were converted to values at 40*C 
(standard temperature). 

The vane shear strengths of the mixtures for various 
periods of time are given in Table 1. All of the mixtures 
gained significantly in shear strength with time. This 
gain Instrength was fairly line,'r over the 2-year period, 
On the average, the mixtures containing sand only in-
creased in shear streitgth by a factor of approximately 
5.3 and those with sand and cacrete 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-

strength and deforrnation under 
atffic after 8.yer service ofbituminous.asbilized4and bases.

Figue S.Relation between vane shear 
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tares or their rate of gain In strength with time. How
ever, the addition of 15 percent powder calcrete to the 
sand had a significant effect on the shear strengths of the 
mixtures; mixtures with calcrete filler had shear 
strengths from 1.1 to 3 and about 1.5 times 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 experimental sections toward the be
ginning of 1966; those results were reported by Gregg 
and others (13) and will therefore not be covered in this 
paper.
 

Deformation Measurements 

The precise level observations for the 8-year service 
period have shown that, significantly, the deformation 
that occurred during the 6-year period after the laying 
of the 30-mm.(hick asphalt-concrete surfacing was very 
much less than the deformation that occurred during the 
preceding 2-year period, particularly in those sections 
that deformed excessively (>10 mm), viz., sections 16 
and 18.
 

To investigate whether there was any relationship be
tween the laboratory, vane shear strengths of the mix
tures at the time of construction and the subsequent 
permanent deformation (the average maximum rut depth 
between the inner and outer wheel tracks) measured after 
an 8-year in-service period, these results were plotted 
as shown in Figure 5. These data gave a reasonable en
velope of laboratory, vane shear strength versus rut 
depth. The data also indicated which mixtures were sat-
Isfactory, critical, or unsatisfactory with respect to 

Figure of iTasu-d rut depths to higher7.Extrapolation 
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permanent deformation: Those with laboratory, vane 
shear strengths between 130 and 200 kPa were regarded 
as critical, those above 200 kPa as satisfactory, and 
those below 130 kPa as unsatisfactory. The major ex-
tarnal factors affecting permanent deformation on a par-
ticular bituminous material are traffic, rate of loading, 
and temperature, and it is not a simple matter to ex- 
trapolate the results from 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 material properties are well 
characterized, These techniques were applied to this 
experiment in an attempt to predict the deformation 
likely to occur in similar materials under the heavier 
traffic conditions of a rural freeway; they are discussed 
later. 

Cracking of Sections 

A visual survey of the sections was made in 1973 (after 
I years service) to assess the extent of cracking on the 
different sections. A crack index (C) (14) was developed 
for this purpose where 

CI" : (percentage of ana covcrcd by cracks) (aycrap 
.- width of cracks inmm) I) 

I,".-

The parameters of the spacing and the length of the 
cracks are not included in this definition. In the case of 
block and chicken-mesh cracking the area affected can 
usually be determined. However, a difficulty arises in 
the case of longitudinal and transverse cracks: When 
only a few such cracks appear, engineering judgment 
must be used to assess their effect on the pavement 
structure. 

. The Ci gives an Indication of the severity and area 
covered by cracks, regardless of the pattern. The Cis 
for the various sections, including the control sections 
(0 and 19) on which a lime-treated cacrete base was 
used, are shown in Figure 6. 

It Is Interesting to compare the results shown in Fig-
ures 5 and 6 and to note the opposite trends in perfor-
mance of some sections with respect to deformation and 
cracking; e.g., section 12 has the highest deformation 
and a very low CI and section 7 has a low deformation 
%ada very high CL th type of behavior is, of course, 
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expected and points to the problem facing the highway 
engineer In selecting a suitable material that will give 
good performance in both deformation and crack resis
tance. Sections 2, 3, 4, 8, 10, and 11 performed ac
ceptably and may be used with confidence for a pavement 
carrying similar traffic under a similar climatic en
vironment. 

CONCLUSIONS FROM EXPERIMENTAL 
PAVEMENT 

In terms of the objectives of the experiment, It can be 
stated that 

1. It is feasible to construct in -situ bituminous
stabilized-sand bases that will give satisfactory perfor
mance for a highway pavement by using the following 
binders: (a) MX special cutback bitumen, (b) cutback bi
tumen manufactured from a 40 to 50 penetration bitumen 
rapid to medium cure (250)), (c) cationic emulsion, and 

(d) cutback tar (30 to 35"C Evt grade), [if the sand is 
mechanically stabilized by the addition of 15 percent 
powder cacrete (calcareous filler)]; 

2. The two 76.2-mm-thick bituminous-stabilized-sand 
sections (3 and 4) gave excellent performances and stand 
out as the most successful sections laid, from the points 
of view of both economy and performance; 

3. The performance of the section containing a blend 
of calcareous filler and sand la!d on a sand-clay subbase 
(section 2) was acceptable, and for similar traffic conlt
tions, this type of structure is worth serious considera
tion because it would be economically advantageous; and 

4. All of the bituminous-stabil ized-sand bases in
creased in shear strength with time (for the 2-year pe
rind that measurements were made).. 

EXTRAPOLATION OF PERFORMANCE 
RESULTS TO HEAVIER TRAFFIC 
CONDITIONS 

The design and particularly the construction of existing 
pavements have already provided u,wealth of experience 
and information. The extrapolation of analyses of ex
isting material to new pavements should not be neglected 
simply because the test methods used are considered In
adequate to characterize the pavement by current stan
dards. In general, extrapolation has not been widely 



Compendium 8 

60 

and more advanced methods 

of testing and evaluating materials are continually being 

developed, 
An alternative approach is to use the results of in 

situ tests to characterize existing pavements as well as 

These data can then be extrapolated to other 

used, primarily because new 

possible. 
conditions on the clear understanding that the extrapola-

tions are guidelines with which engineers can supplement 

their existing knowledge. In this context, existing ex-
are normallyperimental and prototype test pavements 

the best to use, because a number of variations are 

usually incorporated in the experiment and a well-
The experi-defined program of testing is carried out. 

mental sections described in this paper are an example 
One of the main aims of these experimentalof this type. 


sections was the determination of the behavior of 

bases under the environ-bituminous-stabilized-sand 


mental and traffic conditions pertaining to this road. 


Pavement Deformation 


Precise level determinations of permanent deformation 


were made for each of the experimental sections of the 


road. These measurements were originally made in 


1967 to establish a datum line and then repeated in 1968, 


1969, 1971, and 1973. The maximum rut depths in the 


inner and outer lanes were determined from the mea-

versus cumu-surements. Semilog plots of rut depth 

lative number of equivilent 80-kN axle loads for some 

of the experimental sections are shown in Figure 7. 
The amount of heavy traffic on these sections was 

small, about 0.1 million 3qulvalent hcavy axles over 

the 8-year test period. However, the few heavy 
axles borne by the section during this period were usu-
ally loaded more than the legal limit, 

In Figure 7, the rut depth has been extrapolated to a 

higher number of 80-kN axles by using a linear-log re-

lationship (14). From this relationship between rut depth 

and number"of equivalent 80-kN axles, it appears that the 

m~xtures used would give reasonably acceptablebase 
values of rut depth even under freeway traffic conditions 

(I.e., Imillion to 10 million equivalent axles), 
The conditions under which the extrapolation will re-

main valid are 

1. 	 That no major variations in the environmental 
other than those that have already oc-conditions occur, 


curred over the previous 8 years,
 
2. That the behavior of the bituminous materials does 

not go into the shear failure zone, and 
3. That the deformation behavior of the bituminous 

materials used is not as dependent on their stress his-

tory as to that of, e.g., unbound granular material,. 

The first condition is perhaps the most unpredictable. 
There are also other unpredictable factors, e.g., crack-

which could allow ingressIng of the surfacing and base, 
of surface water to the subbase and result in excessive 
deformation. 

Three zones can be identified in the deformation be-
havior of bituminous-based mixtures to repetitions of 

load. In zone 1, there is initial deformation, but no 

'further increase; in zone 2, the deformation increases 
at a constant rate; and in zone 3, excessive shear begins 

to take place. 
The conditions under which zone 3-type deformation 

will occur can be studied by investigating4 the cohesion 

(c) and the angle of internal friction (o)of the material 

under the appropriate test conditions. 
A study of this nature was carried out by using an ex-

treme case of dual wheel loading with double the legal axle 

load (2 times 40 kN). Under these conditions, the base 
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material should have a c-value greater than 35 kPa and a 

e-value greater than 270 (at 40C) to prevent zone 3 de

formation. An analysis of the stress states of the 150
mm-thick bituminous layer showed that, except for a 

small area under the wheel loads at the 150-mm depth, 

the material remained in the satisfactory zones of de

formation. This condition is not considered important 

from a practical point of view because of the extreme 
loading conditions chosen. 

Fracture (Fatigue Cracking) 

It is also desirable to estimate the cracking that can be 

expe-cted If a similar base mixture is used in another 

pavement with different loading conditions. At present, 

the degree of cracking is known for specific sections of 

the SWA experiment after 8 years of trafficking. Section 

8, 	 for example, has a CI of 15 mm, which means that 
after15 percent of the area has cracks 1-mm wide, 

100 000 load repetitions. This degree of cracking is ac

ceptable even for freeways. However, to achieve this 

level where there is a greater volume of equivalent 80-kN 

axles, the maximum tensile strain at the bottom of the 

base layer must be reduced. The amount by which it 

must be reduced can be determined from the fatigue be

havior of the material, as shown in Figure 8. From 

knowledge of the tensile strain computed for the condi

tions at the pavement section (inthe case of section 8, 
a point on the strain400 microstrains) and of the traffic, 

versus-load-repetitons (t-N) line can be established. 

The slope of the (c-N) line representing the material 

used for the base was taken to obey the formula given
 
by Brown and Pell (15). This relationship can be deter

mined either by mesurement or by the average values 

used (14, 15). In Figure 8, the average value for the
 

In the case of section 8, the
slope of t line was used. 
maximum 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 
Structuralincreasing the thickness of the base layer. 

analysis using elastic theory is an effective method of 

determining the upgrading of the pavement that is neces

sary to avoid fatigue cracking of the base material. 
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bliographie. Ce num6ro est indiqu6 dans l'index
 
du recueil mais ne doit pas 6tre utilis6 pour les
 
commandes de publications.
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Reference I 
LOW COST ROADS; DESIGN, CONSTRUCTION AND 
MAINTENANCE 

Odler, L;l Millard, R.S.; dos Santos, Pimentel; Mehra, 
S.R. London: Butterworths; 1971. 158 p. (Sponsored by 
UNESCO). 

Out-of-prInt; may be consulted at U.S. Department of 
Transportation, Library Services Division, Room 2200, 
400 Seventh Street, S.W., Washington, DC 20590. 

to road p!anning, design,Engineering codes relating 
for use inconstruction, materials, and maintenance 

the developing countries are presented here. Basic 
principles of road construction and maintenance 
policy, Including socia. and economic aspects, master 
plan and feasibility studies, as well as stage construc-
tIon, are covered. Traffic and design speeds, design 
related to vertical alignment and horizontal align-
ment, and cross-section elements are discussed; 
design principles for unimproved roais, improved 
roads, roads with permanent surfaces, and flexible 
pavements are set forth. The drainage of the road is 
considered, indluding the control of erosion and the 
stability of embankments and cuttings. Defensive 
measures during wet-weather construction are noted. 
The location and waterway requirements for bridges 
and culverts are discussed, and the principal factors 

to be considered In the design of bridge foundations 
and structures are indicated. Notes are provided on 
construction operations and plant that include pre-
Ilminary and detailed surveys, setting out, earth-
works, compaction, quarrying soil stabilization, bitu
minous surfacing, and concreting. The discussion of 
road maintenance distinguishes between short-term, 
largely manual maintenaiice and long-term mainte
nance usually involving the use of mechanical equip
ment. Methods of estimating costs are outlined and 
special cc.nsideration is given to the choice between 
manual and mechanized methods or combinations of 
the two. 

Reference 2 
SOIL STABILIZATION: A MISSION ORIENTED 
APPROACH 


Epps, J.A.; Dunhnp, W.A.; Gallaway, B.M.; Currin, D.D. 
Soil Stabilization. Asphalt, Lime, Cement: 10 Reports. 
Highway Research Board, Washington, DC 1971; 
pp. 1-20 (Highway Research Record Number 351). 

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

The widespread use of chemical additives for improv-
Ing the physical properties of soils and soil-aggregate 
ystems has emphasized the critical need of a 

classification and Indexing system to simplify the 
selection of the most desirable chemical 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 lime, portland 
cement, bituminous materials, and combinations of 
these materials. The different criteria for the use of 
each of these stabilizers are described in detail with 
extensive references to the literature. A series of 
flow charts has been developed that can be used In 
selecting the type and the amount of stabilizer for a 
given soil. 

Reference 3
 
STATE OF THE ART: LIME STABILIZATION. 
REACTIONS, PROPERTIES, DESIGN, 
CONSTRUCTION. 

Transportation Research Board Committee on Lime and 
Lime-Fly Ash Stabilization. Transportation Research 
Board, Washington, DC; September 1976; 31 p. (Trans
portation Research Circular Number 180). 

Order from: Transportation Research Board, Publi
cations Office, 2101 Constitution Avenue, N.W., 
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 cngineering properties of soils are optimized by
lime treatment. Lime-treated soils are used in 
pavement construction as subgrades, subbase materi- 22 

als, and base materials. Topics incl'ided 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 ON THE PULVERIZATION OF BLACK 
COTTON SOIL FOR THE CONSTRUC rION OF 
STABILIZED SOIL ROAD BASES 

Uppal, H.L.; Chadda, L.R.; Dhawan, P.K. Soil Stabiliza
tion: Multiple Aspects. IJReports. Highway Research 
Board, Washington, DC; 1970; pp 29-35 (Highway Re
search Record Number 315). 

Order from: Transportation Research Board, Publi
cations Office, 2101 Ccnstitution Avenue, N.W., 
Washington, DC 20418. 

Stabilization of black cotton soil with lime 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. It has been shown that an acceptable degree
 
of pulverization can be attained when the soil is
 
handled mechanically at a particular moisture range
 
by using agricultural machinery.
 



Reference 5 
SOIL-CEMENT: A MATERIAL OF CONSTRUCTION 
FOR ROAD AND AIRFIELD PAVEMENTS 

Bhatia, H.S. Kumasi, Ghana: Ghana Academy of 
Sciences, Building and Road Research Institute; 3une, 
1963. 70 p. (Technical Paper No. 1). 

Out-of-print; may be consulted at the Transportation 
Research Board, Room 513, 2100 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 physical 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-cement; and the physical 
conditions such as the curing temperatures and age of 
the soil-cement mixes. The following topics are 
discussed: properties of soil-cement (volume 
changes, thermal expansion, permeability, strength, 
etc.), criteria for selecting soils that are suitable for 
cement stabilization, important factors in the stabili-
zation of soil with cement (including moisture density 
relationship and availability of the soil-cement mix), 
soils requiring special treatment, 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 material 
and as a flexible material. The monograph also 
presents the criterion for mix design and describes 
soil-cement construction methods and equipment re-
quirements. Quality control in the field for soil-

226 cement construction is detailed. 

Reference 6 
VARIATION IN LABORATORY AND FIELD 
STRENGTHS OF SOIL CEMENT MIXTURES 

Melancon, 3ames L., Shah, S.C. Stabilization. Trans-
portation Research Board, Washington, DC; 1976; pp. 
69-74 (8 reports prepared for the 54th Annual Meeting 
of the Transportation Research Board; Transportation 
Research Record 560). 

Order from: Transportation Research Board, Publi-
cations Office, 2IGI Constitution Avenue, N.W., 
Washington, DC 20418. 

This report evaluates the variability in compressive 
strengths of stabilized in-place 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 8 to 
14 percent cement by volume. These data indicate 
considerable variation in the laboratory and field-
molded specimens. 

Reference 7 
CHANGES IN TIlE CHARACTERISTICS OF CEMENT-
STABILIZED SOILS BY ADDITION OF EXCESS 
COMPACTION MOISTURE 

Llghtsey, George R.; Arman, Ara; Callihan, Clayton D. 
Soil Stabilization: Multiple Aspects. II Reports. 

Highway Research Board, Washington, DC; 1970; pp. 
36-45 (Highway Research Record Number 315). 

Order from: Transportation Research Board, Publi
cations Office, 2101 Constitution AVenue, N.W., 
Washington, DC 21418. 

The compaction moisture of cement-stabilized soils is 
usually specified as the optimum moisture content to 
obtain maximum density as determined by the stan
dard Proctor test. Previous investigations have 
shown that in some instances maximum 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-cement also changes. This study 
Investigates the relationship between compaction 
moisture content and the strength; density, and 
durability of cement-stabilized soils in which corn
paction is delayed after mixing to correspond to 
typical highway construction practices. Four types of 
soil suitable for cement stabilization were investigat
ed. The compaction moisture content was varied 
from 4 percent below to 4 percent above the optimum 
moisture content obtained by standard Proctor tests 
with no delay between mixing and compaction. At 
each of the moisture contents and at the optimum 
cement content, specimens were compacted 0, 2, 4, 
and 6 hours after mixing with no interm tent mixing. 
Specimens were prepared for unconfined compressive 
girength and durability tests. The results of this 
investigation show that the loss in strength and 
durability of soil-cement resulting from a delay in 
compaction can be significantly reduced in many 
Instances by the addition of excess compaction 
moisture. The silty Joams and sandy loams benefited 
most after a delay in compaction'by'excess moisture. 
Cement-stabilized silty clay loams and silts compact
ed after delays showed little improvement in strength
and durability with excess compaction moisture. 

Without delay in compaction, only the silty clay 
loams were significantly improved in strength anddurability by the addition of excess compaction 
moisture. In granular soils the addition of excess 
moisture improved the strength ard durability after
delays in compaction. This improvement resulted 
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-cement mixes compacted without delay by 

increasing the amou,;t of cement hydration. 

Reference 8 
BITUMINOUS BASES AND SURFACINGS FOR LOW-
COST ROADS IN THE TROPICS 

Hitch, L.S.; Russel, R.B.C. Great Britain Road Re
search Laboratory, Overseas Unit; 1977. 33 pages plus 
charts. (TRRL Supplementary Report 284). 
Order from: Transport and Road Research Laboratory, 

Crowthorne, Berkshire RG 11 6 AU, U.K. 

Mechanically stable materials for road bases are 
often not obtainable in developing countries. In the 
Middle East, aggregates are often scarce but oil 
products are readily available. The region has 
therefore provided some of the earliest examples of 
bituminous stabilization, which originally consisted of 
thin running surfaces over compacted sand. Bitumi
nous stabilization can also enable local sand to be 



used for base construction, and various 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 traffic to be proposed. 
Construction methods for bituminous stabilization are 
also described. Details are given of methods of 
surface dressing, which is important botn as an initial 
running surface on new bases and as a maintenance 

Premixed bituminous materials, both astreatment. 

bases and surfacings, might perhaps be considered as 

Inadmissible for low-cost roads. 
 Such roads, however, 
usually require progressive improvement because of 
the traffic growth that accompanies development, 
There is a growing use of strengthening overlays, and 
the report briefly discusses premixed materials and 
their application, 

Reference 9 
PERFORMANCE STUDY OF ASPHALT ROAD 
PAVEMENT WITH BITUMINOUS-STABILIZED-SAND 
BASES 

Marais, Claude P.; Freeine, Charles R. Stabilization of 
Soils. Transportation Research Board, Washington, DC; 
1977; pp. 52-61 (Transportation Research Record 641). 

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

The possibility of using the windblown sands that 
occur in the northern areas of South West Africa for 
the construction of all-weather roads to carry heavy 
truck traffic has been investigated. Laboratory 
investigations and field trials in P.etoria, South 
Africa, showed that bituminous stabilization of these 
sands was promising, and a full-scale road experiment 
to test a limited number of bases of bituminous-
stabilized sand was constructed in the homeland of 

This paper describesOwambo, South West Africa. 
the laying of the experiment and the construction 
techniques and control measures used. A new 
technique that establishes the optimum time for the 
compaction of a cutback bituminous-stabilized sand 
mixture after aeration by using a vane shear apparat-
us is described. The vane shear apparatus was also 
used to measure 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 3 years' service with respect to deformation and 
cracking, are discussed. Laboratory and field studies 
are described and predictions about the performance 
of a bituminous-stabilized sand base under varying 
traffic conditions are made by using the best known 
techniques available at this time. 

ADDIIIONAL REFERENCES 

Reference 10
 
SOIL AND SOIL-AGGREGATE STABILIZATION
 

Highway Research Board, Washington, DC; 1955. 175 p. 
(A Symposium presented at the Thirty Fourth Annual 
Meeting January 11-14, 19"; Highway Research Board 
Bulletin 108). 

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

This bulletin reviews the state of the knowledge of 
soil stabilization in 1955. The 14 papers presented In
 
this bulletin emphasize the scientific facts and
 
principles of soil stabilization, and the factors and
 
phenomena that must be considered in the engineer-

Ing application of soil-stabilization methods. 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 stabilization; discuss the prediction
 
of the consistency limits of soils and soil mixtures;
 
and comment on the exchange absorption of large
 
cations by clays. Microbial factcrs in soil stabiliza
tion, the stabilization of laterite soils, and the
 
stabilization of silty and clayey soils with lime-fly
 
ash mixtures are considered. Soil stabilization with
 
resins and chemicals is also discussed. Other aspects
 

-covered include the effect of calcium on the electro
osmotic flow rate, the elastic behavior of soil-cement
 
mixtures, the factors influencing physical properties
 
of soil-cement mixtures, and the stabilization of
 
Tennessee gravel and chert bases.
 

Reference 11
 
SOIL STABILIZATION WITH ASPHALT, PORTLAND 
CEMENT, LIME AND CHEMICALS 

Highway Research Board, Washington, DC; 1960. 126 p. 
(Presented at the 38th Annual Meeting January 5-9, 

1959; Highway Research Board Bulletin 241). 22" 

Order from: University Microfilms International, 300 
Zeeb Road, Ann Arbor, Michigan 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 with two
 
organic, cationic chemicals in combination with
 
ligrin. The second paper describes a study of various
 
mixtures of soil, cutback asphalt, and water. A
 
compromise moisture content (CMC) for mixing was
 

variance of various propertiesfound, at which the 

(the maximum strength, maximum standard Proctor
 
density, minimum moisture absorption during immer
sion, and minimum swelling) is minimized. Chemical
 
trdatments for surface hardening of soil-cement and
 
soil-lime-fly ash are discussed in the third paper, and
 
the improvement of soil-cement with alkali metal
 
compounds in the fourth paper. The fifth paper
 
reports a study of the effectiveness of phosphoric
 
acid as a stabilizer for two fine-rained soils (a
 
dayey silt and a heavy clay) with particular emphasis
 
on the use of fluorine compounds as cure-accelerators
 
and of amines as waterproofers. The sixth paper
 
reports work on the use of calcium chloride for soils
 
base stabilization.
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Reference 12 
INFLUENCE OF STABILIZERS ON PROPERTIES OF 
SOILS AND SOIL-AGGREGATE MIXTURES 

Highway Research Board, Washington, DC; 1961. 159 p.
(Presented at the ?9th Annual Meeting January 11-15, 
1960; Highway Research Board Bulletin 282). 

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

Ten papers are presented in this bulletin. The first 
paper reports the results of a study which used 
compressive strength to evaluate the stability of five 
selected soils of widely varying physical properties
stabilized with portland cement, a lime and fly ash 
mixture, phosphoric acid, and asphaltic cutback. The 
second paper reports an investigation of soil water-
proofing and dustproofing materials. The improve-
ment of phosphoric acid stabilization of fine-grained 
soils with secondary additives is discussed in the third 
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-chloride-stabilized 
roads in Iowa; the relative effects of chlorides, 
lignosulfonates, and molasses on properties of soil-
aggregate mix; bituminous stabilization of Wyoming 
heat-altered shale; preliminary findings and future 
programming of a basic research project involving 
calcium chloride with pure clays; current interpreta
tion of stability measurements on two experimental 
projects in Maryland; and a study of the occurrence 
of potholes and washboards on soil-aggregate roads. 

Reference 13 

SOIL STABILIZATION 

Bezruk, V.M. Moscow, U.S.S.R. Izdaiel'stov; 1965. 
373 p. plus literature (TT 70-57767; PB-280 290-T/ST). 

Order from: National Technical Information Service, 
5295 Port Royal Road, Springfield, Virginia 22161. 

This book describes the origin, composition, and 
properties of soils and the basic principles and 
methods of soil stabilization. The various chapters 
discuss the general concept of soils as dispersed, 
inultiphased systems, the granulometric composition 
of non-cohereni and coherent soils. ano the physical
properties of soils (hydrophily, plasticity, swelling and 
shrinkage, wetting, and adhesiveness). The 
structural-mechanical properties and the calculation 
of strength and deformation properties are also 
discussed. The methods of field investigation and 
determination of the basic soil characteristics are 
reviewed. The main features of soil distribution in 
the USSR and the typical clay and detrital soils and 
their distribution in the USSR are reviewed. The 
scientific basis of soil stabilization is set forth. The 
Improvement of soil strength by artificial compaction 
and granulometric additives is covered. Details are 
given of soil stabilization with portland cement, with 
lime, with organic binders, and with synthetic poly-
mer resins. Clay soil stabilization with phosphates
and thermal soil stabilization are also detailed. The 
basic technological requirements and means for the 
mechanization of soil-stabilization operations are 
reviewed. Life test and the results of testing road 
surfaces with stabilized soil structural layers are 
given, as well as recommendations for road-surface 
designs. 

Reference 14 
LIME STABILIZATION. PROPERTIES, MIX DESIGN, 
CONSTRUCTION PRACTICES AND PERFORMANCE 

Highway Research Board, Washington, DC; 1961. 147 p.
(Presented at the 40th Annual Meeting' 3anuary 9-13, 
1961; Highway Research Board Bulletin 304). 

Order from: University Microiilms International, 300 
7'p,. Road, Ann Arbor, Michi ,an 48106. 

Nine papers are presented in this bulletin. Thr paper,
Accelerated Curing for Lime-Stabilized SAls, de
scribes the preliminary phases of a study to develop
specifications for the required cornpresc .je strength 
of lime-stabilized base and subbase materials. The 
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 investigation of a iime-montmorillonite crystal
line reaction product. Other papers describe the 
relation of strength to composition and density of 
lime-treated clayey soils, the lime and sodium sili
cate stabilization 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 15 
LIME STABILIZATION CONSTRUCTION MANUAL 
SIXTH EDITION 

National Lime Association, Washington, DC; 1976. 
48 p. (Bulletin 326). 

Order from: National Lime Association, 5010 Wisconsin 
Avenue, N.W., Washington, DC 20016. 

This bulletin defines soil stabilization, describes the 
effect of lime on soil, and proceeds to sequentially 
cover the construction steps. This is followed by a 
more detailed treatment of the same steps, Including
all significant modifications, alternatives, and com
parative conclusions. A discussion of subbase, sub
grade, and base stabilization covers scarification, 
pulverization, liao. spreading, mixing, watering, cur-
Ing, compaction, and final curing. The use of bagged
lime and bulk lime is covered, as well as the pros and 
cons of dry vs. slurry methods. The double applica
tion of lime is also discussed. Comments are made on 
miscellaneous considerations such as maintaining 
traffic, the need for a wearing surface, climatic 
limitations, lime safe'y precautions, bulk density, and 
the use of quick lime and of other stabilizers with 
lime. The appendix provides further information on 
specifications for hydrated lime and other pertinent 
specification references. 

Reference 16 
THE GEOLOGY AND GEOTECHNICAL PROPERTIES 
OF THE BLACK COTTON SOILS OF NORTHERN 
NIGERIA 

Ola, S.A. Engineerin[; Geology: An International 
Journal. Elsevier Scientific Publishing Company, 
Amsterdam, 
1978; pp. 

Netherla
375-391. 

nick. Vol. 12, No. 4: December 



Order from: Elsevier Scientific Publishing Company, 
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. Miner
aJogical analysis shows the soils to be predominantly 
kaolinite and montmorlilonite. Results presented 
show low strength characteristics, a soaked CBR of 
only I., and a residual strength parameter of 12 deg. 
The plasticity index decreases from 47% to 5%, linear 

to 3.6% for an increase
shrinkage decreases from II 

Resultsof 0 to 9%, respectively.
In lime content 
presented Indicate that a mixture 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 

general'agreement with results previously presented 
for other African and Indian black cotton soils. 

Reference 17 

SOIL CEMENT CONSTRUCTION HANDBOOK 


Portland Cement Association. Skokie, Illinois; 1979. 
40 p. (Engineering Bulletin). 

Order from: Portland Cement Association, 5420 Old 
Orchard Road, Skokie, Illinois 60077. 

The details are given of procedures for building a 
soil-cement base Thecourse. booklet shows how 

can be built rapidly andhigh-quality soil-cement 
easily under a wide variety of conditions by adhering 
to the principles of thorough pulverization and mix-
Ing, adequate cement content, proper moisture con-
tent, and adequate compaction. The uses, properties, 
laboratory tests, and general construction procedures 
are detailed. The details of preparation and process-
Ing are given. Joint construction and multiple-layer 

also covered. Street constructionconstruction are 
and airport paving are detailed. Other areas covered 
incJude storage and parking areas, widening and 

andshoulders, the recycling of flexible pavements, 
cement-modified soils. Cement-modified granular 
soils, silt, and clay soils are covered. 

Reference 18 
SOIL CEMENT LABORATORY HANDBOOK 

Skokie, Illinois; 1971. 
Portland Cement Association. 

61 p. (Engineering Bulletin). 

Order from: 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 and service-
ability. These requisites are that an adequate 
quantity of 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 compact-
ed to proper density before cement hydration. 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 tests; 
the establishment of cement factors for construction, 

shortcut test procedures for sandy soils, rapid test 
procedwe, the testing of unusual sandy soils, the 
testing of plastic soil-cement, and the modification 
of soils with portland cement. 

Reference 19 
STABILIZATION OF SOILS WITH PORTLAND 
CEMENT: DESIGN, TESTINGS PROPERTIES, 
ADMIXTURES 

Highway Research Board, Washington, DC; 1962. 123 p. 
(Presented at the 41st Annual Meeting, January 8-12 
1962 Highway Research Board Bulletin 353). 

Order from: University Microfilms International, 300 
Zeeb R.oad, 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. Methods of 
working the borrow pit and constructing the cement
treated base are discussed in detail. The second 
paper describes three alternate methods for measur-
Ing freeze-thaw and wet-dry resistance of soil
cement mixtures; length change, compressive 
strength, and pulse velocity. Moisture-density, 
moisture-strength and compaction characteristics of 

described in thecement-treated soil mixtures are 
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 sulfates on cement- and lime

.ztabilizedsoils. The seventh paper reports on the use 
of fly ash and sodium carbonate as additives to soil-

Three soils (dune sands, friablecement mixtures. 

loess, artificial sand-loess mixture), fly ashes from
 
three different sources, cement type i, and regent
 
grade sodium carbonate were used.
 

Reference 20
 
CEMENT-TREATED SOIL MIXTURES: 10 REPORTS
 

Highway Research Board, Washington, DC; 1963; 208 p. 
(Presented at the 42nd Annual Meeting January 7-11,
1963; Highway Research Record Number 36). 

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

Ten reports are presented in this bulletin. The 
use of standarddevelopment, purpose and history of 

laboratory soil-cement tests are described in the first 
paper, and a California mix design for cement
treated bases in the second paper. The latter paper 
notes the increasing emphasis on the use of granular 
materials, resulting in 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 testing of soil-cemert mixtures, and the 
determination of the cement content of soil-cement 



mixtures. The reactions accompanying stabilization 
of clay with cement are discussed, and comments are 
made on the effect of chemicals on soil-cement 
stabilization. 

Reference 21 
ROAD NOTE 31: A GUIDE TO STRUCTURAL DESIGNOF BITUMEN-SURFACED ROADS IN TROPICAL AND 
SUBTROPICAL COUNTRIES 

Transport 	and Road Research Laboratory. Crowthorne, 
U.K. 1977 26 p. (Third Edition). 

Order from: Her Majesty's Stationary Office, 49 HighHolborn, London WCIV 6 HB. 

This guide covers design requirements of most non-
urban roads in developing countries. Traffic is 
defined in terms of the cumulative equivalent numnber 
of 8200-kg (18000-1b) axles to be carried during the
design life of the roads. Thus, this guide may be useddesignto design 	 pavements for traffic flow~s with widely 

different axle-load distributions and gives the design-
er greater flexibility in selecting the design life of 
the pavement. The guide emphasizes the importance 
of detailed consideration of the influence of tropical 
climates on moisture conditions in road subgrades, 
and the desirability of adopting a stage construction 
approach to road building where traffic 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 pavement: estimat-
ing the amount of traffic (and its axle-load distribu-
tion) that will use the road over the selected design

230 	 life; assessing the strength of the subgrade soil over 
which the road is built; and taking into consideration 
the influence of subgrade moisture and the stage-
construction approach, in selecting the most econom-
Ica] combinztion of pavement materials and layer 
thickness that will be sufficient to provide satisfacto
ry service over the design life of the pavement. 

Reference 22 

ASPHALT COLD-MIX MANUAL 


Asphalt Institute. College 'Park, Maryland; February 
1977. 106 p. (Manual Series No. 14; MS-14). 

Order from: The Asphalt Institute, Asphalt Institute 
Building, College Park, Maryland 20740. 

This publication is designed to assist and guide 
engineers in preparing a specification for the analy-
sis, design, and control of asphalt cold-mix construc-
tion. The text describes typical mixes that are 
recognized and proven satisfactory for preparation by 
cold-mix methods. With the information provided, it 
will be possible to adapt specific conditions 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 
mixes and central plant mix construction is also 
described. Appendices provide information on sug-
gested plant mix and mixed-in-place specifications, 
as well as specifications for stockpile patching 
mixtures. 

Reference 23 
A BASIC ASPHALT EMULSION MANUAL 

Asphalt Institute. College Park, Maryland; March 1979. 
260 p. (Manual Series No. 19; MS-19). 

Order from: The Asphalt Institute, Asphalt Institute 
Building, College Park, Maryland 20740. 

This manual attempts to impart a basic understanding 
of asphalt emulsions, and is designed to be of use inchoosing 	 the emulsion that best afits project's 
specific conditions. It is also designed to help In 
evaluating pavement systems for construction and 
maintenance. The chemistry of asphalt emulsions is 
described, and the storage, handling, and sampling of 
asphalt emulsions are reviewed. Emulsified asphalttests are 	detailed. Selection of the right type of 
asphalt emulsion is discussed, and asphalt emulsion 
and aggregate application, as well as asphalt emulsion 
and aggregate miaronsidred in detl. mis
and aggregate mixes, are considered in detail. Mis
cellaneous asphalt emulsion applications, mainte
nance mixes, and various aspects of recycling re alsocovered. Emulsified asphalt-aggregate mix designmethods detailed include the Asphalt Institute Meth
od and the proposed Illinois method. 

Reference 24 
A GUIDE TO SHORT-CUT PROCEDURES FOR SOIL-
STABILIZATION WITH ASPHALT 

Vallerga, B.A. Oakland, California. Materials Research 
and Development Incorporated; April 1968. 38 p. (TN
955; sponsored by Naval Civil Engineering Laboratory, 
Port Hueneme, California; report #tAD 668 699). 

Order from: National Technical Information Service, 

5285 Port Royal Road, Springfield, Virginia 22161. 

Short-cut laboratory and field procedures for the use 
of asphalt in soil stabilization are detailed. These 
procedures are applicable only when the plasticity 
Index (PI) Is 6 or less, the sand equivalent is 30 or 
more, no more than 25% of the soil passes the No. 
200 sieve, and when the product of P times percent 
passing the No. 200 sieve does not exceed 72. The 
laboratory determinations covered here include gra
dation of soil, the sand equivalent or plasticity index, 
the asphalt requirements, selection of asphalt type 
for emulsified asphalts, mixing water content, com
pacting water content, laboratory density, asphalt 
requirement for cutback asphalts, the selection of the 
asphalt type for cutback asphalts, and the laboratory 
density for cutback asphalts. The field operations 
covered here include site preparation for in-place 
mixing, preliminary processing of material, applica
tion of asphalt for in-place mixing, mixing operation 
for in-place mixing, site preparation for stationary 
plint-mixing preliminary processing before mixing by 
stationary plant, mixing operation by stationary 
plant, placing plant mix, checking plant mix, spread-
Ing and compacting, checking density, and finishing 
and curing. 



Index 
The following index is an alphabetical list of 
subject terms, names of people, and names of 
organizations that appear in one or another of 
the previous parts of this compendium, i.e., in 
the overview, selected texts, or bibliography. 
The subject terms listed are those that are most 
basic to the understanding of the topic of the 
compendium. 

Subject terms that are not proper nouns are 
shown in lower case. Personal names that are 
listed generally represent the authors of selected 
texts and other references given in the 

Indice 
El siguiente fndice es una lista alfab~tica del vo-
cablo del tema, nombres de personas, y nom-
bres de organizaciones que aparecen en una u 
otra de las partes previas de , ste compendio, 
es decir, en la vista general, textos selecciona-
dos, o bibliograffa. Los vocablos del tema que 
aparecen en el fndice 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 minsculas. Los 
nombres personales que aparecen representan 
los autores de los textos seleccionados y otras 
referencias dadas en la bibliograffa, pero tam-
bien pueden representar a personas que de otra 
manera estcn conectadas a los temas del com-
pendio. Los nombres personales aparecen con 
el apellido seguido por las iniciales. Las organi-

Index 
Cet index se compose d'une liste alphabdtique 
de mots-cles, noms d'auteurs, et noms d'organi-
sations qui paraissent dans une section ou une 
autre de ce recueil, c'est Adire dans 'expos6, 
les textes choisis, ou la bibliographie. Les 
mots-cl6s sont ceux qui sont le plus 6lmen-

* taires Ala comprehension de ce recueil. 
Les mots-cls qui ne sont pas des noms pro-

pres sont imprim6s en minuscules. Les noms 
propres cit6s sont les noms des auteurs des tex-
tes choisis ou de textes de reference cites dans 

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 ihe page 
numbers of this compendium on which the term 

zaciones nombradas son las aue hcn producido 
informaci6n sobre la materia del compendio y 
que siguen siendo fuentes de informaci6n sobre 
la materia. Por esta raz6n se dan las direcciones 
postales de cada organizaci6n que aparece en 
el Indice. 

Los n6meros que siguen a un vocablo del 
tema, nombre personal, o nombre de organiza
ci6n son los nlmeros de pc.gina del compendio 
donde el vocablo o nombre aparecen. Los nO
meros romanos se refieren a las p.ginas en la 
vista general, los nimeros ar~bigos se refieren a 
pcginas en los textos seleccionados, y los n6
meros de referencia (por ejemplo, Ref. 5) indi
can referencias en la bibliograffa. 

Algunos vocablos del tema y nombres de or
ganizaciones est~n seguidos por la palabra see. 
En tales casos los nOmeros de p~gina del com

la bibliographie, ou alors les noms d'experts en 
la matiLre de ce recueil. Le nom de famille est 
suivi des initiales des prenoms. Les orgarisa-, 
tions cit6es sont celles qui ont fait des recher
ches sur le sujet de ce recueil et qui continue
ront A6tre une source de documentation. Les 
adresses de toutes ces organisations sont inclu
ses. 

Le numdro qui suit chaque mot-cl6, nom d'au
teur, ou nom d'organisation est le numero de la 
page oO ce nom ou mot-cl6 parait. Les numeros 
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or name appears. Roman numerals refer to under the alternative term or name that follows 
pages in the overview, Arabic numerals refer to the word see. Some subject terms and 
pages in the selected texts, and reference organization names are followed by the words 
numbers (e.g., Ref. 5) refer tc references in the see also. Insuch cases, relevant references 
bibliography, should be sought among the page numbers 

Some subject terms and organization names listed under the terms that follow the words see 
are followed by the word see. In such cases, the also. 
compendium page numbers should be sought The foregoing explanation is illustrated below. 

pendio se encontrar n bajo el termino o nombre trardn entre los nemeros de p~gina indicados 
alternativo que sigue a la palabra see. Algunos bajo los t6rminos que siguen a las palabras see 
vocablos del tema y nombres de organizaciones also. 
est~n seguidos por las palabras see also. En La explicaci6n anterior est6 subsiguiente
tales casos las referencias pertinentes se encon- merte ilustrada. 

6crits en chiffres romains se rapportent aux pa- m6ro des pages du recueil se trouvera apres le 
ges de I'expos6 et les num6ros 6crits en chiffres mot-cl6 ou le nom d'organisation qui suit le 
arabes se rapportent aux pages des textes terme see. D'autres mots-cles ou noms d'orga
choisis. Les numeros de reference (par exem- nisations sont suivis des mots see also. Dans ce 
pie, Ref. 5) indiquent les numeros des ref6- cas, leurs references se trouveront citees apres 
rences de la bibliographie. les mots-cles qui suivent la notation see also. 

Certains mots-cles et noms d'organisations Ces explications sont illustrees ci-dessous. 
sont suivis du terme see. Dans ces cas, le nu-

Illustration (from Comp. 1) Ilustracl6n (del Comp. 1) Illustration (du Recueil 1) 

Selected Text page numbers Subject term and see also terms 
Nfimeros de pieina on los Texto Vocablo del tome ytlrminos see also 

Seleccionados (ver tambibn) 
Num4ros des poge des Texts Chosis Mot cli et see also 

Orpanization name and address motutainow terrain (see also degree of curvaturel 
Nombre y divcci6n de Isorganizeci6n design speed; mixaximum gradient; radius of curva-
Nom et adress de l'orgenition ture; shoulder width): 11, 17, 34, 33, 38, 173, 173,

217, 234, 238 

National Association of Australian State Road Author-
Overview page numbers and ]tles(P.O. Box 3141, Bricldield Hill, N.SW. 2000, 

reference number Australia).
Nfzmero do plgina en IsVista publications, xxii, Ref. 8, Ref. 9 

General y mmeros de referencia 
Numrodes pagesde I'Exposee t no-passing markings and signs: 31, 93, 132 

numiros es riffrences 
non-passing sight distance, see stopping sight distance 

see term Odier, L.: Ref.3Subject term sn 
Vocalo del tem y t~rmlno see (vsee Oglesby, C.H.: 231, 233, 234, 239, 240, 241, 242, Ref.14 

t Selected Text page numbers and reference 
number 

Ndmeros do pIllina on loe Textce 
Peronal nanies Seleccionados y nmero do referencIn 
Nombres persnal Numkos des pegee des Textes Choisis et 
Noms propree numbros des rfkences 



AASHO soil classification system: 28 

A-horizon soils: 31
 

additives, see bitumen stabilization; cement stabilization; 
lime stabilization; lime-fly ash stabilization; stabilizers 

aeolian sand, bitumen stabilized. xxvi, 213-221, Ref. 9 


Africa (see also Ghanaian soils; Kenya; Nigeria; Sierra 

Leone. 193, 196, 213, 214, 215, Ref. 15
 

age, 	Influence of, on soil cement: xxii, 128-129, 132,
 
133, 160, 169, Ref. 5 


aggregates: 40, Ref. 22, Ref. 23 

classification, 39
 
stabilization, Ref. 10, Ref. 12, Ref. 14 


Air Force soil stabilization Index system (SSIS): xvi, 

25-28 


airfield pavement design: 135-143, 146 

stabilization, Ref. 5, Ref. 17 


arid regions: 193, 195 


Arman, Ara: Ref. 7 


asphalt cement: 11, 41 

base course construction, 37 


asphalt emulsion, see bitumen emulsion 

Asphalt Institute (Asphalt Institute Building, College
 
Park, Maryland 20740): 

publications, Ref. 22 


asphaltic concrete: 37, 38 

surfaces, xxvi, 203
 

asphalts (see also asphalt cement; asphaltic concrete;
 

performance; bitumen stabilization; cutback): 

base course stabilization, 37
 
cold-mix, Ref. 22 


limits: 2130, 

itterberg 582lmix,
lime soil mix, 55, 58
 

soil cement, 93, 94, 153 


B horizon soils: 113
 

base exchange: 104, 105 


bases, road (see also bitumen stabilization; cement 

stabilization; Lime stabilization): 

bitumen 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. 15 

shaping and finishing, 11
 
stabilization, xxi, 16, 20, 27, 28, 66, Ref. 3, Ref. 11 


batch mixers: 148, 149 


Bezruk, V. M.: Ref. 13 


Bhatia, H. S.: Ref. 5 


binders, see bitumen stabilization; cement stabilization; 
lime siaEbbixation; lime-fly ash stabilization; stabilizers; 
viscosity of binders 

bitumen emulsion (see also bitumen stabilization; 
emulsified asphalts . xxvi, 9, 11, 213, 214, 218, Ref. 23
 

bitumen stabilizatiom xii, xvii, xviii, xxv, 6-9, 19, 25,
 
21-29, 30, 31, 35-42, 193-210, 213-221, Ref. 1,
 
Ref. 2, Ref. 8, Ref. 9, Ref. 11, Ref. 24
 

black cotton soil: xxi, 79-83, Ref. 3, Ref. 16
 

blasting: 17-18
 

blending of soils: xiv, 154
 

borrow pits: Ref. 19
 

C.B.R., see California bearing ratio 

calcareous fillers: xxvi, 215, 216, 220
 

calcium chloride: 112, 113, 116, 117, 118, 154, Ref. 11,
 
Ref. 12
 

calcium hydroxide (see also lime-fly ash stabilization;
 
lime stabilization): 45, 116, 117, Ref. 19
 

California bearing ratio (CBR): xxvi, 104, 105, 195,
 
Ref. 16
 

lime soil mix design, 55
 
lime treated soil, 50, 51, 58, 81
 
soil cement mixtures, ., 124, 125, 126, 140, 141,
 

143, 	144, 145-14i7
testing gravelly soils, 7, 8
 

California mixture design procedure: 59, Ref. 20
 

Callihan, Clayton D.: Ref. 7
 

Casagrande's soil classification system, see unified 
soil classification system 

cation exchange, see lime stabilization 

CBR, see California bearing ritio 

cement contents and cement concentrations: 108,
 
131, 154, 155, 156, 157, 161, 173-175, 182,
 

Ref. 6, Ref. 17, Ref. 18, Ref. 20
 

cement hydration: 110, 116, 118, 159, 181, 188, 189,
 
Ref. 7, Ref. 18
 

cement stabilization: xii, xv, xvii, xxli-xxiv, 6-9, 16, 17,
 
19, 20, 25, 28, 30, 31, 34-35, 90-161, 173-178,
 
Ref. 2, Ref. 5, Ref. 6, Ref. 10, Ref. 11, Ref. 12,
 
Ref. 13, Ref. 17, Ref. 18, Ref. 19, Ref. 20
 

influence of excess compaction moisture, 181-190,
 
Ref. 7
 

selection of soil, 98-108
 

Chadda, L. R.: Ref. 4
 

chemical additives, see bitumen stabilization; cement
 
stabilization; lime s7tabilization; lime-fly ash
 
stabilization; stabilizers
 

chemical analysis of soil cement: 183, 188
 

chlppings: 17
 

clayey soils (see also clays): 14, 97, 106, 107, 131,
 
134, 143j, 154, 182, Ref. 10, Ref. 12,Ref. 13, Ref. 14,
 
Ref. 17
 

red, 	19
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days (see also black cotton soils): 48, 124, Ref. 10, 
Re7,727ef. 13, Ref. 14 

cement stabilization, 7, 46, 103, 124 
minerds, 7, 46, 124, Ref. 10 

climate (see also arid regions; dry season; rainy season): 
xix, 27, Ref. 21 

codes, engineering: Ref. I 

coefficient of uniformity- 6 

cohesion c lime treated soils, 51 

cohesionless soils compaction pressures: 14 

cohesive so1ls: 194 

compaction: xv, xviii, xxvii, 8, 11-17, Ref. I 
energy, n:xii, 92, 108, Ref. 5 
equipment, 13, 14 
lime-treated soil, 47, 68, Ref. 15 
soil-bitumen, 200, 216-217, 217-218, 219-220 
soil-cement, 92, 93, 108, 109, Ref. 7, Ref. 17, Ref. 19 
time delay, xv, xxv, 187, 188, 189, Ref. 7, Ref. 14 

compressive strength (see also unconfined compressive 
strength). 144, Ref. 12 
lime-soil, 32, 56, 62, Ref. 14 
soil-cement, 93, 95, 111, 112, 117, 124, 125, 126, 

127, 130, 131, 134, 140, 160, 161, 173, 174, 184, 
Ref. 6, Ref. 18, Ref. 19 

concrete pavements, see rigid pavements 

cone penetrometer methods: 196, 19724emulsified 
consistency index (see also liquid limit; plasticity; 

plasticity Index): Ref. 10 

costs of constructior 149-150 

cracking: 7, Ref. 20 
'bitumen stabilized pavements, 220, 221 

crushed stone, spreading of: 10 

crushing: 17-18 

curing: xx, Ref. 24 
accelerators, Ref. I I 
lime-soil, 58, 68, 71, Ref. 14, Ref. 15 
soil-cement, 158-159, 168, 169 
temperature, xii, xx, xxii, 7, 49, 92, 97, 129-134, 

160, Ref.5 

Currin, D. D.: Ref. 2. 

cutback (see also bitumen stabilization): 
asphalts, 38, 39, 41, 42, 159, Ref. 11, Ref. 12, Ref. 24 
bitumens, xiii, xxvi, 9, 35, 196, 213, 214, 218, 220,

Ref. 9
 
tar, xxvi, 214, 220 


cylinder penetration ratio: 145 

deep stabilization of lime-soil: 62, 63 

deformation of bitumen stabilized pavement: 219-220, 
221 

density: (see also molsture-density relations):. 96, 
Ref. 2 _4
 

determinations, 14-16
 
dry, 12, 13, 14-16, 108, 181, Ref. 7
 
field tests, xviii, 158 
lime treated soils, 48, 51 
m'xinum dry, xv, xxiv, 8, 12, 108, 1.6 
soil cement mixes, 110, 183, 189, Ref. 7, Ref. 18 

deserts: 107-108 

Dhawan, P. K.: Ref. 4 

dolomites 45 

drilling: 17-18 

dry seasom xl, 119 

Dunlap, W. A.: Ref. 2 

durability (see also wet-dry tests): 
bitumen-stabilized bases, 213 
lime-soil, 32, 55 
soil-cement mix, xxii, xxv, 110-112, 183, 184, 188, 

189, 190, Ref. 7, Ref. 20 

Eades and Grim mixture design procedure: 32, 59 

earthworks: 16 

elasticity (see also modulus of deformation): 121 

Elsevier Scientific Publishing Company (P.O. Box 330, 
1000 AH Amsterdam, The Netherlands) Ref. 16 

asphalts: 40-42 

engineering codes: Ref. I 

Epps, 3. A.: Ref. 2 

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, 200, 216 
grader, 10, 19, 167, 216 
mixing machines, xxiii, 19, 20, 21, 69, 148, 149, 151, 

152, 153, 167, 199, Ref. 22
 
spreaders, 10, 66
 

expansive soils: 79 

extrusion test: 39 

fatigue: xx 
lime treated soils, 52-55 

field studies, bituminous surfacing: 217-220 

fillers, calcareous: 213, 216, 220 

flexible pavements: 136, 137-141, 206, Ref. 1, Ref. 5, 
Ref. 9, Ref. 17 

flexural strength: 136 
lime treated soils, 54 
soil-cement, 93, 95, 97, 137 

flocculatlon-agglomeration, see lime stabilization 

flow charts for selecting the type and amount of stabilizer: 
xviii, 25, Ref. 2 



Freeme, Charles R.: Ref. 9 

freeze-thaw cycles: 

lime-soil, 56,57 

soil cement, Ref. 20
 

freeze-thaw test: 32, 36, 111, 112, Ref. 19 


Gallaway, B. M.: Ref. 2 


Ghanaan soils: 90-161, Ref. 5 


gradation: 

of materials suitable for bituminous stabilization, 


37, 216, Ref. 24 

soil cement, 124
 

grain size (see also soil particles): 28 


gravel: 104, 105, 144, 216, Ref. 10, Ref. 14 

lateritic, 108, 109, 144
 

hand spreading of stabilizers: 8-9
 

Highway Research Board (now Transportation Research
 
Board) (see also Transportation Research Board): 


138
 
publications, Ref. 2, Ref. 4, Ref. 7, Ref. 10, Ref. 12, 


Ref. 14, Ref. 19, Ref. 20 


Hitch, L. S.: Ref. 8 


Hooke's law: 119 


Hubbard-Field stability: xxvi, 198, 204, 205 


Hveem stabilometer test: 55, 58 


hydrated lime application: 64, 67, 81 


Illinois mixture design procedure: 59 


Illite: 124, 126 


Improved roads: Ref. I 


In-place mixing: (see also mix-in-place construction): 

cement stabilization, xxiii
 
lime-soil, xx, 61-64 


Indian soils: 79, 80, 95, 106, 112, Ref. 16 


kaolinite: 46, 124, 126, Ref. 16 


Kenya: 20 


laboratory control during laying of experimental pavement:
 
217-219 


laboratory tests: xiil, xvii, 7,Ref. 24 

bitumen surfacing, 217-219
 
optimum moisture content, 108 

soil-lime mix design, 55-58
 
strength of soil-cement, 173-178, Ref. 6,Ref. 19, 


Ref. 20 


level pegs, placement of: 217 


Lightsey, George R.: Ref. 7 


lme, see calcium hydroxide 

lime-asphalt stabilizatlon: 29 


lime-cement stabilization: 29, 106
 

lime-fly ash stabilization: 29, Ref. 10, Ref. 11, Ref. 12,
 
Ref. 14
 

lime stabilization: xil, xvIi, xviii, xi-xxi, 6-9, 16,
 
19, 25, 28, 29, 30, 31-33, 45-74, 79, 106, Ref. 2,
 
Ref. 3, Ref. 11,Ref. 13, Ref. 14, Ref. 15, Ref. 19
 

cation exchange, xix, 4-46, Ref. II
 
flocculation-agglomeration, xix, 45-46
 
pozzolanic reactions, xx, 46
 

liquid limit: 104, 105
 
of materials suitable for bituminous stabilization, 37
 
soil-cement, 108, 109, 182
 

loam (see also sandy loam; silty loam; silty clay loam):
 
soil-cement, 94
 

Louisiana mixture design procedure: 60
 

low-cost roads: xxv, 193-210, Ref. 1,Ref. 8
 

macadams: 203
 

machines, see equipment
 

manual labor (see also hand spreading In soil stabilization):
 
pulverization, 81-82
 

Marais, Claude P.: Ref. 9
 

Marshall method 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, 3ames L.: Ref. 6
 

Millard, R. S.: Ref. I
 

minerals: 7, 46, 103, 124, Ref. 16
 

mix-in-place construction: xviii, 19
 
bitumen stabilization, 198-199
 
soil cement, xxiii, 19, 147, 150
 

mixture design: Ref. 14, Ref. 22, Ref. 23
 
soil bitumen, 39
 
soil cement, xxiii, 142-147, Ref. 5, Ref. 19, Ref. 20
 
soil-lime, xix-xx, 55-75,Ref. 14
 

modulus of deformation:
 
lime treated soils, 52, 5J
 
soil-cement, 93j 95, 97, 119, 138, 142
 

modulus of elasticity, see modulus of deformation 

moisture content (see also moisture-density relation;
 
optimum moisture content): xi, xxi, 13, 14, 15,
 

19, 71, 83, 84, 105, 155-158, Ref. 11, Ref. 24
 
soil cement, 111, 120, 168, 181-190, Ref. 17
 

moisture-density relations: 48
 
soil-cement, 108-110, 160, 185, 189, 190, Ref. 5,
 

Ref. 19
 

molding water content: 181-190
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montmorillonite K 43, 79, 124, 126, 128, Ref. 14, 

Ref. 16, Ref. 19
 

mortar: 203
 

National Lime Association (5010 Wisconsin Avenue,. 

N.W., Washington, DC 20016).

publications, Ref. 15
 

Nigeria: 197
 
Northern, 116, Ref. 16 


Odler, L.: Ref. I 


Oklahoma mixture design procedure: 60 


Ola, S.A.: Ref. 16
 

optimum moisture content: xv, xviil, 12 

soil cement, xxiv, 108, 110, 154, 182, 185, 190, Ref. 7 


organic soils: xxii, 31, 34, 106, 107, 112-118, 154, Ref. 10
 

overlays, bituminous: 194
 

P.l, see plasticity Index 

pavement design: 135-141, 160, 206, Ref. 1, Ref. 21
 

payment for lime stabilization: 68-72
 

performance: xix
 
asphalt pavements, xxvi, 213-221 

bitumen stabilized pavements, 220-221 

compaction equipment, 14 

stabilized soils, 27 


permeability of soil-cement: 95, Ref. 5 


pH: 31, 32, 33, 34 

soil-cement, 36
 
soil-lime, 46 


phosphoric acid and phosphates: Ref. 11, Ref. 12. 

Ref. 13
 

plant mixing:
 
lime stabilization, xx, 64 

soil-cement construction, 147, 148, 150
 

plasticity (see also plasticity index): 
lime stabilized soils, xx, 7, 43, 47, 48 

limit, 104, 105
 
soil-cement, 106 


plasticity index: 19, 28, 104, Ref. 16 

lime 3t4')Ulized 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 


Poison's ratio: 

lime treated soils, 52, 54 

solil-cement, 119 


Portland cement (see also cement stabilization): xviil, 

112, 120, 127, 128, 132, Ref. 2, Ref. 18, Ref. 19 


Portland Cement Association (5420 Old Orchard Road, 

Skokie, Illinois 60077): 34, 91, 118, 155
 
publications, Ref. 17, Ref. 18 


pozzolardc reactions: see lime stabilization
 

Prandtl bearing capacity: 197, 198, 208
 

premix process: xviii, 199-200
 

pressure Injection in lime stabilization: xx, 64
 

priming: 203
 

Proctor test, standard: xxiv, 181, 182, Ref. 7, Ref. 11
 

pugmill: 19, 21
 

pulverization: xiv, xxi, 9, 19, 67, 68, 134, Ref. 13, Ref. 17
 
black cotton soil, 79-85, Ref. 3
 

quality control
 
soil cement construction, xxii-xxlvs 150, 133-159,
 

Ref. 5
 
soil lime construction, 70
 

quarries: 17-1S, Ref. 1
 

quicklime: 65, 66, 67
 

R-value, see Hveem stabilometer test
 

rainfall (see also rainy season):, xix, 102, 103
 

rainy season: (see also rainfall): xi
 

references:
 
bitumen stabilization, 201-202, 221-222
 
lime, cement and bitumen stabilization, 42-44
 
lime stabilization, 72-75
 
pulverization of black cotton soils, 85
 
soil-cement, 162-166, 190
 

residual strength: 32, Ref. 16
 

resins, stabilization with: Ref. 10, Ref. 13
 

retardation of the setting of cements: 113, 115, 116
 

ridng quality: 10, 11
 

rigid pavements: 136.137, Ref. 5, Ref. 19
 

rolled asphalt: 203
 

rotovator: 19, 21, 167
 

Russel, R. B.C.: Ref. 8
 

sand replacement method: 14
 

sands: xxvi, 182, 189, Ref. 19
 
bitumen-stabilized, 193, 194, 197, 204, 207, 208,
 

210, 213-221, Ref. 8, Ref. 9
 

sandy day: 144
 
compaction, 13
 

sandy loam soil cement: xxv, 94, 182, 186, 188, 190,
 
Ref. 7
 

sandy soils (see also sandy loam soil cement; silty
 
sand): 9, 110, 13, 143, Ref. 6, Ref. 18
 
California bearing ratio, 8
 
clay mixtures, 126
 

dos Santos, Pimentel: Ref. I
 



thermal expanslon 93,9 

soil cement, 94, Ref. 3
 

thermal stabilizatlon. Ref. iD 

thickness of pavements: 136, 150
 
bitumen film, 209 

design for flexible pavement, 138, 139, 140
 
design for rigid pavement, 137 


Thompson mixture design procedure: 60-61 


time dcpenev:nt reactions (see also compaction): xx, xxiv 


Transport and Road Research Laboratory (Old Wokingham 

Road, Crowthorne, Berkshire RG II 6AU U.K.):
 

136, 140, 143, 155, 195, 197 

publications, Ref. 8, Ref. 21 


Transportation Research Board (see also Highway 
Research Board) (2101 Constitution Avenue, N.W., 
Washington, DC 20418): 
publications, Ref. 3, Ref. 6, Ref. 

travelling plants: 148, 11 


unconfined compressive strength:
 
bitumen-soil mixtures, 39 

lime-soil mix design, 55, 62
 
lime-soil mixtures, 33, 47-50, 51, 37 

soil-cement mixtures, 8, 97, 114, 120, 123, 123,
 

132, 136, 143-145, 182, Ref. 7 

test, 7 


unified soil classificat~n systn: 28, 98 


238 unimproved roads: Ref. 

Union of Soviet Socialist Republics, soiLs of th-s Ref. 13
 

Uppa, H. L.: Ref. 4 

use factors: xvlli-xlx, 27
 

Vallerga, B. A.: Ref. 24
 

vane shear strength, measurement of: 213, 218, Ref. 9
 

vibrating rollers: 13, 14, 71
 

Virginia mixture design procedure: 61
 

viscoelasticity of bituminous mixtures: xxvi
 

viscosity of binders: 35, 195, 197, 203, 204, 203
 

voids: 12
 
percentage In bitumen stabilization, 37
 

volume change:
 
lime-treated soils, xx, 47
 
soil-cement, 92-95, 111, 119, Ref. 5
 

waterproc.fing agents: 194, 203, Ref. I1, Ref. 12
 

Westergarrd's pavement design method: 137
 

wet-dry tests: 36, 11l, 112, 182, Ref. 19
 

wet-sand process (see bitumen stabilization) xxvii, 215
 

windblown sand, see aeolian sand 
workability of lime treated soils: xx, 45, 47
 

x-ray diffraction studies of soil-cement: 183, 188
 

I 



sealant, see waterproofing agents 


selection of a soil for cement stabilizationt 93-108 


Shah, S. C.: Ref. 6 


shale, stabilization of: Ref. 12 


shaping: 10-11 


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
 
clay, 92, 95 

sol-cement, 160, Ref. 20 


Sierra Leone: 20 


silts, soil cement: xxv, 181, 182, 188, 189, 190 


silty clay: 15, 128, 184-185
 

silty clay loam soil cement: xxv, 94, 130, 181, 182, 185, 

186, 188, 189, 190, Ref. 7 


silty loam soil cement: xxv, 94, 182, 184, 189, 190 


silty sand: 8, 144 


silty soils: 94, 107, 182, 186, Ref. 6, Ref. 10, Ref. 17 


slurry method of lime applications 63-67 


slurry aeallng: 203 


smooth-wheeled rollers: 13 


sodium chloride: Ref. 12 


soil aggregate stalxilization: Ref. 10. Ref. 12 


soil cement construction (se also cement stabllizatici,): 

147-153, Ref. 17, Ref.18 


soil class!f-irtion systems: 25, 28, 97-98
 

soil engineering maps: 98, 100,'101 


soil indexin3 systems (see also soil stabilization Index 

system, Air Force): -2-Y-


soil partlclc.: 

aggregation, 187-188 

size and shape, 187, 183 


soil selection for cement stabilizatiom 98-108 


soil stabilization index system, Air Force (SSlSh xvill, 
23-21, Ref. 1,Ref. 2
 

sl1 survey: 97-98 


soils, properties of: Ref. 13 


South Dakera mixture deslgn pror..durej 60 


qedfic gravity: 104, 105, 109
 

specflicatios, asphalt cold-mixt Ref. 22
 

spreadig of stabilizers 18-19
 

stability (see also Hubbard-Field stability, U'arsWha 
stabity
 
bitumen stabilization, 32, 42, 213
 

stabilizers (see also bitumen stabilization; cement 
stablllzaton;im'e-fly ash stabilization; lime stabllzatilo 

Ref. 10, Ref. 11, Ref. 12, Rei. 13, Rei. 19
 
combination, 29, 106, Ref. 2, Ref. 16
 
selection of, xvil, 28-31, 32, 35, 40, 194-200, Ref. 2
 

slAge constructiom Ref. 1,Ref. 21
 

standar d Proctor test: xxiv, 181, 182, Ref. 7, Ref. II
 

stationary plants: 148, 150
 

strength of stabilized sol:s (see also C Jlfornla bearing
 
ratio; compressive strengR; ruiual strength; unconflne
 
compressive strength: xv, xx, 6-7, Ref. II, Ref. 13
 
lime-soil, 32, 33, 45, 47, 49, 30, 56, 57
 
soil-cement, xxiv, 34, 93, 95-97, 123 k34, 134, 160,
 

169, 173-178, 183, 188, 189, 190, Ref. 3, Ref. 6,
 
Ref. ?
 

stress-strain characteristics (see olso st m-strain 
curves for lime treated soils): -xx
 
bitumen stabilization, 197, 207, 208
 
lime treated soils, 50-32, 54
 
soil-cement, xxii, 119-123, Rf.
 

stress-strain curves for lime treated soils: 51, 53
 

sub-base: 
bitumen-soil, 206
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lime-soil, 32, Ref. 3, Ref. 4, Ref. 13
 
shaping, 10
 
soilcement, 139, 146, Ref. 20
 
stabilization, 27, Ref. 4
 

subgradei 24103, 136, Ref. 21
 
conditioning, xxiii
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llme-zoil, .2, 49, 57, 59-60, 7', R.ef. 3, Ref. 15
 
shaping, 10
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compacting, 14
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shaping, 10-11
 

swell pressure of lime-treated soil: 48
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temperature (see also curing):
 
bitumen stabilizaTion, 218.219
 

tensile strength of lime treated sol: 50, 33
 

Texas mixture design procedure: 60
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