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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-

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

pend on transport facilities. Although rail and
water faciliies may play important roles in cer-
tain areas, a dominant and universal need is for
road systems that provide an assured and yet
relatively inexpensive means for the movement
of people and goods. The bulk of this'need is for
low-volume roads that generally carry only 5 to
10 vehicles a day and that seldom carry as many
as 400 vehicles a day.

technology that is available in many parts of the
world. Much of this technology has been pro-
duced during the developmental phases of what
are now the more developed countries, and
some is continually produced in both the less
and the more developed countries. Some of the
technology has been documented in papers, ar-
ticles, and reports that have been written by ex-
perts in the field. But much of the technology is

Descripcion del proyecto

En las regiones rurales de paises en desarrollo,
el desarrollo de la agricultura, la distribucion de
viveres, la provisién de servicios de sanidad, y
el acceso a informacion por medio de servicios
educacionales y otras formas de comunicacién,
dependen en gran parte de los medios de trans-
porte. Aunque en ciertas areas los medios de fe-
rrocarril y agua desempefian un papel impor-
tante, existe una necesidad universal y domi-
nante de crear sistemas viales que provean un
medio asegurado pero relativamente poco cos-
toso para el movimiento de gente y mercancias.
La mayor parte de esta necesidad se soluciona-
ria con la construccion de caminos de bajo vo-
lumen que generalmente moverian Unicamente
de 5 a 10 vehiculos por dia y que pocas veces
moverian tanto como 400 vehiculos por dia.

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

Description du projet

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

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

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




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.

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

vi

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

economic development of transportation infra-
structure and thereby to enhance other aspects
of rural development throughout the world.

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

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

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

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

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

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

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




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

Steering Committee

The Steering Committee is composed of experts
who have knowledge of the physical and social
characteristics of developing countries, know!-

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

edge of the needs of developing countries for
transportation, knowledge of existing transporta-
tion technology, and experience in its use.
Major functions of the Steering Committee are
to assist in the definition of users and their
needs, the definition of information products that
match user needs, and the identification of in-
formational and human resources for develop-
ment of the information products. Through its

throughout the user community, and interactions
with users.

Information Products

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

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

Comité de iniciativas

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

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

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

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

Productos informativos

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

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

Comité de direction

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

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

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

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

La documentation

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

Interactions With Users

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

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

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

Interaccion con los usuarios

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

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

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

interaction avec les usagers

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

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

The overview of Compendium 1 includes this
definition of a low-volume rural road as used in

subsequent-volumes-in-this-series-of publica-

tions. Two levels of traffic volume can be iden-
tified: less than 50 ADT (class 1) and 50 to 400
ADT (class 2). Class 1 roads are generally un-
surfaced or are graded in situ. Class 2 roads
generally have granular surfaces such as gravel,
crushed stone, laterite, or stabilized soil; they
generally do not have a high type of paved sur-
face but, at the upper traffic volumes, may be
primed, have single surface treatments, or be
chip sealed.

For purposes of Compendium 12, a prime coat
is defined as an application of a low-viscosity

liguid bituminous material to a non-bituminous
base as a preliminary treatment before the ap-

~plication-of-a-bituminous-surfacing: Such-surfac

ing promotes adhesion between the base and
the surfacing and assists in sealing the voids
and in binding the aggregate near the surface of
the base. Single-surface treatments are defined
as a single application of asphalt binder to a
prepared surface, followed by a single applica-
tion of cover aggregate. The cover aggregate
may consist of graded aggregate or one size
aggregate. A chip seal is a surface treatment
that uses a cover aggregate of crushed frag-
ments of stone produced either from quarried
rock or from clean hard gravel. The term seal

Vista General

Antecedentes y alcance

El resumen del Compendio 1 contiene la si-
guiente definicion de un camino rural de bajo vo-
lumen que se utiliza en voliumenes subsecuen-
tes de esta serie de publicaciones. Se pueden
identificar dos niveles de volumen de tréfico: vo-
limenes de menos de 50 ADT (clase 1), y volU-
menes de entre 50 y 400 ADT (clase 2). Los
caminos de clase 1 generalmente no son reves-
tidos o son nivelados en situ. Los caminos de
clase 2 generalmente tienen superficies granula-
res tales como grava, piedra triturada, laterita, o

suelo estabilizado; por lo comdn no tienen una
clase alta de superficie pavimentada, pero a los
niveles mas altos de volumen de tréfico, pueden
ser imprimados, tener tratamiento de superficie
de una sola capa, o ser sellados con astillas.
Para el Compendio 12 una capa de imprima-
cion se definira como la aplicacion de un mate-
rial bituminoso liquido de poca viscosidad sobre
una base no bituminosa como tratamiento preli-
minar antes de la aplicacion de una capa super-
ficial bituminosa. Este tratamiento de superficie

Exposé

Historique et description

L'exposé de notre premier recueil comprend la
définition d’une route rurale a faible trafic. Nous
avons retenu cette définition dans les différents
volumes de cette série de publications. Deux
niveau de trafic sont identifiés: un traffic jour-
nalier moyen (TJM) de moins de 50 (classe 1) et
un TJM de 50 & 400 (classe 2). Les routes de la
classe 1 ont généralement le terrain naturel
comme surface, ou sont nivelées sans apport de
matériaux. Les routes de la classe 2 ont un re-
vétement, soit en graviers soit en roche concas-

sée, soit en latérite ou en sol stabilisé. En géné-
ral, elles n'ont pas un revétement de qualité
supérieure, mais pour les limites maximales de
trafic, elles peuvent étre imprégnées, avoir un
enduit superficiel monocouche, ou étre gravil-
lonées.

Dans le recueil no. 12, l'imprégnation est défi-
nie comme étant l'infiltration de bitume fluidifié
de faible viscosité dans une base non
bitumineuse, préliminairement & I'application
d'un enduit superficiel bitumineux. Ce traitement
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coat is used herein as a general classification for
surface treatment that includes, but is not limited
to, sand-seal, chip seal, slurry seal, and fog
seal.

Compendium 7 examined road gravels and
Compendium 8 considered chemical soil stabili-
zation. Both types of construction are suitable
for surface treatment, unless the mechanically
stabilized gravel contains an excess of fine ma-
terial. In fact, chemically stabilized soil requires
surface treatment of some sort both to water-
proof the stabilized soil and to prevent surface
destruction through abrasion.

Compendium 12 considers several types of
surface treatment: (a) temporary surface treat-

ments used either on class 1 or class 2 roads to
control dust and retard the formation of corruga-
tions, (b) asphaltic-sprayed membranes (prime
coats) to protect stabilized soil, and (c) chip-seal
surface treatments that provide relatively
permanent wearing surfaces for the higher traffic
volumes described above.

The selected texts do not attempt to establish

~ a definitive volume at which any particular treat-

ment should be used because local conditions
and conventions vary between countries. Fur-
thermore, economic considerations often over-
ride the normal traffic volume criteria for the use
of surface treatments. Maintenance philosophies
may also dictate the level of traffic at which a

facilita la adherencia entre la base y la capa su-
perficial y ayuda a sellar los vacios y enlazar el
agregado cerca de la superficie de la base. Un
tratamiento de superficie de una sola capa se
define como una sola aplicacion de enlazador
asféltico a una superficie preparada, seguida
por una sola aplicacion de agregado de reves-
timiento. Esta agregado de revestimiento puede
consistir en agregado graduado o de tamafio
uniforme. El sellado con astillas es un trata-
miento de superficie que utiliza un revestimiento
de agregado de fragmentos de piedra tritura-
dos, producidos de piedra de cantera o grava
dura y limpia. De ahora en adelante el término
“capa selladora” se utilizard como una clasifica-
cién general para el tratamiento de superficie
gue incluye, pero no se limita a, sellado con
arena, con astillas, con fangos, y “fog seal”
(capa final de asfalto muy fluido).

El Compendio 7 examind las gravas para ca-
minos, y el Compendio 8 estudid la estabiliza-

cion quimica de suelos. Ambos tipos de cons-
truccion son apropiados para el tratamiento de
superficie, al menos que la grava estabilizada
mecanicamente contenga excesivo material
fino. En realidad, el suelo estabilizado quimica-
mente necesita algun tipo de tratamiento de su-
perficie para impermeabilizar el suelo estabili-
zado y para evitar destruccion de la superficie
por desgaste.

El Compendio 12 estudia varios tipos de tra-
tamiento de superficie: (a) tratamientos de su-
perficie provisorios, que se utilizan en los cami-
nos de clase 1 ¢ 2 para controlar el polvo y
demorar la formacién de corrugaciones, (b)
membranas asfélticas aplicadas por rociadura
(capas de imprimacion) para proteger el suelo
estabilizado, y (c¢) tratamientos de superficie
de sellado con astillas, que suministran superfi-
cies de rodadura relativamente permanentes
para los volimenes de transito mas altos
descritos arriba.

provoque l'adhérence entre la base et le re-
vétement et aide a sceller les vides et a ac-
crocher les agrégats a la surface de la base.
LLes enduits monocouches sont définis comme
étant une seule application de liant asphaltique
sur une surface préparée, recouverte par une
seule application de granulats. Ces granulats
peuvent étre tous de méme calibre ou avoir une
granulométrie variable.

On peut sceller la surface en utilisant de la
pierre concassée provenant de carriére ou du
gravier a la condition qu’il soit dur et propre. Le
terme “couche de scellement” sera utilisé dans
ce recueil pour designer un traitement de sur-
face en général qui comprend (mais, n'est pas
limité a) 'application de gravillons de coulis
bitumineux, de fog-seal (pulvérisation trés légére
d'une émulsion de bitume diluée a rupture lente)
ou de sable.

Dans le recueil no. 7, nous avons examing les
graviers et dans le recueil no. 8 nous avons
considéré le traitement chimique des sols. Ces
deux types de construction sont valables sauf si
le gravier stabilisé mécaniquement contient un
exces de fines. Les sols traités chimiquement
ont besoin d’étre revétus d’une fagon ou d'une
autre, pour a la fois imperméabiliser le sol traité,
et prévenir la destruction de la surface par abra-
sion.

Dans le recueil no. 12, nous allons examiner
plusieurs sortes de traitements et revétements:
(a) les traitements temporaires utilisés pour les
routes des deux classes pour contréler la pous-
siére et la formation de la téle ondulée, (b) les
pellicules bitumineuses pulverisées {couche
d’impression ou d’apprét) qui protegent les sols
stabilisés, et (¢) le gravillonnage qui donne une
surface de roulement relativement permanente



permanent surface is applied.

This compendium describes the materials that
can be used for surface treatments, the equip-
ment used for the various types of surface
treatments, the currently accepted method of
designing surface treatments, and the construc-
tion techniques used to construct and maintain
surface treatments.

Rationale for This Compendium

Many materials may be used for dust control.
Some of these materials work for only short
periods because they are soluble in water and

are washed away during rainstorms. Others are
longer lasting. Some materials can be spread or
sprayed onto the road surface; others work bet-
ter if they are mixed with the roadway soil. Some
materials remain plastic so that the roadway may
be reshaped, and others form a more brittle sur-
face. Many of the materials are only cost-
effective if they are available locally. In this
compendium, aust-laying is considered a tem-
porary solution. Although some of the materials
used in more permanent surface treatment op-
erations (i.e., tars and bitumens) can also be
used as dust palliatives, they are treated here as
a stage in the construction of more permanent
surface treatments.

Los textos seleccionados no tratan de esta-
blecer un volumen definitivo en donde se de-
bera utilizar algun tratamiento especial, ya que
las condiciones y costumbres locales varian de
pais en pais. Ademas, seguidas veces las con-
sideraciones econdémicas son mas importantes
que los criterios normales de volumen de trafico
para el uso de tratamientos de superficie. Las fi-
losofias de conservacion también pueden dictar
el nivel de trafico en que se aplicara una super-
ficie permanente al camino.

Este compendio describe los materiales y
equipo que se pueden utilizar para los diversos
tipos de tratamiento de superficie, el método de
diseno aceptado hoy en dia, y las técnicas utili-
zadas de construccién y conservacion.

Exposicion razonadapara este compendio

Hay muchos materiales que se pueden utilizar
para el control del polvo. Algunos de estos ma-
teriales solo sirven para cortos periodos porgue
son solubles en agua y son arrastrados por el
agua de lluvia. Otros duran més. Algunos mate-
riales pueden colocarse sobre la superficie del
camino esparciéndose o por rociado; otros tie-
nen mas éxito si se los mezcla con el suelo de la
calzada. Algunos materiales permanecen plésti-
cos y asi es posible reperfilar la calzada, y otros
forman una superficie mas quebradiza. Muchos
solo son econdmicamente practicables si se en-
cuentran localmente. En este compendio se
considera que la fijacion del polvo es solamente

pour les volumes de trafic plus élevés dont nous
avons parlé précédemment.

Dans les textes choisis on n'essait pas d'étab-
lir un volume de trafic précis, a partir duguel
un genre particulier de traitement ou de re-
vétement devrait étre utilisé, car les conditions et
les conventions varient d’'un pays a 'autre. En
outre les considérations économiques I'empor-
tent souvent sur les critéres normaux de volume
de trafic, quand i s’agit de revétir ou non une
route. Différentes philosophies d'entretien peu-
vent aussi dicter différents seuils de bitumage.

Dans ce recueil nous allons discuter des ma-
teriaux utilisés pour les différents types de revé-
tement, le matériel pour les appliquer, la mé-
thode actuellement utilisée pour les calculer, et
les techniques de construction et d’entretien de
Ceux-Ci.

Objectif de ce recueil

On peut utiliser beaucoup de matériaux pour le
contréle de la poussiére. Certains sont seule-

ment efficaces pour de courtes périodes, car ils
sont hydrosolubles et chaque averse les em-
porte. D'autres durent plus longtemp. On peut
eétaler ou pulvériser certains d’entre eux sur la
surface de la route, d’autres agissent mieux s'ils
sont mélangés au matériau de surface. Certains
matériaux restent plastiques et 'on peut reprofi-
ler la route, d'autres forment une surface plus
fragile. Beaucoup de ces matériaux ne sont ren-
tables que si on peut se les procurer localement.
Dans ce recueil, les mesures antipoussiére sont
considérées comme solutions temporaires. Bien
que certains matériaux utilisés pour des revéte-
ments permanents (goudrons et bitumes) ser-
vent aussi au contréle de la poussiére, ils seront
traités ici comme une étape de la construction
de revétements plus permanents.

Le second niveau du revétement d’'une route
est l'application d’'une couche d'imprégnation
qui assurera I'impermeéabilité, et luttera tempo-
rairement contre 'abrasion de la couche de
base. Normalement, on répand du goudron ou
du bitume. L'imprégnation d'une couche de

Xiii




Xiv

The second level of surface treatment is the
application of a prime coat that provides water-
proofing and temporary abrasion protection of
the base course. This usually consists of spray-
ing a coating of tar or bitumen. Priming of a
gravel base course improves the adhesion of the
final seal coat and also prevents the absorption
of the seal coat binder.by the granular material.

-The-use of crusher fines to-eliminate any-smatl

depressions in a base course before priming
should be prohibited. Otherwise, they will ab-
sorb the prime coat without providing adhesion
to the underlying base course, resulting in the

stripping or peeling of the surface in the affected
area.

Chemically stabilized base courses are rela-
tively impervious so less prime is usually re-
quired. Soil-cement base courses should be
primed as soon as practical because the mem-
brane formed assists in the proper curing of the
soil-cement mixture. Lime-stabilized base

“courses should rot be primed immediately be-

cause it takes several days to complete the soil-
lime pozzolanic reaction. The lime-stabilized
base should be kept moist during this period.

In no case should traffic be allowed on the

una solucion provisoria. Aunque algunos de los
materiales utilizados en las operaciones de tra-
tamiento de superficie més permanente (p.gj.,
alguitran y betun) también pueden utilizarse en
la fijacion de polvo, en este compendio tales
materiales se consideran como una etapa en la
construccion de tratamientos de superficie mas
permanentes.

El segundo nivel de tratamiento de superficie
es la aplicacion de una capa de imprimacion
que provee impermeabilidad y proteccién provi-
soria contra el desgaste de la capa de base.
Esto generalmente consiste en la aplicacién por
rociadura de una capa de alquitran o betun. La
imprimacion de una capa de base de grava me-
jora la adhesion de la capa selladora final y
también impide que el material granular absorba
el enlazador de la capa selladora. Se deberia
prohibir el uso de finos triturados para eliminar
las pequenas depresiones en una capa de
base, ya que absorben la capa de imprimacion

sin proveer adhesion a la capa de base debajo
de ella, y esto resulta en el descascarado de la
superficie en las zonas afectadas.

Ya que las capas de base estabilizadas quf-
micamente son relativamente impermeables,
generalmente requieren menos imprimacion.
Las capas de base de suelo-cemento deberan
imprimarse tan pronto como sea practicable por-
que la membrana que se forma ayuda en el co-
rrecto fraguado de la mezcla suelo-cemento.
Las capas de base estabilizadas con cal no de-
beran imprimarse inmediatamente porque la
reaccion pozolanica del suelo-cal requiere va-
rios dias para completarse. Durante este pe-
riodo la base debera mantenerse hiimeda.

En ninglin caso deberd permitirse transito
sobre la capa de base entre la preparacion final
de la capa de base y la operacion de imprima-
cion. El transito podré utilizar la base imprimada
después de que haya endurecido. Si es imposi-
ble esperar hasta que la imprimacién haya en-

base en graviers augmente I'adhérence de I'en-
duit d’'usure ou de scellement, et aussi empéche
I'absorption du liant d'usure par le matériau gra-
veleux. On ne devrait pas utiliser des fines de
concassage pour remplir les petites dépressions
de la couche de base, car elles absorbent le
liant d’'imprégnation sans adhérer a la couche
de base, ce qui provoque le désenrobage ou la
pelade de la surface a ces endroits.

Les couches de base traitées chimiquement
sont relativement étanches et requiérent moins
de liant d'imprégnation. Les couches de base
en sol-ciment devraient étre imprégnées aussi
rapidement que possible car la membrane ainsi
formée favorise la cure du mélange. Les couches
de base traitées a la chaux ne devraient pas
étre imprégnées immédiatement, car les réac-
tions pouzzolaniques sol/chaux durent quelques
jours, et on doit garder la base humide durant
cette période.

La circulation ne doit absolument pas étre
permise entre la préparation finale de la couche
de base et I'application du liant d'imprégnation.
On peut reprendre la circulation quand la cou-
che d’imprégnation est prise. S'il est impossible
d'attendre la prise complete de la couche d'im-
prégnation, on peut répandre du sable aprés la
prise initiale, pour que les pneus n'arrachent pas
la membrane asphaltique. Si la surface de la
couche d'imprégnation devient sale ou séche a
cause du trafic ou d'une trop longue exposition,
il se peut qu'il soit nécessaire d'appliquer un
enduit s’accrochage, c'est a dire de
ré-imprégner la surface pour assurer I'adhé-
rence de 'enduit superficiel. Il n'est pas trés
prudent d'attendre trés longtemps avant d’ap-
pliguer 'enduit superficiel final sur une base
stabilisée chimiquement et imprégnée. D'un au-
tre c6té on peut permettre un faible volume de
trafic pendant plusieurs mois sur une route stabi-




base course between the final preparation of the
base course and the priming activity. Traffic may
use the primed base after the prime has set. If it
is impossible to wait for the prime to completely
set before opening the road to traffic, sand may
be spread after the initial set to prevent tires
from picking up the asphaltic membrane. If the

~surface. of.the-prime.-coat-becomes dirty-or-dried. -

up due to traffic or long exposure, it may be
necessary to apply a tack coat, i.e., respray the
surface to ensure proper adhesion of the surface
treatment binder. It is usually unwise to allow too
much time to elapse before applying the final
surface treatment to primed chemically
stabilized bases. However, several months of
low-volume traffic may be allowed on primed

mechanically stabilized bases if care is taken to
repair any defects as soon as they occur. No at-
tempt should be made to eliminate the use of a
prime coat by increasing the binder content of
the surface treatment.

The third level of surface treatment is the
chip-seal surface treatment. This type of surface
ireatment.is-adequate for-frafficvolumes-well
above those considered in this project. This
treatment also may be the most overall cost-
effective procedure for roads in the less-than-
400 ADT classification. This type of surface
treatment (a) eliminates dust, (b) seals and pro-
tects the base and adds resistance to the abra-
sive traffic action, (c) provides skid resistance,
(d) provides a waterproof cover over the lower

durecido completamente, se podra esparcir
arena después del endurecimiento inicial para
evitar que los neumaticos alcen la membrana
asfaltica. Si la superficie de la capa de imprima-
cién se ensucie o0 seque debido al transito o por
estar expuesta durante mucho tiempo, podria
ser necesario aplicar una capa ligante, es decir,
rociar la superficie de nuevo para asegurar la co-
rrecta adhesion del enlazador de tratamiento de
superficie. ks generalmente imprudente permitir
gue pase mucho tiempo antes de la aplicacion
de la capa final de tratamiento de superficie en
las bases imprimadas guimicamente estabiliza-
das. Sin embargo, sobre las bases imprimadas
estabilizadas mecanicamente se puede permitir
un volumen bajo de trafico durante varios meses,
si se repara cualquier defecto en cuanto apa-

rezca. No se debera tratar de eliminar el uso de
una capa de imprimacion aumentando el conte-
nido enlazante del tratamiento de superficie.

El tercer nivel de tratamiento de superficie es
el de sellado con astillas. Este tipo es adecuado
para volumenes de tréfico bastante mas gran-
des que los volumenes de que se trata este pro-
yecto. Puede considerarse el procedimiento
mas efectivo en lo que respecta al costo para
los caminos en la clasificacion de menos de 400
ADT. Este tipo de tratamiento de superficie (a)
elimina el polvo, (b) sellay protege la base y
anade resistencia contra la accion desgasta-
dora del trénsito, (c) provee resistencia contra el
patinazo, (d) proporciona una capa impermea-
ble al agua sobre las capas inferiores de pavi-
mento, (e) mejora las cualidades de rodadura

lisée mécaniqguement et imprégnée, a condition
d’avoir soin de réparer les dégradations sitot
gu’elles apparaissent. On ne devrait jamais es-
sayer de remplacer un enduit d’'imprégnation
par un enduit superficiel contenant une plus
forte dose de liant.

Le troisiéme niveau de revétement est I'emploi
d'une couche de gravillons. Ce genre de traite-
ment est adéquat pour des volumes de trafic
bien supérieurs a ceux dont nous parfons dans
ce projet. C'est aussi peut étre la méthode la
plus totalement rentable pour les routes de
moins de 400 TJM. Ce type de traitement (a)
élimine la poussiere, (b) scelle et protége la
base et augmente sa résistance a 'action abra-
sive du trafic, (c) augmente la résistance au dé-
rapage, (d) pourvoit les couches de dessous
d'une couverture étanche, (e) améliore la qualité
de roulement, (f) réfléchit la lumiére, (g) permet
'application de signalisation horizontale, et (h)
réduit les colts a l'usager. Il n‘augmente pas la

solidité essentielle de la chaussée mais permet
une meilleure utilisation de celle-ci et pour plus
longtemps.

Les premiers revétements par gravillonnage
furent construits par tdtonnements. Les prescrip-
tions tirées de ces expériences avaient ten-
dance a étre empiriques, désignant un type
spécifique de liant et une gamme de guantité
d’application tres limitée pour celui-ci et les gra-
villons. Cette approche empirique f(t la cause
de beaucoup d’échecs et d’appréhension parmi
les ingénieurs qui en faisaient la pratique. Le
calcul d'un revétement superficiel en gravillons
basé sur des criteres approuvés et suivis soi-
gneusement, réduit de fagon substantielle les
possibilités d’erreur.

Les principes de base du dimensionnement
des enduits superficiels bitumineux de routes ru-
rales furent mis a jour, a l'origine, par F.M. Han-
son et publiés dans les Proceedings, New Zea-
land Society of Civil Engineers (Vol. 21,
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pavement layers, (e) improves the riding qual-
ities of the road, (f) provides light-reflecting
characteristics, (g) permits the application of
painted lane delineation, and (h) reduces the
user’s costs. It does not add basic strength to
the pavement structure, but it may better use the
existing strength and for a longer period of time.

Early chip-seal surface treatments were built
by trial and error. Specifications developed from
these experiments tended to be empirical, de-
signating a specific binder type and a very lim-
ited range of application quantities for both
chips and binder. This empirical approach led to
many failures and much apprehension among
practicing engineers. The design of a chip-seal
surface treatment based on accepted and on
carefully followed criteria reduces the chances
of errors substantially.

The basic principles of the engineering design
of bituminous surface treatments of rural high-
ways were originally developed by F.M. Hanson
and were published in Proceedings, New Zea-
land Society of Civil Engineers (Vol. 21, 1934-

1935). N.W. McLeod expanded on these princi-
ples in 1960 (see Additional Reference No. 10)
and further amplified these design criteria in
Selected Text No. 8 (1969) of this compendium.
Hanson determined that a single-surface
treatment consisted of a layer of single chips.
Furthermore, due to the compaction under traf-
fic, each stone eventually ended up lying flat,
with its smallest dimension perpendicular to the
road surface. From this was developed the con-
cept of average least dimension (ALD). Aggre-
gate passing and retained on the same sieve
sizes can have different average least dimen-
sions. The nearer the aggregate shape is to a
perfect cube, the larger its ALD. By spreading a
sample of the aggregate to be used so that a
known area (such as a pan) is completely cov-
ered by a layer one stone thick, the amount of
cover material can be determined. By measuring
the least dimension of each of the aggregate
pieces in the pan with calipers, the average
least dimension can be calculated. Another
method is to try to pass each stone individually

del camino, (f) posee mejores caracteristicas fo-
toreflectoras, (g) admite la aplicacion de lineas
divisorias pintadas, y (h) reduce los costos del
usuario. No aumenta la resistencia basica de la
estructura del pavimento, pero utiliza mejor la
resistencia existente y durante un periodo de
tiempo mas largo.

Los primeros tratamientos de superficie de se-
llado con astillas se construyeron por el método
de tanteos. Las especificaciones producidas
por estos experimentos tendian a ser empiricas,
designando un enlazador de tipo especifico y
una variacion limitada de cantidades de astillas
y enlazador a aplicar. Esto llevd a muchos fra-
casos, y los ingenieros que ejercitaban sospe-
chaban el proceso. Si se disefia un tratamiento

de superficie de sellado con astillas basado en
criterios aceptados y cuidadosamente observa-
dos, se reduce substancialmente la posibilidad
de errores.

Los principios basicos del disefio ingenieril de
tratamientos bituminosos de superficie de cami-
nos rurales originalmente fueron desarrollados
por F.M. Hanson y fueron publicados en Pro-
ceedings, New Zealand Society of Civil Engi-
neers (Actas de la Sociedad de Ingerieros Civi-

- les de Nueva Zelandia, Vol. 21, 1934-1935).

N.W. McLeod amplificé estos principios en 1960
(véase Referencia Adicional No. 10) y amplié
otra vez mas los criterios de disefio presentados
en el Texto Seleccionado N° 8 (1969) de este
compendio.

1934-1935). N. W. McLeod developpa ces prin-
cipes en 1960 (voir Additional Reference No. 10)
et amplifia les critéres de dimensionnement
dans le texte choisi no. 8 (1969) de ce recueil.
Hanson détermina qu’un enduit superficiel
monocouche consistait en une couche de gravil-
lons de I'épaisseur d’'une seul gravillon. De plus,
il détermina que dd au compactage causé par la
circulation, chaque gravillon éventuellement fi-
nissait par se placer horizontalement sur le sol
avec sa plus petite dimension perpendiculaire a
la surface de la chaussée. On tira de cela le
concept de la “moyenne des dimensions mini-
males” (ALD). Des granulats passants et refusés
par la méme ouverture de maille d’un tamis peu-

vent avoir des moyennes de dimensions minima-
les différentes. Plus la forme du granulat se rap-
proche de celle d'un cube, plus son ALD est
élevée. En étalant un échantillon du granulat a
utiliser de fagon a ce que une surface determi-
nee (par exemple une cuvette) soit compléte-
ment recouverte par une couche de granulat de
I'épaisseur d’une pierre, on peut déterminer son
pouvoir couvrant. En mesurant la dimension mi-
nimale de chaque granulat de la cuvette avec
un pied a coulisse, on peut calculer la moyenne
des dimensions minimales. Une autre méthode
est de cribler chaque pierre une par une, sur
des grilles a fentes. Le pourcentage passant les
fentes détermine le coéfficient d'aplatissement




through a slotted sieve. The percentage passing
the appropriate slots determines the Flakiness
Index (i.e., the total weight of the material pass-
ing the appropriate slotted sieve openings ex-
pressed as a percentage of the combined
weight of the fractions tested on the slotted
sieve). The relation of the Flakiness Index to the
sieve sizes used can be entered in a nomograph

voids, (b) rolling reduced the void percentage to
30 percent, and (c) traffic further reduced the
void percentage to 20 percent. (Selected Text
No. 8 covers all of these assumptions and their
modifications in much greater detail.) The
amount of the binder is determined as the quan-
tity that will fill the 20 percent void to a depth of
70 percent of the ALD. The binder amount is

to determine the ALD. Therefore, the first step in
the design of a surface treatment is the determi-
nation of the amount of cover aggregate and the
average least dimension of that cover aggre-
gate.

The next step is to determine the amount of
binder required. Hanson assumed that (a) the
aggregate as spread consisted of 50 percent

then corrected by a traffic factor that reduces
the final binder content in proportion to the in-
crease in traffic volume.

Current Australian specifications call for one
size aggregate for single-surface treatments.
One size aggregate is defined as having 60-70
percent of the particles passing the specified
nominal size retained on the sieve with an open-

Hanson determind que un tratamiento de su-
perficie de una sola capa consistia en una capa
de astillas del espesor de una sola astilla. Ade-
mé&s, debido a la accién compactante del tran-
sito, cada piedra terminaba por presentar su
cara mas plana paralela a la superficie, y su di-
mension mas pequena perpendicular a ella. De
esto se desarrolld el concepto del “promedio de
dimensiones menores” (Average Least Dimen-
sion: ALD). Agregados que pasan y que se re-
tienen en los mismos tamanos de tamiz pueden
poseer distintos promedios de dimensiones me-
nores. Cuanto mas se asemeja la forma del
agregado a la de un cubo, mas grande sera el
ALD. Si se esparce una muestra del agregado a
utilizarse sobre un area de dimensiones conoci-
das {como por ejemplo una cacerola) hasta cu-
brirla totalmente con una capa del espesor de
una piedra, se puede determinar la cantidad de
material de revestimiento que se necesitara. Y el
ALD se puede calcular midiendo la dimensién

mas pequefa de cada uno de los pedazos de
agregado en la cacerola con un calibrador. Otro
método es el de tratar de pasar cada piedra in-
dividualmente por un tamiz acanalado. El por-
centaje que pasa por las canaletas apropiadas
determina el indice de planeidad (Flakiness In-
dex, el peso total del material que pasa por las
aberturas de tamiz acanalado apropiadas, ex-
presado como un porcentaje del peso combi-
nado de las fracciones ensayadas en el tamiz
acanalado). La relacion entre el indice de pla-
neidad y los tamanos de tamiz utilizados puede
anotarse en un nomografo, y asi determinarse el
ALD. Por lo tanto, el primer paso en el disefio de
un tratamiento de superficie es la determinacion
de la cantidad de agregado de revestimiento y
el promedio de dimensiones menores de éste.
El siguiente paso es la determinacién de la
cantidad de enlazador requerida. Hanson asu-
mid que (a) el agregado, en el momento del es-
parcido, consistia en vacios en un 50 por ciento,

(le poids total du matériau passant les fentes
exprimé comme pourcentage du poids combiné
des fractions que I'on essaye de cribler sur les
grilles a fentes). Le rapport du coefficient d'apla-
tissement aux mailles de tamis utilisées peut étre
inscrit dans une abaque pour déterminer I'ALD.
Il en ressort que la premiere étape du dimen-
sionnement d’'un revétement superficiel est la
détermination de la quantité de granulats de sur-
face, et de la moyenne des dimensions minima-
les de ceux-ci.

La seconde étape est la détermination de la
quantité de liant nécessaire. Hanson supposa
que: (a) les granulats répandus ont 50 pour cent
de vides, (b) le roulage réduit le pourcentage de
vides a 30 pour cent, et (c) la circulation réduit
le pourcentage de vides a 20 pour cent. (Le

texte no. 8 embrasse ces suppositions et leurs
modifications en détail). La quantité de liant est
déterminée comme étant celle qui remplira les
20 pour cent de vides a une profondeur égale a
70 pour cent de I'ALD. Cette quantité de liant est
ensuite modifiée par un facteur de trafic qui ré-
duit la quantité finale de liant en proportion avec
les augmentations de volume de trafic.

Les spécifications actuelles australiennes exi-
gent une granulométrie serrée (uniforme) pour
les revétements monocouches. La définition de
granulats de compaosition uniforme est la
suivante; 60 a 70 pour cent des granulats pas-
sants une ouverture de maille spécifiée, et re-
fusés par un tamis dont I'ouverture de maille est
0,7 de la maille du premier tamis. Comme nous,
venons d’en faire mention ci-dessus, la situation
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ing 0.7 of that size. As mentioned above, the
ideal situation is to have the cover stone em-
bedded for 70 percent of its depth in binder.
Any cover stone embedded less than 50 percent
of its depth will probably be whipped out by traf-
fic; all stones with a minimum dimension of 70
percent or less of the ALD will be completely
submerged by the binder. In a typical Australian

have been and will continue to be surface
treated with these graded aggregates. The de-
sign methods that use both types of aggregate
are included in this compendium. The succes-
sive applications of multiple-surface treatments
normally use aggregate that is half the size of
the previously applied aggregate to promote
meshing of the layers.
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one-size gradation, perhaps 3 percent of the
aggregate would be embedded less than 50
percent and approximately 15 percent would be
fully submerged.

U.S. specifications (AASHO M 43, ASTM D
448) for standard sizes of coarse aggregate,
when compared to Australian specifications, are
basically graded aggregates and are much
more difficult to work with. However, they are
muchless expensive to produce than the Austra-
lian one-size gradation. Therefore, many roads

The binder depth in the foregoing discussion
is the depth of the asphaltic or tar base material.
The application rate must be increased by the
amount of cutter stock in cut-back asphalts or
the amount of water in asphalt emulsions. The
design quantities are based on volumes at
15°C (60°F). Therefore, the application rate
must be further increased to account for the
higher application temperature.

The proper grade of asphalt binder to use for
surface treatment is a function of the tempera-

(b) el arrollado reducia el porcentaje de vacios a
30 por ciento, y (c) el transito lo reducia aun
mas a 20 por ciento. (El Texto Seleccionado N°
8 examina todas estas suposiciones y sus modi-
ficaciones con'mucho mas detalle.) La cantidad
del enlazador se define como la cantidad que
llenaré el vacio de 20 por ciento hasta una pro-
fundidad de 70 por ciento del ALD. Luego esta
cantidad se corrige por un factor de transito que
reduce el contenido final de enlazador en pro-
porcion al aumento en el volumen de trafico.
Las especificaciones actuales de Australia
requieren un tamano uniforme de agregado
para tratamientos de superficie de una sola
capa. El agregado de tamano uniforme se de-
fine como el de que el 60-70 por ciento de parti-
culas que pasan por el tamiz de tamano nominal
especificado, es retenido por el tamiz con aber-
turas de 0,7 de aquel tamarfio. Como se men-
ciona arriba, la situacion ideal es cuando el 70

por ciento de la piedra revestidora esta encla-
vado en el enlazador. Un agregado enclavado
hasta menos del 50 por ciento de su profundi-
dad total probablemente sera arrebatado por el
transito; todas las piedras con una dimension
minima de 70 por ciento o menos del ALD se
sumergiran completamente en el enlazador. Del
agregado de tamano uniforme tipico australiano
quizas un 3 por ciento serfa sumergido menos
de un 50 por ciento y aproximadamente un 15
por ciento seria sumergido completamente.

Las especificaciones estadounidenses
(AASHO M 43, ASTM D 448) para los tamanos
normales de agregados gruesos, cuando se los
compara con las especificaciones australianas,
son basicamente agregados graduados y son
mucho maés dificiles de utilizar. Sin embargo,
son mucho mas baratos de producir que los de
tamario uniforme en Australia. Por lo tanto, las
superficies de muchos caminos han sido, y

idéale est celle ou le granulat est encastré a 70
pour cent dans le liant. Un granulat encastré a
moins de 50 pour cent de sa hauteur sera prob-
ablement arraché par la circulation; tous les
granulats qui ont une dimension minimale de 70
pour cent ou moins de I'ALD, seront compléte-
ment submergés par le liant. Dans une
granulométrie serrée typique australienne on
trouvera 3 pour cent des granulats encastrés a
moins de 50 pour cent, et approximativement 15
pour cent complétement submergés par le liant.
Les normes américaines (AASHO M 43, ASTM D
448) pour des agrégats grossiers, quand on les
compare aux normes australiennes, requiérent
une granulométrie étalée beaucoup plus difficile

a mettre en oeuvre. D'un autre cété, le prix de
revient de granulats a granulométrie étalée, est
beaucoup plus modeste que celui de granulats
a granulométrie serrée comme le demandent les
normes australiennes. Ce qui explique que
beaucoup de routes ont été, et continuent a étre,
revétues de granulats a granulométrie étalée.
Les méthodes de dimensionnements pour les
deux sortes d’agrégats sont incluses dans ce
recueil. Quand on construit un revétement mul-
ticouches on utilise, a I'ordinaire, par couches
successives, des granulats dont les dimensions
sont la moitié des dimensions des granulats de
la couche précédente, pour faciliter I'engrenage
des différents couches.




ture of the surface to which it is applied. It must
be fluid enough so that it will rapidly wet the
cover material but must not be so fluid that it will
flow along the surface. The application tempera-
ture is of course that temperature at which the
binder can be sprayed, normally at a Saybolt
Furol Viscosity of around 50 (Kinematic Viscosity
of around 100)..However, the binder tempera-
ture is reduced to the road surface temperature
within a minute of the time it is applied. Because
tar tends to oxidize and become brittle in the
presence of sunlight and air, it is not commonly
used as a binder in single-surface treatments un-
less locally available at a much lower cost than
asphaltic binder. It may be used in the lower
courses of multiple-surface treatments if the final
treatment is an asphalt that will cover the tar.
Because the amount of binder and chips is
rather carefully determined, it follows that the ac-
tual rates of application must also be carefully

controlled. In fact, field control is the most vital
ingredient in the achievement of a satisfactory
seal coat. The binder distributor must be care-
fully calibrated before it is used and must be
maintained in good condition thereafter. The
operator must be thoroughly trained because
most operational errors are not discovered until
premature failure occurs. When more than one
application of binder is applied to a surface
treatment, the distributor should be run in oppo-
site directions each time so that spray bar dis-
crepancies will not be compounded. One of the
more common defects that can occur in the
construction of a surface treatment is "shelling
out” (i.e., the loss of streaks of cover aggregate
some six months to a year after application of
the seal coat). This is caused by uneven appli-
cation of the binder material.

The chip spreader should also be carefully cali-
brated. Ideally the chips should drop directly

serdn tratadas con estos agregados graduados.
Los métodos de disefio que utilizan ambos tipos
de agregado han sido incluidos en este com-
pendio. Cada aplicacién sucesiva, en los trata-
mientos de superficie multiples, normalmente uti-
liza un agregado que es la mitad del tamario del
agregado anterior para obtener un buen engra-
naje entre las capas.

El espesor del enlazante del cual se habla
arriba es el espesor del material asféltico o al-
quitranoso. La velocidad de aplicacion debera
aumentarse segun la cantidad de liquido cor-
tante en los asfaltos rebajados o la cantidad de
agua en las emulsiones asfalticas. Las cantida-
des de disefno se basan en volimenes a 60°F
(15°C). Por lo tanto, la velocidad de aplicacion
deberd aumentarse alin mas a causa de la
mayor temperatura de aplicacion.

La calidad correcta de enlazador asféltico en
el tratamiento de superficie es una funcion de la

temperatura de la superficie en donde se aplica.
Deberé ser lo suficientemente liquido para mojar
rapidamente el material revestidor pero no tan
liquido que fluya sobre la superficie. Por su-
puesto, la temperatura de aplicacion es aquella
que permite esparcir el enlazador por rociado,
normalmente a una Viscosidad Saybolt Furol de
alrededor de 50 (Viscosidad Cinematica de
aproximadamente 100). Sin embargo, la tempe-
ratura del enlazador se reduce a la temperatura
de la superficie del camino en el primer minuto
después de aplicarse. Ya que el alquitran tiende
a oxidarse y resquebrarse cuando se lo expone
al sol y al aire, generalmente no se utiliza como
enlazador en los tratamientos de superficie de
una sola capa, al menos que se puede obtener
localmente a un costo mucho mas bajo que el
del enlazador asfaltico. Se puede utilizar en las
capas inferiores de tratamientos de superficie
multiples si la capa final es un astalto que cu-
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|'épaisseur du liant dans la discussion qui va
suivre est la profondeur du matériau de base
soit bitume, soit goudron. Le taux de répandage
doit étre augmenté par la quantité d'huile de
fluxage pour les bitumes fluidifiés, ou la quantité
d'eau pour les émulsions de bitume. Les quan-
tités pour le dimensionnement sont basées sur
les volumes a une température de 15°C (60°F).
Donc le taux de répandage doit étre augmenté
encore plus a cause de la température de ré-
pandage qui est plus élevee.

La classe de liant bitumineux & utiliser pour
les revétements superficiels est fonction de la
température de la surface sur laquelle on va
I'appliquer. Le liant doit étre assez fluide pour

mouiller rapidement les granulats, mais cepen-
dant il ne doit pas étre si liquide qu'il coule sur la
surface. La température de répandage est celle
a laquelle le liant peut étre pulverisé, normale-
ment & une vicosité Saybolt Furol de 50 (visco-
sité cinématique d’a peu pres 100). Toutefois la
température du liant se réduit a la température
de la surface sur laquelle il est épandu dans la
minute qui suit 'épandage. Le goudron s'oxyde
et devient cassant dés son exposition a l'air et
au soleil ce qui explique que I'on ne ['utilise pas
soucent comme liant pour les traitements
monocouche, & moins qu’on en trouve locale-
ment & des prix beaucoup plus bas que ceux
des liants bitumineux. On peut utiliser le goud-
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down onto the binder rather than be broadcast
so that the larger stones will not roll and become
covered with binder. Usually an additional quan-
tity of chips is applied to allow for whipoff under
traffic; however, surplus chips should be
broomed from the roadway and areas with de-
ficiencies in chips should be covered by hand
immediately. The chips should be applied as.
soon after the binder as possible to ensure good
embedment. The rolling operation should im-
mediately follow the chipping application for the
same reason. Both steel-wheel and rubber-tired
rollers are used in surface treatment work.
Rubber-tired rollers, however, are the most suit-
able for single-surface treatments because they
provide better embedment with less crushing of
the aggregate. Roller tire pressure must be care-

fully maintained to ensure proper tire contact
area. This, in turn, controls unit compactive ef-
fort. Stockpiles should be located so that the de-
livery trucks do not have to travel over newly
placed surface treatment.

The texts describe various defects that may
occur on surface-treated roads. Perhaps the
most common defect is bleeding. Traffic is the. . .
determining factor in bleeding because bleeding
usually starts in wheel paths and is often con-
fined to these areas and at intersections. Some-
times surface treatments that have been de-
signed in full compliance with the principles out-
lined above will still bleed. If a properly de-
signed surface treatment bleeds, it is usually
caused by (a) a soft base that causes intrusion
offines into the voids, which normally would con-

brira el alquitran.

Si'la cantidad de enlazante v astillas se de-
termina cuidadosamente, igual cuidado se de-
bera tener en el control de las velocidades de
aplicacion. En realidad, el control en la obra es
el ingrediente més importante en la realizacion
de una capa selladora satisfactoria. El distribui-
dor de enlazante debera calibrarse cuidadosa-
mente antes de usarse y mantenerse asi de ahi
en adelante. El operador debe estar bien entre-
nado porgue la mayoria de los errores que
puede cometer no se descubren hasta que ocu-
rre un fracaso precoz de la capa. Cuando se
aplica més de una capa de enlazante, en cada
vuelta se debera operar el distribuidor en direc-
ciones opuestas para que no se multiplique
cualquier variante en la barra rociadora. Uno de
los defectos comunes en la construccion de un
tratamiento de superficie es el descascara-
miento (“shelling out”, la pérdida de fajas del
agregado revestidor, de 6 a 12 meses después
de su aplicacion). Esto es causado por la apli-
cacion del material enlazante en forma irregular.

El esparcidor de astillas debera también cali-
brarse cuidadosamente. Las astillas deberan
caerse directa y verticalmente al enlazante, en
vez de ser diseminadas, para que las piedras
mas grandes no rueden y se cubran con el en-
lazante. Es comun aplicar una cantidad adicio-
nal de astillas para compensar el arrebata-
miento producido por el transito; sin embargo,
las astillas sobrantes deberan ser barridas fuera
de la calzada, y las areas deficientes cubiertas
a mano inmediatamente. Para asegurar un buen
enclavado de las astillas, éstas deberan colocar-
se lo méas pronto posible después del enlazante.
Por la misma razén se deberd sequir a esto con
la operacion de apisonado. Para este trabajo se
utilizan los rodillos con rueda de acero y con
neumaticos de goma. Los rodillos con llantas
neumaticas son los mas apropiados para los tra-
tamientos de superficie de una sola capa por-
que proveen mejor enclavado y menos tritura-
cion del agregado. Se deberd mantener cuida-
dosamente la presién correcta de los neumati-
COS para asegurar un buen contacto con la su-

ron pour les couches inférieures des revéte-
ments multicouches si la couche de surface est
en bitume et recouvre celles en goudron.
Comme les quantités de liant et de granulats
sont determinées soigneusement il s’en suit que
les taux d'épandage doivent aussi étre controlés
soigneusement. En fait, le contréle sur le chan-
tier est le plus important élement de la réussite
d'une couche de scellement. La rampe de dis-
tribution doit étre soigneusement calibrée avant
son utilisation et doit ensuite étre conservée en
parfait état. Le conducteur doit avoir une bonne
formation professionnelle car la plupart des er-
reurs de mise en oeuvre ne sont découvertes

que lorsqu'une rupture prématurée se produit.
Quand le revétement est multicouches, la rampe
de distribution devrait étre dirigée dans le sens
oppose a chaque passe de fagon a ce que les
petites déviations du jet ne s’ajoutent pas I'une
sur l'autre au méme endroit. Une des défectuosi-
tés les plus communes qui peut se produire
dans I'exécution d'un revétement superficiel est
le plumage localisé (c’est a dire I'arrachement
de gravillons en bande longitudinale six mois ou
un an apres l'application de la couche de scel-
lement). Ceci est causé par une application irré-
guliere du liant. La gravillonneuse devrait aussi
étre calibrée soigneusement. L'idéal serait que



tain binder, and causes the excess binder to rise
to the surface during warm weather; (b) excess
whipoff; or (c¢) the consolidation of the chip-
pings below the 20 percent void level due to a
very hard base (such as a previous surface
treatment) or to the crushing of a weak aggre-
gate into additional fines that replace the binder.
Traffic densities and base hardness are

The opening of a new surface treatment to
traffic is a function of the type of binder used. in
general, the road should not be opened until the
binder has set to the point where traffic will not
cause any damage. However this is not always
possible. In such cases, traffic speed should be
rigidly controlled until the binder has set to pre-
vent high-speed whipoff. The most critical time
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measurable.

of the day-toopen-anew surface treatmentis
between mid-day and late afternoon because

perficie. Esto, a su vez, controla el esfuerzo
compactivo. Las pilas de materiales deberan
ubicarse donde los camiones de entrega no
tengan que rodar sobre un tratamiento de super-
ficie nuevo.

Los textos describen varios defectos que
pueden ocurrir en los caminos con tratamiento
de superficie. Quizas el defecto mas comun es
la exudacion. El transito es el factor determi-
nante de la exudacion, como es indicado en el
hecho de que la exudacién generalmente co-
mienza en las rodadas y muchas veces esta li-
mitada a estas zonas y a las intersecciones. A
veces los tratamientos de superficie construidos
con total cumplimiento de los principios presen-
tados arriba pueden sufrir la exudacion. Si esto
ocurre es generalmente causado por (a) una
base blanda que causa la intrusion de los finos
en los vacios, que normalmente contendrian el
enlazante, y el enlazante sobrante sube hacia la
superficie en tiempo caluroso; (b) mucho arre-

batamiento; o (c) la consolidacion de las astillas
debajo del nivel de 20 por ciento de vacios de-
bida a una base excesivamente dura (tal como
un tratamiento de superficie anterior) o a la tritu-
racion de un agregado débil hasta formarse
finos adicionales que reemplazan el enlazante.
Las densidades de transito y firmeza de la base
son factores afectados por criterio personal y
todavia no son objetivamente medibles.

El abrir un nuevo tratamiento de superficie al
uso del transito depende del tipo de enlazante
utilizado. En general, el camino no debe abrirse
hasta que el enlazante se haya secado lo sufi-
ciente para que el transito no cause ningun
dafo. Sin embargo, esto no siempre es posible.
En tales casos el transito debera ser rigida-
mente controlado hasta que el enlazante se
haya secado para evitar arrebatamiento por
altas velocidades. La peor parte del dia para
abrir el camino es entre mediodia y una hora
avanzada de la tarde, porque es cuando la

les gravillons tombent directement sur le liant
plutdt que d'étre répandus a la volée, car de
cette facon les plus gros caillous n‘auront pas
tendance a rouler sur le liant et en étre recou-
verts. D’habitude, on applique une guantité ad-
ditionnelle de gravillons pour tenir compte des
arrachements dUs a la circulation; toutefois il
faut balayer I'excés de gravillons de la surface
de la route et recouvrir immédiatement a la main
les endroits ot il y a carence de gravillons. Les
gravillons devraient étre répandus aussitdt que
possible apres I'épandage du liant pour assurer
leur mouillage. Le cylindrage devrait suivre im-
médiatement le gravillonnage pour la méme rai-
son. A cet effet, on emploie soit des cylindres ou
rouleaux a pneus. Les rouleaux a pneus sont les
plus appropiés pour les enduits monocouches
car ils permettent le mieux I'enchassement des
gravillons sans les écraser. La pression de gon-
flage des pneus doit étre soigneusement entre-
tenue pour assurer une surface de contact cor-
recte. Ceci, a son tour contréle I'effort compactif

de I'engin. Les stocks de gravillons devraient
étre situés de fagon a ce que les camions de li-
vraison n'aient pas a rouler sur un enduit qui
vient d’'étre poseé.

Dans les textes qui suivent, on va décrire une
variété de dégradations que I'on peut trouver sur
les chaussées revétues d'un enduit superficiel.
Peut-étre la plus commune de celles-ci est le
ressuage. La circulation est le facteur détermi-
nant du ressuage, qui commence habituelle-
ment dans les traces des roues, et est souvent
limité a ces endroits et aux intersections. Quel-
quefois, un enduit superficiel qui a été dimen-
sioné conformément aux principes que nous ve-
nons d’énoncer, sera victime du ressuage. Dans
ce cas, le ressuage est usuellement causé par
(a) une base trop molle qui est la cause de I'in-
trusion de fines dans les vides qui normalement
doivent contenir du liant, et provoque la remon-
tée de I'exces de liant a la surface par temps
chaud; (b) des rejets excessifs; ou (c) la conso-
lidation des gravilions & moins du niveau de 20
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the road surface temperatures are highest then,
and the binder, which is at the same tempera-
ture, is least able to hold the cover stone.

Discussion of Selected Texts

The first text, Dust-Laying on Unsurfaced Earth
and Gravel Roads, was published as Overseas

~Bulletin-No.-14 (Road Research Laboratory, UK,

1971). It lists the principal binding agents used
in dust-laying as follows: (a) water, fresh or sea;
(b) deliquescent and hygroscopic chemicals
such as calcium chloride and magnesium
chloride; (c) other inorganic chemicals such as
sodium and potassium silicates; (d) organic,

non-bituminous binders, including a variety of
industrial waste products such as sulphite

liquor and molasses residues, animal fats, and
vegetable oil; and (e) coal tar and bituminous
materials. The methods of application, rates of
spread, advantages and disadvantages, and
comparative (although outdated) costs are listed
for the major categories of binding agents.

Coats, and Temporary Surfacings for the Protec-
tion of Bases, was published as Technical Rec-
ommendations for Highways, TRH 1(National In-
stitute for Road Research, South Africa, 1970). It
deals principally with prime coats and temporary
surfacings for granular road bases that use

temperatura de la superficie del camino es la
mas alta y el enlazante, a la misma temperatura,
provee la minima adherencia para la piedra re-
vestidora.

Presentacién de los textos seleccionados

El primer texto, Dust-Laying on Unsurfaced
Earth and Gravel Roads (Fijacién de polvo en
los caminos sin revestimiento de tierra y de
grava), fué publicado como Overseas Bulletin
No. 14 (Boletin extranjero N° 14, Road Research
Laboratory, Gran Bretafia, 1971). Nombra los

distintos agentes enlazantes utilizados para la fi-

jacion de polvo, como sigue: (a) agua, dulce o
de mar; (b) productos quimicos delicuescentes
e higroscopicos tales como cloruro de calcioy
de magnesio; (c¢) otros productos quimicos inor-
ganicos tales como silicatos de sodio y de pota-
sio; (d) enlazantes orgdnicos no bituminosos,
incluyendo una diversidad de productos de
desperdicio industrial tales como solucién de
sulfito y residuos de melaza, grasa animal, y

aceites vegetales; y (e) alquitrdn de carbén y
materiales bituminosos. Se han catalogado los
métodos de aplicacion, tasas de aplicacion,
ventajas y desventajas, y costos comparativos
(ya sin vigencia) para las grandes categorias de
agentes enlazantes.

El segundo texto, Guide on Prime Coats, Tack
Coats and Temporary Surfacings for the Protec-
tion of Bases (Guia para capas de imprimacion,
capas de ligazdn y superficies provisorias para
la proteccion de bases), fué publicado como
Technical Recommendations for Highways, TRH
1 (Recomendaciones técnicas para caminos,
National Institute for Road Research, Africa del
Sur, 1970). Trata principalmente con las capas
de imprimacioén y superficies provisorias para
bases de caminos granulares que utilizan betu-
nes rebajados, y alquitran de hornos de coque,
alquitran de fabricas de gas, y alquitran de tem-
peratura baja. Examina la existencia de sales so-
lubles (sulfatos y cloruros) en las capas inferio-
res. Estos pueden provocar la formacién de
ampollas en la superficie imprimada, que se
afloja y se vuelve polvorienta. Si se encuentran

pour cent de vides, causée par une base trés

dure (comme sur une surface déja revétue) ou
par I'écrasement de granulats trop friables, pro-
duisant un excés de fines qui prennent la place
du liant. Les densités de trafic et la dureté de la
base sont de facteurs subjectifs que I'on a pas
pl encore mesurer objectivement.

L'ouverture au trafic d’'une surface qui vient
d'étre enduite est fonction du liant utilisé. En gé-
néral, la route devrait étre férmée au traffic
jusqu’a la prise du liant, de fagon que la circula-
tion ne 'endommage pas. Cependant ceci n'est
pas toujours possible. Dans ces cas, la vitesse
de circulation doit étre strictement contrélée

jusqu’a la prise du liant afin d’éviter les arra-
chements causés par la grande vitesse. La pé-
riode la plus délicate de la journée pour ouvrir la
route a la circulation se situe entre midi et la fin
de I'aprés midi, car c'est a ce moment que la
temperature de la chaussée est la plus élévée,
et que le liant, qui est a la méme température, a

- le plus de difficultés a retenir les gravillons.

Discussion des textes choisis

Le premier texte, Dust-Laying on Unsurfaced
Earth and Gravel Roads (Suppression de la
poussiére sur les routes non revétues en terre et




cut-back bitumens, coke-oven tar, gas-works
tar, and low-temperature tar. It addresses the
presence of soluble salts (sulphates and
chlorides) in the underlying layers. These can
cause blisters on the primed surface that leave
the surface in a loose and powdery condition.
The use of a higher rate of application of a

struction of the final surface treatment, is rec-
ommended if soluble salts are present.

The text describes the use of additional tack
coats on primed areas before the final surface
treatment where areas of exceptionally high
shearing stresses are induced, such as on steep
gradients and sharp bends. It also describes the

“higher-viscosity primetorgive a thicker-vitarmin-
ous coating, followed by the immediate con-

Australian practice of constructing a temporary
surfacing called Primerseal to protect base

tales sales, se recomienda el uso de una mayor
tasa de aplicacion de un imprimidor de mayor
viscosidad para proveer un revestimiento bitu-
minoso mas espeso, siguiendo esto con la in-
mediata construccion del tratamiento de super-
ficie final.

El texto describe el uso de capas ligantes
adicionales en las areas imprimadas antes del
tratamiento de superficie final donde ocurren
grandes esfuerzos cortantes, como por ejemplo
en pendientes empinadas o curvas agudas.
También describe la costumbre australiana de
colocar un revestimiento provisorio llamado
“Primeseal”, que protege las capas de base
que han de utilizarse durante largos periodos de
tiempo antes de aplicarse el tratamiento de su-
perficie final. £l “Primeseal” consiste en la apli-
cacion inmediata de una capa de agregado
mixto pequeno a la capa de imprimacion recien-
temente aplicada por rociadura.

Noétese gue aungue en el texto aparecen Uni-
camente unidades métricas, la Ultima pagina
consiste en tablas de conversién para las uni-
dades britanicas y métricas. La conversion de
galones por yarda cuadrada a litros por metro

cuadrado es para galones imperiales, que son
un 10,1 por ciento mayor que los galones nor-
teamericanos utilizados en algunos de 10s textos
subsiguientes.

El tercer texto, Specification for Performance
Requirements for Mechanical Sprayers of Bitu-
minous Materials (Especificacion para los requi-
sitos de rendimiento de rociadores mecanicos
de materiales bituminosos, 2nd. ed.) y el que lo
acompana, Metric Addendum (Apéndice me-
trico), fueron publicados por el National Associa-
tion of Australian State Road Authorities en 1969.
Describe los requisitos para los rociadores que
se utilizan en la distribucion de materiales bitu-
minosos calientes y/o frios en el revestimiento bi-
tuminoso por rociadura. Como ya se ha dicho, la
correcta aplicaciéon de las capas de imprima-
cién y enlazante bituminoso en el tratamiento de
superficie es un factor clave en la realizacion fa-
vorable de la obra. El equipo utilizado debera
esparcir el material con tasa uniforme y tempe-
ratura correcta. Una tasa uniforme de aplicacion
exige un movimiento hacia adelante constante
del distribuidor sobre varios cambios de pen-
diente, temperatura constante del enlazante,

en gravier) constitue 'Overseas Bulletin No. 14
(Road Research Laboratory, U.K., 1971). Ony
énumere les liants principaux utilises pour la
suppression de la poussiere: (a) 'eau, douce ou
salée; (b) les agents chimiques deliquescents
ou hygroscopiques, tels que le chlorure de cal-
cium ou de magnesium; (c) d’autres agents
chimigques inorganiques comme des silicates de
soude et de potasse; (d) des liants organiques
non-bitumineux comprenant entr'autres des
sous-produits industriels tels que les solutions
de sulfite, la mélasse, les huiles animales et vé-
gétales; et (e) le goudron et les matériaux hy-
drocarbonés. Les méthodes de mise en oeuvre,
la vitesse de répandage, les avantages et in-
convénients et les colts comparés (bien que
pas au cours du jour) ces classes principales de
liants hydrocarbonés sont énumérés.

Le deuxiéme texte, Guide on Prime Coats,
Tack Coats and Temporary Surfacing for the

Protection of Bases (Guide pour les couches
d’impression, couches d'accrochage et revéte-
ments provisoires pour la protection des cou-
ches de base), a été publié comme Technical
Recommendations for Highways TRH 1 par le
National Institute for Road Research, Afrique du
Sud, en 1970. On y traite principalement des
couches d'impression et revétements temporai-
res pour des bases en granulats utilisant des bi-
tumes fluidifiés, des goudrons provenants d'usi-
nes de coke métaliurgique, d'usines & gaz
d'éclairage, et d’'usines de carbonisation a
basse température. La présence de sels solu-
bles (sulfates et chlorures) dans les sous-
couches est discutée. Ces sels peuvent cau-
ser des boursouflures, ou clogues, sur la surface
imprégnée, et la rendre friable et poudreuse. Si
ces sels solubles sont présents, on recom-
mande I'emploi d’un enduit plus visqueux et a
un plus haut dosage, pour avoir un enduit bitu-
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courses that are to be used for long periods be-
fore the final surface treatment is applied.
Primerseal is constructed by immediately apply-
ing a layer of small graded aggregate to the
freshly sprayed prime coat.

Please note that, although the text is written in
metric units, the last page consists of conversion
tables for-the British-and metric-units:- The gallon
per square yard to liter per square meter con-
version is for Imperial gallons that are 20.1 per-
cent larger than the U.S. gallons used in some of
the later texts.

The third text, Specification for Performance
Requirements for Mechanical Sprayers of
Bituminous Materials (2nd ed.), and its compan-
ion, Metric Addendum, were published by the

National Association of Australian State Road
Authorities in 1969. It describes the require-
ments for sprayers to be used for the distribution
of hot and/or cold bituminous materials in
sprayed bituminous surfacing. As previously
stated, the accurate application of both prime
coats and the bituminous binder for surface
treatment is-a key to-successful-construction:
The equipment used must be able to spray
material at a constant rate and at a proper tem-
perature. An even application rate requires a
constant forward speed of the distributor over
various changes in grade, constant tem-
perature of the binder, constant pumping pres-
sure, constant spray bar height, and properly
cleaned and adjusted spray nozzles.

presion constante de bombeo, altura constante
de la barra rociadora, y boquilias rociadoras co-
rrectamente limpiadas y ajustadas.

Ademas de la descripcién de los criterios
para la construccion y equipo de un distribuidor
que satisface los requisitos mencionados arriba,
este texto incluye un apéndice. El apéndice
describe los métodos que se utilizan para ensa-
yar los rociadores mecéanicos para asegurarse
de su cumplimiento con los requisitos. El texto
original utiliza galones imperiales (277,42
pulgadas cubicas), en lugar del galon nortea-
mericano (231 pulgadas cubicas). El Apéndice
métrico consiste en la conversion de galones
imperiales a litros.

El cuarto texto, extraido de Asphalt Surface
Treatments and Asphalt Penetration Macadam
(Tratamientos de superficie asfélticos y maca-
dam de penetracion asfaltico, The Asphalt Insti-
tute, MS - 13, 2nd. ed., 1975), presenta una
lista general de tipos de tratamientos de super-
ficie asfalticos, definidos como aplicaciones de
asfalto y asfalto-agregado generalmente de
menos de una pulgada de espesor, sobre cual-
quier tipo de superficie de camino. Estos inclu-
yen los tratamientos de superficie mezclados en
situ y en la planta que no han sido incluidos en
este compendio. Se incluyen tablas para la co-
rrecta seleccion del tipo de asfalto para el tra-
tamiento de superficie y de la relacién

mineux plus épais, que I'on recouvre immédia-
tement par la couche de surface finale.

Dans ce texte on recommande aussi I'emploi
d'enduits d’accrochage par dessus la couche
d'impression et avant le revétement final, dans
les endroits ot une extrémement forte tension de
cisaillement est provoquée, comme dans les
tournants tres aigus ou les fortes déclivités. On 'y
décrit aussi la technique australienne qui
consiste a appliquer un enduit provisoire appelé
Primerseal pour protéger la couche de base
quand celle-ci doit étre utilisée longtemps avant
que l'on applique le revétement final. Ce Primer-
seal consiste en l'application de gravillons d'une
certaine classe granulaire et de petit calibre,
immédiatement apres I'épandage de la couche
d’impression.

Il faut noter que, bien que le systeme métrique
soit utilisé dans ce texte, la derniére page
contient une table de conversion des unités bri-
tannigues et métriques. Le gallon par yard carré
converti en litre par métre carré, est le gallon

impeérial qui est 20.1 pour cent plus grand que le
gallon U.S. utilisé dans certains des textes qui
vont suivre.

Le troisieme texte, Specification for Perfor-
mance Requirements for Mechanical - Sprayers
of Bituminous Materials, 2nd ed. (Spécification
pour les caractéristiques exigibles des répan-
deuses mécaniques de matériaux bitumineux,
2'eme gdition), et son supplément Metric Adden-
dum (Supplément métrique) one été publiés par
la National Association of Australian State Road
Authorities en 1969. On y décrit les conditions
requises des répandeuses utilisés pour 'appli-
cation de matériaux bitumineux a chaud ou a
froid des revétements hydrocarbonés. Comme
nous l'avons dit auparavant, I'épandage précis
de la couche d'impression et du revétement hy-
drocarboneé est la clef de vo(te de la réussite du
projet. Le matériel doit étre capable de répandre
le matériau a un dosage uniforme et une tempé-
rature correcte. Pour obtenir un dosage régulier
il faut que le distributeur avance a une vitesse



This text not only describes the criteria for the
construction and equipment of a distributor that
will meet the above requirements but also in-
cludes an appendix. The appendix describes
the methods of testing mechanical sprayers to
ensure that they meet the requirements. The
original text is written in Imperial gallons (277.42
in®) rather than U.S. gallons (231 in3). The in-
cluded-Metric-Addendum-covers the-conversion
from Imperial gallons to liters.

The fourth text, excerpted from Asphalt Sur-
face Treatments and Asphalt Penetration
Macadam (The Asphalt Institute, MS-13, 2nd
ed., 1975), presents an overall list of types of
asphaltic surface treatments, which are defined
as asphalt and asphalt-aggregate applications,

and usually less than 1-in thick, to any kind of
road surface. These include mixed-in-place sur-
face treatments and plant-mixed surface treat-
ments that are not included in this compendium.
Tables for the selection of the proper type of as-
phalt for surface treatment and temperature vis-
cosity for handling liquid asphalt are included.
These tables apply to the newer designation of
cut-back asphalt grades (70, 250, 800, and
3000); however, Selected Text No. 8 contains
similar tables for some of the older designations
of asphalt cutbacks (0, 1, 2, etc.) that are still
used in some countries.

A generalized description of the materials and
equipment used in surface treatment work is in-
cluded with illustrations. A table that gives gen-

temperatura-viscosidad para el manejo del as-
falto liguido. Estas tablas son aplicables en las
designaciones mas nuevas de variantes de as-
faltos rebajados (70, 250, 800, y 3000); sin em-
bargo, el Texto Seleccionado N° 8 tiene tablas
similares para algunas de las designaciones
mas antiguas de asfaltos rebajados (0, 1, 2,
etc.) que aun se utilizan en algunos paises.

Se incluye, con ilustraciones, una descripcion
generalizada de los materiales y equipo utiliza-
dos en el trabajo de tratamiento de superficie.
También se incluye una tabla que provee datos
generales de distribuidores de asfalto, facilita-
dos por nueve fabricantes de distribuidores. Los
varios apéndices que se mencionan no han sido
reproducidos porque.la informacion que contie-
nen se incluye con mas detalle en los textos.

Este texto utiliza la medida para galones nor-
teamericanos (1 gal. U.S. = 3,7851; 1 gal.
U.S./lyd? = 4,527 I/m?2).

Hasta 1970 el Asphalt Institute inclufa especi-
ficaciones para asfaltos liquidos rebajados en
sus varias publicaciones. Estas especificacio-
nes le permitfan al usuario determinar en su
propio laboratorio la aceptabilidad de los asfal-
tos rebajados fabricados comercialmente. En
las muchas ocasiones en las &reas remotas de
paises en desarrollo donde lo Unico disponible
era el cemento asfaltico en tambores, estas es-
pecificaciones podrian utilizarse para asegu-
rarse de la mezcla satisfactoria en situ de los as-
faltos rebajados.

En diciembre de 1970 el Consejo de Adminis-
tracion del Asphalt Institute ordend el cese del

constante, quelle que soit la déclivité de la
route, que le liant reste a une température
constante, que la pression de la pompe reste
constante que la hauteur de la rampe soit tou-
jours constante, et que les becs soient nettoyés
avec soin et bien réglés.

Ce texte contient non seulement les critéres
de construction d’'une répandeuse et de ses ac-
cessoires qui réponde a ces exigences, mais
aussi une annexe. Dans cette annexe, on fait la
description des essais a effectuer pour assurer
le contréle de qualité de ces répandeuses mé-
caniques. Le texte original utilise le gallon impé-
rial britannique (277.42 pouces cubes) plutét
que le gallon U.S. (231 pouces cubes). Dans le
Supplément métrigue on convertit le gallon im-
périal en litres.

Le quatrieme texte, qui est extrait de Asphalt
Surface Treatment and Asphalt Penetration Ma-
cadam (Revétements superficiels au bitume, et

empierrement par pénétration de bitume) publié
par the Asphalt Institute (MS-13, 2nd ed.,

1975), contient une liste des différentes sortes
de traitements bitumineux définis comme étant
I'application d’une mince couche de bitume ou
de bitume et granulats généralement de moins
d’'un pouce d'épaisseur, sur n'importe quelle
sorte de surface routiére. Sont inclus les mélan-
ges en place et les mélanges en centrale qui ne
sont pas vraiment du ressort de ce recuell. lly a
aussi des tableaux pour faire la sélection du bi-
tume adéquat pour différentes sortes de traite-
ments de surface, et le rapport température-
viscosité pour la mise en oeuvre du bitume li-
quide. Ces tableaux se référent aux nouvelles
deésignations de classe de bitume fluidifié (70,
250, 800, et 3000) mais le texte choisi no. 8
contient de mémes tableaux pour certaines an-
ciénnes désignations de bitume fluidifié (0, 1, 2,
etc.) encore utilisées dans certains pays.
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eral asphalt distributor data furnished by nine
distributor manufacturers is also included. The
various appendixes mentioned in this text are
not reproduced because the information con-

s+ tained is included in the texts in greater detail.

This text uses the measure for U.S. gallons (1
U.S. gal = 3.785L; 1 U.S. gallyd? = 4.527
L/m3).

The Asphalt Institute-included-specifications
for cut-back liquid asphalts in its various publi-
cations until 1970. These specifications allowed
users to determine the acceptability of commer-
cially manufactured cutbacks in their own labo-
ratories. In the many instances in remote areas
of developing countries where asphaltic cement
in drums was all that was available, these speci-
fications could be used to assure that the on-site
blending of cut-back asphalts was satisfactory.

In December 1970, the Board of Directors of
the Asphalt Institute ordered the end of the de-
velopment, promulgation, and publication of its
own product specifications. The Board directed
that the latest standard, tentative, or interim
specifications adopted or that may be adopted
by ASTM or AASHO, or both, should be ac-
cepted.

The specifications of these agencies; or refer--
ences thereto, are printed in the Asphalt Institu-
tion publication SS-2 (see Additional Reference
No. 11). The tests referenced in SS-2 can be
found in the 71979 Annual Book of ASTM Stan-
dards, Part 15 (see Additional Reference No. 12).
Users of cut-back asphalts in elevated areas
should pay special attention to the tables in
ASTM D 402 that indicate corrected fractional
distillation temperatures for altitudes above

desarrollo, promulgacién, y publicacién de sus
propias especificaciones de producto. Indicé
gue deberia aceptarse la Ultima norma, tenta-
tiva, o especificaciones interinas que fuesen
adoptadas o habian de adoptarse, por la ASTM
0 AASHO, o ambas.

Las especificaciones, o referencias a ellas, de
estas agencias, han sido imprimidas en la pu-
blicacion SS - 2 del Asphalt Institute (véase Re-
ferencia Adicional N° 11). Los ensayos a los

- cuales se refiere en el SS - 2 pueden encon-

trarse en la Parte 15 del 1979 Annual Book of
ASTM Standards (Libro Anual de Normas
ASTM, 1979, véase Referencia Adicional N° 12).
LLos usuarios de asfaltos rebajados en regiones
elevadas deberan prestar especial atencion a
las tablas de ASTM D 402, que indican las tem-
peraturas corregidas de destilacion fraccional
para alturas de mas de 500 piés (150 m).

El quinto texto se extrajo de Specifications for
Asphalt Cements and Liquid Asphalts (Especifi-
caciones para cementos asfalticos y asfaltos li-

quidos, The Asphalt Institute, Specification Se-
ries N0 2, SS - 2, enero de 1964). Las tablas

que se han extraido no son de las especifica-
ciones actuales norteamericanas para asfaltos
rebajados o emulsionados. Han sido incluidas
en este compendio porque son representativas
de los asfaltos rebajados y las emulsiones que
se utilizaban durante el desarrollo del disefo de
tratamiento de superficie examinado en el Texto
Seleccionado N° 8, y mencionado en otros tex-
tos. Por razén de que este texto fué publicado
durante el periodo de transicién entre la termino-
logfa previa y la actual para las clases de asfal-
tos rebajados, se han incluido ambos tipos de
tablas de especificaciones para hacer la com-
paracion. Cualquiera de los dos grupos de es-
pecificaciones puede servir para la produccién
en el campo de material rebajado. Se han in-
cluido las ultimas tablas de especificaciones
para asfaltos emulsionados en el préximo texto.
La comparacion de las tablas del SS - 2 actual
(véase Referencia Adicional N° 11) con las ta-

Une description générale des matériaux et du
matériel utilisés pour les traitements superficiels
est incluse, avec des illustrations. On vy inclut
aussi un tableau de données générales sur les
répandeuses de neuf fabricants. Les annexes
dont on parle dans le texte ne sont pas reprodui-
tes, car les informations gu’elles contiennent
sont données dans le texte lui-méme en plus
grands détails.

Les mesures utilisées dans ce texte sont en
gallons U.S. (1 U.S. gal. =3.785L; 1 U.S.
gallyd? = 4.527 L/m?).

L’Asphalt Institute, dans ses publications, a

continue d'inclure des spécifications pour les bi-
tumes fluidifiés jusqu’en 1970. Ces spécifica-
tions permettaient aux utilisateurs de déterminer
eux-mémes, dans leurs laboratoires, la réception
des bitumes fluidifiés fabriqués commerciale-
ment. Souvent, dans les régions isolées des
pays en voie de développement, ou le ciment
asphaltique en baril était seul disponible, ces
spécifications pouvaient étre utilisées pour étre
sOr que le mélange en place du bitume fluidifié
était correct.

En Décembre 1970, le comité directeur de
Asphalt Institute ordonna la cessation des dé-




150 m (500 ft).

The fifth text is excerpted from Specifications
for Asphalt Cements and Liquid Asphalts (The
Asphalt Institute, Specification Series No. 2,
SS-2, January 1964). The tables excerpted in
this text are not from the current U.S. specifi-
cations for cut-back or emulsified asphalts. They

are included-in this .compendiurn because they

are representative of the asphalt cutbacks and
emulsions in use during the development of the
surface-treatment design discussed in Selected
Text No. 8 and referenced in other texts. Be-
cause this text was published during the transi-
tion period between the previous and current
grade terminology for cut-back asphalts, both
types of specification tables are included for
comparison. Either set of specifications should
be suitable for the field production of cut-back
material. The latest specification tables for emul-

sified asphalts are included in the next text.
Comparison of the tables in the current SS-2
(see Additional Reference No. 11) to the tables
in this text will permit the user to select the new
designation that most nearly duplicates the as-
phaltic materials used in the examples through-
out this compendium.

The sixth text, excerpted from A Basic Asphait
Emulsion Manual (The Asphalt Institute, 1979),
describes (a) the chemistry of asphalt emul-
sions; (b) the storing, handling, and sampling of
asphalt emulsions; and (c) the selection of the
right type of asphalt emulsion. Asphalt emul-
sions were limited in use long after highway en-
gineers accepted cut-back asphalts as a viable
tool. This was due to the limited types available
and the lack of knowledge about their use.

Asphalt emulsions are now becoming more
widely accepted and used due to (a) the re-

blas en este texto le permitira al usuario selec-
cionar la nueva designacioén gue mas se acerca
a los materiales asfalticos utilizados en los
ejemplos que se encuentran en este
compendio.

El sexto texto, extraido de A Basic Asphalt
Emulsion Manual (Un manual basico para la
emulsion asfaltica, The Asphalt Institute, 1979),
describe (a) la quimica de las emulsiones asfal-
ticas; (b) el almacenamiento, manejo y muestreo
de emulsiones asfalticas; y (c) la seleccion del
tipo correcto de emulsién asfaltica. Las emulsio-
nes asfalticas se utilizaban en forma muy limi-
tada durante mucho tiempo después de que los
ingenieros viales habian aceptado el uso de los
asfaltos rebajados. Esto se debia a los pocos
tipos disponibles y la falta de conocimiento en
SU USo.

Ultimamente las emulsiones asfalticas son
mas generalmente aceptadas y utilizadas de-
bido al uso reducido de destilados de petroleo
costosos en su manufactura y en el calenta-
miento del producto manufacturado, y a la re-
duccion de la contaminacion atmosférica al ser
aplicadas. El texto indica que hay tres catego-
rias de emulsiones: anidnica, catidnica, e inid-
nica. Las primeras dos son las que comunmente
se utilizan en trabajos viales. Estas clasificacio-
nes se derivan de las cargas eléctricas que en-
vuelven las particulas asfalticas. Si el tipo de
emulsién tiene una “C” adelante, esto significa
cationico, y si no hay letra, significa aniénico. En
los trabajos de tratamiento de superficie las
emulsiones anidnicas sirven para los agregados
siliceos tales como piedra arenisca, cuarzo, y
grava silicea. Las emulsiones catidnicas sirven

veloppement, promulgation et publication des
spécifications de ses propres produits. Le
comité ordonna que les demiéres spécifications
en date (normes, spécifications provisoires ou
intérimaires) adoptées, ou en puissance d'étre
adoptées, par 'ASTM ou AASHO, ou les deux,
soient acceptées.

Les spécifications de ces deux organismes et
leur références sont imprimées dans la publica-
tion SS-2 de '’Asphalt Institute (voir Additional
Reference No. 2). Les essais dont on parle dans
SS-2 se trouvent dans le 71979 Annual Book of
ASTM Standards, Part 15 (voir Additional Refe-
rence No. 12). Les utilisateurs de bitume fluidifié
en altitude, devraient particuliérement noter les
tableaux de 'ASTM D 402 qui indiguent les tem-

peratures de distillation fractionnée pour les alti-
tudes supérieurs a 500 pieds (150 m).

Le cinquiéme texte est extrait de Specifica-
tions for Asphalt Cements and Liquid Asphalts,
(Asphalt Institute, Specification Series No. 2,
SS-2, January 1964). (Spécifications pour les ci-
ments asphaltiques et les bitumes asphaltiques
fluides). Les tableaux de ce texte ne sont pas
pour les spécifications qui sont en vigueur ac-
tuellement aux Etats Unis d’Amérique pour les
bitumes fluidifiés ou émulsionnés. Nous les re-
produisons dans ce recueil car ils sont représen-
tatifs des bitumes fluidifiés et émulsionnés que
I'on utilisait durant le développement du traite-
ment de surface dont il est question dans le texte
no. 8 et auquel on fait mention dans d’'autres tex-
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duced use of high-cost petroleum distillates in
their manufacture and in the heating of the man-
ufactured material and (b) the reduction in at-
mospheric pollution during their application. The
text notes that asphalt emulsions are divided into
three categories: anionic, cationic, and non-ionic.
The first two are most commonly used in high-
way work. These classifications evolve from the
electrical charges surrounding the asphalt parti-
cles. The letter “C” in front of the emulsion type
denotes cationic. No letter indicates anionic. In
surface-treatment work, anionic emulsions are
suitable for siliceous aggregates such as
sandstone, quartz, and siliceous gravel. Cationic

emulsions are suitable for dolomite, some lime-
stones, and other calcareous materials. Cationic
emulsions are considered to be more effective
for use under difficult conditions such as cool,
damp weather. High-float emulsions, which
permit the retention of a thicker asphalt film on
the aggregate particles, are suitable for use in

the surface treatment of fow-volume roads (a
maximum of from 200 to 300 ADT) where plenti-
ful supplies of sandy gravel are available. They
should not be specified, however, for higher traf-
fic volumes.

Emulsified asphalts require careful handling —
not for the safety aspects so important in han-

para la dolomita, algunas piedras calizas, y
otros materiales calcéreos; y se consideran mas
efectivas en condiciones dificultosas tales como
tiempo frio y himedo. Las emulsiones denomi-
nadas “high-float”, que permiten la retencion de
una pelicula asfaltica méas espesa sobre las par-
ticulas de agregado, son apropiadas para tra-
tamientos de superficie en caminos de bajo vo-
lumen (con un méaximo de entre 200 y 300 ADT)
donde se encuentran disponibles amplios recur-
sos de grava arenosa. Sin embargo, no deberan
especificarse para caminos de volumen mas
alto.

lLas emulsiones asfalticas requieren manejo
cuidadoso, no tanto en el aspecto de seguridad
tan importante en el manejo de asfaltos rebaja-
dos, sino para evitar roturas prematuras.
Cuando se mezclan las emulsiones asfalticas
cationicas y anionicas, también se producen ro-
turas, (separacion en agua y asfalto coagulado).

La manufactura de emulsiones requiere que se
lleve a cabo en condiciones controladas y en
una planta con equipo complejo; asf que es im-
probable que cualquiera que esté actualmente
produciendo asfaltos rebajados en instalaciones
béasicas en situ, pueda producir emulsiones sa-
tisfactorias en las mismas circunstancias.

El séptimo texto se titula Seven fundamentals
for durable spraybar work —jobs you can be
proud of (Siete principios fundamentales para
obtener, con barra rociadora, aplicaciones du-
raderas de que se puede estar bien satisfecho,
Roads and Streets, agosto de 1975). Este artf-
culo examina una presentacion dada por el
autor del préximo texto. La presentacion tuvo
lugar en la Asphalt Emulsion Manufacturers As-
sociation, y da importancia al uso de emulsiones
como material enlazante en el trabajo de trata-
miento de superficies. Sin embargo, presenta en
forma breve, las premisas bésicas del siguiente

tes. Les deux sortes de spécifications sont in-
cluses pour faire la comparaison car ce texte a
été publié durant la période de transition entre
I'ancienne et la nouvelle terminologie des clas-
ses de bitume fluidifié. Les anciénnes et les
nouvelles spécifications sont correctes pour la
production en chantier de matériau fluidifié. Les
derniers tableaux de spécifications pour les
émulsions de bitume sont incluses dans le texte
qui suit. La comparaison entre les tableaux de la
publication SS-2 en vigueur (voir Additional
Reference No. 11) et les tableaux de ce texte,
permettra la sélection de la nouvelle désignation
qui se rapproche le plus des matériaux bitumi-
neux utilisés dans les exemples de ce recueil.
Le sixiéme texte est extrait de A Basic Asphalt
Emulsion Manual Asphalt Institute, 1979, (Ma-
nuel de base des émulsions de bitume), On dé-
crit (a) la chimie des émulsions de bitume; (b) le

stockage, la manutention et I'échantillonage des
émulsions de bitume; et (c) la sélection de
I'émulsion de bitume appropriée. L'utilisation
des émulsions de bitume a été plutdt limitée
pendant longtemps aprés que les ingénieurs
routiers aient accepté d'utiliser les bitumes fluidi-
fiés. Ceci était dU au fait qu'il y en avait peu de
sortes disponibles, et que I'on ne savait pas
grand chose sur la fagon de les utiliser.
Maintenant, on emploie beaucoup plus fré-
guemment les émulsions de bitume car on use
moins de distillats de pétrole dans leur fabrica-
tion et dans leur réchauffage, ce qui est plus
économique, et aussi leur application cause
moins de pollution atmosphérique. Les émul-
sions de bitume sont divisées en trois catégo-
ries: anionique (ou basique), cationique (ou
acide) et non-ionogénes. Les deux premié-
res sont normalement utilisées en travaux rou-



dling cut-back asphalts but to prevent prema-
ture breaking. The mixing of cationic and anionic
emulsified asphalts will also cause breaking (i.e.,
the separation into water and coagulated as-
phalt). Emulsion manufacture must take place in
controlled conditions in a rather elaborate plant
so it is unlikely that anyone who is now preparing
cutbacks in basic on-site facilities will soon suc-
~cessfully-produce-emulsions-under the-same
circumstances.
The seventh text, Seven Fundamentals for
Durable Spray Bar Work - Jobs You Can Be

Proud Of, appeared in Roads and Streets (Au-
gust 1975). This article reviews a presentation
given by the author of the next text. The presen-
tation, made to the Asphalt Emulsion Manufac-
turers Association, stresses the use of emulsions
as binder material in surface-treatment work.
However, it presents, in rather concise form, the
basic premises of the following text. The tables
are more readabie and, although one cannot
design a surface treatment from this text, it
makes the next text much more understandable
at first reading.

texto. Las tablas son mas claras y aunque no se
puede disefiar un tratamiento de superficie
usando este texto, le permite al lector compren-
der mas del préximo texto la primera vez que lo
lee.

El octavo texto es un articulo titulado A Gener-
al Method of Design of Seal Coats and Surface
Treatments (Un método general de disefio de
capas de imprimacion y tratamientos de super-
ficie, Proceedings of The Association of Asphalt
Paving Technologists, Vol. 38, 1969). Presenta
la I6gica ingenieril en el disefio de tratamientos
de superficie, comenzando con la necesidad
absoluta de una fundacion fuerte. Repasa los
agregados revestidores de tamaro uniforme,
desarrollados en Nueva Zelandia y Australia, y
los graduados, utilizados en los Estados Unidos.
Compara el uso del promedio de dimensiones
menores con el modulo de extension de los

agregados de revestimiento para determinar el
espesor medio de un tratamiento de superficie.
Se evalla la fraccidn de huecos de una capa
suelta de agregado como funcién de la grave-
dad especffica del agregado de revestimiento.
Se habla de la influencia del tamafio del
agregado de revestimiento sobre su comporta-
miento en servicio, y se determina la sensitivi-
dad de diversos tamarios de agregado a los
errores de aplicacion de enlazante. Esta sensiti-
vidad indica que a medida que se aumenta el
tamano de las astillas de piedra mas grande es
el méargen de seguridad contra la exudacién y/o
pérdida de piedra revestidora. Xxix
Se evalla la seleccion del enlazante asfaltico,
y se describe el método de seleccionar la cali-
dad y la cantidad. Aunque aqui se utilizan los
diversos asfaltos RC como ejemplos, el mismo
procedimiento es vélido para los asfaltos MC. El

tiers. Ces classes sont derivées de la charge
électrique entourant les globules de bitume. La
lettre “C" précédant le genre d’émulsion indique
que celle-ci est cationique. On ne met pas de
lettre pour indiquer une émulsion anionique.
Dans les traitements superficiels, on utilise les
émulsions anioniques pour les agrégats siliceux
tels que le grés, le quartz et les graviers siliceux.
Les émulsions cationiques réussissent bien avec
les dolomites, certains calcaires et autres maté-
riaux calcaires. Les émulsions cationiques sont
considérées comme étant plus efficaces quand
les conditions d’application sont dificiles, c'est &
dire quand le temps est frais et humide. Les
émulsions “High Float”, qui permettent d’avoir
une membrane de bitume plus épaisse sur les
agrégats, conviennent particuliérement aux rou-
tes économiques (TJM 200 & 300) dans les ré-
gions ou I'on peut trouver des quantités de gra-
vier sableux. On ne doit pas les recommander
cependant pour de plus hauts volumes de trafic.

Les émulsions de bitume doivent étre manipu-
lées avec soin, non pas pour les raisons de sé-
curité qui sont si importantes lorsqu’on manipule
le bitume fludifié, mais pour en éviter la rupture
prématurée. Le mélange d’émulsions cationi-
ques et anioniques sera cause aussi de rupture
(séparation en eau et globules coagulés de bi-
tume). La fabrication des émulsions doit se faire
sous conditions controlées et dans des centra-
les sophistiquées. De ce fait, il y a peu de chan-
ces que quiconque qui actuellement prépare
des bitumes fluidifiés sur le chantier, réussisse a
fabriquer des émulsions dans les mémes cir-
constances.

Le septieme texte, Seven Fundamentals for
Durable Spray Bar Work — Jobs You Can Be
Proud Of (Sept regles de base pour réussir, a la
rampe d'épandage, des applications durables
dont on peut étre fier) a été dans Roads and
Streets (Aolt 1975). Cet article examine une
communication donnée par I'auteur du texte sui-
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The eighth text is a paper entitled A General
Method of Design of Seal Coats and Surface
Treatments, which appeared in the Proceedings
of the Association of Asphalt Paving
Technologists (Vol. 38, 1969). It presents the
engineering logic of surface-treatment design,
beginning with the absolute need for a strong
foundation. It reviews cover aggregates, both
single size as developed in New Zealand and
Australia and graded as used in the United
States. It compares the use of the average least
dimension to the Spread Modulus of cover
aggregates in determining the average thick-
ness of a surface treatment. The voids fraction of
a loose layer of aggregate as a function of the
specific gravity of the cover aggregate is evalu-
ated.

The influence of cover aggregate size on ser-
vice performance is discussed, and the sensitiv-
ity of various sizes of aggregate to errors in bind-
er application is determined. The latter indicates
that the margin of safety against bleeding
and/or cover stone loss is much greater as the
size of the stone chips is increased.

The choice of asphalt binders is evaluated,
and the method of selecting both the grade and
guantity is described. Although this paper uses
the various RC asphalts as examples, the same
procedures are valid for MC asphalts. The
slower curing time of MC asphalts should cause
no problem for surface treatments on new con-
struction that will not come under general traffic
immediately and certainly has additional safety
factors, especially if the cutback is to be man-

fraguado mas lento de los asfaltos MC no debe-
ria presentar problema para los tratamientos de
superficie en las construcciones nuevas que no
seran utilizadas inmediatamente por el trafico
general, y sin duda provee factores de seguri-
dad adicionales, especialmente si el usuario fa-
brica su propio asfalto rebajado. Una alternativa
viable seria el uso de cemento asfaltico como
enlazante. Por razén de que varfan tanto las
propiedades individuales de cementos asfalti-
cos de distintas fuentes, las temperaturas de ro-
ciado, por ejemplo, deberan evaluarse por pro-
ducto en vez de basarse en las cifras del texto.
La cantidad del enlazante asfaltico residual a
utilizarse es influenciada por (a) el volumen de

trafico, (b) absorcién por el agregado revestidor,
y (c) la textura de la superficie en que se apli-
card. La cantidad del enlazante asfaltico total a
aplicarse es una funcion de la cantidad de as-
falto residual en el enlazante asféltico seleccio-
nado (100 por ciento en los cementos asfalticos)
y la temperatura de aplicacion.

El objetivo principal de cualquier método
adecuado de disefio para tratamientos de su-
perficie es el de obtener respuestas a cada una
de las siguientes seis preguntas basicas:

1. ¢Qué tipo y tamano de agregado de reves-

timiento se utilizaran?

2. ;Cuanto peso de agregado revestidor por

unidad cuadrada de medida se debera

vant. Cette communication présentée a 'Asphalt
Emulsion Manufacturers Association, recom-
mande 'emploi des émulsions de bitume
comme liant dans les traitements superficiels.
On va trouver, dans cet article, présentés de
facon concise, les principes de base du texte
suivant. Les tableaux sont plus faciles a lire, et,
bien qu'on ne puisse calculer un traitement de
surface a partir de cet article, il permet de
comprendre le texte suivant du premier coup.
Le huitieme texte, intitulé A General Method of
Design of Seal Coats and Surface Treatments
(Méthode générale pour le dimensionnement
des couches de scellement et traitements de
surface), est une communication publiée dans
les Proceedings of the Association of Asphalt
Paving Technologists (Vol. 38, 1969). On pré-
sente la logique du dimensionnement des trai-
tements de surface, en commengant par le be-
soin impératif d’une solide fondation. On passe
en revue les agrégats de surface, a granulomeé-
trie uniforme comme en Nouvelle Zélande et en

Australie, et a granulométrie variable comme
aux Etats Unis. On compare ['utilisation de la
méthode de la moyenne des dimensions
minimales a celle dite du “Spread Modulus”
{(mesure, en pouces, de I'épaisseur moyenne
d’'une couche d'agrégats de surface de
granulométrie variable) pour déterminer 'épais-
seur moyenne du traitement de surface. Le
pourcentage de vides d'une couche d'agrégats
non agglomérés, comme fonction du poids vol-
umétrique de 'agrégat d'épandage, est évalué.

L'influence du calibre de 'agrégat d'épan-
dage sur le rendement est discutée et la sensiti-
vité des differentes tailles d’agrégats aux erreurs
d’'application des liants est déterminée. Cette
derniére indique que la marge de sécurité
contre le ressuage et/ou les pertes de granulats
d'épandage est beaucoup plus grande a me-
sure que la taille des agrégats augmente.

Le choix des liants bitumineux est évalué, et la
méthode de sélection de la classe de qualité et
de la quantité, est décrite. Bien que dans cette




ufactured by the user. The use of asphaltic ce-
ment for binder is also a viable alternative. Be-
cause the properties of the individual asphaltic
cements from different sources vary so much,
the spraying temperatures, for example, need to
be evaluated by product rather than taken from
the figures in the text.

tain answers to each of the following six basic
questions:

1. What type and size of cover aggregate are
to be used?

2. How much weight of cover aggregate
should be applied per square unit of measure?

3. What type and grade of asphait binder are

io.be.selectad?

The quantity.of the residual asphalt.binder o
be used is influenced by (a) traffic volume, (b)
absorption into the cover aggregate, and (c) the
texture of the surface to which it is applied. The
guantity of the total asphalt binder to be applied
is a function of the amount of residual asphalt in
the asphalt binder selected (100 percent in as-
phaltic cements) and the temperature of applica-
tion.

The principal objective of any adequate
method of design for surface treatments is to ob-

4. What spraying temperature should be
specified for the asphalt binder?

5. What should be the rate (in volume per unit
of square measure) of binder application mea-
sured at 15°C (60°F)?

6. What should be the rate (in the same units)
of binder application at the spraying tempera-
ture”?

The text describes the design techniques
used to answer these gquestions and presents

aplicar?

3. ¢Qué tipo y calidad de enlazante asfaltico
se seleccionaran?

4. 4Qué temperatura de rociado se especifi-
cara para el enlazante asfaltico?

5. ¢Cual deberia ser la tasa (volumen por
unidad de medida cuadrada) de aplica-
cion de enlazante medida a 60°F (15°C)?

6. ¢Cual deberia ser la tasa (en las mismas
unidades) de aplicacién de enlazante me-
dida a la temperatura de rociado?

El texto describe las técnicas de diseno que
se utilizan para contestar estas preguntas y pre-
senta ejemplos de calculos, utilizando los prin-
cipios derivados. También describe el equipo
de construccion y procedimientos que se utili-
zan para aplicar las cantidades correctas de
materiales en forma precisa y uniforme sobre la
superficie del camino en condiciones favorables
de tiempo y de otros factores. El texto estudia la
proteccion del tratamiento de superficie contra
dano causado por los vehiculos durante la cons-

communication on utilise comme exemples les
bitumes a séchage rapide (RC) les mémes
technigues sont valables pour les bitumes a sé-
chage moyen (MC). Le séchage plus lent des bi-
tumes MC ne devrait causer aucun probleme
aux traitements superficiels des nouvelles cons-
tructions, sur lesquelles on ne permet pas la cir-
culation immédiate, et de plus les facteurs de
sécurité sont plus grands, surtout si le bitume
fluidifié est fabriqué sur place. L'utilisation des
ciments asphaltiques comme liants est une al-
ternative valable. Les proprietés des différents
ciments asphaltiques provenants de sources dif-
férentes, sont trés variables et de ce fait, les
temperatures d'épandage par exemple, ont be-
soin d'étre évaluées selon le produit, plutét
gu'extrapolées des tableaux du texte.

lLa quantité de liant bitumineux résiduel a utili-
ser est influencée par (a) le volume de trafic, (b)
I'absorption dans I'agrégat d'épandage, et (c) la
texture de la surface a enduire. La quantité de
liant bitumineux total & appliquer est fonction du
montant de bitume résiduel du liant bitumineux
choisi (100 pour cent pour les ciments asphalti-
ques) et de la température d’application.

L'objectif principal d’'une méthode de dimen-
sionnement des traitements de surface adé-
guate, est d'avoir la réponse a chacune des six
qguestions de base suivantes:

1. Quels genre et calibre d'agrégats d'épan-
dage doit-on utiliser?

2. Quel poid d’agrégat doit-on utiliser par
unité de mesure au carré?

3. Quelle sorte et classe de qualité de liant bi-
tumineux doit-on choisir.

4. Quelle température d'épandage doit-on
spécifier pour le liant bitumineux?

5. Quel doit étre le dosage (en volume par
unité de mesure au carré) d'application du liant
mesuré a 15°C (60°F)?

6. Quel doit étre le dosage (en utilisant les
méme unités de mesure) d'application du liant &
la température d’épandage?

Dans ce texte on décrit les techniques de cal-
cul utilisées pour répondre a ces questions et on
donne des exemples en utilisant les principes
qui en sont dérivés. On décrit aussi le matériel et
les procédés utilisés pour appliquer les quanti-
tés de matériaux adéquates correctement et uni-
formément, sur la surface routiére selon des
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sample calculations by using the principles de-
rived. It also describes the construction equip-
ment and procedures used to apply the proper
quantities of materials accurately and uniformly
to the road surface under suitable weather and
other conditions. The text discusses how to pro-
tect the surface treatment from damage by vehi-

of Jordan, Ministry of Public Works, Highway
Department, 1972). It outlines the fundamentals
of surface treatments and defines the following
types of defects that commonly occur in surface
treatment: (a) alligator cracking, (b) potholes,
(c) raveling, (d) bleeding, (e) corrugations, and
(f) stripping. The prevention, correction, or re-
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cles hoth during construction and during.the
critical initial period after it is opened to traffic
following construction.

The ninth text is excerpted from Highway
Maintenance Manual (The Hashemite Kingdom

placement of each defect is described

The equipment used in repairing or recon-
structing surface treatment is described, and
checklists for each piece of equipment are
provided for the maintenance foreman. Details of

truccion y durante el periodo inicial, conside-
rado critico, cuando se lo abre al transito.

El noveno texto fué extraido de Highway Main-
tenance Manual (Manual de conservacion vial,
El Reino Hachemita de Jordania, Ministerio de
Obras Publicas, Departamento Vial, 1972). Re-
sume los principios fundamentales del trata-
miento de superficie y define los siguientes tipos
de defectos que comunmente ocurren en él: (a)
cuartetado, (b) baches, (c) desgaste del pavi-
mento, (d) exudacion, (e) corrugaciones, y (f)
disgregacion. Se describe la prevencion, co-
rreccion, o reemplazo de cada defecto.

Se describe el equipo usado en la reparacion
O reconstruccion del tratamiento de superficie, y
se suministran listas de control para cada pieza

de equipo al capataz de conservacion. Los de-
talles para la aplicacion del tratamiento de su-
perficie se presentan al nivel del supervisor de
campo para conservacioén. Se describen los ma-
teriales de bacheo asfdlticos, y se detallan el di-
sefio y manufactura de los materiales de bacheo
de mezcla en frio para la reparacion de baches
en el tratamiento de superficie.

Bibliografia

Al final de los textos seleccionados el lector en-
contrara una breve bibliografia que contiene los
datos y abstractos de referencia para 20 publi-
caciones. Las primeras 9 referencias describen
los textos seleccionados. Las otras 11 describen

conditions météorologiques (et autres) appro-
priées. On discute comment assurer la protection
du traitement de surface contre les domma-

ges causés par les véhicules pendant la cons-
truction et pendant la période critique initiale de
l'ouverture au trafic.

Le neuvieme texte est extrait de Highway
Maintenance Manual (Manuel d’'entretien routier,
Royaume Hachémite de Jordanie, Ministere des
Travaux Publics, Division des Routes, 1972). On
dessine les principes fondamentaux des traite-
ments de surface, et on donne la définition des
dégradations de surface suivantes: (a) peau de
crocodile, ou faiencage a mailles fines; (b) nids
de poules; (c) désintégration; (d) ressuage; (e)
téle ondulée; et (f) désenrobage. La prévention,
la correction ou la réparation de chacunes de
ces dégradations sont décrites.

Le matériel utilisé pour la réparation ou la re-
construction des traitements de surface est dé-
crit, et des listes de contréle pour chaque piece
d’équipement sont fournies pour le chef de sec-
teur. L’application des traitements de surface est
présentée en détail au niveau du conducteur de
travaux. Les matériaux pour le reflachage sont
décrits et te calcul et la fabrication de materiaux
pour le reflachage a froid pour la réparation des
nids de poule sont détaillés.

Le calcul du traitement superficiel utilisé en
Jordanie (voir page 24 de ce texte) est décrit
dans Additional Reference No. 19.

Bibliographie

Les textes choisis sont suivis d’une bréve biblio-
graphie contenant les références et les résumés




applying surface treatment are presented at the
maintenance field-supervisor level. Asphaltic
patching materials are described, and the de-
sign and manufacture of cold-mix patching ma-
terials for repairing potholes in surface treatment
are detailed.

The surface treatment design used in Jordan
(see page 24 of this text) is described in Addi-
tional Reference No. 19.

Bibliography

The selected texts are followed by a brief bibli-
ography containing reference data and
abstracts for 20 publications. The first nine de-
scribe the selected texts. The other 11 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

publicaciones relacionadas con los textos se-
leccionados. Aunque existen muchos articulos,
informes, y libros que podrian nombrarse, no es
el propdsito de esta bibliografia mencionar
todas las posibles referencias que se relacionen
con el tema de este compendio. Contiene uni-
camente aquellas publicaciones de las cuales
se ha seleccionado un texto y las publicaciones
basicas que se habrian seleccionado si no hu-
biera un limite al nimero de pdginas en este
compendio.
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de 20 publications. Les 9 premiers sont une
description des textes choisis. Les autres 11
décrivent des publications apparentées au
théme des textes choisis. Bien qu'il y ait beau-
coup d'autres articles, rapports et livres qui
pourraient étre énumérés, le but de cette biblio-
graphie n'est pas de contenir toutes les réferen-
ces possibles apparentées au théme de ce re-
cueil. Cette bibliographie contient seulement les
publications dont nous avons choisi des extraits,
ou des publications de base qui auraient été
choisies, s'il 'y avait de limite au nombre de
pages de ce recueil,
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of this bibliography to contain all possible refer-
ences related to the subject of this compendium.
The bibliography contains only those publica-
tions from which a text has been selected or
basic publications that would have been
selected had there been no page limit for this
compendium.




Selected Texts

This section of the compendium contains
selected pages from each text that is listed in
the table of contents. Rectangular frames are
used to enclose pages that have been

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

reproduced fromthe original publication."Some
of the original pages have been reduced in size
to fit inside the frames. No other changes have
been made in the original material except for the
insertion of occasional explanatory notes. Thus,
any errors that existed in the selected text have
been reproduced in the compendium itself.

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

LUIH{)@HUIUH Page Humbers:

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

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

Textos seleccionados

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

Los numeros de pagina del texto original apa-

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

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

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

Textes choisis

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

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

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

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

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

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




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

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

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

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

notes are set off within dashed-line boxes and -
begin with the word NOTE.

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

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

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

cos en el indice de las publicaciones respecti-
vas.

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

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

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

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

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

Les lignes brisées sur les pages des textes
choisis indiquent les endroits ou le texte original
a été omis. A certains endroits, les textes choisis
contiennent des explications qui ont été
insérées par notre personnel. Ces explications
sont entourées d'un encadrement en pointillé, et
commencent toujours par le mot NOTE.
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INTRODUCTION

IN MANY countries, particularly in the tropics, a
high proportion of roads have gravel or earth surfaces.
In the dry season such roads become dusty and often
corrugate;! in the wet season they may become impassable.
The only permanent cure for such conditions is to lay a
properly constructed road with a bituminous surface. In
practice, however, the initial high cost of laying a
bituminous-surfaced road frequently makes this form of
construction prohibitive and dust is a very real problem.
This Bulletin reviews the methods that can be used to
combat this problem.

N.B. This Bulletin has been reissued (1971 ) with the
addition of metric equivalents. Names of
countries, as they appeared in the original
issue, have been left unchanged.

Characteristics of dust

Dust has been defined in the Encyclopaedia
Britannica as "earth or other solid matter in a fine
state of subdivision so that particles are light enough
to be easily carried as a cloud by the wind". Blacktin?
showed that even fine sand particles clearly visible to
the naked eye, when raised in a dust cloud by a moving
vehicle, may be carried well clear of the highway and
that really small particles may be carried distances of
more than 32km (20 miles) by winds of 8km/h (5 mile/h).

Clouds of dust caused by motor vehicles are
objectionable not only to the driver and his passengers
but to others nearby. In villages and townships, where
traffic is heaviest, the dust penetrates houses and
shops. Food exposed for sale in the markets becomes
covered by a layer of fine barely visible particles.
Houses and plants in the vicinity of the road are slowly
covered in the dust which even heavy rain fails to remove.
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There is an urgent need to control dust in such places,
not-only because of the-general nuisance but also because
dust is dangerous. To the motorist a cloud of dust
raised by another vehicle can cut down the visibility so
that driving becomes hazardous. Fine gbrasive particles
greatly increase the wear on moving parts of the vehicle.
Roadside plants and crops are hindered in their growth
and may die if the layer of dust prevents transpiration.
Man and other animals inhesle dust, and particles may be
retained in the body. Even if these particles are inert
the purely physical effects on the body can be serious.

When & dust cloud is raised the fine constituents,
clay and fine silt, are lost from an unsurfaced road.
Estimates of the amount of material lost vary between
60 and 300 Mg per kilometre (100 and 500 tons per mile)
of road per year. The continued loss of road material
lowers the level of the road, with consequent adverse
effects on the drainage. In the rainy season heaps of dry
dust, which have formed near the verge, are turned to
mud, making driving more difficult and impeding still
further the surface-water run-off. If remedial measures
are delayed the road rapidly deteriorates.

Early work on dust-laying

In the earliest attempts to lay the dust on roads,
fresh water was generally used although sea water was
used in coastal towns3. Among the materials used as
binders in the early experiments were heavy oils, tar and
bitumen*2526, With the introduction of pressure sprayers
for applying the binder “°® an important advance was made
in the materials and methods used in dust-laying. (From
these early investigations the technique of surface
dressing with bitumen or tar was developed as a method of

surfacing and maintaining surfaced roads.)
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METHODS OF TREATMENT

The primary object in treating an unsurfaced road is
to cause the finer particles which, when detached from
the road,become the dust, to be bound firmly with the
other constituents of the road material.

Where the road has a stable base a thin wearing
course is adequate. In most cases the base is not
adequately stable and, particularly on roads carrying
heavy traffic, treatments are effective for varying times,
and the cost of the treatment must be weighed against its
life.

The principal binding agents used in dust-laying may
be classified under the following headings:

(i) Water, fresh or sea
(ii) Deliquescent and hygroscopic chemicals
(iii) Other inorganic chemicals
(iv) Organic, non-bituminous binders
(v) Tar and bituminous materials.
Water, fresh or sea
Water provides only a temporary relief and the
required frequency of application depends on the climate
and weather; experience has shown that several light
applications are better than one heavy one. A very
heavy application may turn the dust to soft mud, wash
away essentlal fines and even penetrate to the subgrade,
possibly resulting in a road failure.
Seawater is generally more effective than fresh water

owing to the presence of small amounts of deliquescent
chemicals, principally magnesium chloride. If the
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atmesphere is sufficiently humid these chemicals will
hold the water they absorb and the road surface will
remgin- demp for longer than if fresh water is used.

Brine liquor, a waste product of the salt industry,
which remains after most of the salt in the seawater
has crystallized out by evaporation, is richer in
magnesium chloride than is natural seawater. It is
thus more effective than seawater as a dust palliative.

Deliquescent and hygroscopic chemicals

Several metallic salts with deliquescent or hygro-
scoplc properties can be used as dust-laying agents.
The main ones are calcium chloride and magnesium
chloride, which are deliquescent, and sodium chloride
(common salt), which is hygroscopic. Deliquescent sub-
stances absorb moisture from the atmosphere and liquify
when the vapour pressure of their saturated solution
(which is wusually low) is less than that of the water in
the atmosphere. With hygroscopic chemicals the quantity
of water absorbed depends on the exposed surface area,
more being asbsorbed when the substance is finely divided.

Various workers have given the relative humidity
necessary for the different chemicals to be effective.
Sodium chloride can absorb water only when the humidity
exceeds 75 per cent,’/ and consequently is of little use
in arid regions where the humidity is frequently below
this value for long periocds. Calcium chloride ceases to
absorb moisture when the relative humidity falls below
30 or 40 per cent, depending on its purity’. In addition,
the ability of calcium chloride to absorb water is
dependent on atmospheric temperature. Figure 1 gives the
lowest value of humidity and corresponding temperature at
which calcium chloride will absorb moisture and completely
dissolve, based on figures by Brudal®. In areas where the
temperature and humidity are in the zone to the left of
+the curve calcium chloride will not absorb sufficient
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Fig.1. Relation between the lowest relative humidity
of air and temperature at which calcium
chloride will absorb moisture and dissolve,
based on figures given by BrudalS.

moisture for it to dissolve and thus under these
conditions calecium chloride is of little value as a
dust-laying agent. There would, however, be a tendency
for moisture from the road to evaporate more slowly than
it would if the water had not contained any chloride
because it has a lower vapour pressure than water. A
detailed study of the use of calcium chloride as a dust
palliative has been made by Burggraf?®.
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Deliquescent and hygroscopic dust-laying agents can
be applied either in agueous solution or in solid form.
The latter is generally favoured, especially when heavy
applications are to be made. If Qust-free conditions
are to be maintained, more than one treatment a year is
usually necessary because these chemicals migrate down-
wards through the roadl?®.

Methods of application. The choice of method of
application depends on whether only the surface of the
road is to be treated or whether treatment in depth is
necessary.

In the former process the calcium chloride, or
other salt, is applied either in solution, preferably
from power sprayers, or spread in flake form at a pre-
determined rate. Penetration is usually less than
12 mm (3 in). To ensure an adequate supply of moisture
it mey be necessary to spray the road before spreading
the calcium chloride or other salt, in flake form.

In very dusty conditions where treatment in depth
is to be carried out, after preliminary shaping the
road is heavily scarified to a depth of 7.5 - 10 cm
(3-4 in). At this stage additional soil, to improve the
mechanical stability, may be added and thoroughly blended
with the material already present. The next stage is to
spread the calcium chloride at the appropriate rate. The
soil is then thoroughly mixed to ensure an even
distribution of the chemical. Shaping is carried out
before final compaction to provide the correct transverse
profile. All operations, other than rolling, can be done
by hand or by machine. If the surface is not too wet or
soft the road can be opened to traffic immediately
rolling is completed.

Rates of spread. In practice it has been found that
satisfactory rates of spread vary from 0.25 to 1.25 kg/m?
(3 to 23 1b/yd?) depending on the soil, the climatic
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conditions and the purpose for which the additive is
being useddS»11512,13,

Advantages and disadvantages. Dust-laying with
calcium chloride and similar chemicals is a simple
process and can be achieved without highly specialized
equipment, although mechanization can lead to more rapid
and uniform treatment.

Although some surface hardening may occur, the
treated soil remains sufficiently workable for reshaping
with a blade grader to be included in the normal
meintenence routine. In temperate and cold climates
there is also the adventage that soil treated with
calcium chloride is less susceptible to frost.

The main disadvantage of using the deliquescent or
hygroscopic chemicals is that owing to their high
solubility in water they tend to be washed away.
Additional treatments are thus generally necessary after
periods of rain. In addition these chemicals are
corrosive to most metals, particularly aluminium and its
alloys. Their corrosive effects depend on the air
temperature, humidity and the strength of the solution.
When used as dust palliatives they do not appear to
affect motor vehicles to any serious extent but their
use on airfields should be approached with caution. If
they become damp they are more difficult to handle and
it is advisable to store the chemicals, especially calcium
and magnesium chloride, under cover and away from sources
of moisture.

Cost. Although calcium chloride is a waste product
of the washing-soda industry it is not cheap in solid
form or in concentrated solution. The present price in
Great Britain is sbout £15 a Mg (£15 a ton). Magnesium
chloride is slightly more expensive. The cost of calcium
chloride at £15 per Mg (£15 a ton) to treat 1.6 km
(1 mile) of road 6.5 m (21 ft) wide with 1 kg/m?® (2 1b/yd?)

11
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would be about £165 exclusive of processing. With
additional treatment at the rate of 0.25 kg/m? (3 1b/yd?)

12
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over a period of 10 years would be about £1000.
Other inorganic chemicals

Other inorganic chemicals, including sodium and
potassium silicates®, may be used as dust palliatives.
From solutions of metallic salts of aluminium or calcium,
sodium or potassium silicates will precipitate insoluble
aluminium or calcium silicates, which act as binding
agents. Their use is limited because they are expensive
overseas, and are often not available in large quantities
there. A further disadvantage is that additional plant
is required because the sodium silicate and aluminium
(or calcium) salt have to be applied separately.

Organic non-bituminous binders

Organic non-bituminous binders may be used to lay
dust on earth and gravel roads. These binders include a
variety of industrial waste products, animal fats and
vegetable oils. In general they are available only in
small quantities or near their source of manufacture.
Of the waste industrial products sulphite liquor and
molasses residues are the most important.

Waste sulphite liquor

Sulphite liquor, sometimes known as sulphite lye or
black or lignin liquor, is a waste product from the
paper—-making industry. Its composition depends on the
raw materials, mainly wood-pulp, and on the chemicals
used to extract the cellulose. It contains lignins, and
carbohydrates in solution. The solid constituents are
extracted from the waste ligquor by evaporation.
Proprietary dust-laying substances have been developed
and it has been claimed!" that the active constituent of
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one such substance is neutralized lignin sulphonic acid
ontaining sugar. These waste products have been used

successfully in Sweden,®>!5 the United States of

America,1®:17 Canadal® and French North Africal9.

The successful use of the liquor for dust-laying
depends on the grading of -the earth or gravel. Experience
shows that a proportion of clay must be present.8’15’16
In Sweden it has been found advantageous to add extra
clay to gravels deficient in fines.

Method of treatment. Treatment with the sulphite
liquor, either in liquid form (2.5 1/m?)(0.5 gal/yd?) or
in powder form (0.5-1 kg/m?)(1-2 1b/yd?), may corsist of
a surface application. A soil may be treated in depth
with the liquor; the process then approaches one of soil
stebilization. The methods of carrying out the work are
identical with those described on p.6 and the equipment
used is similar to that used in the process of dust-
laying with hygroscopic chemicals (p.6).

Advantages and disadvantages. High outputs and
more wniform results can be achieved with mechanigzed
processing but, as with calcium chloride and other
chemicals, treatment with the liquor can be carried out
with the simplest equipment. The surface binding action
may be reduced or completely destroyed by heavy rain
because the solids content of the liquor is soluble in
water., Additional treatments may therefore be necessary
to maintain dust-~free conditions.

There is a tendency for the soil-sulphite mixture
to remain slightly plastic for some time. This permits
reshaping without major reconstruction and may allow
additional compaction by traffic which will give greater
strength and will reduce the voids in the treated soil.
Rain is then less likely to penetrate and dissolve the
solids.

13
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Sulphite and, especially, soda liquors may cause

“corrosion of aluminium and its alloys due to the presence

of caustic compounds used in the extraction processes.
For this reason the use of these liquors is not favoured
on airfields. It is claimed that the corrosive effects
can be diminished by the addition of a slurry of calcium
carbonate to the sulphite liquor;20 the carbonate reduces
the solubility and hence prolongs the dust-laying effect.

Cost. The cost of using sulphite liquor varies
according to the locality, the concentration, and whether
any materials have already been recovered from it. In the
United Kingdom the price is about £12 per Mg (about £12
per ton) and to treat a 6.5 m (21 ft) wide road at 2.5 1/m?
(0.5 gal/yd?) the liquor alone would cost about £200 per
kilometre (£350 per mile). In territories remote from a
suitable source of supply the cost would uﬁdoubtedly be
greater.

Molasses residues

Molasses residues are obtained from the sugar
industry. In India they have been used in a fifty per
cent solution in water?l and sprayed on the road surface
which is subsequently blinded with sand. Additional
treatments during the year are necessary, particularly
after heavy rain as the molasses is soon dissolved out.
An improvement has been obtained by adding slaked lime and
charcoal to the molasses. The resultant mixture was
spread over the road surface previously sprayed with a
solution of molasses in water. After blinding with sand,
the road was rolled to produce a hard, smooth surface.
This mixture was found to be far more resistant to the
action of rain than the untreated molasses residues.

Vegetable oils, animal fats and greases

These agents, which include linseed and cotton-seed
oils and wool grease derivatives, are usually available

10
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only in small quantities. As dust palliatives they are not
particularly satisfactory since they will only coat

individual grains of soil and they have little binding
power. The residue from the destructive distillation of
cotton seed and wood in the form of crude tar is more
effective, but the availability is so limited that it is
not worth considering in detail. Such binders tend to be
very liable to oxidation, and to form a brittle surface.

On many narrow roads overtaking necessitates driving
on the earth shoulders and in Pakistan?? the dust nuisance
caused by this has been abated by covering the shoulders
with a layer of wild grass, related botanically to sugar
cane, or with reeds similar to Norfolk sedge. In India?3
coarse reeds or grass similar to Pampas grass, covered
with a few inches of soil, have been used on the roads to
keep down dust.

Tar and bituminous materials

The present—day production of tars (from coal) and
bitumens (from crude oil) is very carefully controlled
and by recombining the heavier grades of residue with the
lighter fractions of distillate, products with a wide
range of viscosities can be obtained. In the vicinity of
0il fields, crudes containing bitumen are frequently used
for dust-laying. The cost of transport prevents the use
of such materials in more distant areas.

It is almost impossible to draw precise boundaries
between bituminous stabilization, dust laying and
bituminous construction using one or more surface
dressings. For the purposes of this Bulletin, methods
requiring plant mix are considered to be beyond the scope
of dust-laying, and seal coats requiring blindings of
crushed, graded stone are considered to be more
appropriately dealt with as seal coats (surface treatments
or surface dressings).

11
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Waste oils, such as engine oils have been used as
surface treatments with sands and fine-grained soils.
As they supply 1little binding action, their effectiveness
does not last long, but is extended by subsequent treat-
ments. Ships'bunker oil gives better results.2Y The
binding action of such oils can be improved by incorpor-
ating up to 25 per cent of bitumen.

Where the base of a road is adequate for the traffic,
a surface treatment using & single sand-blinded dressing,
or a prime followed by a sand-blinded dressing will give
adequate protection. The life of such a treatment nay
well be short, depending on the state of the surface etc.,
but it may be extended by applying a seal coat. A
considerable amount of work has been done on these types
of treatment in New Zealand,?® gnd Australia.!2,26
A somewhat cruder treatment is to use a natural gravel as
the blinding material with all the fines. In this case
the rate of spread of binder should be heavier as it is
required to hold a thicker layer of material. No general
specification cen be written for such treatments, and
trial runs will have to be undertaken in individual cases.

For mix-in-place treatments, the best results are
given with gravel and sand gradings which are by them-
selves mechanically stable. Particle-size distributions
have been recommended for use in America,?7228
Scandinavia?? and England3®. These are in fact low-cost
versions of pre-mixed surfacings rather than dust-laying
procedures. Existing surfaces will usually have gradings
outside the recommended limits. With such materials,
trials must be made to determine whether a satisfactory
mix will result. As a general rule, low viscosity binders
are necessary to obtain a coating at road temperatures.
Experience has shown. that where the materials to be
treated contain appreciable proportions of fines,
particularly in the clay fraction, the fines tend to
absorb the binder, while at the same time the binder tends
to reduce the natural cohesion of the fines, necessitating
binder contents of the order of 5 per cent or more.

12
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For dust-laying bitumen binders will usually be
~applied -gb-the -ambient-air -temperatures-and this.will
limit the viscosity to the range equivalent to M.C.O.
or M.C.1. on the American classification (corresponding
to a viscosity range of 15-150 seconds STV, 4 mm
orifice). With tars, the viscosity range is normally
between 5 and 15 e.v.t. The rates of spread will
depend on the type of material and the depth to be
treated. Surface treatments will generally use
applications between 0.55 and 1.35 1/m?® (0.1 and 0.25
gal/yd?) but with mix-in-place treatments applications
may be up to 5.5 1/m? (1 gal/ya?).

Use of bituminous emulsions. Bituminous emulsions
have not been used for dust-laying with much success
because the emulsion tends to break on contact with the
dust before it has had time to penetrate into the earth
or gravel. Emulsions have been used in the mix-in-place
process.3! The bitumen base of emulsions does not contain
the non-volatile oils which, in a road oil, help to keep
the oiled surface soft and workable for a considerable
time. Up to 20 per cent of non-volatile oil, such as
fuel oil, can be added to make bituminous emulsions more
suitable for use. Slow breaking emulsions should be used.
To obtain a satisfactory distribution of bitumen in the
soil it may be necessary to dilute the emulsion with
water in the proportions of about 3 parts water to 2
parts of emulsion. 32

In an American patent33 referring to a dust-laying
emulsion it is stated that the saturated hydrocarbon
components have little or no binding power; this is said
to be provided by unsaturated hydrocarbons. For good
adhesion and binding properties the patented emulsion
should have less than 25 per cent and preferably less than
15 per cent of saturated hydrocarbons. It is stated that
a highly viscous or semi-solid fraction which is resinous
and liquid at higher temperatures is present in crude
0ils of the wax-free type (i.e. naphthenic type). This
fraction is said to provide good adhesion.

13
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Advantages and disadvantages. Bitumen and tar

_binders provide the most durable dust-free surfacings

because of their adhesive properties and insolubility in
water. Their use may be adapted to suit wide ranges of
soils and gravels and traffic conditions. Good results
can be achieved with simple equipment although
mechanization leads to higher outputs and more uniform
results. Soils treated with bituminous binders remain
slightly plastic for some time and reshaping is some-
times possible after construction.

Cost. The cost of bituminous binders is high,
particularly in remote districts.

EFFECT OF ENVIRONMENT ON THE COST OF DUST-LAYING

The problem of dust from roads is a world problem,
not just confined to the arid tropics; it occurs in
temperate climates and alsc in the Arctic Circle in the
summer months.

The economics of the problem vary in different
areas, depending on the climate, materials available and
the state and rate of development of the country.

The climate has a considerable effect on the cost of
road construction. For instance, where frost penetration
is deep, the cost of providing an adequate depth of -
construction which is not susceptible to frost heave is
considerable, and surfacing materials must stand up to
cycles of freezing and thawing. In temperate climates,
because of lower rates of evapo-transpiration especially
in the winter months, water—tables are likely to be
nearer the surface, giving rise to weaker subgrades.
Frost action again has to be taken into account and again
construction costs will be high. 1In the tropics and sub-
tropics, frost, even where it does occur, has almost no
effect, and because of the much higher evapo-transpiration
rates, water-tables are further below the surface. These
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factors allow for a much reduced thickness of construc-
tion as compared with that in temperate and arctic
climates. This means that the cost of constructing a
‘bituminous road is generally less in the tropics and
sub-tropics and that the limit of annual expenditure at
which it is economically worthwhile to build a permanent
road will be lower in these areas.

Prom the materials point of view, areas in which
glaciation has occurred often have good supplies of
gravels with low fines contents. These are more amenable
to dust-laying treatments than the gravels and clays in
the tropics, which are largely residual materials and
contain appreciable amounts of plastic fines. Also the
source of chemicals is nearer at hand in the temperate
areas, and transport charges are less.

Finally the state of development of countries in
the temperate zones is higher than in the tropics and the
annual maintenance expenditure on roads is higher. 1In
tropical countries, the rate of development is often
greater than in more temperate zones, and within a very
short period of time roads will require more permanent
treatments than are afforded by the dust-laying techniques

described.

Thus, except in special circumstances, the use of
dust-laying techniques would involve higher maintenance
charges than are at present budgeted for in many
tropical areas. In these areas, for the level of
expenditure required for dust-laying techniques, a road
constructed to bituminous standards could be obtained,
and is likely to be more economical in the long run.
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DEFINITIONS USED IN THIS GUIDE

Bituminous Binder
A material derived from petroleum bitumen or coal tar.

Prime Coat

A coat of suitable bituminous binder applied to a non-bituminous granular
base as a preliminary treatment before the application of a bituminous surfa-
cing to promote adhesion between the base and the surfacing, and to assist in
sealing the voids and in binding the aggregate near the surface of the base.

Tack Coat

A coat of suitable bituminous binder applied to an existing surface as a pre-
liminary treatment to promote the adhesion between the existing surface and
a subsequently applied bituminous overlay or surfacing.

Prime Coats and Tack Coats
{vi) TRH 1, Pretoria, South Africa, 1969
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GUIDE ON PRIME COATS, TACK COATS

26

AND TEMPORARY SURFACINGS FOR
THE PROTECTION OF BASES

INTRODUCTION

Road engineers have sometimes asked whether prime coats and tack coats
serve a useful purpose in road construction and whether they justify the extra
cost and time involved in their application. This is because many roads con-
structed without a prime coat or a tack coat have given a satisfactory per-
formance. On the other hand many failures that have occured have been due
to their omission. It is also true that the application of a preliminary treat-
ment which lends itself to good control reduces the risk of failure as a result
of imperfections that can arise during construction and which, when they oc-
cur, can be very costly to rectify. This guide discusses some of the principles
involved and makes general recommendations that can be applied to specific
cases in practice.

Prime Coats and Tack Coats
TRH 1, Pretoria, South Africa, 1969 1
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PRIME COATS |

FUNCTIONS OF A PRIME COAT

a. It assists in promoting and maintaining adhesion between a granular base
and a subsequently applied bituminous surfacing (which may be a surface
treatment or a premix carpet) by precoating the surface of the base and by
penetrating the voids near the surface.

b. It helps to seal the surface pores in the base, thus reducing the migration
of moisture and to a great extent prevents the absorption of the first spray of
surfacing binder.

¢. It helps to strengthen the base near its surface by binding the finer parti-
cles of aggregate.

d. It helps to stabilize cohesive soils by waterproofing the binder.

e. It provides the base with a temporary protection against the detrimental
effects of weather and light traffic until the surfacing can be constructed.

REQUIREMENTS OF A PRIME

A prime must be capable of wetting and penetrating the dust film covering a
granular base and coating the aggregate particles with a strongly adhering film
of bituminous binder. It must also be capable of penetrating the surface of
the base, normally to a depth of between S mm and 10 mm on dense graded
bases. These requirements are met if low viscosity cut-back bitumens or tars
which are solutions of bitumen or coal tar pitch in light and heavy oils are
used as primes. Bituminous materials of a higher viscosity such as the type
used in surfacing construction are not suitable for coating a surface when dust
is present and they also penetrate most types of base to only a limited extent,
Neither are bitumen emulsions suitable as they will not normally penetrate
dense graded bases, since the minute bitumen droplets coalesce rapidly to
form a film of bitumen on the surface.

After spraying a prime its temperature falls to that of the road surface and
its viscosity increases rapidly. The prime then cures because of the loss of
light oils by evaporation and, particularly in the case of tars, there is selective
absorption of the heavier oils by the base. The prime must be so constituted
that a thin, strong layer of bitumen or pitch is formed on the surface of the

Prime Coats and Tack Coats
2 TRH 1, Pretoria, South Africa, 1969
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base and so that any light oils present are able to evaporate rapidly thus ena-
bling the prime to dry within a reasonable time. A reasonable drying time for

rural roads is three to four days in summer and six to eight days in winter.
Where, however, access to a road has to be provided during construction,
which is normally the case with city streets, then the freshly primed surface
should be covered with a layer of crusher dust or sand as soon as it is neces-
sary to open the road to traffic.

When it is necessary to delay the construction of the surfacing for several
weeks or longer, and particularly when the primed base has to be opened to
traffic, a type of prime must be used which is sufficiently durable to resist
weathering and has good binding properties that will assist in preventing dis-
integration of the base by the traffic.

TYPES OF PRIME

1. Cut-back Bitumens
MC-0)
MC-1)
(specified in SABS 308—1951)

2. 3/12° EVT High-temperature Coke-oven Tar Prime
(specified in SABS 748—1966)

3. Low-temperature Tar Primes
12/15° EVT
15/18° EVT
(specified in SABS 749-1966)

4. 3/12° EVT Gas-works Tar Prime
(specified in SABS 749-1966)

manufactured from ‘straight-run’ or ‘cracked’ bitumen

SELECTION OF TYPE AND GRADE OF PRIME AND RATE OF
APPLICATION

GENERAL CONSIDERATIONS
The main factor that governs the selection of the type and grade of prime and
its rate of application is the type of base on which it is to be used and the ab-
sorptive characteristics of the base. Weather conditions must also be taken in-
to account, since some types of prime are slow drying in winter.

In the case of surface treatments a prime coat should always be applied to
dense graded natural gravel bases (unstabilized or stabilized with a cementi-
tious binder) and also in every case where the construction of the surfacing

Prime Coats and Tack Coats
TRH 1, Pretoria, South Africa, 1969 3
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has to be delayed after the completion of the base. On dense graded, good-
quality crushed-rock bases which can be swept to a clean, strong, stony sur-
face free from dust, it is not essential to prime the base in order to promote
adhesion of the surfacing binder. However, in an area with a predominantly
wet climate it is a safeguard to prime this type of base to maintain adhesion.

Except for certain types of cement-stabilized bases, on which a bitumen
emulsion tack coat is applied, it is essential to prime before applying premix
surfacings. In some cases, however, it may also be necessary to apply a tack
coat on the primed surface immediately before laying the premix as the adhe-
sion of the premix to a non-bituminous base is not obtained as readily as with
a surface treatment, as in the latter case the binder is in a very fluid condition
when sprayed.

Ideally the viscosity and rate of application should be chosen so that the
surface will absorb all it can and leave only a thin layer on the surface which
dries quickly. In Australia tightly bonded surfaces are primed with a ‘low vis-
cosity’ prime (10—15 centistokes at 50°C), surfaces of medium porosity with
a ‘medium viscosity’ prime (50—150 centistokes at 50°C), and porous surfa-
ces with a *high viscosity’ prime (150-300 centistokes at 50°C). The types of
prime which are available in South Africa are given in Table 1. Experimental
work on the rate of drying of different types of prime has shown that this is
not determined solely by the viscosity. For example, under certain conditions
high-temperature coke-oven tar prime dries more slowly than the higher visco-
sity low-temperature tar prime. Therefore, when considering what type of
prime to use in a given case, not only must its viscosity be taken into account
but also its constituticn.

NORMAL PRIMING ON DENSE GRADED BASES

1. Dense Graded ‘Crusher-run’ Bases {Unstabilized)

Typical dense graded unstabilized ‘crusher-run’ bases as constructed in the
Transvaal with Reef quartzite have a tightly bonded surface and a dry density
greater than 2165 kg/m®. A prime coat may be omitted on this type of base
under certain conditions (see General Considerations, page 3) especially
where multiple surface treatments are constructed.

If it is intended to omit the prime coat the construction of the surfacing
should proceed without delay and the first spray of surfacing binder should
be increased to a quantity 0.16 litre/m? more than that used for a primed
base to allow for the absorption of binder by the base.

If, however, a prime coat is necessary, a prime of relatively low viscosity
sprayed at a low rate of application should be used to avoid an excess of un-
absorbed prime on the surface.

Prime Coats and Tack Coats
4 TRH 1, Pretoria, South Africa, 1969
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TABLE 1
TYPES OF PRIME AND APPLICATION TEMPERATURES*
O ~ LOW-
cuteack | 312 BEVT o T |TEMPERATURE
TJF*;FM%F BITUMEN | yTEMPERATURE | GAS-WORKS | AR PRIME
mc-o|met | GOKEOVEN \TARPRIMES| 1215 |15/18°
EVT | EVT
Approximate
viscosity
at 50°C 75 | 200 110 40-100 175 250
{centistokes)
Minimum
temperature
for 5°¢c | 20°¢ 30°c To be 40°c | a0°c
pumping** obtained
5 5 5 from
Maximum 15hrs |70°C {90 C 75°C the
storage P manufac-
temperature: 24 hrs 50°¢C 65°C turer
Spraying 30°c | 50°¢ 55°C 55°C | 60°C
temperature to to ‘g tg to
range** 70°c | 90°¢C 70°C 70°¢c | 75°C

Suitable types of prime to use are MC-0 cut-back bitumen, 3/12° EVT
high-temperature coke-oven tar prime (preferably with a viscosity at the
lower end of the range), 12/15° EVT low-temperature tar prime and 3/12°
EVT gas-works tar primes. Rates of application between 0.65 and 0.76
litre/m? have been found suitable.

The slow rate of drying of high-temperature coke-oven tar primes on
dense graded ‘crusher-run’ bases in winter can present a problem which can be
overcome by blending in a proportion of high-temperature wood-preserving
(HTWP) creosote. The creosote lowers the viscosity of the prime as shown in
Table 2, increases the depth of penetration and decreases the time taken for
the prime to dry. The addition of 20-- 30 per cent of the creosote should be
satisfactory for most cases. The blending of the creosote can be carried out in
the binder distributor using the circulating system to obtain good mixing. A
petroleum solvent such as power paraffin must not be used for this purpose as

* Where possible application temperatures have been given as a guide. The
range applicable to a particular product should be obtained from the man-
ufacturer.

** Based on a viscosity of 750 centistokes for pumping and on a viscosity
range of 40-- 100 centistokes for spraying.

Prime Coats and Tack Coats
TRH 1, Pretoria, South Africa, 1969 5
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the incompatibility of the materials causes coagulation which results in the
formation of lumps of fibrous matter which block the pump and spray
niozzies: . . . . e o

TABLE 2

APPLICATION TEMPERATURES FOR A HIGH-TEMPERATURE COKE-
OVEN TAR PRIME CUT BACK WITH VARIOUS PRECENTAGES OF

HTWP CREOSOTE
TYPE OF [PERCENTAGE | APPROXIMATE | . SPRAVING
TYPE OF| CUTTING | OF CUTTING | VISCOSITY AN
PRIME BACK BACK AT 509C ot
MATERIAL| MATERIAL {centistokes) Saybolt-Furol viscosity)
- - 110 55—65
High 10 75 4555
temperature _
coke-pven HTWP 20 50 40-50
:'a,:eptg:?:) creosote 30 35 35—-45
50 10 25-30

2. Dense Graded Natural Gravel Bases (Unstabilized or Stabilized with a
Cementitious Binder)

A layer of dust is usually present on the surface of these bases which can only
be partly removed by sweeping. They usually have higher absorptive proper-
ties than the ‘crusher-run’ bases described above and usually a lower dry den-
sity (typical range 1920—-2165 kg/m?>).

All the types of prime given in Table 1 can be used. Rates of application
between 0.87 and 1.09 litre/m? have been found suitable on typical gravel
bases in the Transvaal. Some authorities have found that in the case of ce-
ment-stabilized bases, the setting of the cement seems to be retarded or other-
wise affected by the penetration of the organic priming material. Instead they
prefer to use a bitumen emulsion tack coat as they consider this provides a
more efficient curing membrane than a prime coat since a thicker film of
bitumen is formed on the surface.

SPECIAL CASES

1. Opening the Primed Base to Traffic before Constructing the Surfacing
It is the normal practice to construct the surfacing soon after the prime coat
has dried. Although it is permissible to open an ordinary primed base to con-
struction and light traffic for a short period, there are times when it is neces-

Prime Coats and Tack Coats
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sary to open a base to traffic for relatively long periods before constructing

the surfacing. In these cases a temporary surfacing should be constructed as
deseribed below. The condition of the primed base, however, must be care-

fully watched and not allowed to deteriorate unduly. Speed control notices
should be posted to limit the destructive effect of traffic and any damaged
areas repaired before the surfacing is constructed.

With dense graded ‘crusher-run’ bases the type of prime used is not critical
and all the types of prime given above for normal application with this type
of base are suitable, except that the rate of application should be increased
up to 0.87 litre/m?, depending on the length of time the base is likely to be
open to traffic.

On natural gravel bases (unstabilized or stabilized) the disintegrating effect
of traffic is influenced by the type of prime used, its viscosity and its rate of
application. The following types of prime are suitable on natural gravel ba-
ses : MC—1 cut-back bitumen, 3/12° EVT high-temperature coke-oven tar
prime and 15/18° EVT low-temperature tar prime and on these, too, the rate
of application should be increased up to 1.36 litre/m? depending on the
length of time the base is likely to be open to traffic. Usually traffic should
not be permitted on this type of base for longer than one month.

2. Base Materials Containing Soluble Saits

The adhesion of bituminous materials to aggregates can be adversely affected
by the presence of soluble salts, such as sulphates and chlorides. in the under-
lying layers. It has been found that the dissolved salt is transported by the
moisture moving through the subgrade soil and the foundation layers and is
deposited in the hydrated form where the migration ceases, i.e. near the sur-
face of the road. In some particular cases this problem arises soon after a
prime coat has dried, the failure manifesting itself in the form of small pat-
ches of eruptions or blisters on the primed surface, which leave the surface in
a loose and powdery condition. This is due to the deposition of salts in local-
ized areas immediately beneath the primed surface which causes loss of ad-
hesion; then owing to sudden changes in temperature vapour pressure builds
up under the bituminous layer causing the blisters to form. In dealing with
this condition a higher viscosity prime is more satisfactory than one of lower
viscosity, and also a higher rate of application of the prime is often beneficial.
It has been suggested that in these cases a bitumen emulsion tack coat might
give more satisfactory results than a prime coat.

The surfacing should be constructed as soon as possible after the prime has
dried. Because of its strength and weight a heavy type of surfacing will resist
the eruptive action of salts, and a dense surfacing with a low permeability

Prime Coats and Tack Coats
TRH 1, Pretoria, South Africa, 1969 7
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will restrict the migration of moisture through the surfacing and the hydra-
_tion of salts will thus not take place at the final wearing surface

A GUIDE TO THE PRIMING PROCESS

When to Prime

Cement-stabilized bases should be primed or sprayed with a tack coat of
bitumen emulsion preferably within 16 hours of the completion of the base.
With other types of base, priming should generally be carried out as soon as
possible after completion unless the base is very moist, when priming must be
delayed until the top 10mm to 25mm has dried out to some extent. With
lime-stabilized bases some authorities consider it desirable to delay priming
for seven days during which time the surface is kept in a moist condition to
allow carbonation of the lime to take place. These authorities have reported
that when lime-stabilized bases are primed soon after completion, the top
10mm of the base remains relatively soft, so that when a surface treatment is
constructed the first layer of stone embeds into it, resulting in a lower void
content in the surfacing and the possibility of ‘bleeding’.

Preparation of the Base

The surface of the base should be well swept with a mechanical broom. Moist-
ening the surface immediately prior to priming, particularly in the case of
gravel bases, assists the prime to wet the surface uniformly and facilitates its
penetration into the base. Care should be taken, however, not to apply an ex-
cess of water, since voids that are filled with water cannot be filled with
prime. For the prime to be readily absorbed the base should be just damp to a
depth of about 10mm, and beginning to dry out.

Weather Conditions

Priming should not be carried out when the road surface temperature is lower
than 10°C, nor when the spraying performance of the distributor could be
affected by wind, nor when rain is threatening. Should rain fall within 4 5
hours of priming, the drying of the prime will be delayed, although its per-
formance will most probably not be otherwise affected.

Type of Prime and Rate of Application

The type of prime can be selected according to the purpose required as re-
commended above. The initial rate of application should preferably be near
the lower end of the range recommended — if it becomes necessary, the rate
of application can be increased as the job proceeds. In this way the maximum
penetration of the prime, consistent with a reasonable drying time. will be
obtained (see ‘Requirements of a prime’ above).

Prime Coats and Tack Coats
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Spraying the Prime

The prime-should.be sprayed with a2 binder.distributor.calibrated to give.an
accurate rate of application and tested for satisfactory transverse distribution.
A guide to pumping, storage and spraying temperatures for the different types
of prime available is given in Table 1. To prevent the undue evaporation of
volatiles which will result in the hardening of the material, the prime should
not be heated to more than 10°C above the highest temperature of the range
given. Where the prime has to be heated from the cold state it should be heat-
ed slowly even when it is in a viscous condition, to avoid overheating that
part of the prime that is in close proximity to the source of heat.

Curing

Traffic barriers should be erected to keep traffic off the road as the primed
surface must be left undisturbed until the prime has dried or at least until it is
no longer picked up on the tyres of vehicles. Where an alternative route can
not be provided and it is necessary to allow traffic to use the road before the
prime has dried, the primed surface should be covered with crusher dust or
sand. However, before proceeding further with the construction, care must be
taken to remove any loose aggregate from the surface by sweeping.

Prime Coats and Tack Coats
TRH 1, Pretoria, South Africa, 1969 9
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TACK COATS

FUNCTIONS OF A TACK COAT

A tack coat assists in achieving adhesion between an existing surface and a
new bituminous overlay or surfacing. A tack coat of bitumen emulsion is of-
ten used as a curing membrane for cement-stabilized bases.

USE OF TACK COATS WITH PREMIX SURFACINGS OR
OVERLAYS

For the layered road structure to develop the full strength of which it is capa-
ble it is necessary for adjacent layers to become bonded to one another. This
is particularly necessary near the surface of a road where the highest horizon-
tal shearing stresses occur and where the lack of an adequate bond can result
in stress concentrations which are capable of causing the surfacing to slide
over the underlying layer.

A tack coat is necessary in every case where doubt exists as to whether
adequate adhesion can be obtained between a newly applied bituminous
layer and an underlying layer. This usually applies in the following cases:

a. when a premix surfacing is constructed over a concrete road or concrete
bridge deck;

b. when a premix surfacing is laid on a previously primed surface that has
become excessively dusty or has dried out excessively;

¢. when a premix surfacing is laid on an existing bituminous surface that is
smooth or deficient in bitumen, (this can apply when the existing surface is
an old bituminous road and also when a newly laid levelling course has a very
smooth texture);

d. when a thin premix surfacing up to 40mm thick is laid;

e. in areas where exceptionally high shearing stresses are induced, such as
on steep gradients, on sharp bends and at street intersections with traffic
lights;

f. during periods of cold or moist weather or when the site of the work is
in a shaded area;

g. when a tar-bound overlay is laid on an existing bitumen surface — in
this case the temperature at which the tar-bound overlay is laid is often too
low to cause good bonding to the existing surface, particularly if the bitumen
in this surface has hardened through aging.

A tack coat is not necessary when a premix surfacing is laid on an existing
surface rich in bitumen during warm weather, or on a newly constructed
bituminous-bound base that has a coarse texture.

Prime Coats and Tack Coats
10 TRH 1, Pretoria, South Africa, 1969
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BINDERS USED AND RATES OF APPLICATION
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The Country Roads Board, Victoria, Australia, specifies MC~2 cut-back bitu-
men to be used for tack coats at the following rates of application:

a. very smooth bituminous surface or concrete : *0.27 litre/m?
b. smooth bituminous surface : *0.41 litre/m?
c. ‘hungry’, rough or badly cracked bituminous surface : 0.54 litre/m?
d. very open bituminous surface ¢ 0.68 litre/m?

Heavy applications must be avoided as any excess of tack coat binder will
be absorbed into the surfacing; this will increase the binder content and may
cause bleeding.

It is usually more convenient to use bitumen emulsions for spraying pur-
poses since they are either sprayed at ambient temperatures or in some cases
after heating to approximately 45°C. As the emulsion can be diluted with
water a very thin film of bitumen can be achieved at a convenient rate of
application from the distributor. To avoid premature breaking of the emul-
sion it must be ensured that the water is not excessively alkaline. High rates
of application of bitumen emulsion or diluted bitumen emulsion should be
avoided on existing roads as this could cause a concentration of the emulsion
in depressions which could result in subsequent compaction problems or fatty
areas. To obtain satisfactory results on existing bituminous surfaces of ave-
rage textures, an undiluted spray-grade anionic bitumen emulsion (bitumen
content 55 per cent) should be applied at a rate of between 0.54 and
0.76 litre/m?. A special cationic bitumen emulsion with a bitumen content
of 45 cent applied at a rate of 0.76 litre/m? has been found to be suitable
for the decks of concrete bridges.

CONSTRUCTION OF TACK COATS

It is essential that no traffic should be allowed to ride on a tack coat; this
means that when carrying out work on existing trafficked roads only a limit-
ed length of the surface can be sprayed ahead of paving operations. It is also
undesirable for rain to fall on an uncovered tack coat. Under these conditions
the most convenient method is to use a small bitumen distributor that is al-
ways available for the purpose. Hand spraying, although permissible, is not as
accurate as application with a binder distribution and if this is resorted to,
care must be taken not to over-apply the material as it can cause fatty areas
in the surfacing. Hand application methods such as by watering can result in a
non-uniform distribution of the material, and must not be allowed under any
circumstances.

* With the normal types of bitumen distributor it would be very difficult to
achieve these low rates of application.

Prime Coats and Tack Coats
TRH 1, Pretoria, South Africa, 1969 11
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" TEMPORARY SURFACINGS FOR
THE PROTECTION OF BASES

FUNCTION

The main function of this type of treatment is to protect the base for longer
periods than can be provided by an ordinary prime coat, especially against the
destructive effects of traffic.

USE OF TEMPORARY SURFACINGS FOR THE PROTECTION
OF BASES

Temporary surfacings are used for protecting bases in the following instances:

a. where it is the policy to construct the surfacing in long lengths and to
eliminate deviations as quickly as possible by letting traffic use the new road
as soon as portions of the base have been completed:

b. where it is desired to improve the density of a road by means of traffic
compaction before the construction of the final surfacing. and

c. where it is necessary to carry out the final surfacing while weather con-
ditions are most suitable.

PRACTICE IN AUSTRALIA

In Australia this type of temporary surfacing is known as a ‘Primerseal’. It
consists of either one coat on tightly bonded bases or of two coats on other
types of base; it may be a light treatment which will last up to six months or
a heavier treatment which will last up to twelve months. One-coat work con-
sists of a prime coat followed by the immediate application of a layer of small
aggregate. Two-coat work consists of a prime coat which is allowed to cure
followed by a second coat to which the aggregate cover is applied. It is essen-
tial that the aggregate cover be a graded material and not single-sized and.
since it is the intention to build up a thin wearing course, that the aggregate
be applied immediately after spraying the binder. This means that in the case
of single coat work the prime will not have an opportunity to penetrate fully
into the base.

Prime Coats and Tack Coats
12 TRH 1, Pretoria, South Africa, 1969
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RECOMMENDATIONS FOR SOUTH AFRICAN CONDITIONS
The following recommendations based on Australian practice aré made for
treatments to protect granular bases to last up to six months under South
African conditions.

Dense Graded ‘'Crusher-run’ Bases

MC-1 cut-back bitumen or 3/12O EVT high-temperature coke-oven tar prime
sprayed at 1.09 litre/m? and covered with Smm nominal size graded crushed
aggregate or sand spread at 5.7 x 107> m®/m?.

Dense Graded Natural Gravel Bases
First Coat:

MC—1 cut-back bitumen or 3/1 2° EVT high-temperature coke-oven tar prime
sprayed at 0.82 litre/m? which is allowed to cure.

Second coat:

MC-1 cut-back bitumen or 3/12° EVT high-temperature coke-oven tar prime
sprayed at 0.82 litre/m? and covered with Smm nominal size graded crushed
aggregate or sand spread at 5.7 x 107 m3/m?.

Prime Coats and Tack Coats
TRH 1, Pretoria, South Africa, 1969 13
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WORKING GUIDE

PRIME COATS

The following key will be useful in deciding when a prime coat should be
used on dense graded crusher-run or natural gravel bases:

DENSE GRADED, GOOD QUALITY, CRUSHED ROCK THAT CAN BE
SWEPT TO A CLEAN STONY SURFACE FREE OF DUST

1. Dry Climate
Prime not essential:

Construct surfacing without delay, increasing application rate of surfacing
binder in ‘first’ layer to 0.16 litre/m? more than for a primed base.

2. Wet Climate or Where it is the Policy to Prime this Type of Base
Apply prime coat as a safeguard to maintain adhesion using a prime of low
viscosity at a low rate of application. Choose one of the following: -

a. MC—0 cut-back bitumen

b. 3/12° EVT high-temperature coke-oven tar prime with viscosity prefer-
ably at lower end of range

c. 12/15° EVT low-temperature tar prime

d. 3/12° EVT gas-works tar prime.
Rate of application between 0.65 and 0.76 1itre/m2‘ For winter application
of high-temperature coke-oven tar prime it may be necessary to blend in
20-30 per cent high-temperature wood preserving (HTWP) creosote in the
binder distributor (see Table 2). Do not use a petroleum solvent for this
purpose.
DENSE GRADED NATURAL GRAVEL BASE EITHER STABILIZED
WITH CEMENTITIOUS BINDER OR UNSTABILIZED
Prime necessary.

All types given in Table 1, p5 are suitable. Rate of application 0.87 to
1.09 litre/m?. In the case of a cement-stabilized base if the setting of the
cement is retarded by the penetration of the organic priming material a bitu-
men emulsion tack coat can be used instead.

Note: Construct the surfacing as soon as possible after the prime coat is dry.

SPECIAL CASES
1. Where the base has to be opened to traffic before the construction of

Prime Coats and Tack Coats
14 TRH 1, Pretoria, South Africa, 1969
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the surfacing. If this is for a relatively long period use a temporary surfacing.
For a shorter period the rate of application of prime should be increased up
to 0.87 litre/m? on dense graded crisher-run bases and up to 1.36 litre/m’
on natural gravel bases.
With dense graded crusher-run bases the type of prime is not very critical.

The following types of prime are suitable for the natural gravel bases:

a. MC—1 cut-back bitumen

b. 3/ 12° EVT high-temperature coke-oven tar prime

c. 15/18° EVT low temperature tar prime.

Post notices to control the speed of traffic and repair any damaged areas
before constructing the surfacing.

2. Where the presence of soluble salts in the base material adversely affects
the adhesion of the bituminous material to the aggregate, use a prime of high-
er viscosity at a higher rate of application and construct the surfacing as soon
as possible.

Note: A guide to the priming process will be found on pages 8--9.

TACK COATS
A tack coat assists in obtaining adhesion between an existing surface and a
new bituminous surfacing or overlay and acts as a curing membrane for ce-
ment-stabilized bases. Bitumen emulsion is usually used. Heavy applications
must be avoided. A tack coat would probably be used in the situations listed
on page 10 a. to g.

Use undiluted spray-grade anionic bitumen emulsion (bitumen content 55
per cent) at a rate between 0.54 and 0.76 litre/m? on existing bituminous
surfaces. Use a cationic bitumen emulsion (bitumen content 45 per cent) at a
rate of (.76 litre/m? for the decks of concrete bridges. (For details of con-
struction see p 11).

TEMPORARY SURFACINGS

(primarily for protecting the base if it is to be open to traffic for longer peri-
ods than 1 month).

Use a temporary surfacing in the following cases:

a. When it is intended to construct the road in long lengths so that traffic
can use the road as portions of the base are constructed thus avoiding the
necessity for deviations.

b. When it is necessary to improve the density of the road by traffic com-
paction.

¢. When it is necessary to wait for favourable weather conditions before
constructing the final surfacing.

Prime Coats and Tack Coats
TRH 1, Pretoria, South Africa, 1969 i5
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On dense graded ‘crusher-run’ bases use MC—1 cut-back bitumen or 3/12°

EVT high-temperature coke-oven tar prime sprayed at 1,09 litre/m? and.

covered with Smm nominal size graded crushed aggregate or sand spread at
5.7x 107 m3/m?.

On dense graded natural gravel bases use:-

First Coat:

MC-1 cut-back bitumen or 3/12° EVT high-temperature coke-oven tar prime
sprayed at 0.82 litre/m? which is allowed to cure.

Second Coat:

MC-1 cut-back bitumen or 3/12° EVT high-temperature coke-oven tar prime
sprayed at 0.82 litre/m? and covered with Smm nominal size graded crushed
aggregate or sand spread at 5.7 x 10 m?®/m?.
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|
NOTE: This text has been reproduced with the permission of |
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SPECIFICATION

; £OR I
PERFORMANCE REQUIREMENTS FOR MECHAMICAL
SPRAYERS OF BITUMINOUS MATERIALS

1. Scope

The requirements of this specification apply to sprayers to be
used for the distribution of hot and/or cold bituminous materials in
sprayed bituminous surfacing, but do not apply to spraying equipment
used exclusively for hand sprayed work.

Methods of testing mechanical sprayers of bituminous materials
are shown in the Appendix.

2. Types of Sprayers

The types of sprayers for which the State Road Authority will
consider the issue of certificates are:
(i) Constant pressure with or without by-pass when spraying.
(ii) Pressure varying with road speed (single engine for pro-
pulsion and spraying — with adjustable ratio drive between
engine and pump).
(iii) Air pressure (for spraying cold bituminous materials only).

In special circumstances the Authority may consider the issue of
certificates for sprayers of other types.

3. Legal Requirements

It is the responsibility of the owner of the sprayer to ensure com-
pliance at all times with all legal requirements covering the vehicle and
its equipment, e.g. the Motor Traffic Act and Regulations, regulations
governing load limitations, the Boiler and Pressure Vessel Regulations
under the Factories and Shops Act, the Inflammable Liquids Act.

4. Certificates

(a) Applications for the issue, renewal, restoration or replace-
ment of sprayer certificates should be made to the appropriate
State Road Authority. Tentative arrangements for testing
should be made at least one month in advance of the desired
date.

(b) The following items will be required either before or at the
time the sprayer is presented to the Authority for inspection
and/or tests:

(i) The completed application for a certificate on the
appropriate form used by the Authority.

1
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(ii) Calibration certificate for the sprayer tank acceptable

46

(c)

(d)

(e)

(£

(g)

applicable) in the State in which the machine will be
tested, indicating depths and corresponding quantities
in Imperial gallons as set out hereafter.

(Note — This item will be required for a first certifi-
cate only, unless otherwise directed by the
Authority.)

(iii) Calibrated dipstick for checking by the Testing Officer.

Before issuing a certificate the State Road Authority will
arrange for such inspections and/or tests (See Appendix)
as it considers necessary to ascertain that the sprayer and its
equipment and the vehicle conform to the performance
requirements set out in Clauses 6-13. The tests performed
will be shown on the certificate.

The sprayer for which a certificate is required shall be
mounted on the vehicle on which it will be operated, and
shall be completely equipped, in satisfactory operating con-
dition, and thoroughly clean when presented for testing.
Failure to meet these requirements may cause a delay in
testing, also extra cost to the applicant.

The owner shall arrange for an experienced driver and
operator to be present with the sprayer during testing to assist
with examinations or tests as required by the Testing Officer.

Sprayer certificates will normally be issued for a period of
one year, and may be subject to such conditions as the State
Road Authority may determine.

The certificate shall be mounted or retained on the sprayer,
protected against damage, and shall be available for inspec-
tion at all times.

Certificates may be suspended or withdrawn at any time
should the sprayer or its equipment, or the vehicle, be un-
satisfactory, or should defects develop, or any adjustments or
alterations be made which may affect the accuracy of the
operation of the sprayer. Any sprayer certificate which may
be current is automatically suspended should there be any
change in the sprayer and/or its equipment without the prior
approval of the State Road Authority.

Sprayers may be inspected at any time during the currency
of Sprayer Certificates. If a serious defect is detected, the
Testing Officer may mark the sprayer certificate “Cancelled”
and he will then supply the owner’s representative with a
Defect Notice. Further tests will then be required before a
fresh Sprayer Certificate is issued.

2
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5. Spraying Table

For the guidance of the owner of the sprayer the State Road
Authority will issue a spraying table indicating appropriate operating
data for certain application rates and widths of spray which shall be
retained on the sprayer, protected against damage and available for
inspection at all times. From this information the owner may prepare
more detailed spraying tables to suit his requirements. In service these
tables may require adjustment because of wear in the sprayer, and it
will be the owner’s responsibility to effect the necessary adjustments to
ensure that the rates of application achieved are correct.

6. Sprayer Vehicle

Sprayers shall be self propelled. Sprayers shall be mounted on a
chassis of adequate load carrying capacity equipped with pneumatic
tyres. The tyres on the wheels nearest to the spray bar shall be of
adequate load carrying capacity and have equal diameters. Sprayers
shall be adequately powered and braked, and be capable of maintaining
steady speeds required for the rates of application stated in Clause 11,
on an ascending grade of 10 per cent (1 in 10) while fully laden.

The exhaust of the vehicle on which the sprayer is mounted should
be so directed that fumes from the exhaust do not reach the driver or
operator, and there is no danger of sparks coming in contact with
fumes or material from the overflow pipe, or any other inflammable
material.

7. Sprayer Tank

(a) Construction

The sprayer tank shall be structurally sound, and the whole
of the sprayer equipment shall be securely attached to the
vehicle on which the sprayer is mounted. In cases where the
tank and spraying equipment are not permanently fixed to the
vehicle, positive means shall be provided for re-locating the
tank and equipment in the correct positions.

(b) Insulation

Except in sprayers to be used solely for spraying cold
bituminous materials, the sprayer tank shall be covered with
suitable non-combustible insulation of adequate thickness.
The insulating material shall be retained in position by suit-
able lugs and sheathing to ensure that it does not move in
use and is completely protected from the entry of water. The
insulation shall be such that the temperature drop of a full
load of bituminous material at a temperature of 150°C
(300°F) shall not exceed 11°C (20°F) in any one hour with
the tank at rest, the load circulating, and the heating equip-
ment not in use.
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(d)

(e)

H

(g)

(h)

Manhole

A manhole with readily removable cover shall be mounted
on top of the tank, preferably at or near the mid-length of
the tank.

Qverflow Pipe

Except in the case of air pressure type sprayers, an overflow
pipe, capable of discharging overflow from the tank, and
readily accessible for cleaning, shall be mounted inside the
tank at or near the mid-length of the tank. The pipe should
be not less than 3 in internal diameter. The opening at the
upper end of the overflow pipe shall be slightly above the
level of the top of the tank and below the level of the manhole
opening. The lower end of the overflow pipe shall be ex-
tended through the underside of the tank and insulation,
and effective means shall be provided to prevent any dribble
from the overflow pipe reaching the ground.

Baffles

Bafiles shall be so fitted in the tank, and the draw-off from
the tank so arranged, that surging of the material in the
tank towards the end of each run of the sprayer will not
cause entrainment of air in the spraying gear. The tank
baffles shall be arranged so that they do not impede thorough
mixing of materials in the tank when circulated by the pump.
Provision shall be made in the baffles for access to all com-
partments so that inspection and repairs can be carried out.

Sump

A sump shall be provided in the tank at the draw-off to the
spraying gear, or the tank shall be raised at the end opposite
the draw-off. The tank shall be capable of being completely
emptied when the spraycer is standing on a level surface.

Circulatory System

Except in sprayers to be used solely for spraying cold
biturninous materials, a system capable of circulating and
thoroughly mixing the contents over the full length of the
sprayer tank shall be provided. See also Clause 9 (b).

Heating Tubes

Except in sprayers to be used solely for spraying cold
bituminous materials, and except as otherwise provided in
Clause 8, the tank shall be provided with sufficient heating
tubes, symmetrically arranged, for the heating of the contents
of the tank by adjustable burners. The heating tubes should
have a slight downward slope to the rear of the tank, and
the burners and controls should be so arranged as to avoid
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the need for the operator to be directly behind the flues

8.

(i)

6))

_when operating the burners. See Clause 8 for heating equip-

ment.

Safety Valve

In the case of air pressure type sprayers, the tank shall be
fitted with an approved type of safety valve, capable of
being set to release at slightly above normal operating
pressure in the tank.

Dipstick and Guide

The tank shall be calibrated as to its capacity and shall be
provided with a dipstick graduated in Imperial gallons to
indicate accurately the quantity of material in the tank. The
dipstick shall be of rigid construction, mounted at about
the centre of the tank in a suitable guide, so constructed as
to maintain the dipstick in a vertical position, and prevent
the scraping of material from the dipstick as it is withdrawn
and the welling up of material as the dipstick is being lowered
into the tank. A suitable seating for the dipstick shall be
provided at the top of the tank to ensure that it measures
at all times from a fixed point, and the bottom end of the
dipstick shall be free from contact with any part of the
bottom of the tank. The dipstick shall be marked to indicate
increments of 100 gal on one face, and, on an adjacent face,
increments of not more than 20 gal for tanks over 600 gal
capacity, and increments of 10 gal for tanks of lesser capacity.
The dipstick shall also be marked clearly at the level below
which burners are not to be used (generally about 4 in
above the highest level of the heating tubes).

Calibration of the tank shall be undertaken whilst the vehicle
is standing on a level surface with the tyres correctly inflated.

Heating Equipment

(a) Burners

An adjustable burner of a type approved by the Authority
shall be provided for each heating tube. Alternatively, con-
sideration will be given to approving other methods of heat-
ing, with or without heating tubes. The burners shall be
shrouded to facilitate operation in a gusty wind, and shall
be capable of maintaining the material in the tank at a steady
temperature, or raising it from 135° to 175°C (275° to
350°F) in not more than one and a half hours when the tank
is fully loaded.

A portablc adjustable heater with an adequate length of
fiexible hose shall be provided for heating the pump, spray

5
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9.

(b)

(a)

bars, etc., if bituminous material should solidify in the
system. One of the main burners, if readily detachable, may
be used as a portable heater in lieu of the separate portable
unit. All heater fuel tanks shall be clearly marked with the
type of fuel which they are intended to use.

Outlet flues of burners shall be fitted with spark arrestors.

Thermometers

A mercury-in-steel or other approved type of dial thermo-
meter shall be fitted to the tank. The element shall be
located at about mid-height and mid-length of the tank and
the dial shall be readily readable by the operator. The dial
of the thermometer shall read in increments of not more
than 2°C (or 5°F), and shall include the range of 10° to
230°C (50° to 450°F) over a scale distance of not less
than 6 in. The thermometer shall be accurate to within + 23
per cent over the full operating range when tested in accord-
ance with Clause A.10 of the Appendix. Dial thermometers
shall give steady readings, free from flutter or oscillation.
Where the thermometer assembly cannot be conveniently
removed for checking, a built-in checking tube shall be pro-
vided adjacent to the element of the main thermometer for
checking accuracy of the temperature indicated. The sprayer
shall be provided with a thermometer of a type approved by
the Authority for the purpose of checking the accuracy of
the main thermometer.

(Note — This clause is not applicable to sprayers used
solely for spraying cold bituminous materials.)

Pumping Equipment

Pump

The pump shall have a non-pulsating discharge and, at its
maximum permissible speed, shall have a discharge 10 per
cent greater than that required for the maximum rate of
spray stated hereafter, up to the full width of spray for
which the machine is to be used.

In the case of sprayers referred to in Clause 2(ii) (single
engine for propulsion and spraying), the transmission between
the engine and the pump shall be capable of being adjusted
to different ratios. At any selected coupling ratio, the pump
output shall vary with the road speed in such a manner that
for an increase of 20 per cent above a selected road speed,
the pump output will be between 16 and 24 per cent greater
than the output at the selected speed. In like manner, for a
decrease of 20 per cent in road speed, the pump output

6




Compendium 12

Text 3

(b)

(c)

shall be between 16 and 24 per cent less than the output at
the selected speed. See also Clause A.7 of the Appendix.

The pump drive shaft shall be provided with a shear pin or
other adequate device to prevent damage to the pump or
drive shaft in the event of overload due to material solidifying
in the system, or any other cause. Except in sprayers to be
used solely for spraying cold bituminous materials, provision
shall be made for flushing thc pump and spraying system
with light oil without the oil entering the tank (see also
Clause 10(c).

Loading and Mixing

The pumping system shall be capable of loading and unload-
ing bituminous materials. In the case of sprayers which will
be used for spraying hot bituminous materials, the pumping
system shall be capable of mixing by circulation, and should
also be able to transfer material from one external container
to another, while the sprayer is loaded. Mixing efficiency
shall be such that when 20 per cent of a suitable cutter oil
(e.g. power kerosene) and 80 per cent R90 bitumen arc
added separately, to the tank, and circulation is undertaken
for 20 minutes with the pump operating at not more than
75 per cent of its maximum output, the percentage of cutter
oil in the mixturc shall be within the limits of 18 and 22
per cent at any point in the tank. See Clause A.11 of the
Appendix.

In the case of air pressure type sprayers the system shall
be capable of discharging bituminous material at a pressure
10 per cent above that required for satisfactory operation
at the maximum rate of application stated in Clause 10, and
maximum width of spray in Clause 11. Provision shall be
made in air pressure type sprayers for loading and unloading
bituminous material at a rate of not less than 40 gal/min.

All controls and settings of the system shall be clearly marked
and adequatc instruments for the control of the spray shall
be provided.

Flexible Hoses

Except in the case of air pressure type sprayers, all flexible
hoses carrying bituminous materials shall be .of the metallic
type and together with couplings shall be suitable for opera-
tion at about 90 1b/sq in but capable of withstanding a
minimum test pressure of 300 1b/sq in and temperature of
205°C (400°F). The internal diameter of the hoses shall
be such that the discharge of the pump is not adversely
affected.
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(d)

(e)

D)

The

Strainers

_Provision shall be made for straining bituminous material,

either by an external strainer, or a removable strainer in
the suction pipe or hoses. Such strainers shall have clear
openings not greater than 4 in. The total area of the strainer
orifices shall not be less than seven times greater than the
crogs sectional area of the pipe or hose to which the strainer
is fitted.

Pumping Engine

The engine driving the sprayer pump (or air compressor in
the case of air pressure sprayers) shall be capable of driving
the equipment without appreciable pulsation or vibration, and
of providing a maximum spray rate 10 per cent in excess
of that specified in Clause 11(a), Rates of Application.

Where a separate engine drives the pump, the engine shall
be fitted with an efficient governor capable of maintaining
the engine at a steady speed without “hunting”, and shall be
capable of controlling the spray pump shaft revolutions
within the == 24 per cent of the predetermined spraying
speed within the full operating range — See Clause 11(a).
Alternatively to the governor, a smoothly adjustable throttle
control may be considered, provided that the engine speed
variations are within the limits stated above. In the case of
air pressure sprayers, the air pressure in the tank shall be
maintained at the required amount by a smoothly operating
throttle control on the engine driving the air compressor, or
by other means approved by the Authority.

The exhaust pipe of the pumping engine should be so
directed that fumes from the exhaust do not reach the driver
or the operator and there is no danger of sparks coming
in contact with fumes or any other inflammable material.
The pipe shall be fitted with a spark arrestor.

Relief Valves

Relief valves, if fitted, shall be of the enclosed spring type
with closed outlet and shall be set at least 20 1b/sq in above
the maximum spraying pressure required for the maximum
length of spray bar. Provision shall be made for the checking
of opening pressures.

10. Spraying Equipment

spraying gear shall be such that, in conjunction with adjust-

ment of the road speed of the sprayer, any predetermined amount of
bituminous material within the limits stated hereinafter can be applied
uniformly and accurately to the road surface for any width of spray for
which the machine is to be used.
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(a)

Revolution Counter

(b)

A’ revolutions-per-minute cotnter of "an industtidl type ap-
proved by the Authority shall be fitted to show the speed of
the pump shaft, or, in the case of air pressure sprayers, the
speed of the air compressor. The instrument shall be cali-
brated in increments of not more than 10 revolutions per
minute or 50 revolutions per minute in the case of air
pressure machines over the full operating range, which shall
occupy a scale distance of not less than 6 in. The instrument
shall be accurate over that range to within = 24 per cent.

Pressure Gauge

A pressure gauge of the diaphragm type which complies
with BS 1780, Bourdon Tube Pressure and Vacuum Gauges,
and amendments or other type approved by the Authority
shall be fitted to show the pressure of the discharge from the
pump, or in the case of air pressure type sprayers, the pressure
in the sprayer tank. (In order to minimise the risk of bitumen
solidifying at the diaphragm, the latter should be mounted
immediately above the discharge pipe from the pump.)

Where the pressure is controlled by varying the pump revolu-
tions, the pressure gauge shall be fitted to the discharge pipe
system. The pressure gauge shall be calibrated in increments
of not more than 2 lb/sq in over the full operating range
within a scale distance of not less than 6 in. The pressure
gauge shall be accurate over that range within == 24 per cent.
Where the pressure is regulated by a by-pass valve, the
pressure gauge shall measure the operating pressure in the
spray bar, and shall be graduated in increments of 1 1b/sq
in to include the range O to 25 1b/sq in over a scale distance
not less than 10 in. The gauge shall be accurate to within
== 24 per cent.

In sprayers where the discharge to the spray bar is controlled
by air pressure in the sprayer tank, the pressure gauge indicat-
ing the pressure in the sprayer tank shall be graduated in
increments of not more than 1 1b/sq in from 0 to 30 1b/sq
in over a scale distance of not less than 6 in, and shall be
accurate over that range to within == 2% per cent. In air
pressure sprayers which use a partial vacuum for loading
purposes, the gauge shall be of the compound type, indicating
either pressure or vacuum as required. The pressure portion
of the gauge shall conform with thc above requirements
relating to calibration and accuracy.

All pressure gauges and revolution counters shall give steady
readings, free from flutter and oscillation.

9y
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(c)

Where a by-pass valve is used for controlling the pressure

.and. the. discharge. from . the sprayer, .it.shall be.of -a- type-

approved by the Authority, capable of smoothly and uni-
formly varying the quantity of material by-passed in order
to maintain the required pressure in the spray bar. It shall
be capable of by-passing not less than 25 per cent of the
maximum output of the pump. The by-pass valve control
shall be suitably marked so that any predetermined setting
can be obtained.

Spray Bar

Subject to the approval of the relevant Authority the spray
bar shall be one of the following types:

(i) Fully-circulating type, in which the bituminous
material is pumped from the tank through the full
length of the spray bar in use, and returned to the
tank while the valves controlling the individual spray
nozzles are closed. The spray nozzles in the bar shall
be controlled by a linkage or other means which shall
open or close the check valves of all nozzles equally,
simultaneously, and fully. Two spray nozzles may be
controlled from a single check valve if desired. The
check valve shall be of adequate capacity to allow
the nozzles to discharge at the required rate. Provision
shall be made for manually cutting off each nozzle
or pair of nozzles to permit ready adjustment of the
width of spray. The spray bar shall be capable of
being extended to beyond 8 ft with suitable extensions
to the width required.

(ii) Non-circulating type, in which the spray bar is easily
removed immediately spraying ceases, and is placed
with nozzles uppermost in a suitable rack on the side
of the sprayer, so that any bituminous material will
drain from the spray bar and nozzles into suitable
containers. Any devices for connecting the spray bar
to the delivery pipes of the sprayer shall be rapid and
positive in operation. Provision shall be made for
instantaneous sucking back from the spray bar at the
same time as the delivery to the spray bar is stopped.

(iii) Any other type of spray bar which is acceptable to
the relevant Authority.

Spray bars shall be constructed to meet the transverse distribu-
tion requirements of Clause 12(a). In the case of fully
circulating bar this shall be achieved without the use of
restriction washers in the spray bar or fittings. The use of

10
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restriction washers which are fitted to existing machines will
only be accepted until 1st January, 1973.

(d)

(e)

(N

Except as may be otherwise approved, spray bars shall be

capable of applying bituminous material at all rates of
application specified in Clause 11(a).

Spray bars exceeding a length of 12 ft shall be capable of
being adjusted to conform to the crossfall of the road pave-
ment.

The spray bar may be provided with means for moving it
transversely while spraying, such movement being readily
controlled by the operator. The spray bar shall be fitted to
the sprayer in such a manner that the lower faces of the
spray nozzles are maintained between 10 and 12 in above
the road surface under operating conditions, irrespective of
the loading of the sprayer, Adequate provision shall be madc
for clearing all material from the spray bar, valves, ports,
nozzles, etc., when not spraying, and for flushing out the
spray bar with light oil when necessary.

Spray Nozzles

Spray nozzles shall be of a slot type approved by the
Authority, and apart from any special end nozzles. shall be
of similar construction and interchangeable. Nozzles shall be
set vertically at the correct horizontal spacing, and with the
slots in the nozzles at the correct horizontal angle for all
portions of the road surface being sprayed to receive an even
application of material. A means of providing quick adjust-
ment of the nozzles to the correct horizontal angle will be
required. At least 10 spare nozzles, in good condition,
shall be carried on the sprayer.

Cut-in and Cut-off Distances

Within the ranges of rates of application stated in Clausc
11(a), the full intensity of spray application shall be reached
or cut-off within a length of travel of the sprayer not exceed-
ing 2 ft in the case of a fully circulating spray bar, or a
distance equal to one-third of the effective width of spray
in the case of other types.

Hand Sprav Equipment

Hand spray equipment approved by the Authority and capablc
of being operated independently of the main spray bar, shall
be provided. This equipment shall be suitable for operation
of 90 Ib/sq in but must be capable of withstanding a
minimum test pressure of 300 Ib/sq in and a temperaturc
of 205°C (4007F).

H
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(a)

11. Operation of Sprayer

56

(b)

(c)

(d)

Rates of Application .

Sprayers shall be capable of applying bituminous material
evenly and uniformly to the surface on which the material
is to be applied, at any required temperature not exceeding
190°C (375°F) and at any rate of application required
within the range 0.05-0.50 gal/sq yd.

The sprayer shall be capable of achieving the above-
mentioned spraying rates at speeds not exceeding 1500
ft/min (or 17 miles per hour). For lower rates of applica-
tion, special nozzles may be required to keep below this
speed limit.

Road Speed Indicator

The sprayer shall be provided with a dial type road speed
indicator reading in feet per minute, operated from a separate
wheel attached to the sprayer, and capable of being lifted
from the road when not required. The dial of the indicator
shall be mounted so as to be easily read without parallax
error by the sprayer driver, or the person who is in control of
the forward speed of the sprayer when spraying is in pro-
gress. The dial scale of the indicator shall include the range
0-1500 ft/min, shall be graduated in increments of not more
than 20 ft/min, and shall be so constructed that the scale
distance for each 100 ft/min of sprayer speed is not less than
4 in. The dial indicator needle shall be reasonably stable
over the full spraying range, and any fluctuations in speed
shall be recorded without lag, sticking, or oscillation of the
needle. The road speed indicator shall be of such accuracy
that the reading error shall not exceed == 23 per cent through-
out the full spraying range. If required by the Authority, the
dial speed indicator shall include an odometer to record the
distance travelled in feet.

Guide Arm

A guide arm with suitable pointer and chain shall be pro-
vided to assist the sprayer driver in following the correct line.
The guide arm shall be mounted on the driver’s side of the
vehicle, forward of, and in full view of the driver.

Instruments and Controls
Instruments and controls shall be convenient to the driver
or operator, as the case may be. The operator’s normal
position shall be such that he has a clear view of the ends
of the spray bar, and preferably a view of all spray nozzles.
Convenient access shall be provided to the manhole, dipstick,
instruments and controls.
]’)
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¢

[(-}] Guide Arm

A gulde arm with suitable pointer and chain shall :
be provided to assist the sprayer driver in following
tho correct lire. The guide arm shall be mounted on
the driver’'s side of the vehicle, forward of, and in
full view of the driver, and shall be marked and . -
numbered relative to the spray bar nozzles. !
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13.

(e)

(a)

(b)

(c)

Signal System

An adequate signal system shall be provided between operator
anid -driver. : - : :

12. Uniformity of Distribution

Transverse Distribution

The uniformity of the spray distribution transversely across
the surface on which the bituminous material is applied shall
comply with the following requirements at all specified rates
of application and for any width of spray up to the maximum
for which the machine is to be used. The uniformity of the
transverse distribution shall be determined from the average
application of bituminous material over all 2 in widths
sprayed. A strip of up to 6 in wide along each side of the
width sprayed may be disregarded when determining the
average rate of spray application. The following requirements
shall be adhered to:

(i) The material applied on any width of 2 in shall not
differ by more than 20 per cent from the average
application on all 2 in widths.

(ii) Not more than two of any consecutive ten widths
of 2 in shall differ by more than 15 per cent from the
average application on all 2 in widths.

(iii) Not more than four of any consecutive seven widths
of 2 in shall differ by more than 10 per cent from the
average application on all 2 in widths.

Effective Widths of Spray

The effective width of spray shall be the width within which
the spray application of the bituminous material complies
with the foregoing requirements.

Consistency of Sprayer Output

The rate of output shall not vary from the mean by more
than == 24 per cent during the discharge of the full sprayer
load.

Fire Extinguishers

Fire extinguishers shall be mounted on the sprayer in a readily
accessible position using quick release brackets. The number and
capacity of the extinguishers shall be as required by the Authority.
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APPENDIX
METHODS OF TESTING MECHANICAL SPRAYERS

A1  Sprayer Inspection

The sprayer is first inspected to determine whether it incor-
porates the mechanical features required by the Specification. Before
the main tests are put in hand, the sprayer should be operated with
testing oil of a viscosity determined by the Authority but within the
range 30-70 centistokes in all phases, such as filling, tank circulating,
spray bar circulating, and spraying, so as to ensure that the engine,
pump, valves, controls, spray bar, etc., are all functioning and the
relief valve, if fitted, is set at the correct opening pressure. The bitumen
pump (if fitted) should be checked for rate of delivery and wear, and
the whole system closely examined for leaks. In pump type sprayers
the pumping engine should be checked for speed variations.

A.2  Road Speed Indicator

The road speed indicator is tested by driving the sprayer at a
series of uniform speeds on a test section of road, or by the use of
test apparatus in which the wheel of the road speed indicator is rotated
by a roller driven at controlled and predetermined speeds. Each test is
performed twice and, if the readings are not in close agreement, is
repeated until the reasons for varying results are determined.

A graph is plotted showing indicated road speeds against actual
road speeds. Indicated road speeds are shown in the spraying table,
while actual speeds are used in calculating the spraying rates.

Note: Some road speed indicators may be damaged by operating in
reverse. In such cases the separate wheel driving the indicator
should be lifted from the road before the sprayer is reversed.

A3  Pump Tachometer

The pump tachometer is checked over the full working range
either while still in position on the sprayer or on a test bench after
being removed from the sprayer.

A4  Pressure Gauge

The gauge is tested in position over the full working range, with
a boiler inspector’s pressure gauge testing kit or is removed from the
sprayer and connected to a cylinder containing a suitable fluid such as
glycerine. The cylinder is fitted with an oil-tight piston which is pro-
gressively loaded with weights in increments of 5 1b. The gauge reading
at each weight is recorded. Check readings are taken as the load is
removed in similar increments.
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A.5  Tank Calibration

With the sprayer “standing ona level surface; water, oil; or
other suitable liquid, is added to the tank in accurately measured incre-
ments of 20 gal (or 10 gal in the case of sprayers of less than 600 gal
capacity). The depth of liquid in the tank is recorded at each incre-
ment, and the dipstick marked accordingly. Any tendency for the fluid
to well up in the dipping tube should be noted, as this may give false
readings.

Markings and figures in accordance with Clause 7(j) of the
Specification should be stamped clearly and permanently on the dip-
stick. Calibrations obtained from this test may be required to be checked
and certified by the Weights and Measures Department.

A6 Pump Output

With the spray nozzles correctly fitted, and the sprayer controls
set to provide a spray bar pressure, which will give the rated discharge
of the nozzles, testing oil as in Clause A.1 of this Appendix, is sprayed
into a trough for about 45 seconds, or other suitable period. The
quantity sprayed is determined from the dipstick readings before and
after spraying, and a record is made of the spray bar pressure, the
pump output pressure, the pump speed in revolutions per minute, and
the pump output in gallons per minute. This test is repeated several
times for each length of spray bar to be shown in the application rate
chart. Pump output tests may be undertaken in conjunction with output
consistency and transverse distribution tests (Clauses A.7 and A.9
respectively).

Following these tests a spraying rate table will be prepared
showing operating data for certain widths of spray. The owner of the
sprayer may require a more detailed table to suit his requirements, and
this may be prepared by interpolating pump outputs and pump revolu-
tions per minute for spray widths between those given by the Road
Authority.

In the case of pump type sprayers, the spraying tables show the
appropriate indicated road speeds, pump revolutions per minute (cir-
culating), pump revolutions per minutc (spraying), pump output
pressures, and the pump engine gear (if applicable), for all specified
spray bar widths and rates of application.

In the case of air pressure sprayers, the spraying tables show
the appropriate indicated road speeds, tank pressures, and the required
revolutions per minute for the compressor to maintain that pressure,
for all specified spray bar widths and rates of application.

A.7  Consistency of Sprayer Qutput

The object of this test is to determine the ability of the sprayer
to maintain a consistent rate of output while the level of material in
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the tank varies and to repeat the same rate of output after the operating
controls have been varied and re-set.

The sprayer tank is filled to its maximum calibrated capacity
with the testing oil, and the sprayer is operated with the controls
correctly set for the number of spray nozzles fitted. Qil is sprayed for
approximately 60 seconds, then the engine is stopped and the setting of
all controls varied. Dipstick readings before and after spraying and
the actual time of spraying are recorded.

The procedure is repeated with the initial levels in the tank
adjusted to:

(i) Approximately 60 per cent capacity,

(ii) Approximately 25 per cent capacity, or sufficient quantity
to avoid the entrainment of air towards the end of
spraying.

The rate of output for each of the three spraying periods is
determined from the dipstick readings and the actual times of spraying.

In the case of sprayers referred to in Clause 2 (ii) of the Speci-
fication (single engine for propulsion and spraying), the pump output
is also determined with the sprayer tank approximately three-quarters
full of testing oil. Controls are set in the “tank circulate” position, and
while circulating, the sprayer is driven at a corrected road speed of
500 ft/min. The established pump speed for a 20 ft spray bar is
synchronised and the controls locked.

The road speed is then increased and decreased by 100 ft/min
and corresponding pump speeds recorded. Pump outputs are established
for the recorded speeds and compared with the performance required
by Clause 9(a) of the Specification.

A.8 Transverse Distribution

When the sprayer is known to be in working order, this test may
be performed in the field, using an absorbent plastic material such as
“Innerbond” to collect a small sample of the material sprayed in a
trial run. Where the sprayer is new, or has been extensively modified,
it shall be tested in accordance with the trough test.

(a) Trough Test

A trough, about 28 ft long and 2 ft wide, divided into
segments 2 in wide by a series of transverse vanes and
so arranged that testing oil sprayed into each segment will
drain into its own measuring container (approximately 21
in deep by 6 in diameter) is used in the test.

The sprayer is loaded with testing oil and placed on a level
platform, and with the spray bar extended to its maximum
operating width, the spray nozzles are set 10 in above the
trough.

16
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Oil is then sprayed into the tray using the appropriate
pump output referred to in Clause A.6 for about 45

62

(b)

seconds, ‘or such other “period “as is necessary to fill" the
measuring containers to about 75 per cent of their capacity.
The quantity of oil in each container is measured, and the
results plotted as a graph to show the variations in trans-
verse distribution. If local variations in distribution occur
outside the limits given in Clause 12(a) of the Specifica-
tion, the spray nozzles and control cocks (if any) should
be examined for partial blockage or mechanical fault. Any
marked reduction in output towards the end of the spray
bar may indicate faulty design.

The test is repeated for various spray bar widths.

Field Test

A strip of “Innerbond” (or equivalent material) at least
2 ft wide, and of length about 4 ft greater than the spray
bar to be tested, is placed on a strip of Sisalkraft (or
equivalent material) 3 ft wide on a level area which should
be clear of all debris. A light timber template 22 in wide
is placed over the “Innerbond”, and a strip of cellulose
tape 1 in wide is placed on each of the long edges of the
“Innerbond” adjacent to the template, which is removed
later.

Strips of heavy paper, each 3 ft wide, are then placed
against the cellulose tapes and joined to them with mask-
ing tape 2 in wide. If required, the prepared mat may be
rolled on a wire mesh cylinder for handling and transport.
The matcrial should be unrolled within a few hours.

The test may be undertaken on any smooth level area, or
at the end of a section of road which is to be sprayed.
The “Innerbond” mat is placed in a straight line across
the test area and the outer edges of the paper strips arc
attached by masking tape to pieces of cord stretched taut
across them. The mat is then fastened to the road by
roofing nails or other suitable means.

Two strips of Sisalkraft, cach 3 ft wide and about 3 ft
long, are placed over the “Innerbond™ in such a position
that they will be traversed by the sprayer wheels. These
strips are attached to a light steel frame, so arranged that
it is picked up by the sprayer immediately after the rear
wheels have passed, thus exposing the “Innerbond” to the
spray.

After spraying is completed, the brown paper is removed
from the edges of the “Innerbond”, which is then covered
with fresh brown paper, and rolled onto the wire mesh
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cylinder. The “Innerbond” is subsequently cut (in the
direction of the spray) into strips 2 in wide. The strips
are weighed to the nearest 0.1 g, and after deducting the
tare weights of the “Innerbond” the weights of the sprayed
material are plotted to show the transverse distribution.
Nete; Bituminous materials having a minimum viscosity of about
3,000 stokes at the road temperature at the time of test are
suitable for use with “Innerbond”. Materials of lower

viscosity are likely to soak through the mat and give
inaccurate results.

A9 Power

The sprayer must be capable of ascending a 10 per cent (1 in
10) grade with the sprayer tank filled to its maximum calibrated
capacity.

In the case of sprayers referred to in Clause 2 (ii) (single engine
for propulsion and spraying), the test is conducted as follows:

Controls are set in the “tank circulate” position, and while
circulating, the sprayer is driven at a corrected road speed of 200
ft/min, on a level site. The established pump speed for the maximum
spray bar length is synchronised and controls locked. The sprayer is
then driven on a 10 per cent ascending grade and any variations in
road speed, pump speed or pump pressure are noted.

The test is repeated for the “bar circulate” position.

Similar tests are also carried out at a corrected road speed of
600 ft/min with the controls set in the ‘“tank circulate” and “bar
circulate” positions.

While ascending the grade, it is only necessary to operate the
pump in the “bar circulate” position for approximately five seconds.

A.10 Thermomefer

Thermometers can be checked during the thermal test described
in Clause A.12. A thermometer of known accuracy is inserted in the
checking tube, and is withdrawn and read at intervals of about 14°C
(25°F) whilst the contents of the tank are being heated to about
175°C (350°F). Simultaneous readings of the dial thermometer are
taken and recorded.

Alternatively, the dial thermometer and element is removed, and
the element placed beside a master thermometer in a container of oil
which can be heated to about 205°C (400°F) at a rate of 1°C (2°F)
per minute. Contact with the bottom or sides of the container must be
avoided. Whilst the oil is being heated and stirred, the master thermo-
meter is read at increments of about 14°C (25°F), and simultaneous
readings of the thermometer under test are taken and recorded.

18
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(a)

(b)

A.11 Mixing and Circulation

By Viscosity. Measurements

In this test 20 parts by volume of power kerosene are
added slowly to 80 parts by volume of R90 Bitumen (at
about 190°C (380°F)) in the sprayer. Circulation is then
commenced, and stopped ten minutes later. The viscosities
of 10 samples of the mixture, taken at widely spaced points
in the tank, are determined and compared with that of a
thoroughly mixed laboratory sample of the original
ingredients. Further groups of samples are then taken
after total mixing times of 20 and 30 minutes, and com-
pared with the laboratory sample. Mixing is considered
complete when all samples in one group show cutter oil
contents (as determined from viscosity variations) within
the limits of 18 and 22 per cent in different parts of the
tank.

Note: (1) The sampling points in the tank shall include those at

which the minimum movement of material during
circulation would be expected.

(2) In order to obtain satisfactory mixing, it may be necessary
to operate the pump at about 75 per cent of its maximum
output.

By Temperature Measurements

In this test two quantities of bitumen (each about one-
third of a sprayer load) at respective temperatures of
about 140°C (280°F) and 205°C (400°F) are added
separately to the sprayer in the order indicated. Tempera-
tures are then taken at 10 widely spaced points in the
tank, preferably by means of accurate electric measuring
equipment. Circulation is commenced, and stopped 5
minutes later. Further temperature recordings are made at
all points after total circulation times of 10, 15, 20 and 30
minutes. Mixing is complete when the temperature
throughout the tank is substantiaily uniform.

This test, although simpler and speedier than that given in
(a) above, requires correlation with variations in cutter
content before permissible temperature variations can be

fixed.

A.12 Thermal Test

The sprayer tank is filled with bitumen at approximately 150°C
(300°F) and allowed to cool to approximately 135°C (275°F), the
load being circulated continuously. The burners are then started, and
adjusted so as to raise the temperature of the bitumen at a rate of
approximately 0.4°C (0.8°F) per minute or 28°C (50°F) per hour,
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circulation still proceeding. The burners are extinguished when the
temperature reaches about 175°C (350°F),

The tank thermometers are read at intervals of 10 minutes
during cooling and heating, but the readings taken during the first
half hour of cooling shall be disregarded, as some time is required for
the sprayer to absorb heat from the bitumen.

A.13 Spray Nozzle

Testing oil is pumped from a tank through a pipe manifold and
returned to the tank. The apparatus is arranged so that the test nozzle
can be readily inserted in the manifold, and supplied with testing oil at
a pressure which will give the design discharge of the nozzle. Provision
is made for quickly cutting off the supply of oil to the nozzle, and also
collecting the output of the nozzle in a measuring tank. The number of
gallons sprayed by the nozzle in 60 seconds at this pressure is recorded.
The nozzle shall be rejected if the discharge varies by more than == 5
per cent from the design discharge.

A 14 Spray Commencement and Cut-off

A level area about 30 ft long, and 4 ft wider than the maximum
width of spray bar, is covered with heavy brown paper. Strips of
“Innerbond™ each 2 ft wide and 30 ft long are attached longitudinally
to the paper in the same manner as in Clause A.8(b). One strip is
placed at or near the centre of the spray (but avoiding the sprayer
wheels), and the other two are respectively about 2 ft from the edges
of the spray.

Bituminous material, as described in the note at the foot of
Clause A.8(b) is then sprayed at a rate of about 0.25 gal/sq yd in
such a way that spray starts and finishes within the limits of the “Inner-
bond” mats. The mats are removed and cut transversely into segments
2 in wide, which are then weighed. The net weights of bitumen on
successive segments are plotted so as to give longitudinal distribution
curves at start and finish of spraying.
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Compendium 12

Text

" METRIC ADDENDUM
TO

SPECIFICATION
FOR

September, 1973

PERFORMANCE REQUIREMENTS
FOR MECHANICAL SPRAYERS
OF BITUMINOUS MATERIALS — 1969

General
Delete all reference to temperature in degrees Fahrenheit.

Page 2, Clause 4(b) (ii)
In line 5 substitute litres for Imperial gallons.

Page 4, Clause 7(d)
In line 5 substitute 75 mm for 3 in.

Page 5, Clause 7(j)
In line 2 substitute litres for Imperial gallons.

In line 14 substitute 500 litres for 100 gal.

In line 16 substitute 50 litres for 10 gal.
In line 18 substitute 100 mm for 4 in.

In line 15 substitute 100 litres for 20 gal; and 3 kilolitres for 600 gal.

Page 6, Clause 8(b)
In line 8 substitute 150 mm for 6 in.

Page 7, Clause 9(b)
In line 21 substitute 180 litres/ min for 40 gal/min.

Page 7, Clause 9(c)
In line 4 substitute 600 kPa for 90 1b/sq in.

In line 5 substitute 2 MPa for 300 1b/sq in.

Page 8, Clause 9(d)
In line 4 substitute 3 mm for % in.




Compendium 12 Text

Page 8, Clause 9(f)
In line 2 substitute 150 kPa for 20 1b/sq in.

Page 9, Clause 10(a)
In line 8 substitute 150 mm for 6 in.

Page 9, Clause 10(b)
In line 12 substitute 10 kPa for 2 1b/sq in.

In line 13 substitute 150 mm for 6 in.

In line 17 substitute 2 kPa for % 1b/sq in.

In line 18 substitute 200 kPa for 25 1b/sq in.

In line 19 substitute 250 mm for 10 in.

In line 24 substitute 5 kPa for 1 1b/sq in; and 200 kPa for 30 Ib/sq in.
In line 25 substitute 150 mm for 6 in.

Page 10, Clause 10(c) (i)
After the second sentence insert the following, “Should the spray nozzle valve

be power operated a manual control for the valve should be provided”.
In line 15 substitute 2°5 m for 8 ft.

Page 11, Clause 10(c)
In line 6 substitute 3+7 m for 12 ft.
In line 13 substitute “230 mm and 280 mm” for “10 and 12 in”, respectively.

Page 11, Clause 10(e)
In line 4 substitute 600 mm for 2 ft.

Page 11, Clause 10({f)
In line 4 substitute “at 600 kPa” for “of 90 Ib/sq in.”

In line 5 substitute 2 MPa for 300 Ib/sq in.

Page 12, Clause 11(a)
In line 5 substitute 0-3-3°0 I/ m? for 0-05-0-50 gal/sq yd.

In line 7 substitute “450 m/min (or 27 km/h)” for “1500 ft/min
(or 17 miles per hour)”.

Page 12, Clause 11(b)
In line 2 substitute “metres per minute” for “feet per minute”.

In line 9 substitute 0-450 m/min for 0-1500 £t/ min.
In line 10 substitute Sm/min for 20 £t/ min.

In line 11 substitute SO m/min for 100 £t/ min.

In line 12 substitute 30 mm for # in.

In line 19 substitute metres for feet.
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Page 13, Clause 12(a)
In line 7 substitute 50 mm for 2 in.
In line 8 substitute 150 mm for 6 in.

Page 13, Clause 12(a) (i)
In lines 1 and 3 substitute 50 mm for 2 in.

Page 13, Clause 12(a) (ii)
In lines 2 and 3 substitute 50 mm for 2 in.

Page 13, Clause 12(a) (iii)

In lines 2 and 3 substitute 50 mm for 2 in.

Page 14, Appendix, Clause A.1

In line 4 substitute “(see Clause Al15 of this Appendix)” for “...of a
viscosity determined by the Authority but within the range 30-70 centistokes”.

3

Page 14, Clause A.4

In line 5 substitute “in appropriate increments” for “with weights in incre-
ments of 5 1b.”
In line 6 substitute mass for weight.

Page 15, Clause A5

In line 3 substitute 100 litres or 50 litres for sprayers less than 3 kl capacity”
for “20 gal (or 10 gal in the case of sprayers of less than 600 gal capacity)”.

Page 15, Clause A.6

In line 3 substitute Clause A.15 for Clause A.1.
In line 8 substitute litres per minute for gallons per minute.

Page 16, Clause A.7

In line 24 substitute 150 m/min for 500 ft/ min.
In line 24 substitute 6 m for 20 ft.

In line 26 substitute 30 m/ min for 100 ft/min.

Page 16, Clause A.8
In line 2 substitute “‘suitable” for “absorbent plastic”.
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Page 16, Clause A.8(a)

In line 1 substitute “about 8:5 m long and 600 mm wide” for “abount 28 fi
long and 2 ft wide”.

In line 2 substitute approximately 50 mum for 2 in.

In line 4 substitute “approximately 500 mm deep by 150 mm diameter” for
“approximately 21 in deep by 6 in diameter”.

In line 8 substitute 250 mm for 10 in.

Page 17, Clause A.8(b)

In line 2 substitute 600 mm for 2 ft; and 1-2 m for 4 ft.

In line 4 substitute about 1m for 3 ft.

In line § substitute 550 mm for 22 in.

In line 7 substitute 25 mm for 1 in.

In line 10 substitute about 1 m for 3 ft.

In line 12 substitute 50 mm for 2 in.

In line 22 substitute “about 1 m?” for “3 ft wide and about 3 ft long”.

Page 18, Clause A.8(b)

In line 32 substitute 50 mm for 2 in

In line 33 substitute “. . . and after allowing for the mass of the Innerbond
the quantities...” for “...and after deducting the tare weights of the
‘Innerbond’ the weights . . .”.

Page 18, Clause A.9

In line 7 substitute 60 m/min for 200 ft/min.
In line 14 substitute 180 m/min for 600 ft/ min.

Page 18, Clause A.10
In line 3 substitute 15°C for 14°C.
In line 12 substitute 15°C for 14°C.

Page 19, Clause A.12
In line 5 substitute “0-5°C/min or 30°C/h” for “0-4°C (0-8°F) per minute
or 28°C (50°F) per hour”.

Page 20, Clause A.13
In line 7 substitute litres for gallons.

Page 20, Clause A.14

In line 1 substitute “about 10 m long and 1:2 m wider” for “about 30 ft long,
and 4 ft wider”.

In line 3 substitute “600 mm wide and 10 m long” for “2 ft wide and 30 ft
long”. .

In line 6 substitute 600 mm for 2ft.

In line 9 substitute 1-5 I/ m? for 0-25 gal/sq yd.

In line 12 substitute 50 mm for 2 in.

In line 12 substitute quantities for net weights.

69



70

Compendium 12

Text 3

Page 21, Add the following new clause:

A5 FLUID FOR TESTING AND CALIBRATING BITUMEN
SPRAYERS

The testing fluid shall have similar characteristics to that of bitumen at its
best spraying temperature.

The viscosity of the fluid shall be within the range of 65-95 centistokes
at a temperature to suit the ambient temperature normally experienced at
the testing site. Both the viscosity and temperature to be used in the test
shall be nominated by the state road authority.

The density of the fluid shall be between 0-86 and 0-94 g/ml and the
surface tension between fluid and air shall be between 24 X 10-6N/mm and
33 X 10-5N/mm at the nominated temperature.

The temperature at which the testing fluid is used shall be within 8°C of
the nominated temperature mentioned above.

NOTE: Suitable methods for testing the fluid are specified in:

Viscosity ASTM D445
Density ASTM D1298

Surface Tension Either Nellesteyn’s Method or
ASTM D971-50
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Chapter I

INTRODUCTION

1.01 ASPHALT SURFACE TREATMENTS.—
Asphalt surface treatment is a broad term embracing sev-
eral types of asphalt and asphalt-aggregate applications,
usually less than one inch thick, to any kind of road sur-
face.

Properly constructed, asphalt surface treatments are
economical, easy to place and long lasting. By water-
proofing the base they maintain adequate foundation
support but of themselves they add little structural
strength to pavements.

The types of surface treatment range from single, light
applications of liquid asphalt to muitiple surface courses
made up of alternate applications of asphalt and aggre-
gate. They all seal and add life to road surfaces but
each type has one or more special purposes.

This manual is a guide to the proper design and con-
struction of surface treatments. As such, it describes the
materials and equipment and explains the surface treat-
ment processes. The appendices contain design methods,
suggested specifications, and other useful information
pertaining to asphalt surface treatments.

1.02. TYPES OF ASPHALT SURFACE TREAT-
MENTS.—

(1) Single Surface Treatments. A single appli-
cation of asphalt to any kind of road surface followed
immediately by a single layer of aggregate of as uni-
form size as practicable. The thickness of the treat-
ment is about the same as the nominal maximum size
aggregate particles. A single surface treatment is used
as a wearing and waterproofing course.

(2) Multiple Surface Treatment. Two or more
surface treatments placed one on the other. The aggre-
gate maximum size of each successive treatment is
usually one-half that of the previous one, and the total

—1
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thickness is about the same as the nominal maximum
size aggregate particles of the first course. Or, a multi-
ple surface treatment may be a series of single treat-
ments that produces a pavement course up to one inch
or more. A multiple surface treatment is a denser
wearing and waterproofing course than a single sur-
face treatment, and it adds some strength.

(3) Seal Coat. A thin surface treatment used to
improve the texture of and waterproof an asphalt sur-
face. Depending on the purpose, seal coats may or
may not be covered with aggregate. The main types
of seal coats are aggregate seals, fog seals, emulsion
slurry seals, and sand seals.

a. Aggregate Seal. Usually the same as single
surface treatment—(1) above.

b. Fog Seal. A light application of slow-setting
asphalt emulsion diluted with water. It is used to
renew old asphalt surfaces and seal small cracks
and surface voids. The emulsion is diluted with an
equal amount of water and sprayed at the rate of
0.1 to 0.2 gallon (of diluted material) per square
yard, depending on the texture and dryness of the
old pavement.

¢. Emulsion Slurry Seal. A mixture of slow-set-
ting asphalt emulsion, fine aggregate, mineral filler,
and water. It is used to fill cracks and scaled areas
of old pavements to restore a uniform surface tex-
ture and to seal the surface to prevent moisture and
air intrusion into the pavement.

d. Sand Seal. An application of asphaltic ma-
terial covered with fine aggregate. It may be used
to improve the skid resistance of slippery pavements
and to seal against air and water intrusion.

(4) Prime Coat. An application of low viscosity
liquid asphalt to an absorbent surface. It is used to
prepare an untreated base for an asphalt surface. The
prime penetrates into the base and plugs the voids,
hardens the top and helps bind it to the overlying
asphalt course.

— 7

(5) Tack Ceat. A very light application of liguid
asphalt, usually asphalt emulsion diluted with water.
it is used to insure a bond between the surface being
paved and the overlying course.

(6) Dust Laying. Liquid asphalt usually SC-70,
MC-30, MC-70 or diluted slow-setting emulsion,
sprayed on an untreated surface to prevent dust. The
asphalit and its diluent penetrate and coat the fine par-
ticles to relieve the dust nuisance temporarily. This
treatment also is called dust palliative.

(7) Reoad Oiling. Similar to dust laying except
that usually it is done as a part of a planned build-up
of low-cost road surfaces over several years. Each
application of asphalt may be mechanically mixed
with the material being treated or it may be allowed
1o penetrate.

(8) Mixed-in-Place Surface Treatmeni. A
course produced by mixing mineral aggregate and
liguid asphalt with travel plants, blade graders, drags
or special road mixing equipment. The principal ad-
vantage of mixing-in-place is that it utilizes aggregate
already on the roadbed, or which is available from
nearby sources. For more information about mixed-
in-place surface treatments see Asphalt Mixed-in-Place
{Road-Mix) Manual (MS-14), The Asphalt Institute.

(9) Plant-Mixed Surface Treatments. A layer,
less than one inch thick, of aggregate that is coated
with asphalt in a plant. Plant-mixed surface treat-
ments are used extensively for providing skid-resistant
surfaces. For additional information refer to The
Asphalt Handbook (MS-4), Construction Specifica-
tions for Asphalt Concrete and Other Plant-Mix Types
(SS-1), the Asphait Plant Manual (MS-3), and Thin
Hot-Mix Wearing Courses (MISC-68-3), The Asphalt
Institute.

1.03 USES OF SURFACE TREATMENTS.—S3ur-

face treatments are used to:

(1) Provide a Low-Cost, All-Weather Surface.
For traffic volume in the light and medium category,

—_3
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a surface treatment on a granular base will provide a
long-lasting, economical surface.

(2) Waterproof. To give its best service, a pave-
ment should prevent surface water from penetrating
into the foundation courses. Surface treatments are
widely used to prevent surface water from penetrating
granular bases and old pavements that have become
weathered or cracked.

(3) Bind the Base to the Overlying Course.
Granular bases should be treated with prime coats {0
insure adherence to the overlying asphalt courses by
plugging voids, coating and bonding loose mineral par-
ticles, and hardening the surface.

{4) Provide a Skid-Resistant Surface. Pave-
ments that have become slippery because of wear and
polishing of surface aggregates may be surface treated
with sharp, hard aggregate to restore skid resistance.

(5) Give New Life to Dry, Weathered Surfaces.
A pavement that has weathered to a point where ravel-
ing might occur can be restored to useful service by
application of a fog seal or an asphalt-aggregate surface
treatment.

(6) Provide a Temporary Cover for a New
Base. Sometimes it is desirable to have a new base
course go through a winter so that any weak spots
will show up and be corrected before the final surface
is placed. A surface treatment makes a fine temporary
cover. Also, in planned stage construction a surface
treatment often is used until the final asphalt courses
are placed.

(7) Reinforce Pavement. Older pavements
which need some strengthening because of increased
traffic conditions often can be salvaged by preventing
disintegration with multiple surface treatments.

(8) Control Dust. Dust from untreated road sur-
faces can be controlled effectively with light liquid
asphalts or diluted slow-setting asphalt emulsions.

(9) Guide Traffic. Surface treatments with aggre-
gate of different color than the main pavement pro-

——

vide demarcation between shoulder sections and traffic
lanes.

(10) Improve Night Visibility. Where proper
lane markings are not provided, surface treatments
with light reflecting aggregate may be used to improve
visibility at night.

1.04 ASPHALT PENETRATION MACADAM.—

Asphalt penetration macadams are not surface lreat-
ments. The construction procedures for the two are so
similar, however, that specifications for both are included
in Appendix D. The general information in this publica-
tion covering materials, equipment, survey of the project,
repair of defects, and preparation for construction applies
also to penetration macadam. And much of the infor-
mation in the section on surface treatment operation is
applicable to penetration operation—priming, transverse
and longitudinal joints, removing excess aggregate, and
traffic control.

GL
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Chapter II

MATERIALS AND EQUIPMENT

2.01. INTRODUCTION.—The proper materials and
equipment, correctly used, will combine to make good
surface treatments. The exact amount and grade of
asphalt coupled with the correct quantity and type of
mineral aggregates will perform the functions discussed
in Chapter I. The pavement structure, however, must
have adequate load-supporting capacity and the proper
equipment and construction methods must be used in the
work.

A. Materials

2.02. ASPHALT.—To select the proper grade of
asphalt for a surface treatment, consideration should be
given to:

(1) Temperature of the surface to which asphalt
will be applied

(2) Air temperatures

(3} Humidity and wind

(4) Condition of the surface

(5} Type and condition of the aggregate to be
applied

(6) Equipment to be used

The correct grade of asphalt for the surface treatment
will :

(1) When applied, be fluid enough to spray prop-
erly and cover the surface uniformly

(2} After application, retain the proper consistency
to wet the applied aggregate

{3) Cure and develop adhesion quickly

(4) After rolling and curing, hold the aggregate
tightly to the road surface to prevent dislodgment by
traffic

{5) When applied in the right amount, not bleed
or strip with changing weather conditions.

—_—6_—

The proper grade of liquid asphalts, including asphalt
cmulsions, will satisfy these requirements. In hot, dry
weather, the softer grades of asphalt cement are quite
satisfactory when dry aggregate is placed immediately
after spraying. More specifically, rapid-curing liquid
asphalts, rapid-setting emulsions, and the 120 to 150
and 200 to 300 penetration asphalt cements are usually
best suited for most surface treatments.

2L wnipuadwon

NOTE

In some areas persistent difficulty in retain-
ing aggregate has been experienced with 200-
300 penetration asphalt cements. Where this
has occurred, the use of 200-300 penetration
asphalt cements is not recommended.

Medium-curing liquid asphalts can be used successfully
provided sufficient curing time is permitted before traffic
is allowed on the treatment. Quite often in hot, arid
climates where the kerosene-type cutter stock will evapo-
rate rapidly, or in special applications such as priming
of granular bases, medium-curing liquid asphalt may be
quite useful.

Slow-setting asphalt emulsions are used in the slurry
seal type of treatment.

Table II-1 suggests types of asphalt for use in various
surface treatments.

2.03 CONTROL OF ASPHALT SPRAYING TEM-
PERATURES.—Asphalt is a thermoplastic material that
becomes more liquid (decreases in viscosity) with in-
creasing temperatures. The spraying temperature then
should be selected carefully because the ability to spray
at a certain temperature (temperature-viscosity relation-
ship) is not always the same for different types and

N .
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Compendium 12

Text

TABLE II-1-—-TYPES OF ASPHALT FOR SURFACE TREATMENTS
Asphalt Liguid Asphalts
Cements
Rapid Medium Slow
Curing Curing Curing Emulsified Emulsified
Types of (RC) (MC) (SC) (Anionic) (Cationic)
Construction
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Figure Il.1—Temperature-Viscosity for Handling Liquid Asphalts
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grades, or for asphalts of the same grade from different
sources. The recommended viscosity range for spraying
is 20-120 centistokes, kinematic (approximately 10-60
seconds, Saybolt Furol), however, there is no recom-
mended lower limit for prime or tack coating applica-
tions. In any case, the lowest viscosity used should be
that at which no fogging occurs. The temperatures
needed to produce this range of viscosities vary widely.
Table II-2 and Figure II-1 show that correct spraying
temperature can range from 75°F. to 395°F., depending
upon the material used and the recommended limits.

A temperature-viscosity chart is the best method of
selecting the temperature that gives the most effective
viscosity for spraying. An example is shown in Figure
II-3. The correct spraying temperature for the asphalt
plotted on the chart is 198°F. = 34°F. '

If, for some reason, a temperature-viscosity chart for
the asphalt is not available, Figure II-1 or Table II-2
can be used as a guide to find the range that encom-
passes the correct spraying temperature.

Refer to The Asphalt Handbook (MS-4), The Asphalt
Institute, for additional information on asphalts and
spraying temperatures. Appendix C of this manual dis-
cusses the selection of the proper type and grade of
asphalt for the job at hand.

2.04 ASPHALT QUANTITIES REQUIRED.—
After a surface treatment has been subjected to traffic
for some time the aggregate particles will have oriented
into their densest positions. The particles will be lying
on their flattest sides and voids between them will usu-
ally be about 20 percent of the total volume. The asphalt
used for the treatment should fill 60 to 70 percent of this
void space. Appendix C of this manual provides a method
for finding the quantity of asphalt to use.

2.05. AGGREGATE.—Most hard aggregate such as
sand, gravel, crushed stone, and crushed slag can be
used successfully for surface treatments. The aggregate
selected, however, must meet certain requirements of
size, shape, cleanliness, and surface properties.

— 10—

TABLE [I-2——SUGGESTED DISTRIBUTOR SPRAYING

TEMPERATURES FOR VARIOUS GRADES OF ASPHALT

Asphalt Cements

Asphait-Emulsions

Anionic:
RS-1

$S-th

CRS-1 ..

275-400°F

75-13C°F
110-160°F
100-160°F
75-130°F
75-130°F

75-130°F
110-160°F
100-160°F
100-160°F
75-130°F
75-130°F

CAUTION

—_1] —

The purpese of Table II-2 and Figure [I-1
is to indicate temperature ranges necessary to
provide proper asphalt viscosity for spraying
applications for the grades of asphalt shown.
It must be recognized, however, that tempera-
ture ranges indicated in Figure II-1 generally
are above the minimum flash point for the
RC, MC, and SC liquid asphaltic materials as
specified by The Asphalt Institute and other
agencies. In fact, some of these liquid asphalts
will “flash® at temperatures below these indi-
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cated ranges. Accordingly, suitable safety pre-
cautions are mandatory at all times when hamn-
dling these liquid asphalis. These safety
precautions include, but are not limited to, the
following:

(1) Do net permit open flames or sparks
of any kind clese to these materials except
in heating kettles, mixers, distributers, or
other equipment designed and approved for
handling and applying them.

(2) Do not use an open flame to inspect
or examine drums, tank cars or other con-
tainers in which these materials have bheen
stored.

(3) Properly vent all vehicles transport-
ing these materials.

(4) Permit only experienced personnel
to supervise the handling of these materials.

(%) Comply with all applicable intre-
and interstate commerce requirements.

2.06. SIZE OF THE AGGREGATE.—The aggre-
gate should be as close to uniform size as is economically
practical so the surface treatment will have only one
layer of aggregate. If there is much difference between
the largest and the smallest size particies, the asphalt
film may completely cover the smaller sizes and prevent
proper embedding of the larger particles. If this hap-
pens, the courser ones may be whipped off easily by high
speed traffic.

Generally, the largest size for a surface treatment
aggregate should be no more than twice the smallest.size,
with a reasonable tolerance for oversize and undersize to
allow for economical production.

The maximum size of the aggregate used also will
determine the smoothness and quietness of the 'riding
surface. It has been found that aggregates smaller than
one-half inch diameter are best for these criteria.

The aggregate for slurry seals is the exception to the

12

T11 emdyy

sjuauid) ypeydey -usd QOE-QOZ 30§ 24407y £11903814 anjussdua j sanwiussasdayy

LIFHNIEHYY $3TOIC—UNLVUIIdWIL

005 SLb OSb SIP 0OF SLE OSE SIE 005 SLT 06T SEZ 00F 5Ll

sgl oot §t 0§ 114

413

]
0Z
i1
0g

KINEMATIC VISCOSITY, CENTISTOKES

5 s =3 5 B 88583238

1 |
!
5
F3
<
A
8
3
L
1////
A oPal
/ | e
e = P //
g v
et 1’/
ey
/1 “'
— p

0t

LN \\\ \

¥ 2E 8883 3 Z3
VISCOSITY SAYBOLT FUROL—SECONDS
(BASIS OF CORRELATION 1407F)

008 -1

051

— 13—

00 -

009

008 -

000’1

005"t~

6L

2L wnipuadwon

p XaL



08

one-size principle and the minimum-size limitation. This
should be a fine-graded aggregate with a top size of
about 0.10 inch (No. 8 sieve) and with up to 15
percent smaller than 0.03 inch (No. 200 sieve) (refer to’
Appendix D).
2.07 SHAPE OF THE AGGREGATE.—Shape of
the particles is important in aggregates for surface treat-
A e e e A ments—the ideal shape being cubical or pyramidal. A
8828 88 B czs e s &8 = large amount of flat and elongated particles is undesir-
SErTT T i * able because they may be completely covered if enough
asphalt is used to hold the cubical particles (see Figure
11-4). ¥f all particles are flat and elongated it takes so
little asphalt to hold them that control becomes difficult.
Figure 11-5 illustrates this.

2.08 CLEANLINESS OF THE AGGREGATE.—
Clean aggregate is extremely important. If the particles
are dusty or coated with silt or clay, the asphalt may not
stick as the dust produces a film which will prevent
adhesion to the aggregate. Good results cannot be assured
with dusty or dirty aggregate.

2.09 ADHESION.—Good adhesion between the ag-
gregate and the asphalt and the ability to retain it are
essential to a successful surface treatment. Adhesion,
however, is influenced by the many variables described
in the preceding sections of this chapter and often there
are jobs where ideal conditions cannot be obtained.

For example, wet clean aggregates do not adhers as
well as dry clean ones and the best adhesion is obtained
when they are hot and dry. Field conditions are such

=10

e SPRAYING VISCOSITY 'ﬂm\

00 275 250 275 300 325 350 875 400 425 450 475 500

TEMPERATURE-DEGREES FAHRENHEIT

\

150 8

125

109

Figure [1.3—Temperature-Viscosity Curve for RC-250
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Figure Ef-4—Flat Particles Are Covered When Enough
Asphalt is Used to Hold Cubical Particles
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AVERAGE LEAST DIMENSION, % INCH

100% Voids Filled................ 0.563 Galion per Square Yord
70% Voids Filled 0.394 Gallon per Squore Yard
Difference.............0.169 Gollon per Squore Yard

‘L_—AVERAGE LEAST DIMENSION, % INCH

100% Voids Filled 0.281 Gollon per Square Yard
70% VYoids Filled 0.197 Gallon per Square Yard
Difference.............. 0.084 Gallon per Square Yard

Figure II-5—Surface Treatments With Larger Aggregates are
Less Sensitive to Small Variations in Asphalt Application
Than When Smeller Aggregates Are Used

that clean cover aggregates will often contain some mois-
ture and must be used this way. This presents no serious
field problem when the work is done in warm, dry
weather which promotes rapid drying. However, aggre-
gate having free water will seldom provide a satisfactory
treatment.

There is some evidence that dusty aggregates give bet-
ter results when damp. For this reason, dusty aggregates
often are moistened when they must be used.

Adhesion between asphalt and aggregate often can be
helped by a thin coating of kerosene on the aggregate
applied by misting at the rate of one-half to one gallon
of kerosene per ton of aggregate while it is being loaded
into the trucks by a belt conveyor or from a bin at the
plant.

Precoating the aggregate with a very thin film of
asphalt usually will solve the dust problem and provide
good adhesion of the asphalt to the aggregate. The
aggregate is run through an asphalt mixing plant dryer,

—16 —

cooled to under 200°F., then mixed in the pugmill with
about one percent MC-70 to coat each particle thor-
oughly. The small amount of asphalt does not change the
aggregate from a free flowing material which can still be
applied with aggregate spreaders. The precoating adds
to the cost of the aggregate but the additional cost is
often justified by the better results obtained.

2.10 COARSE AGGREGATE.—Coarse aggregate is
defined as all mineral material retained on a No. 8 sieve
(approximately 0.10 inch). Many agencies are now using
the standard sizes of coarse aggregates commonly known
as Simplified Practice gradations. These are specified in
AASHO Designation: M43 (refer to Appendix D). One-
size aggregate requirements, also, are specified in Appen-
dix D.

2.11 FINE AGGREGATE.—Fine aggregate is de-
fined as all mineral matter passing a No. 8 sieve. It
may consist of natural or manufactured material.

2.12 AGGREGATE QUANTITIES REQUIRED.—
Studies have shown that except under unusual conditions,
only one layer of aggregate will stick when it is spread
over sprayed asphalt—any amount over that will be
wasted. It is, therefore, essential for economy that the
guantity of aggregate needed be determined carefully.
Methods for selecting the correct amount are explained
in Appendix C.

B. Equipment

2.13 GENERAL.—Successful surface treatments de-
pend to a large extent on the equipment used, its condi-
tion, and the way it is handled. This is why specifica-
tions generally require that the equipment be in good
mechanical condition, properly adjusted and free from
wear which would impair the quality of the work. But,
whether required or not, it is always good practice to
make a careful inspection before operations begin to be
sure all pieces are clean, calibrated, and in top opemting
form.

2.14 ASPHALT DISTRIBUTOR.—The most mapor-
tant piece of equipment on a surface treatment is the

— 17 —
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asphalt distributor. It is made specifically to apply the
asphalt product uniformly to a surface in proper guanti-
ties and to maintain the specified rate for the entire load,
regardless of change in grade or direction.

The asphalt distributor consists of a truck (or trailer)
on which is mounted an insulated tank with a heating
system, usually oil burning, with heat from the flue
passing through the tank. An armored thermometer,
ocated in a well in the side of the tank, is provided for
checking the temperature of the asphalt. The distrib-
utor also has a power-driven pump which will handle
products ranging from light, cold application liguid
asphalt to heavy asphalt cements heated to spraying
viscosity. At the back end of the tank is a system of
spray bars and nozzles through which the asphalt is
forced under pressure onto the surface of the road.
These spray bars will cover widths from six feet to thirty
feet in one pass, depending on the pump capacity.

2.15 NOMENCLATURE.—The major parts of the
asphalt distributor, excluding the truck or tractor, are as
follows:

(1) Tank. The tank, ranging from 800 gallons to
5,500 gallons capacity, is an insulated shell with flues,
a thermometer, baffle or surge plates, a manhole and
an overflow pipe.

(2) Burners. One or two burners are included
with a distributor. Each burner throws a direct flame
into a heating flue which, in turn, transfers the heat
to the asphalt.

(3) Circulating System. The circulating system
has an engine-driven pump which:

a. Fills the distributor tank

b. Circulates material in the bar and tank

¢. Sprays material through the bar or hand spray

d. Draws material back to the tank from the bar
or hand spray

e. Pumps material from the tank to outside stor-
age

f. Transfers material from one storage tank to
another

— 18 —

(4) Spray Bar. Most new distributors are equipped
with full circulating spray bars that prevent clogging
by keeping asphalt flowing when not spraying. These
are two compartment bars, bars with an inner tube,
or bars consisting of two pipes. The spray bar has
nozzles, usually mounted four inches apart, through
which the material is applied to the road surface;

(5) Controle. The controls include a valve system
which governs the flow of material, a pump tachom-
eter or a pressure gauge which registers pump output,
and a bitumeter with an cdometer which indicates the
number of feet per minute and total distance traveled.
Figure 1I-6 is a cutaway drawing of a typical asphalt
distributor showing the interior of the tank, the
burners, the pumping system, the spray bar, and the
controls.

Table 1I-3 gives spray nozzie and application data for
eight makes of asphalt distributors.

2.16 CALIBRATING THE TANK.—All new dis-
tributors have float-type gauges and measuring sticks for
indicating the contents of the tank. Most sticks furnished
by manufacturers are calibrated in 25 to 50 gallon incre-
ments, depending upon tank size, but it often is necessary
to check the contents of the tank quite closely. There-
fore, a calibration curve should be prepared by the engi-
neer from measurements on the gauge stick so that tank
contents can be determined to the nearest five or ten
gallons. See Figure II-7 for an example of a calibration
curve.

NOTE

The velume of asphalt varies with tempera-
ture so most specifications have set 60°F. as
the standard for volume measurement of
asphaltic material. Appendix G details a
method of correcting to the volume at 60°F.
from any velume measurement temperature,

— 19 —
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Compendium 12

Text 4

TABLE II-3-~ASPHALT DISTRIBUTOR DATA*

Nezzle Pump Discharge—
Distributer Nezsle Nezze Slet Nezsle Height Gals. per Min.—se Pump Aap!inﬁan Rate Coverage
Size Spacing Angle Abeve Read Pump Speed Pressure sl. per Sq. Yd.
CHAUSSE L in. 4 in. 45° with 6in to15in. 95 gals. per min. at  §to 15 lbs.  Varies withsize of Bar 4 in. Center—Triple Lap
8 in. Spray Bar 420 RPM per sq. in. and speed of truck 6 in. Center—Double Lap
14 in, 4 in. 45° with 6in. to 15in. 95 gals. per min.at 510 151ba.  Varies withsize of Bar 4 in. Center—Triple Lap
8 in. Spray Bar 420 RPM per &q. in, and speed of truck 6 in. Center—Double Lap
3gin 4 in, 45° with 6in.to 15in. 45 gals. Eer min. st  5to 151bs.  Varies with gize of Bar 4 in. Center—Triple Lap
6 in. Spray Bar 420 RPM per sq. in. and speed of truck 6 in. Center—Double Lap
3 in 4 in. 45° with 6in. to 15in. 45 gals. per min. at  5to 151bs.  Varies with size of Bar 4 in. Center—Triple Lap
6 in. 8pray Bar 420 RPM per &q. in, and speed of truck 8 in. Center—Double Lap
ETNYRE Tie in. 4in. 30° with 12 in. 5 to 7 gals. per ft. of —_ 0.03 gal. to 3.0 gals.  Triple Lap
Spray Bar Spray Bar
34 in. 4in. 30° with 12 in. 7 to 10 gals. per ft. — 0.03 gal. to 3.0 gals.  Triple Lap
Spray Bar of Spray Bar
1% in. 4in 30° with 12 in. 10 to 15 gals. per ft. — 0.03 gal. ot 3.0 gals.  Triple Lap
Spray Ber of Spray Bar
3 in 4in 30° with 121n. 12 to 20 gals. per ft. o~ 0.03 gal. 10 3.0 gals.  Triple Lap
Spray Bar of Spray Bar
836-5 4in 30° with 12 in. 10 to 15 gals. per {t. — 0.06 gal. to 3.0 gals.  Quadruple Lap
Spray Bar of Spray Bar
GRACE— Lig in. 6 in 60° with 11 in. 100 gals. per min. 35 lbs. per  0.05 gal. to 1.0 gal. Double Lap
200 Series Spray Bar 8q. i
$gin. 6 in. 60° with 1t in. 100 gals. per min. 35 1ba. per 0.05 gal. to 1.0 gal. Double Lap
Spray Bar 8q. in.
300 Series Y% in. 4 in, 60° with 9 in. 325 gals. per min. 35 lbs, per 0.05 gal. to 1.0 gal. Triple Lap
Spray Bar 8q. in.
35 in. 4in 60° with 9 in, 325 gals. per min. 35 1bs. per 0.05 gal. to 1.0 gal. Triple Lap
Spray Bar 8q. in,
LITTLEFORD 14 in. 4 in. 15° with 10 in. min. 1214 gals. per ft. of — 0.05 gal to 3.3 gals.  Triple Lap
Square Slot Spray Bar 12 in. max. Spray Bar
14 in. 4in. 15° with 10 in. min. 1214 gals. per {t. of - 0.05 gal. t0 3.3 gals.  Triple Lap
“¥" Slot Spray Bar 12 in. max. pray Bar
ROSCO No. 0 4 in. 25° with 10 in. — 10 to 50 tbs. 0.05 gal. to 2.0 gals.  Triple Lap
Spray Bar per sq. in.
No. 1 4 in. 25° with 10 in, — 10 to 50 Ibs.  0.05 gal. to 2.0 gals.  Triple Lap
Spray Bar per &q. in.
No. 2 4in 25° with 10 in. — 10 to 50 ibs. 0.05 gal. to 2.0 gais.  Triple Lap
Spray Bar per &q. in.
SEAMAN- % in 4in. 15° with 9in. 375 gals. per min. at e 0.1 gal. to 3.0 gals. Triple Lap
GUNNISON Spray Bar 375 RPM
Y in, 4 in 15° with 9 in. 375 gals. per min. at — 0.1 gal. to 3.0 gals. Triple Lap
Spray Bar 375 RPM
SOUTH BEND Iy in. 4in, 22° with ¢ in, min. 80 gals. to 375 gals. 20 to 40 lbs. 0. gal. to 3.0 gals. Triple Lap
(Munieipal) 8 in Spray Bar 11 in. max. per min. per sq. in.
1% in. 4 in. 22° with 9 in. min. 60 gals. to 375 gals. 20 to 40 1bs. 0.1 gal. to 3.0 gals. Triple Lap
8in Spray Bar 11 in. max. per min, per sq. in.
3 in. 4in, 22° with 9 in. min. €0 gals. to 375 gals. 20 to 40 1bs. 0.1 gal. to 3.0 gals. Triple Lap )
6 in Spray Bar 1! in. max. per min. per sq. in.
STANDARD e In. 4 in 45° with g in. 375 gals. per min. at 50 lbs. per 0.1 gal. to 1.0 gal. Triple Lap
Spray Bar 875 RPM 8q. in.
3 in. 4in 45° with @ in. 375 gals. per min. at 50 lbs. per 0.1 gal. to 1.0 gal. Triple Lap N
Spray Bar 675 RPM 8q. in.

¢ Furnished by the manufacturers.




An opening and guide for the gauge stick must be
provided in the top center of the tank to minimize errors
due to tilting. A capped 1%2 inch pipe, six or eight
inches long, passing through the insulated roof serves
very well. If the dome of the tank is in the center, a
template or guide for the gauge stick which fits across
the manhole opening may be used. Or the stick can be
held vertically against the side of the manhole, using the
top of the rim as a reference.

If a gauge stick is not available for the distributor,
one can be made of brass (1 inch X 34 inch) and cali-
brated in the following manner:

(1) The distributor is emptied completely.

(2) A container is calibrated to measure exactly
ten gallons.

(3) The distributor is leveled, both longitudinally
and transversely, using a spirit level.

{4) The tank is filled with water in ten-gallon in-
crements. After each increment is added, the water
in the tank must be allowed to settle to a quiet sur-
face. Then the gauge stick is carefully lowered, cen-
tered and plumb, to just touch the surface of the
liquid. The stick is then marked at a reference line
on the guide.

(5) When the calibration has been completed all
water is drained from the distributor.

CAUTION

Although the distributor is ecompletely
drained, some water may remain trapped in &
valve or pipe. This is not hazardeus when
liquid asphalt is te be used immediately, but
if the distributor is to be used for applying
asphalt cement, even a small amount of water
is a serious hazard as the hot asphalt will cause
it to boil with near explesive force. It is ad-
visable to flush the distributor with oil or cut-
back following calibration.

24—

2.17 ALTERNATE METHODS OF CALIBRA-
TION.—If it is more convenient, the calibration proce-
dure can be reversed. The tank is completely filled with
water, and the gauge stick is marked as described above
as the water is drawn out in 25 gallon increments. By
this method the total quantity (and hence the guantities
at each mark on the stick) will be known only when the
tank is again empty.

A calibration chart, prepared from the measurements
on the stick, is then used to calibrate the gauge stick to
ten-gallon increments.

Another method of calibration can be used if an accu-
rate flow meter is available. The tank is filled in incre-
ments of one-half inch or one inch, the flow stopped and
the meter reading recorded at each increment. The re-
corded figures are used as the basis for the calibration
chart.

2.18 SELECTING NOZZLE SIZE.—One of the most
important parts of the distributor is the spray bar, for
through the spray nozzles the proper quantity of asphalt
must be spread uniformly on the road surface. To achieve
good results then, correctly sized nozzles for job condi-
tions must be selected. For example, if nozzles are too
large for the desired application, pulsation of the spray
may occur. This results in uneven longitudinal spread-
ing of the asphalt.

Each distributor manufacturer has specific recom-
mendations for the size of spray nozzles to use for differ-
ent applications. The manufacturer’s recommendation
should be used in choosing the correct nozzle size.

All nozzles selected for use at any one time should
have the same size opening.

2.19 PROPER PRESSURE.—The spray bar must
have a constant, uniform pressure along its entire length
for equal output from all nozzles.

Although several methods may be used to maintain
pressure, all distributors use gear-type pumps to deliver
asphalt to the spray bar. On some distributors pressure
is governed by variable pump speed and on others by

25—
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constant pump speed and a pressure relief valve. Each
application should be checked, using the method recom-
mended by the manufacturer.

The correct pump speed or pressure will neither ato-
mize the asphalt nor distort the spray fan. Too low a
pressure will result in streaking from a non-uniform dis-
charge of material from the individual nozzles. Too high
a pressure, in addition to atomizing the asphalt, will dis-
tort the spray fan.

When a metering system is used, the manufacturer
supplies the distributor with charts for finding the proper
pump speed for each application rate.

When a pressure relief valve is used, the pump runs
at a constant speed and the pressure is automatically
held in the spray bar. The manufacturer supplies charts
for determining the discharge in gallons per minute for
each size nozzle, the proper truck speeds for various
application rates and the corrections for temperature-
viscosity variations.

2.20 SPRAY BAR HEIGHT.—Probably the most
important adjustment to assure uniformity of spread of
asphalt is the height of the spray bar above the pavement
surface. It is important, too, to maintain the correct
height during the entire application.

If the spray bar is too low or too high, streaking will
result.

The best results with four-inch nozzle spacing will
come from an exact triple lap of the spray fans. But with
six-inch nozzle spacing, the height of bar mnecessary to
give a triple lap will frequently cause wind distortion of
the spray fans, resulting in non-uniform application; a
double lap is therefore recommended for six-inch nozzle
spacing.

A simple test procedure has been devised which will
assure the proper height setting of a spray bar with four-
inch nozzle spacing. It is based on the fact that, by
visual inspection, one can determine whether or not an
exact single lap, or single film, of asphalt is being applied.

To begin, the second and third. fifth and sixth, eighth
and ninth, etc., nozzles are closed. using the center sec-

[, ¥ —

SINGLE LAP
DOUBLE LAP

_TRimE ap

tion of the bar only. The distributor is then operated at
the correct pump speed or pressure with the spray bar
height changed not more than one-half inch at a time.
When an even single film of asphalt, heated to the
proper spraying viscosity, is applied to the surface, it
will give a uniform triple lap with all nozzles operating.

Double lap coverage involves the same procedure as
above except that every other nozzle is left open; the
remaining ones are shut off. If the distributor has already
been checked for double lap coverage, increasing the
spray bar height by 50 percent will give triple lap
coverage.

221 MAINTAINING PROPER SPRAY BAR
HEIGHT.—For best results, the height of the spray bar
above the pavement surface should not vary more than
one-half inch. The bar will not stay within this tolerance,
however, unless the manufacturer or the contractor takes
special steps to assure it. As the asphalt leaves the spray
bar, the load lightens and the springs raise the distrib-
utor. If there is an appreciable amount of deflection in
the springs, the spray bar can rise as much as four inches,
resulting in an uneven application.

Excess vertical movement of the spray bar can be cor-
rected in several ways. After the bar height is adjusted
with a full load in the tank, the frame of the distributor
can be tied down to the axle during the spreading runs.
If it is a truck-mounted distributor and has an adjustable-
type spray bar, mechanical controls can be supplied by
the manufacturer to maintain the proper height, regard-
less of the deflection in the springs. On trailer-mounted
distributors, bar height control is not nécessary because
of the small deflection of trailer springs. In any event,
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the height of the bar should be checked after each run
and any necessary adjustment made at that time.

2.22 PROPER NOZZLE ANGLE.—The angle of the
long axis of the nozzle openings must be adjusted so that
the spray fans will not interfere with each other. The
nozzle angle will vary according to the make of distrib-
utor. The angle recommended by The Asphalt Institute,
measured from the spray bar axis, is from 15 degrees to
30 degrees. Figure I1-9 illustrates nozzle angle setting.

The various manufacturers usually furnish special
wrenches for setting the angle of the nozzles. The use
of these wrenches is recommended as it is extremely
difficult to obtain a uniform spread with visually set
nozzles.

NOTE

The end nozzles are often set at a different
angle (60 degrees to 90 degrees with respect
to the spray bar) from the other nozzles to get
a good edge. This practice should not be per-
mitted as it will produce a fat streak on the
edge and rob the adjacent spray fan of the lap
from this nossle. A curtain on the end of the
bar or a special end nozzle with all nozzles set
at the same angle will provide mofe uniferm
coverage and make a better edge.

v}\NOZZLE ANGLE SETTING
e

SPRAY BAR AXIS

Figure 1[-9—Proper Nozzle Angle Setting
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At the time the angle of the nozzles is set, the edges of
the nozzle openings should be inspected to see that they
are not damaged. A nicked or otherwise damaged edge
will produce a distorted fan of asphalt.

2.23 CHECKING THE BITUMETER.—A Bitu-
meter consists of a rubber-tired wheel, mounted on a
retractable frame, with a cable leading to a circular dial
in the cab of the vehicle. (See Figure [i-10.) The dial
registers the rate of travel in feet per minute and trip
and total distance in feet. At least one manufacturer
furnishes a dial that registers the application rate in gal-
lons per square yard in addition to travel in feet per
minute. ;

The bitumeter should be checked at regular inmtervals
to insure accurate registering of speeds when the distrib-
utor is spraying asphalt. To check the bitumeter, a dis-
tance of 500 feet to 1,000 feet is marked off accurately
on a straight and level length of road. The distributor is
driven at constant speed over this length and the trip is
timed with a stopwatch. Then the speed in feet per
minute is calculated and compared with the bitumeter
dial reading recorded during the run. This procedure is
repeated for a number of other speeds, bracketing the
speed to be used for spraying. _

The errors found at the various speeds are tabulated
or plotted on a graph so that they can be readily applied
when using the distributor.

The bitumeter wheel must be kept clean to insure
accurate registering of the truck speed. A build-up of
asphalt on the wheel will produce an error.

Appendix A shows how to find the distributor speed
needed for any rate of application.

2.24 CHECKING TRANSVERSE SPREAD.—
Transverse spread should be allowed to vary mo more
than 15 percent for asphalt emulsions and no more than
10 percent for asphalt cements or heavier grades of
liquid asphalts. To assure the correct application, the
distributor must be calibrated before it is used and a
maximum variation set by the engineer. Then, the trans-

—_—29
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Figure I[-10—Bitumeter Wheel and Bitumeter Dial
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verse spread should be checked periodically to determine
if the distributor is operating within these limits.

A procedure for checking transverse spread in the field
with a2 minimum of testing equipment and asphalt was
developed by the California Division of Highways.* This
procedure, resembling a method developed in South
Africa, has been used on a number of jobs and has been
found to be quite accurate. It can be performed during
surface treatment operations with little interference to the
work. The transverse spread is determined from sarples
caught on four-inch by eight-inch cotton pads** (or two-
inch by eight-inch if greater accuracy is desired) glued
to sheets of paper which, in turn, are attached to strips
of sheet metal and placed across the pavement. The
cotton fibers prevent the asphalt from flowing. The pads
with the attached sheets of paper are weighed before
placing on the road and are removed after passage of the
distributor and weighed again to determine quaniities.
The pads then can be discarded. Figure II-11 shows the
results of a typical transverse spread check. Appendix
E contains a tentative method for determining distributor
spread rate.

2.25 CHECKING LONGITUDINAL SPREAD.—
The longitudinal spread should not vary more than 10
percent for any type of asphalt binder and the distrib-
utor’s longitudinal application rate should also be
checked. This can be done by taking samples in 12-inch
by 12-inch shallow metal pans placed at 100 to 150-foot
intervals along the road. The pans are lined with heavy
wrapping paper. A Va-inch lip around the edge of the
pan helps to hold the paper liner in place and also pre-
vents the collected asphalt from running out. Quantities
are determined by weighing the pans with paper liners
before and after the pass of the distributor. Figure I1-12
shows the results of a typical longitudinal spread check.

* “Seql Coats: Laboratory Contributions Toward Beiter Per-
formance,” by Ernest Zube, Bulletin 215, Highway Research
Board. 1959.

** Multigraph machine cleaning pads.
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2.26 LENGTH OF SPREAD FOR A DISTRIB-
UTOR LOAD.—In planning operations it is necessary
to know how far the asphalt in the tank will go. Appen-
dix A contains a formula for calculating the length of
spread.

2.27 MAINTENANCE OF DISTRIBUTOR.—
Clean, smoothly operating €quipment is a source of pride
to all concerned with a surface treatment job. This
applies especially to the distributor. A few things that
should be done to keep it in clean tip-top condition are:

(1) At the end of each day’s operation, clean the
circulating system, spray bar, valves, and nozzles using
a flushing agent that is compatible with the asphaltic
material used.*

(2) Each morning, check the nozzles to be sure
that they are clean and that they spray properly.

(3) At the start of each day, lubricate the distrib-
utor in accordance with the manufacturer’s recom-
mendations. .

(4) At least once a day, check the nozzle angle
setting.

{5) At the beginning and end of each spread, check
the spray bar height to make sure that the correct
height is being held.

(6} While spraying, maintain the spraying pres-
sure high enough to give constant straight edged spray
fans at each nozzle.

Asphalt Distributor Checklist

(1) Does the asphalt distributor comply
with specifications?

{2) Are the heaters and the pump in good
working condition?

{(3) Have all gauges and measuring devices
such as the pump tachometer, measuring stick,

* The flushing agent must have a higher flash point than the
temperature of the asphaltic material remaining in the system.

34—

thermometers, and bitumeter been calibrated?

{4) Are spray bars and nozzles clean and
set for proper application of asphalt?

(5) Are the nozzles free of burrs that will
distort the spray?

{6) Is the height of the bar set to give a
uniform application ?

(7) Have transverse and longitudinal
spreads been checked?

2.28 AGGREGATE SPREADERS.—The piece of
eguipment next in importance to the asphalt distributor
is the aggregate spreader. A good spreader, operated
properly, will conserve aggregate and produce a uniform
spread. Spreaders range from the simple vane type at-
tached to a truck tail gate to the highly efficient self-
propelled type.

2.29 TAIL GATE SPREADERS.—There are sev-
eral types of tail gate spreaders. The simplest is the vane
spreader. (See Figure 11-13.} It consists of a steel plate
with a series of vanes which spread the aggregate for the
desired width on the road surface. There are tail gate
spreaders that consist of a hopper with a feed roller
which is activated by small wheels that contact the truck
wheels. (See Figure II-14.) And there are the ones
that spread the aggregate from a whirling disc. (See
Figure 1i-15.)

2.30 MECHANICAL SPREADERS.—Mechanical
spreaders (see Figures k-16, 1i-17 and [i-18) are hop-
pers on wheels which are hooked onto and are propelled
by backing aggregate trucks. Hoppers, which come in
widths of from eight to twelve feet and in capacities of
from less than one cubic yard to about two cubic yards,
usually contain augers to distribute the aggregate the full
width of the box. The wheels, which support the spreader
and operate the auger, also turn a scored or roughened
spread roll in the bottom of the hopper. The roll insures
a positive feed of material onto the road surface. There

—35—
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Figure [[-13-—Vane Spreader

is an adjustable hitch on the front of the spreader by
which it is attached to the aggregate truck. Mechanical
spreaders also have controls to regulate the feed gates,
the feed roll, the auger, and the truck hitch.

2.31 SELF-PROPELLED SPREADERS.—A self-
propelled spreader is illustrated in Figure II-19. This
machine not only makes very uniform and continuous
application of cover aggregate possible but it also is able
to keep up with the asphalt distributor, thus producing an
immediate application of aggregate to the asphalt while
it is still in a fluid condition.

Figure II-14—Hopper-Type Tail Gate Spreader

— 36 —
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Figure 1I-15—Whirl-Type Tail Gate Spreader

¢
Figare II-16—RMechanical Spreader

— 37—
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The spreader is a self-powered machine on four wheels
with a receiving hepper in the rear where aggregate
trucks hitch to dump their loads. The spreader pulls the
truck instead of the truck pushing the spreader. Belt
conveyors carry the aggregate to the front of the ma-
chine where it is dropped through a scalping screen into
the spreading hopper. Cut-off gates control the width
of spread and an auger assures full-width distribution of
aggregate in the hopper. The aggregate flows over the
spread roll onto a screen which first places the larger
particles on the asphalt and then drops the fine aggregate
on top. This operation insures that the larger sizes have
enough asphalt to hold them properly in place. Figure
11-20 is a flow diagram showing how the spreader works.

2.32 CALIBRATION AND ADJUSTMENTS.—
Calibration and adjustments for all types of aggregate
spreaders should be made according to the manufactur-
ers’ instruction and operating manuals.

There are also some additional checks that can be
made to help insure good results:

(1) A tachometer used as an aid in maintaining
uniform spreader box speed has proved to be highly
successful.

(2) Distribution rates are closely controlled by lay-
ing off the length which each truck load of aggregate
should cover.

Figure 1i-17—Top View of One Make
of Mechanical Aggregate Spreader

— 38 —

Figure [fi-18—Bottom View of One Make of Rechanical
Aggregatle Spreader

(3) A quick check on the rate of application of
aggregate can be made by laying a one-square-yard
section of cloth or building paper on the pavement
{or by supporting a shallow one-square-yard box
above the asphalt with nails or screws) and by passing
over it with the spreader. The cloth, paper or box is
then carefully lifted and the aggregate on it is weighed.
This will give the weight per square yard of aggregate
being spread.

Aggregate Spreaders Checklist

(1) Does the spreader comply with speci
fications ?
(2) Has the aggregate spreader been
checked for proper operation?
(3) Have all adjustments been made accord-
ing te the.manufacturer’s operating manual?
(4) Have the hiiches on all trucks been
checked to make stuire they may be connected
quickly and positively to the spreader?
(5) Has the rate of application of the
spreader been checked?

39 __
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Figure Il-19—Self-Propelied Aggregste Spreader

Figure [1.20--Flow of Aggregate
Through a Self-Propelled Spreader
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Ruslan Diwiryo, Director, Directorate of
City and Regional Planning, Department
of Public Works, Indonesia.
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FOREWORD

This publication contains two sets of specifi-
cations for Rapid Curing (RC), Medium Cur-
ing (MC) and Slow Curing (SC) liquid asphalts.
Current Asphalt Institute specifications for
these materials, adopted by The Asphalt In-
stitute on December 6, 1961, are shown on
pages 6, 7, and 8. Former Asphalt Institute
specifications for these materials are shown
on pages 12, 13, and 14 (see colored insert).

in the current grade designations, note that
the number in the grade designation signifies
the lower limit of the kinematic viscosity for
the grade. The upper viscosity limit is twice
the lower limit. For example, MC-70 indicates
a Medium Curing liquid asphalt having o
kinematic viscosity within the range of
70-140 centistokes at 140° F.

This publication also contains a complete set
of specifications for cationic emulsified
asphalts adopted by The Asphalt Institute
on June 26, 1963 and specifications for an
MC-30 grade of Medium Curing liquid as-
phalt adopted on December 5, 1963.

THE ASPHALY INSTITUTE
ASPHALT INSTITUTE BUILDING
COLLEGE PARK, MARYLAND

JANUARY 1964




SPECIFICATIONS FOR ASPHALT CEMENTS

AASHO ASTM
Characteristics Teost Test GRADES
RMethod Method .
Penstration, 77° F., 100 g., 5 sec. T 49 D5 40-50** 60-70 85-100 120-150 200-300
Viscosity ot 275° F.
Saybolt Furof, SSF | .. E 102 120+ 100+ 85+ 70+ 504
Kinematic, Centistokes | .. .. ... D 2170 240+ 200+ 170+ 140+ 1004
Flash Point (Cleveland Open Cup), °F. T 48 D 92 450+ 450+ 450+ 425+ 3504
Thin Film Oven Test TW9 e e e s
Penetration After test, 77° F.,
100 g., 5 sec., % of Original T 49 D5 554 524+ 47 4 42+ 37+
Ductility:
At 77° F., cms. T 51 D 113 100+ 100+ 1004 604+ ...,
At60° F,ems. | b &0+
Solubility in Carbon Tetrachloride, % T 44° D 4° 995+ 99.54 9.5+ 99.5+ 99.5 -+

General Requirements

The asphalt shall be prepared by the refining of petroieum.
it shall be uniform in character and shall not foam when
heated to 3507 F.

* Except that carbon tetrachloride is used instead of carbon disuiphide as solvent, Method No. 1 in AASHO Method T 44 or

Procedure No. 1 in ASTM Method D 4.
** Also special and industrial uses.

L6
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SPECIFICATIONS FOR RAPID-CURING (RC) LIQUID ASPHALTS

(These specifications supersede those shown on page 12} :

AASHO ASTM GRADES
Characteristics Test Test
Method Mathod RC-70 RC-250 RC-800 RC-300C
Kinematic Viscosity at 140°F,, cs.1 ceveesscssaoe D 2170 70-140 250-500 800-1600 3000-6000
Flash Point (Open Tag.), °F. 779 D 1310 cseosessves 804 804 804
Distillation—
Distillute {per cont of total distillate fo
680°F.)
to 374°F. 104 seessossoonslscvssccoscoalecscscrsaase
to 437°F, Y78 D 402 50+ 35+ i5-+ sscccssssnse
to 500°F, 704 60~ 45+ 254-
fo 600°F. 85+ 804 754 70+
Residue from distillation to 680°F., per
cent by volume. 55+ 654 754+ 804
Tests on Residue from Distillation:
Penetration, 77°F., 100 g., 5 sec. T 49 D35 80-120 80-120 80-120 80-120
Ductility, 77°F., ems. 7 51 D112 100+ 1004 100~ 100+
Solubility In Carbon Tetrachloride, % T 441 D42 99.5+ 99.5- 99.5- 99.5 4
Water, % ¥ 55 D95 0.2 0.2~ 0.2— 0.2~

General Requirement—The material shall not foam when heated to application_temperature recommended by The Asphalt Institute.

Note: When the Heptone-Xylene Equivalent Test is specified by the consumer, a negafive test with 35 per cent xylene ofter 1 hour will be
required, AASHO Method T 102.

i As an alternate, Saybolt Furo! Viscosifies may be specified as shown on page 11.

% Excep! that carbon tefrachloride or trichloroethylene Is used instead of carbon disvlphide as solvent, Method No. 1 in AASHO Method

T 44 or Procedure No. 1 In ASTM Method D 4.

SPECIFICATIONS FOR MEDIUM-CURING (MC) LIQUID ASPHALTS

(These specifications supersede those shown on page 13)

AASHO ASTRA GRADES
Characteristles Tost Tost
Mothod | Method | e 30 | me7o | MC-250 | MC-800 | MC-3000
Kinematic Viscosity at 140°F., cs.” Cecvscae D 2170 30-60 70-140 250-500 800-1600 | 3000-6000
Flash Point (Open Tag.), °F.} T79 D 1310 100+ 100+ 150+ 1504 1504-
Distillation-—
Distillate {per cent of total distillate to
680°F.)
Yo 437°F. 25— 20— 0-10 soesnccs loosassssnn
Yo 500°F. T78 D 402 40-70 20-60 15-55 35— 15~
To 600°F. 75-93 65-90 60-87 45-80 15-75
Residue from distillation to 680°F., per
cent by volume. 50+ 55+ 674 75+ 80-4-
Tests on Residue from Distillation:
Penetration, 77°F., 100 g., § sec. T 49 D5 120-250 120-250 120-250 120-250 120-250
Ductility, 77°F., cms.? T 51 D113 1004 100+ 100 100+ 1004
Solubllity in Carbon Tetrachloride, % T 44 D4t 99.5+ 99.5- 99.5- 99.54 99.5+4
Water, % T 85 D95 0.2— 0.2~ 0.2~ 0.2~ 0.2

General Requirement—The material shall not foam when heated to application temperature recommended by The Asphalt Institute,
Note: When the Heptane-Xylens Equivalent Test is specified by the consumer, a negative test with 35 per cent xylene after 1 hour will be
required, AASHO Method T 102.

1 Flash Point by Clevelond Open Cup may be used for products having o flash point greater than 175°F.

% As an olternate, Saybolt Furol Viscosities may be specified as shown on pagell.

81§ penefration of residue Is more than 200 and Its ductility at 77°F. is less than 100, the material will be acceptable if its ductility at 60°F,
is 1004-.

¢ Except that carbon tetrachloride or trichloroethylene is used instead of carbon disvlphide as solvent, Method No. 1 in AASHO Method
T 44 or Procedure No. 1 In ASTM Method D 4.
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SPECIFICATIONS FOR SLOW-CURING (SC) LIQUID ASPHALTS

(These specifications supersede those shown on page 14)

AASHO ASTM GRADES
Charocterlstics Test Test
Mothod Method
$C-70 $C-256 $C-800 $C-30080
Kinematic Viscosity at 140°F., ¢s.! Ceotescevces D 2170 70-140 250-500 800-1600 3000-6000
Flash Point (Cleveland Open Cup), °F. T 48 D92 150+ 1754+ 2004 225
Distillation:
Tota! Distillate to 680°F.,, % by volume T78 D 402 10-30 4-20 2-12 §—
Float Test on Distillation Residue at
122°F,, sec. T 50 D 139 20-100 25-110 50-140 75-200
Asphalt Residue of 100 Penetration, % T 56 D 243 50+ 60+ 70+ 80
Ductility of 100 Penetration Asphalt Resl-
due at 77°F., cms. T 51 D113 1004 100+ 100+ 1004
Solubllity in Carbon Tetrachloride, % T 44¢% D4 99.54- 99.54 99.5-- 99.54
Water, % 785 D95 0.5— 0.5 0.5~ 0.5~

General Requirement—The material shall not foam when heated to application temperature recommended by The Asphalt Institute.

Nete: When the Heptane-Xylene Equlvalent Test is specified by the consumer, a negative test with 35 per cent xylene after 1 hour will be

required, AASHO Method T 102,

! As an alternate, Saybolt Furol Viscosities may be specified as shown &n page 11,
2 Excep? that carbon tetrachloride or frichloroathylene is used Instead of corbon disulphide as solvent, Mefhod No. T in AASHO Method

¥ 44 or Procedure No. 1 In ASTM Method D 4,

SPECIFICATIONS FOR ANIONIC EMULSIFIED ASPHALTS

GRADES
AASHO ASTM whedt po
Charaectoristies Test Vost edium [:3
’ Method | Mothod Rapid Stting Sefting Sefting
R8-1 RS-2 BS-2 88-1 $8-1h
TESTS ON BMULSION
Furol Viscosity at 77°F., sec. 20100 | ........ 1004 20-100 20-100
Furol Viscosity at 122°F,, sec. teeeens 75-400 | ........ ... P
Residue from Distillation, % by weight 57 62-- 62+ 57 57+
Settlement, 5 days, % difference 759 D244 33— 3 3 3 3
Demulelbifity:
35 ml. of 0.02 N CaCly, 604 504 O e S
50mlef 0.IO0NCaCI, % e, b1+ R
Sleve Test (Rotalned on Mo, 20), % 0.10— 0,10 - 0.10 - 0.10— 0.10—
Cement Mixing Test, % B I 2.0~ 2.0~
TESTS ON RESIDUE
Penetration, 77 °F., 100g., 5 sec. 749 D5 100-200 | 100-200 | 100-200 | 100-200 40-90
Solubllity In Carbon Tetrachloride, % 7441 D4! 9754 97.54 97.54- 97.5- 97.5-4
Ductility, 77°F., ems. 751 D113 40 404 40+ 404 40

1 Except that carbon tetrachloride is used instead of carbon disulphide as solvent. Method No. 1 in AASHO Method T44 or Procedure )

Mo. 1 in ASTM Method D4.

99



100

Compendium 12

Text

oL

SPECIFICATIONS FOR CATIONIC EMULSIFIED ASPHALTS

AASHO | ASTM GRADES
Characteristics Test Test Rapid Setting Medium Setting Slow Setting
Method | Method
RS-2K RS-3K SM-K CM-K $5-K §5-Kh
TESTS ON EMULSION
Furol Viscosity at 77°F., sec. T59 D244 |.. ... | oo 20-—100 | 20—100
Furol Viscosity at 122°F,, sec. T59 D 244 | 20—100 |100—400| 50—500 | 50—~500]........]........
Residue from Distillation, % by weight T59 D 244 60 65+ 60-4- 65 57+ 57+
Settlement, 7 days, % difference T 59 D 244 3— 3 3— 3— 3— 3—
Sieve Test (Retained on No. 20), % T591 D 2441 | 0.10— | 0.10— | 0.10— | 0.10— | 0.10— | 0.10—
Aggregate Coating-Water Resistance Test |........ D 244
Dry Aggregate (Job), % Coated | | ..o 80 804 |-
Wet Aggregate (Job), % Coated | I ... 604 604 |-
Cement Mixing Test, % T59 D244 |...... ... oo 2 -
Particle Charge Test2 oo Positive Positive Positive Positive |- .- .. |
pH D E70 | 67— | 67—
Oil Distillate, % by Volume T59 D 244 5— 5— 20— 120 |ooivii] o
TESTS ON RESIDUE

Penetration, 77°F.,, 100 g., 5 sec. T49 D5 100—250 {100—250 {100-—-250 {100—250 100200 | 40---90
Solubility in Carbon Tetrachloride, % T 443 D 43 97.0-- 97.0+ 97.0-+ 97.0+ 97.0+ 97.0+
Dudtility, 77°F., cm. 151 D113 40+ 40} 40+ 404 404 404

—-

August 20, 1962,

w

cedure No. 1 in ASTM Method D 4.

Except that distilled water is used instead of
Tested in accordance with paragraph 4.4.4.,

Note: a) “K” in grade designations signifies cationic type

b) In Medium Setting Grades—

“SM’’ indicates sand mixing grade
“CM’ indicates coarse aggregate mixing grade

sodium oleate solution.
Particle Charge Test, Interim Federal Specification $S-A-00674C (GSA-FSS) dated

Except that carbon tetrachloride is used instead of carbon disulphide as solvent, Method No.

1
ALTERNATE VISCOSITY SPECIFICATIONS FOR LIQUID ASPHALTS

1 in AASHO Method T 44 or Pro-

AASHO ASTM GRADES
ha .
Characteristics Test Tes! MC- | RC-, MC- | RC., MC- | RC., MC- | RC-, MC-
Mothod | Method 30 or $C-70 | or $€-250 | or SC-800 | or $C-3000
Furol Viscosity at 140°F., sec. T72 D88 [---=-w-- 35-70 125-250 400-800 1500-3000
Or
Furol Viscosity ot 77°F., sec. 75.150
Furol Viscosity at 122°F, sec. | Lo 60-120 | oieiiiiii ) ciiiiieni ] cineenien
Furol Viscosity at 140°F., sec. T 72 D88 ... .. teeeiieen.. 125-250 | cooiiiiii ] eiiei e
Furol Viscosity ot 180°F., sec. | [ | i e 100-200 300-600
1 As an olternate for kinematic viscosity limits included in specifications on pages 6, 7, and 8 Furol Viscosity limits may be used.

These Furol Viscosity limits may be specified, as shown above, either at a constant temperature (140° F.) or at four temperatures.
This alternate is provided in recognition of the transition period required in changing from the Saybolt Furol test to the more

fundamental kinematic viscosity test,
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FORMER SPECIFICATIONS FOR RAPID-CURING (RC) LIQUID ASPHALTS
(Superseded by specifications shown on page 6)

AASHO | ASTM GRADES
Characteristics Test Test :
Method | Method | RC-0 RC-1 RC-2 RC-3 RC-4 RC-5
Flash Point (Open Tag.), °F. 179 [0 K T+ I U SR 804 804 804 804
Furol Viscosity at 77°F., sec, £ S 7.+ I U NP (A S TR
Furol Viscosity ot 122°F, sec. 1 | ll...... rZ T+ 3 (R DR PO [
Furol Viscosity at 140°F., sec. 172 D88 .. ...cciifevirnnnn 100-200 | 250500 |....ccvvfoveennnn
Furol Viscosity at 180°F., sec. | | fooceiii i 125-250 | 300-600
Distillation—
Distillate {per cent of total distillate to 680°F.):
To 374°F. 154 104 Joveeeidiviiilon i e
To 437°F. 554 504 404 254 84 f........
To 500°F. 178 D402 754 704 654 554 40 +4- 254
Yo 600°F. 904 884 874 834 804 704
Residue from distitlation to 680°F., volume per
cent by difference 504 604 674 734 784 824
Tests on Residue from Distillation:
Penetration, 77°F., 100g., 5 sec. T49 D5 80120 | 80-120 | 80-120 | 80-120 | 80-120 | 80-120
Ductility, 77°F., ems. 151 | D13 | 1004 | 1004 | 1004 | 1004 | 1004 | 1004
Solubility in Carbon Tetrachloride, % 7441 | D4V 99.54 99.54 9954 99.5 4 99.54- 99.54
General Requirements The material shall be free from water.

! Except that carbon tetrachioride is used instead of carbon disulphide as solvent, Method No. 1 in AASHO Method T44 or Proce-
dure No. 1 in ASTM Method D4,

FORMER SPECIFICATIONS FOR MEDIUM-CURING (MC) LIOUID ASPHALTS
(Superseded by specifications shown on page 7)

AASHO | ASTM GRADES
Charucteristics Test Test —_
Method [Method | MC-0 MC-1 MC-2 MC-3 MC-4 MC-5
Flash Point (Open Tag.), °F. 70 D1310 | 1004 1004 1504 1504 1504 1504
Furol Viscosity ot 77°F., sec. 75150 | e e
Furol Viscosity ot Y22°F.,sec. | | ... 75150 . ..o e
Furol Viscosity ot 140°F., sec. 172 [21:1: S A T 100200 | 250-500 {........].conuuns
Furol Viscosity ot 180°F., sec. | | oo leeen e e 125-250 | 300-600
Distillation—
Distillate (per cent of total distiliate to 680°F.):
To 437°F. 25— 20— 10— S 0 0
To 500°F. 78 D402 40-70 25-65 15-55 5-.40 30w 20—
Yo 600°F. 75-93 70-90 60-87 | 55-85 40-80 20-75
Residue from distillation 1o 680°F., volume per
cent by difference 504 604 67 4 734 784 824
Tests on Residve from Distillotion:
Penetration, 77°F., 100g., 5 sec. T49 D5 120-300 | 120-300 | 120-300 | 120-300 | 120-300 | 120-300
Ductility, 77°F., cms.’ 151 D3 1004 100 4 1004 1004 1004 1004
Soiubility in Corbon Tetrachioride, % Y447 | D42 90.54 9954 990.54 990.54 0.54 99.54
General Requirements : The material sholl be free from water.

e peneo'ruﬁon of residue is more than 200 and its ductility at 77°F, is less than 100, the material will be acceptable if its ductility
at 60°F. is 1004-.

? Except that carbon fetrachloride is used instead of carbon disuiphide as solvent, Method No. 1 in AASHO Method T44 or Proce-
dure No. 1 in ASTM Method D4,
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FORMER SPECIFICATIONS FOR SLOW-CURING (SC) LIQUID ASPHALTS
(Superseded by specifications shown on page 8)

AASHO | ASTM GRADES
Charocteristics Test Test
Pethod | Method $C-0 SC-1 $C-2 $C-3 $C-4 4C-5
Flash Point {Cleveland Open Cup), °F. 148 D92 1504 1504 1754 2004 2254 2504
Furol Viscosity at 77°F., sec. SN 1.7o B I VDR S P R T
Furol Viscosity at 122°F., sec. | | Jeeveinnn 75150 | oo iiinenieidoneenina]eeionnas
Furol Viscosity at 140°F., sec. 172 [37:1: S O 100-200 | 250500 |........ R .
Furol Viscosity at 180°F., sec. 1 1 leeeeeeecdiiiiiiiieieeen e 125-250 | 300-600
Water, % 155 D95 0.5— 0.5— 0.0 0.0 0.0 0.0
Distillation:
Total Distiliate to 680°F. 78 D402 1540 10-30 5-25 2-15 10— 5—
Float Test on Distillation Residue ot 122°F., sec.| T50 Di39 15-100 | 20-100 | 25-100 | 50-125 | 60-150 |75-200
Asphalt Residue of 100 Penetration, % 756 D243 404 504 604 704 754 204
Ductility of 100 Penetration Asphalt Residue ot o
77°F., cms. 151 D113 1004 1004 1004 1004 1004 1004
Solubility in Carbon Tetrochloride, % T441 D41 99.54 99.54 99.54 9954 P54 9¢.54

I Except that carbon tetrachloride is used instead of carbon disulphide as solvent, Method No. 1 AASHO Method T44 or Pro-
cedure No. 1 in ASTM Method D4. if the material fails to meet the requirement for solubility it will be occeptable if its
solubility in carbon disulphide is 99% 4, and proportion of bitumen (material soluble in carbon disulphide) soluble in

carbon tetrachloride is 99.65% +.

2L wnipuadwo)

G Xel



Compendium 12

NOTE This text has been reproduced with
the permission of The Asphalt Institute.

A BASIC

ASPHALT EMULSION
MANUAL

THE ASPHALT INSTITUTE

MANUAL SERIES NO. 19 (MS-19}
MARCH 1979




104

Compendium 12

FOoreword . ... ... ...ttt i e
List of HIUStrations ........... ... ueeiieeeineeeneetnieeennrnnnnieniieeonieeue.,
List of TABles . .....oooo vt

CONTENTS

PART ONE
UNDERSTANDING ASPHALT EMULSIONS

*% 1

* %11

Chapter
L

INEOQUCHION . ..ttt ettt et e et e e
1.01 Basic Types of Paving Asphalts ............ ... i
1.02 Asphalt Emulsioninthe Past ........... .. ..o
1:03 Looking Ahead . ....... ... ... .

The Chemistry of Asphalt Emulsions .......... ... ... ... i
AL Gemeral ... e
2.01 EmMUISIONS .. ...\ttt e
2.02 Composition of Asphalt Emulsions ................ ..o
2.03 Classification . ..... ...t tiiitiiiiiiiii e
2.04 SpecifiCatiOns .. ........ ...
2.05 Variables Affecting Asphalt Emulsion ............... ...
B. EmulsionIngredients ........... ... .. e
2.06 Asphalt ... .
2,07 WAl oot
2.08 Emulsifying AZEnts . .........ooinuuiiitreee e
C. Producing the Emulsion ........... ... ..ot
2.09 Emulsifying Equipment ........ ... ...
2.10 The Emulsifying Process ............... oo
D. Breakingand CUring ...........cooiirtmnraroi i
2.0 Breaking ... ..ottt
202 CURANE ettt e
2.13 Factors Affecting Setting Rate .. ........... .. ..ot

Storing, Handling, and Sampling Asphalt Emulsions . ............. ...t
301 General ...ttt
3.02 Storing Asphait Emulsions ............ ... oo
3.03 Storage Facilities .......... ..ottt iii e
3.04 Handling Emulsified Asphalts ......... .. ... i
3.05 Sampling Asphalt Emulsions  ............. ool
3.06 Sample CORLAINEIS ... . ..oturenuereeneeantsnerareanooetaioannsaeneanns s
3.07 Size of SAMPIES . ... e
3.08 SAMPIES . ..ot
3.09 Sampling Precautions . .........tieiie i
3.10 Safety Precautions  ...........cooenruier it
3.11 Protection and Preservation of Samples ...l

Text 6




Compendium 12

Text 6

CONTENTS (Cont'd.)

Chapter Page
IV. Emulsified Asphalt Tests ............ v 25
4.01 Reasons for Testing Asphalt Emulsions . .................................... 25
4.02 Asphalt Emulsion Tests ................... i i 25
4.03 Residue by Distillation ............ ... ... ... . . . 25
4.04 Gil Distillate ... ... .. 27
4.05 Residue by Evaporation .................. ... . ... . 27
4.06 Particle Charge Test ......................ccc0vvun... e 27
4.07 VISCOSItY ... 27
4.08 Demulsibility ........ ... . . 29
4.09 Settlement . ... 30
4.10 Cement MiXing ........ ... .. ... i 30
4.11 Sieve Test ........... ... ... i e 30
4.12 Miscibility with Water .......... ... ... . . . 30
4.13 Coating Ability and Water Resistance ....................................... 31
4.14 Storage Stability .......... ... 31
4.15 Examination of Residue ............ ... .. ... ... . .. . 31
4.16 Classification Test for Rapid-Setting Cationic Asphalt Emulsions ................. 32
4.17 Field Coating Test .. ... ... .. . ... .. . 32
4.18 Weightper Gallon ............ ... .. . . . . 33
4.19 Specific Gravity ............ . .. . 33
4.20 Special Test—Zeta Potential ........... ... ... ... ... .. . . . 33
PART TWO

USING ASPHALT EMULSIONS

*k Y,

VI.

Selecting the Right Type of Asphalt Emulsion ............... ... ... .............. 37
S.01 General . ... 37
5.02 Considerations for Selection ............. .. ... ... .. . . 0 37
5.03 General USES . ..o oo 37
5.04 Adhesive Properties ........ ... .. ... 38
5.05 Guidelines for Selection ........... ... . ... it 38
Asphalt Emulsion— Aggregate Applications ................ ... .. ................ 41
6.01 Surface Treatments . ..................oiiiuneeen 41
6.02 Uses of Surface Treatments . ...............c...ouueinemnannn.. 41
6.03 Safeguards ............... i 42
6.04 Common Problems ......... ... ... . . . . 42
Ao Materials ... 45
6.05 General ............. 45
6.06 Asphalt Emulsion ................. ... .. ... .. .. ... 45
6.07 ABEIEEAtE . ...\ttt 47
B. Treatments and Seals . ................ ... .. 48
6.08 Single Surface Treatment ............ ... ... ... ... . .. .. i 48
6.09 Multiple Surface Treatment . .............. .. ... . ... .. 00 i .. 48
6.10 Sand Seal ........... ... ... . 49
6.11 Slurry Seal ... 49
6.12 Penetration Macadam ............... ... ... .. 53

vi

105



106

Compendium 12

Text 6

VII.

Chapter

CONTENTS (Cont'd.)

C. Surface Treatment Design ......... ... ... .. ...

6.13
6.14

Single Surface Treatments ............................
Multiple Surface Treatments ..........................

D. Equipment . ... ... ...

6.15
6.16
6.17
6.18
6.19
6.20

General ... ... .
The Asphalt Distributor . .............................
Aggregate Spreaders ............. .. L e
Rollers ... .. .
Power Broom .......... ... ...
Trucks .. oo e

E. Construction Procedure ................. ..

6.21
6.22
6.23
6.24

Sequence of Operations  ..............................
Preparation ................ ...t
Precautions ............... ...
Checking Application Rate ........................ ...

6.25 Surface Treatment Table .............................

Asphalt Emulsion —~ Aggregate Mixes
7.01 General Considerations
7.02 Strength Tests
7.03 Aggregate Requirements

7.04 Aggregate Tests . ............. ...
7.05 Trial MEXES ...ttt
7.06 Asphalt Selection ............... .. ... oo
A. Mixed-in-Place ...... ... ...

7.07
7.08
7.09
7.10
7.11
7.12
7.13
7.14

Stabilization ... ... ... ...

Factorsto Consider ........ ... .. iiiiiiiniinnanians

Blending Imported Aggregate .........................
Application Rates for Mixed-in-Place ................ ...
Travel Plants ........ ... ... ... .. .. .
Rotary MixXers ............ ..o iiiiiiiiiiininiaann.

Blade Mixing ........ ... ... i

Spreading and Compacting ............................

B. Asphalt Emulsion Plant Mix (Cold) .........................

7.15
7.16
7.17
7.18
7.19
7.20
7.21
7.22
7.23
7.24
7.25

7.26

General .......... ...
Mixing Plants . ...... ... ...
Open-Graded Mixes .................. .. ...

Materials for Open-Graded Mixes ......................
Open-Graded Mix Design Methods ....................
Dense-Graded Mixes ................. .o iiiiiiiann

Materials for Dense-Graded Mixes .....................

Dense-Graded Mix Design Methods ....................
Sand MiXes . ... .. it

Laydown and Compaction of Emulsified Asphalt Cold Mixes
Precautions .. .....cvuvuurnonanetoinmninineaeianannnns

Cold-Mix Seals ................... e e

C. Asphalt Emulsion Plant Mix (Hot) ..........................

7.27
7.28
7.29

Mixing Plants . ........ ...

Aggregate Blending ............ ... ...
MIXING ..t

vii




Compendium 12

Text 6

CONTENTS (Cont’d.)

Chapter Page
T30 PlaCINE .ottt e 94
731 COMPACHON ..ottt et ettt et et e et i s e 94
VIII. Miscellaneous Asphalt Emulsion Applications .................. oo 95
801 General ... ..ot e s 95
8.02 TACK COBE ..t v ettt e e e et e et e s 95
8.03 FOE SEal ...ttt 96
8.04 Mulch TICAtMENE . .. .ottt ettt it 97
8.05 Crack FIller ...ttt s 99
.06 Prime COal .o v vttt e et et e e 102
8.07 Dust Palliative .. .o i it e e 103
IX. Maimtenance MIXES .. ...ttt it e 105
9.01 Pavement MaintenancCe . ..............ooouunieurrnnranannreernnaeeonnsn 105
9.02 Maintenance Defined ... ... . 105
9.03 Why Maintenance is Needed .......... ... .. ... il 105
9.04 Patching MIXES .. ... .ouur ittt 106
9.05 Immediate Use Maintenance Mixes .......... ... ... ... . i 106
9.06 Stockpile Maintenance MiXes ........ ..o 107
X. RECYCHNE oottt 109
10.01 Recycling Defined ....... ... . 109
10.02 Types of Recycling .. ..o 109
10.03 Candidates for Recycling ....... ... ... i i 110
10.04 Hot-Mix Recyeling ... ... i 110
10.05 Cold-Mix Recycling .. ...t s 11
10.06 Surface Recycling . ... e 114
10.07 ComCIUSION ...\ttt ettt et et 115
PART THREE
EMULSIFIED ASPHALT-AGGREGATE
MIX DESIGN METHODS
Method Page
IntrodUCHION ..ottt e e e e i 119
1. The Asphalt Institute Method ... ... .o i e 121
Y 1 R R 121
2. Outline of Method ... .ot i i e 121
3. Aggregates for Emulsified Asphalt Mixes .............. ..o il 124
4, Asphalts ... e 124
5. MIx PrOPOTHONS . o.oii ittt i 125
6. Optimum Fluids and Specimen Fabrication .................... .o 136
7. Mix Curing and Resilient Modulus Testing ...t 139
8. Moisture Exposure and Stability and Cohesion Testing ..............c..oovninit, 145
9. Design CIIteri@ . ... . ettt ittt ittt eitaiesr e sty 156
10. Reporting of Test Results ... ... .o 156

107



108

Compendium 12

Text 6

Method

10.

NowRwp=

CONTENTS (Cont'd.)

2. Proposed Illinois Method ... .. . i e e e
1.

General ... e i e e
1.01 Application ... ... e e
1.02 Outlineof Method ... .. ... . .. i i
1.03 ObJectiVE ..ottt i e e .
Testing of ABBIEZAte ... ... ittt ittt
201 General ... .. e e
2.02 Aggregate Tests .........oiiiiiiii i e e e
Testing of Emulsified Asphalt ... ... ... . ... ... ... . e
Trial Residual Asphalt Content ........... ... i i,
4.01 General ...... O
4.02 Calculation of Trial Residual Asphalt Content ......................c......
L0757 3 O
5.01 General ... e s
5.02 Coating TSt o ..vtinit it e e e e
Preparation of Samples ................... P
6.01 General ... ... e e
6.02 EQUIPIIENT ... ...ttt i i e e
6.03 Preparation of Test Specimen  ...........o. it e
Optimum Water Content at Compaction ..............oiiiiiiiiiiiii e,
TOL Gemeral ... e
T.02 EQUIPMERt .. ...t i e e
7.03 Preparation of SPECIMens ............viin i
7.04 TestProcedure .............. ...l B PN
Variation of Residual Asphalt Content ............ ... .ot iian...
8.01 General ... . . e
8.02 EQUIPIMENt . ...ttt i e
8.03 Preparation of Specimens ........... i e s
Test Procedure ... ... i i e
9.01 General ... . e e
9.02 EqUIPMment . ..ottt e i e e
9.03 Bulk Specific Gravity Determination .............. ... il
9.04 Modified Stability and Flow Tests  ..........iiiiiiiii i,
9.05 Soaked Stability and Flow Tests ... ..o e
9.06 Density and Voids Analysis ............ ... . i i
Interpretationof Test Data ...........oi i i et
10.01 Preparationof Data ............uiiiininiriiiiiiiiiiii i
10.02 Trends and Relationsof Test Data ............. ... ..o,
10.03 Determination of Optimum Asphalt Content ................. ... .. o0

Example of Emulsified Asphalt-Aggregate

Mixture DeSIBN ... ..ot i i
MiRture Design . ...t e e
Materials .. ... e
Trial Residual Asphalt Content ........... . i i e
(070 P
Water Content at CoOmpaction . ..........ouiiiuiiiiiiteeiiineanieenaeenirennens
Varying Residual Asphalt Content ........... .ottt
Selection of Optimum Residual

Asphalt Content ... ... i i




Compendium 12

Text 6

Appendix A
Appendix B
Appendix C
Appendix D

Appendix E

Appendix F

Index .....

]

CONTENTS (Cont’d.)

) Page
APPENDICES
GIOSSALY .+ vttt 185
Testing Emulsified Asphalt (ASTM D 244) .............. ... ...t 189
Miscellaneous Tables ... ... . it 211
Method for Determining the Average Least Dimension of Cover Aggregates for

Bituminous Surface Treatments and Seal Coats .......................... 223

Standard Method of Test for Unit Weight of Aggregate
(AASHTO T 19; ASTM D 29) i 231
Bibliography . ... ... 235
..................................................................... 245

109



110

Compendium 12

Text 6

CHAPTER II

THE CHEMISTRY OF ASPHALT EMULSIONS
A. GENERAL

2.01 EMULSIONS
There are many types of emulsion products that we use in our daily lives. Some of the more

common are mayonnaise, paints, hair dyes, and ice cream. In each case, certain mechanical and
chemical processes are involved that permit the combining of two or more materials that, under
normal conditions, will not mix. An entire scientific field is devoted to the study of emulsifica-
fion. You don’t have to understand how an internal combustion engine works to operate an
automobile. Neither do you have to understand complex emulsion chemistry to obtain high
quality results with asphalt emulsion. The key is to select the right emulsion for the aggregate and
construction system involved. Throughout this text when the term ‘‘emulsion’’ is used it is
intended to mean ‘‘asphalt emulsion.’’

2.02 COMPOSITION OF ASPHALT EMULSIONS

An asphalt emulsion consists of three basic ingredients: asphalt, water, and an emulsifying
agent. On some occasions the emulsifying agent may contain a stabilizer.

It is well known that water and asphalt will not mix, except under carefully controlied
conditions using highly specialized equipment and chemical additives. The blending of asphalt
cement and water is somewhat akin to an auto mechanic trying to wash grease from his hands
with water only. It is not until a detergent or soapy agent of some type is used that grease can be
successfully removed. The soap particles surround the globules of grease, break the surface
tension that holds them, and allow them to be washed away. Some of the same physical and
chemical principles apply in the formulation, production, and use of asphalt emulsion.

The object is to make a dispersion of the asphalt cement in water, stable enough for pumping,
prolonged storage, and mixing. Furthermore, the emulsion should break down quickly after
contact with aggregate in a mixer, or after spraying on the roadbed. Upon curing, the residual
asphalt retains all of the adhesive, durability, and water-resistant properties of the asphalt cement
from which it was produced.

2.03 CLASSIFICATION

Asphait emulsions are divided into three categories: anionic, cationic, and nonionic. In
practice, the first ¢wo types are ordinarily used in roadway construction and maintenance.
Nonionics, however, may be more widely used as emulsion technology advances. The anionic
and cationic classes refer to the electrical charges surrounding the asphalt particles. This
identification system stems from one of the basic laws of electricity — like charges repel one
another and unlike charges attract. When two poles (an anode and a cathode) are immersed in a
liquid and an electric current is passed through, the anode becomes positively charged and the
cathode becomes negatively charged. If a current is passed through an emulsion containing
negatively charged particles of asphalt they will migrate to the anode. Hence, the emulsion is
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referred to as anionic. Conversely, positively charged asphalt particles will move to the cathode
and the emulsion is known as cationic. With nonionic emulsions, the asphalt particles are neutral
and, therefore, do not migrate to either pole.

Emulsions are further classified on the basis of how quickly the asphalt will coalesce; i.e.,
revert to asphalt cement. The terms RS, MS, and SS have been adopted to simplify and
standardize this classification. They are relative terms only and mean rapid-setting, medium-
setting, and slow-setting. The tendency to coalesce is closely related to the mixing of an
emulsion. An RS emulsion has little or no ability to mix with an aggregate, an MS emulsion is
expected to mix with coarse but not fine aggregate, and an SS emulsion is designed to mix with
fine aggregate.

The emulsions are further subdivided by a series of numbers related to viscosity of the
emulsions and hardness of the base asphalt cements. The letter *‘C’” in front of the emulsion type
denotes cationic. The absence of the ‘‘C’’ denotes anionic or nonionic. For example, RS-1 is
anionic or nonionic and CRS-1 is cationic.

Three grades of high-float medium-setting anionic emulsions, designated HFMS, have been
added to standard ASTM specifications. These grades are used primarily in cold and hot plant
mixes, coarse aggregate seal coats, and road mixes. High float emulsions have a specific quality
that permits a thicker film coating without danger of runoff.

A quick-set type of emulsion (QS) has been developed for slurry seals. Its use is rapidly
increasing as the unique quick-setting property solves one of the major problems associated with
the use of slurry seals.

Standard specifications for quick-set emulsions are under development. Additionally, some
emulsions are made with the water dispersed in asphalt, usually a cutback. As these so-called
*‘inverted emulsions’’ are seldom used, they are not discussed at all.

2.04 SPECIFICATIONS
AASHTO and ASTM have developed standard specifications for the following grades of
emulsions;

EMULSIFIED ASPHALT CATIONIC EMULSIFIED ASPHALT
RS- CRS-1
RS-2 CRS-2
MS-1 —
MS-2 CMS-2
MS-2h CMS-2h
HFMS-1 —
HFMS-2 -
HFMS-2h —

§6-1 C58-1
§S-th CSs-1h

The “‘h”’ that follows certain grades simply means that a harder base asphalt is used. The
*“HF”’ preceding some of the MS grades indicates high-float, as measured by the Float Test
(AASHTO T 50 or ASTM D 139). High-float emulsions have a quality, imparted by the
addition of certain chemicals, that permits a thicker asphalt film on the aggregate particles with
minimum probability of drainage. Some user agencies specify an additional cationic sand-
mixing grade designated CMS-2s, which contains more solvent than other cationic grades. All
grades in this lengthy list of emulsions cannot be stocked by most producers. Communication
and planning between user and producer helps facilitate service and supply of a given grade.

111
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The specifications for emulsified asphalts (AASHTO M 140 and ASTM D 977) make no
mention of a solvent in the emulsion. CRS- and CMS- cationic emulsion specifications
(AASHTO M 208, ASTM D 2397), on the other hand, permit solvent but restrict the amount.

General guidelines for use as contained in ‘‘Standard Practice for Selection and Use of
Emulsified Asphalts,”” ASTM D 3628, are given in Table V-1, Chapter V. Standard specifica-
tions for emulsified asphalts carry AASHTO Designations M 140 and M 208 and ASTM
Designations D 977 and D 2397. For convenience, the basic requirements of these specifications
are given in Tables II-1 and 1I-2.

2.05 VARIABLES AFFECTING ASPHALT EMULSION

There are many factors that affect the production, storage, use, and performance of an asphalt
emulsion. It would be hard to single out any one as being most significant. But, among the
variables having a significant effect are:

— Chemical properties of the base asphalt cement

-— Hardness and quantity of the base asphalt cement

— Asphalt particle size in the emulsion

— Type and concentration of the emulsifying agent

—- Manufacturing conditions such as temperatures, pressures, and shear
-~ The ionic charge on the emulsion particles

- The order of addition of the ingredients

- The type of equipment used in manufacturing the emulsion

— The property of the emulsifying agent

—-«[he addition of chemical modifiers.

The above factors can be varied to suit the available aggregates or to suit construction
conditions. It is always advisable to consult the emulsion supplier with respect to a particular
asphalt-aggregate combination as there are few absolute rules that will work the same under all
conditions. Therefore, making asphalt emulsions appears to be a combination of art and science.

An examination of the three main constituents - asphalt, water, and emulsifier— is essential
to an understanding of why asphalt emulsions work as they do.

B. EMULSION INGREDIENTS

2.06 ASPHALT

Asphalt cement is the basic ingredient of asphalt emulsion and, in most cases, it makes up from
55 to 70 percent of the emulsion. Tables 1I-1 and I1-2 show the asphalt content specified for
various types of emulsions.

Because asphalt cement is such a complex material, only those properties that significantly
affect emulsions are discussed. There is not an exact correlation, however, between the
properties and the ease with which the asphalt can be emulsified. Although hardness of base
asphalt cements may be varied as desired, most emulsions are made with asphalts in the
100—250 penetration range. On occasion, climatic conditions may dictate that a harder or softer
base asphalt be used. In any case, compatibility of the emulsifying agent with the asphalt cement
is essential for production of a stable emulsion.

Asphalt is a colloid composed of several fractions, the major ones being asphaltenes and
maltenes. The colloidal make-up of the asphalt depends on the chemical nature and percentage of
these fractions and their relationship to each other.




TABLE li-1 REQUIREMENTS AND TYPICAL APPLICATIONS FOR EMULSIFIED
ASPHALT

TYPE o Rapid-Setting Medium-Setting Medium-Setting Slow-Setting
RS-1 RS-2 MS-1 MS-2 MS-2h HFMS-1 HFMS-2 HFMS-2h $5-1 $S-1#
Grade................... min max min max min maxn min max min max min max min max min max min max min max
Tests on emulsions:
Viscosity, Saybolt Furol 20 100 20 100 100 100 20 100 100 100 20 100 20 100
at 7T°F (25°C), s
Viscosity, Saybolt Fusol 75 400
at 122°F (50°C), s
Settlement,® 5-day, % 5 3 5 s 5 5 S 5 5 3
Storage stability test,® 24- 1 i 1 1 i 1 1 1 1 1
Demulsibility, 35 mi, 60 60
0.02N CaChy, %
Coating ability and water
resistance:
Coating, dry aggregate good good good good good good
Coating, after spraying feir fair fair fair fair fair
Coating, wet aggregate fair {air fair fair fair fair
Coating, after spraying fair fair fair fair fair fair
Cement mixing test, % 2.0
Sieve test, % 0.16 .10 0.10 0.10 0.10 0.10 0.10 0.1¢ 0.10 2.10
Residue by distillation, % 58 63 55 65 65 55 65 65 57 57
Tests on residue from distil-
lation test:
Penctration, 77°F (25°C), 100 200 100 200 100 200 100 200 40 90
100g,5s 100 200 100 200 40 90 100 200 40 30
Ductility, 77°F, (25°C), 5§ 40 40 40 40 40
cm/min, cm 40 40 40 40 40
Solubility in trichloroeth-  97.5 97.5 97.5 97.5 97.5
yiene, % 97.5 97.5 97.5 97.5 97.5
Float test, 140°F (60°C), 3
Typical applications® surface treat-  surface treat-  cold  plant  cold  plant  cold plant mix, 1200 1200 1200
ment, pen- ment, pen- mix, road mix, coarse kot plant mix, cold  plant  cold  plant  cold plant  cold plant mix, road mix. slurry
etration etratton mix, sand aggregate coarse aggre- mix, road mix, coarse mix, hot seal coat, tack coat, fog seal,
macsdam, macadam, seal coat, seal  coat gate seal coat  mix, sand aggregate plant mix, dust layer, mulch
sand seal coarse ag- crack treat- (single and {single  and seal coat, seal  coat coarse ag-
oont, tack gregate seal ment, tack multipie}, multiple), crack treat- (single and gregate seal
coat, mulch coat (singie coat crack treat- crack treat- ment, tack multiple), coat (single
and muiti- ment, road ment, read  coat crack treat- and multi-
pie) mix, tack mix, tack coat rent road ple). crack
coat, sand mix, tack treatment
seal coat coat, and road mix,
scal tack coat

© The test requirement for settlement may be waived when the emulsificd asphalt is used in 1&5s then 5 days time; or

the purchaser may require that the settiement test be run from the time the sampls is receited until the emulsified asphait
is used, if the clapsed time is less than § days.
® The 24-h storege stability test may be used instead of the 5-day setticment test.

© The demulsibility test shall be made within 30 days from date of shipment.

¢ These typical applications arc for use only as a guide for selocting and using the emuision for pavement construction

and maintenance.

The American Society for Tesiing and Materials takes no position respecting the

validity of any patent rights asserted in  connection with any item mentioned in the

standard Users of this standard are expressiy advised that determindiion of ‘the

validity of any such patent rights. und the risk of uifringemesnt of such rights. is entirely

their own responsibility

gLl
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TABLE Ii-2 REQUIREMENTS AND TYPICAL APPLICATIONS FOR CATIONIC
EMULSIFIED ASPHALT

@l 2397
Type .. i e o Rapid-Setting Medium-Setting Siow-Setting
CRS-1 CRS-2 CMS.2 CMS-2h CSS-1 CSS-th
Grade .. e - - - - -
min max min max min max min max min max min max
Test on emulsions:
Viscosity, Saybolt Furol at 77°F (25°C), s 20 100 20 100
Viscosity, Suybolt Furol at 122°F (50°C). s 20 100 100 400 50 450 50 450
Settlement,” S-day. % 5 5 5 5 5 5
Storage stability test.” 24-h. % H I 1 1 1 i
Classification test' passes passes
or
Demulsibility,” 35 ml 0.8 ¢ sodium dioctyvisulfosuce 40 40
cinate. %
Couating, ability and water resistance:
Couting. dry aggregute good good
Coating. after spraying fair fair
Couting, wel aggregate fair fair
Coating, after spraying fair fair
Particle charge test positive positive positive positive positive positive
Sieve test, % 0.10 0.10 0.10 0.10 0.10 0.10
Cement mixing test, % 20 2.0
Distillation
Oil distillate, by volume of emulsion, % 3 3 12 12
Residue. 60 65 65 65 57 57
Tests on residue from distiflation test:
Penetration, 77°F (25°C), 100 g, 5 s 100 250 100 250 100 250 40 K 100 250 40 90
Ductility. 77°F {(25°C). § cm/min, cm 40 40 40 40 40 40
Solubility in trichloroethylene, % 97.5 97.5 97.5 97.5 97.5 97.5
Typical applications” surface treatment, |surface treatment.| cold plant mix,  [cold plant mix.| cold plant mix, voad mix, slusry seal
pettetration mac~} penetration ma- coarse aggre-{  hot plant mix, coat, tack coat, fog seal, dust leyer,
adam, sand| cadam, coarse| gate seal coat] coarse  aggre- mulch
seal coat, tack aggregate seall  (single and mul-| pate seal coat
coat, muich coat (single and tiple), crack {single and mul-
multipie} treatment. road| tiple), crack
mix, tack coat, treatment, road
sand seal coat mix, tack coat

" The test requirement for settiement may be waived when the emulsified asphalt is used in less than 5 days time: or the purchaser may require that the settiement test be run from the
time the sample is recerved untit the emulsified asphalt is used, if the efapsed time is less than 5 days.

" The 24-h storage stability test may be used instead of the 5-day settlement test.

* Material failing the classification test will be considered acceptable if it passes the demulsibility test.

" The demutsibility test shall be made within 30 days from date of shipment.

* These typical applications are for use only us a guide for sefecting and using the emulsion for pavement construction and maintenance.

2L wnipuadwon
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The asphaltenes are the dispersed phase in the asphalt whereas the maltenes are the continuous
phase. The asphaltenes are thought to furnish hardness while the maltenes are believed to provide
the adhesive and ductile properties of the asphalt. The maltenes present have an influence on the
viscosity, or flow properties, of the asphalt. The complex interaction of the different fractions
makes it almost impossible to predict accurately the behavior of an asphalt to be emulsified. For
this reason, constant quality control is maintained on emulsion production to detect and correct
any tendency of the asphalt to affect adversely the performance of the resulting emulsion.

Several systems of asphalt analysis are in use today to separate and evaluate the fractions.
There is no absolute agreement among technologists as to how each fraction affects field
performance. Nor is there total agreement about the ease with which an asphalt cement can be
emulsified.

Each emulsion manufacturer has his own formulations and production techniques. They have
been developed to achieve optimum results with the asphait cement and emulsifying chemicals
that he uses.

2.07 WATER

The second largest ingredient in an asphalt emulsion is water. Its contribution to the desired

-properties of the finished product cannot be minimized. Water wets and dissolves; it adheres to

other substances; and, it moderates chemical reactions. These are all important factors that can be
favorable to the production of a satisfactory emulsion. On the other hand, water may contain
minerals or other matter that affect the production of stable asphalt emulsions.

Water found in nature may be unfit because of impurities, either in solution or colloidal
suspension. Of particular concern is the presence of calcium and magnesium ions, which can
affect the properties of the emulsion.

Water containing foreign matter should not be used in emulsion production. It may result in an
imbalance of the emulsion components that can adversely affect performance or cause premature 115
breaking.

In summary, water used to produce asphalt emulsions should be reasonably pure and free from
foreign matter and should be considered an important item.

2.08 EMULSIFYING AGENTS

Properties of an asphalt emulsion depend greatly upon the chemical used as the emulsifier.
That chemical is a surface-active agent, commonly called surfactant, that determines whether the
emulsion will be classified as anionic, cationic, or nonionic. The emulsifier also keeps the
asphalt droplets in stable suspension and permits breaking at the proper time. The surfactant
changes the surface tension at the interface, i.e., the area of contact between the asphalt droplets
and the water. A great many chemical emulsifiers are available. Each must be appraised for
compatibility with the asphalt cement being used.

In the early days of asphalt emulsion production, such materials as ox-blood, clays, and soaps
were used as emulsifying agents. As the demand for emulsions increased, new and more efficient
emulsifying agents were found. Several chemical emulsifiers now are commercially available.

The most often used anionic emulsifiers are fatty acids, which are wood-product derivatives
such as tall oils, rosins, and lignins. Anionic emulsifiers are saponified (turned into soap) by
reacting with sodium hydroxide or potassium hydroxide.

Most cationic emulsifiers are fatty amines (diamines, imidazolines, amidoamines, to name
three). The amines are converted into soap by reacting with acid, usually hydrochloric. Another
type of emulsifying agent, fatty quarternary ammonium salts, is used to produce cationic
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emulsions. They are water-soluble salts as produced and do not require the addition of acid to
make them water-seluble. They are stable, effective cationic (positively charged) emuisifiers.

It is important to remember that the pH value of the asphalt emulsion is unrelated to its
identification as cationic or anionic. Acidity or alkalinity does not determine the sign of the
charge. This sign is determined only by the type of emulsifier.

Each manufacturer has his own procedure for using his agent in asphalt emulsion production.
In most cases, the agent is combined with the water before introduction into the colloid mill. In
other cases, however, it may be combined with the asphalt cement Just before it goes into the
colloid mill.

C. PRODUCING THE EMULSION

2.09 EMULSIFYING EQUIPMENT

Basic equipment to prepare an emulsion includes a high-speed, high-shear mechanical device
(usually a colloid mill) to divide the asphalt into tiny droplets. Also needed are an emulsifier
solution tank, heated asphalt tank, pumps, and flow-metering ganges. The colloid mill has a
high-speed rotor that revolves at 1,000-6,000 rpm (17— 100 Hz) with mill-clearance settings in
the range of about 0.01 to 0.02 in. (0.25 to 0.50 mm). Such settings yield emulsions with asphalt
droplet sizes smaller than the diameter of a human hair [about 0.001 to 0.005 in. (0.025100.125
mmyj]. There is a slight variation in mill clearance settings and, thus, asphalt droplet sizes depend
upon, the equipment used. Some emulsion mills have fixed clearances with no latitude for
variation. Although simple mixers can be used to produce low viscosity cutback asphalt,
normally they are not used to produce emulsions.

Separate pumps are used to meter asphalt and the emulsifier solution into the colloid mill.
Because the emulsifier solution can be highly corrosive, it is necessary to use a pump made of
corrosion resistant materials.

A schematic diagram of a typical asphalt emulsion manufacturing plant is shown in Figure
I-1.

2.10 THE EMULSIFYING PROCESS

In the general method of emulsifying asphalts, concurrent streams of molten asphalt cement
and treated water are directed by positive displacement pumps into the intake of the cotloid mill,
The asphalt and emulsifying water are subjected to intensive shear stresses as they pass through
the colloid mill. The newly-formed emulsion may then be pumped through a heat exchanger.
The excess heat is used to raise the temperature of the incoming emulsifying water just before it
reaches the colloid mill. From the heat exchanger the emulsion is pumped into bulk storage
tanks. These tanks sometimes are equipped with some type of stirring device to keep the product
uniformly blended.

Heated asphalt cement, the base of the asphalt emulsion, is fed into the colloid mill where it is
divided into tiny droplets. At the same time, water containing the emulsifying agent is fed into
the colloid mill. The asphalt, as it enters the colloid mill, is heated to ensure a low viscosity, and
the water temperature is adjusted accordingly. These temperatures vary; they depend upon the
emulsification traits of the asphalt cement and the compatibility between the asphalt and the
emulsifying agent. Extremely high asphalt temperatures are not used because the temperature of
the emulsion leaving the mill must be below the boiling point of water.
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Figure ll-1. Diagram of an agphalt emulsion manufacturing plant.
Courtesy Chemicolloid Laboratories, Inc.

The method of adding the emulsifier to the water varies according to the maker’s procedure.
Some emulsifiers, such as amines, must be mixed and reacted with an acid, such as hydrochiloric,
to attain water solubility. Others, such as fatty acids, must be mixed and reacted with an alkali,
such as sodium hydroxide, to attain water solubility. Mixing is most typically done in a batch
mixer. The emulsifier is introduced into warm water containing acid or alkali and agitated until
completely dissolved.

Asphalt and emulsifier solution can be proportioned accurately. It can be done by monitoring
the temperature of each phase and the mill discharge, or with meters. If the temperature
regulation method of proportioning is used, the outlet temperature of the finished emulsion can
be calculated from the temperatures of the various emulsion ingredients.

12
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Asphalt particle size is a vital factor in making a stable emulsion. A microscopic photograph of
a typical emulsion reveals the following average particle sizes:

Smaller than 0.001l mm (1um) .......... ... ... 0ot 28 percent
0.001-0.005 mm (1-5m) . ... 57 percent
0.005-0.010 mm (5-10pm) . ....... ...t 15 percent

These microscopic-sized asphalt dropiets are dispersed in water in the presence of the chemical
surface-active emulsifier (surfactant). The surfactant causes a change i:: the surface tension at the
contact area between the asphalt droplets and the surrounding water, and this permits the asphalt
to remain in a suspended state. The particles, all having a similar electrical charge, repel each
other, which also aids in their remaining in a suspended state. Figure II-2 is a photomicrograph
showing the sizes and distribution of the asphalt particles.

0.0037 mm

Figure I-2. Relative sizes and distribution of asphait particies in an

emulsion.
Courtesy Chevron U.S.A. Inc.
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D. BREAKING AND CURING

2.11 BREAKING

If the asphalt emulsion is to perform its ultimate function of cementing and waterproofing, the
asphalt must separate from the water phase. For surface treatments and seals, emulsions are
formulated to break upon contact with a foreign substance such as aggregate or a pavement
surface. The asphalt droplets coalesce and produce a continuous film of asphalt on the aggregate
or pavement. For dense mixtures, more time is needed to allow for mixing and laydown.
Therefore, emulsions used for mixtures are formulated for delayed breaking. Asphalt coales-
cence is commonly referred to as breaking, or setting. The rate at which the asphalt globules
separate from the water phase is referred to as breaking or setting time. For example, a rapid-set
emulsion will break within one to five minutes after being applied, whereas a medium- or
slow-set material may take considerably longer.

The rate of breaking is controlled primarily by the specific type and concentration of the
emulsifying agent used, as well as atmospheric conditions.

The fact that different aggregate typ: s have different rates of absorption means that breaking is
also related to the relative absorntion characteristics of the aggregate used. Those with higher
absorption rates tend to accels:  ~ the breaking of the emulsion due to the more rapid removal of
the emulsifying water.

In asphalt emulsion-aggregate mixtures, gradation and surface area of the aggregate also are
significant factors in the rate of breaking. As the surface area changes, the breaking characteristic
of the medium also changes because of the altered adsorption of the emulsifying agent by the
aggregate. In order to achieve optimum resuits, it is necessary to control the sizing of the
aggregate or to adjust the emulsion formulation to meet the specific requirements of the
aggregate.

2.12 CURING

For paving uses, both anionic and cationic asphalt emulsions depend on the evaporation of
water for development of their curing and adhesion characteristics. Water displacement can be
fairly rapid under favorable weather conditions but high humidity, low temperatures, or rainfall
soon after application can deter proper curing. Although surface and atmospheric conditions are
less critical for cationic emulsions, these types still depend somewhat on weather conditions for
optimum results. Perhaps the principal advantage of the cationics is their willingness to give up
their water a little faster.

Traditional theory holds that anionic emulsions (with a negative charge on the asphalt droplets)
perform best with aggregates having mostly positive surface charges — limestone and dolomite
are examples. The theory also holds that cationic emulsions (with a positive charge on the asphalt
droplets) perform best with aggregates having mostly negative surface charges—some examples
are siliceous or granitic aggregates. Presently, there is not complete agreement on the subject of
electrical charges on aggregate surfaces. Recent studies have challenged the traditional theories.
The theories presented in this manual follow the line of traditional usage, which may change in
the future.

When using either the anionic or cationic rapid-set emulsion the initial deposition of asphalt
develops through an electrochemical phenomenon. But the main bond of strength between the
asphalt film and the aggregates comes after the loss of emulsifying water. This water film can be

14
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displaced by evaporation, pressure (rolling), or by absorption. In actual use, breaking is usually a
function of the combination of these three factors.

Medium- and slow-set emulsions, being more heavily stabilized, depend less on the aggregate
type although the same basic principles of electrical charges with respect to selection of emulsion
type still apply. When the MS and SS grades are used for paving mixes, the use of slightly damp
aggregates facilitates the mixing and coating process. The development of strength in the SS
types depends mainly on dehydration and absorption with removal of water by either of these
mechanisms breaking the emulsion. Solvent-free CMS and CSS emulsions require that the
moisture on the aggregate be at or near optimum for proper mixing and coating.

Some types of emulsions contain slight amounts of petroleum solvent to aid in the mixing and
coating process. While the solvent does not enter directly into the breaking mechanism,
provisions must be made for the evaporation of the solvent in order for the mixture to be properly
cured. Where multiple courses are to be placed, a successive course should not be applied until
the water (and solvent, if applicable) has been removed from the preceding course.

2.13 FACTORS AFFECTING SETTING RATE
In general, some of the factors that affect setting rate of an asphalt emulsion are as follows:

1. The rate that water is absorbed by the aggregate. A rough-textured, porous aggregate
speeds the setting time by absorbing water from the emulsion.

2. Moisture content of the aggregate prior to mixing.

3. Weather conditions——temperature, humidity, and wind velocity all have a bearing on
rate of set.

4. Mechanical forces brought to bear by rolling and by traffic. Roller pressure, to a
limited extent, forces the water from the materials.

5. Size distribution and mineral composition of aggregate. Fine aggregate mixes tend to
break faster because they possess greater surface area than an equal weight of coarse
aggregate. The mineral composition also affects the speed at which the asphalt
emulsion breaks. There may be some type of chemical reaction between the emul-
sifier and the aggregate surface. Also, dirty aggregate or excessive fines may acceler-
ate breaking and retard curing.

6. The type and amount of emulsifying agent used.

7. Intensity of charge on aggregate versus intensity of emulsifier charge, in combination
with surface area, is a major setting-rate determinant.

8. Chemical coagulation. The emulsion becomes unstable because of a decreased water
content.

The above factors must be considered in determining working time after the emulsion has been
sprayed or mixed with the aggregate in the field.

@
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CHAPTER HI

STORING, HANDLING, AND SAMPLING
ASPHALT EMULSIONS

3.0 GENERAL

The storage and handling of asphalt emulsions require precaution beyond that used for other
types of asphalt materials. Improper handling or storage of the emulsion, or both, may cause
premature breaking, thereby making it useless. The Asphalt Institute, in recognition of these
necessary precautions, has issued a Construction Leaflet, Storing and Handling of Emulsified
Asphalts (CL-21), outlining some of the safeguards that must be followed. Failure to follow even
a single one of them may cause the material to be unsatisfactory at the time of use. Careful study
of each item is therefore suggested. Sticking to these simple rules will save time and money by
having the material ready for use when needed. The safeguards listed in the Asphalt Institute
leaflet are repeated below to help those who have had little or no experience with asphalt
emuisions. However, it is not intended to give the impression that asphalt emulsions are so
delicate as to limit their field use. The use of almost any other material would have a long list of
admonitions for the uninitiated.

3.02 STORING ASPHALT EMULSIONS
Emulsified asphalt, being a dispersion of fine droplets of asphalt cement in water, has both the 121
advantages and disadvantages of the carrier medium, water. When storing emulsified asphalts:

DO store as you would fluid water—between 50° F (10° C) and 185° F (85° C), depending
on the use.

DO use hot water as the heating medium for storage tanks with heating coils. Low
pressure or waste steam also may be used, with temperature controlled on the coil
surface to not more than 185°F (85°C).

DO store at the temperature specified for the particular grade. For spray applications, the
emulsions are stored at higher temperatures than for mixing with aggregate. For
example, the higher viscosity rapid-set spray grades are stored at 125°F to 185°F
(50°C to 85°C) since they are usually applied in this temperature range. The lower
viscosity grades are stored at lower temperatures. Table III-1 shows the normal
storage temperature ranges. Store the mixing grades at the lower end of the tempera-
ture ranges as shown in Table HI-1.

DO NOT permit the emulsified asphalt to be heated above 185°F (85°C). Elevated
temperatures evaporate the water, resulting in an increase in viscosity and an asphalt
layer in the tank. The materials can no longer be used as intended and it will be
difficult to empty the tank.
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DO NOT let the emulsion freeze. This breaks the emulsion, separating the asphalt from
the water.- The result will be two layers in the tank, neither suited for the intended
use, and the tank will be difficult to clean.

DO NOT allow the temperature of the heating surface to exceed 205°F (96° C). This will
cause premature breakdown of the emulsion on the heating surface.

DO NOT use forced air to agitate the emulsion. It may-cause the emulsion to break.

TABLE lii-1 STORAGE TEMPERATURES FOR EMULSIFIED ASPHALTS

Grade Temperature, °F (°C)
Minimum Maximum
RS-1 70° (20°) 140° (60°)
RS-2, CRS-1, CRS-2 125° (50°) 185° (85°)
58-1, 88-th, C88-1, CS8-1h, MS-1, HFMS-1 50° (10°) 140° (60°)
CMS-2, CMS-2h, MS-2, MS-2h, HFMS-2, HFMS-2h 125° (50°) 185° (85°)

3.03 STORAGE FACILITIES ~ ‘

For protection from freezing and best utilization of heat, storage tanks should be insulated. A
skin of asphalt can form on the surface of emulsions when exposed to air. It is best, therefore, to
use tall, vertical tanks as they expose the least amount of surface area to the air. Most fixed
storage tanks are vertical but horizontal tanks are often used for short-term field storage.
Skinning can be reduced by keeping horizontal tanks full to minimize the area exposed to air.

Side-entering propellers located about three feet (one metre) up from the tank bottom may be
used to prevent surface skin formation. Large diameter, slow-turning propellers are best and
should be used to roll the material over. Avoid overmixing. Secondly, tanks may be circulated
top to bottom with a pump. Avoid over-pumping. In tanks not equipped with propellers, or a
circulating system, a very light film of kerosene or oil on the surface can reduce skin formation.
Emulsions that are rolled or circulated generally do not require a layer of kerosene or oil on the
surface. Cathodic protection should be provided to avoid possible corrosion of tank walls and
heating coils.

3.04 HANDLING EMULSIFIED ASPHALTS
DO when heating emulsified asphalt agitate it to eliminate or reduce skin formation.

DO protect pumps, valves, and lines from freezing in winter. Drain pumps or fill them
with anti-freeze according to the manufacturer’s recommendations.

DO blow out lines and leave drain plugs open when they are not in service.

DO use pumps with proper clearances for handling emulsified asphalt. Tightly fitting
pumps can cause binding and seizing.
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DO use a mild heating method to apply heat to the pump packing or casing to free a seized
pump. Discourage the use of propane torches.

DO warm the pump to about 150°F (65°C) to ease start-up.

DO when a pump is to be out of service for even a short period of time, fill it with No. 1
fuel oil to ensure a free start-up.

DO when diluting grades of emulsified asphalt, check the compatibility of the water with
the emulsion.

DO if possible, use warm water for diluting and always add the water slowly to the
emulsion (not the emulsion to the water).

DO avoid repeated pumping and recycling, if possible, as the viscosity may drop and air
may become entrained, causing the emulsion to be unstable.

DO guard against mixing different classes, types, and grades of emulsified asphalt in
storage tanks, transports, and distributors. For example, if cationic and anionic
emulsified asphalts are mixed, the blend will break and separate into water and
coagulated asphalt that will be difficult to remove. Because it is hard to determine
visually the difference between various emulsified asphalts, always make a trial
blend of the newly-delivered emulsion and the stored emulsion before pumping off.
Check the trial blend for compatibility.

DO place inlet pipes and return lines at the bottom of tanks to prevent foaming.

DO pump from the bottom of the tank to minimize contamination from skinning that may

have formed.
123

DO remember that emulsions with the same grade designation can be very different
chemically and in performance.

DO haul emulsion in truck transports with baffle plates to prevent sloshing.
DO mix by circulation, or otherwise, emulsions that have been in prolonged storage.
DO NOT use tight-fitting pumps for pumping emulsified asphalt; they may *‘freeze.”’

DO NOT apply severe heat to pump packing glands or pump casings. The pump may be
damaged and the asphalt may become even harder.

DO NOT dilute rapid-setting grades of emulsified asphalt with water. Medium and slow
setting grades may be diluted, but always add water slowly to the asphalt emulsion.
Never add the asphalt emulsion to a tank of water when diluting.

DO NOT recirculate emulsified asphalts for too many cycles. They tend to lose
viscosity when subjected to pumping. Also, air bubbles may become entrained
which would render the emulsion unstable.

DO NOT load emulsified asphalt into storage tanks, tank cars, tank transports, or
distributors containing remains of incompatible materials. See Tables HI-2 and
HI-3.
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BEFORE LOADING EMULSIFIED ASPHALTS

TABLE HI-2 GUIDE FOR CONDITION OF EMPTIED TANKS

LAST PRODUCT IN TANK
PRODUCT Asphalt Cutback Cationic Anionic Crude Any product
TO BE Cement Asphait Emuision Emuision | petroleum not listed
LOADED (includes In- and residual above
dustrial fuel oils
Asphalt)
Empty to no { Empty to no Empty to no { Empty to no Tank
Cationic Measurable | Measurable | OKto load | Measurable | Measurabie must be
Emulsion Quantity Quantity Quantity Quantity cleaned
Empty to no | Empty to no | Empty to no Empty to no Tank
Anionic Measurable | Measurable | Measurable | OK to load | Measurable must be
Emulsion Quantity Quantity Quantity Quantity cleaned

piping must be drained.

NOTE: All tanks to be emptied to 0.5 percent or less of capacity. Pump section, unloading line, and all

TABLE -3 POSSIBLE CAUSES OF CONTAMINATION OF ASPHALT
. MATERIAL OR SAMPLES AND SUGGESTED PRECAUTIONS

transportation often occurs.

HAULERS AND HAULING VEHICLES
Field observations and studies of test results have indicated that contamination of materials during

Possible Causes

Precautions

(a) Previous load not compatible
with material being loaded.

Examine the log of loads hauled or check with the
supplier to determine if previous material hauled is
detrimental.

if it is, make sure vehicle tanks, unloading lines, and
pump are properly cleaned and drained before
being presented for loading. Provide a ramp at the
unloading point at the plant that will ensure complete
drainage of vehicle tank while material is still fluid.

Remains of diesei oil or sol-
vents used for cleaning and
flushing of tanks, lines, and
pump.

(b

=

When this is necessary, make sure all solvents
are completely drained.

(c) Flushing of solvents into re-
ceiving storage tank or equip-
ment tanks.

Do not allow even small amounts to fiush into stor-
age tank as entire contents may be contaminated

(Continued on next page)
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TABLE -3 (con’t)

source of contamination.

MIX PLANT STORAGE TANK AND EQUIPMENT
Many investigations and test results point to mix plant storage tanks and associated equipment as the

Possible Causes

Precautions

(a) Previous material left over in tank
when changing to another material.

Any material allowed to remain must be compatible with new
material; and the amount remaining in the tank must be insuffi-
cient to cause new material to become out-of-specification.

If in doubt, check with your supplier.

To be on the safe side, tank shouid be drained or cleaned prior
to using tank for each different type or grade of asphait.

Be sure discharge line connects at low point of storage tank to
ensure complete emptying when changing type or grades of
asphalt or cleaning tank.

(b) Solvents used to flush hauling ve-
hicle tank discharged into storage
tank.

Observe unloading operations, caution driver about flushing
cleaning materiais into storage tank.

If possible, provide place for hauler to discharge cleaning
materials.

(c) Flushing of lines and pump between
storage tank and hot-plant with sol-
vents and then allowing this material
to return to tank.

If necessary to flush lines and pump, suggest providing by-
pass valves and lines to prevent solvents from returning to
tank. A better solution is to provide insulated, heated lines
and pump, thereby eliminating the necessity of flushing.

(d) Cleaning of distributor tank, pump,
spray bar, and nozzies with solvents.

Be sure all possible cleaning material is drained Off or re-
moved prior to loading.

Do not take sample from nozzle until sufficient material has
been discharged to guard against taking a contaminated
sample.

o

Ditutions from hot oil heating
systems.

Check reservoir on hot oil heating system. If oil level is low,
or oil has been added, check system for leakage into the
asphalt supply.

NON-REPRESENTATIVE OR CONTAMINATED SAMPLE
Test results are greatly dependent upon proper sampling techniques. Extra care, on the part of the
sampler, to obtain samples that are truly representative of the material being sampled will do much to
eliminate the possibility of erroneous test results by reason of improper sampling. Make sure samples are
taken only by those authorized persons who are trained in sampling procedures.

Possible Causes

Precautions

(a) Contaminated sampling device
(commonly called a “'sample thief").

It sampling device (of type described in AASHTO T 40 or
ASTM D 140) is cleaned with diesel oil or solvent, make sure
that it is thoroughly drained and then rinsed out several times
with material being sampled prior to taking sample.

(b) Samples taken with sampling de-
vice from top of tank where, under
certain conditions, contaminants
can collect on the surface.

In taking a sample from the top of a tank lower sampling de-
vice below the extreme top before opening. Note: This
sample may come from the top one-third of the tank.

(Continued on next page)
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TABLE lil-3 (Con't.)

Possible Causes e Procautions
(c) Contaminated sample container. Use only new clean containers. Never wash or rinse a sample
container with solvent. Glass or polyethylene containers
should be used.
(d) Sample contaminated after DO NOT submerge container in solvent or even
taking. wipe outside of container with solvent-saturated rag.

If necessary to clean spilled material from outside of
container, use a clean dry rag.

Make sure container lid is tightly sealed prior to stor-
age or shipment. Ship to testing laboratory promptly.

(e) Samples taken from spigot in If sampling spigot is in suction line between tank
lines between storage tank and pump, this necessitates stopping pump prior to taking
and hot-plant. sample. Samples thus taken are by gravity and only

representative of material localized in the pipe area
of the spigot.

Rather, the spigot should be in tines between pump
and return line discharge, thereby allowing slow
withdrawal of material during circulation.

DO NOT take sample while hauling vehicle is pump-
ing into storage tank.

DO NOT take sample without allowing sufficient
time for circulation and thorough mixing of material.

DO drain off sufficient material through spigot prior to
taking sample to ensure removal of any contaminant
lodged in spigot.

DO take sample slowly during circulation to be more repre-
sentative of material being used.

() Samples taken from unioading line  Drain off sufficient material through spigot prior to taking
of hauling vehicle. sample to ensure removal of any contaminant lodged there.
Sample should be taken after one-third and not more than
two-thirds of the load has been removed. Take sample slowly
to be sure it is representative of the material being used.

3.05 SAMPLING ASPHALT EMULSIONS

The purpose of any sampling method is to obtain samples that will show the true nature and
condition of the material. The general procedure is described in the following articles. The
standard procedure is detailed in ‘*Standard Methods of Sampling Bituminous Materials,”
AASHTO T 40 or ASTM D 140.

3.06 SAMPLE CONTAINERS

(1) Containers for anionic emulsified asphalt samples shall be one-gallon wide-mouth jars or
bottles made of glass or plastic.

(2) Containers for cationic emulsified asphalt samples shall be one-gallon wide-mouth jars
or bottles made of plastic or wide-mouth plastic-lined cans with lined screw caps, or plastic-lined
triple-seal friction-top cans.

(Bare metal cans are corroded by emulsified asphalts, particularly the cationic type. They also
may cause the emulsion to break.)
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3.07 SIZE OF SAMPLES
The siz¢ of samples shall correspond to the required sample containers.

3.08 SAMPLES

Whenever practicable, the emulsified asphalt shall be sampled at the point of manufacture or
storage. If that is not practicable, samples shall be taken from the shipment immediately upon
delivery. Three samples of the emulsified asphalt shall be taken. The samples shall be sent to the
laboratory for testing as soon as possible.

3.09 SAMPLING PRECAUTIONS

(1) Sample containers shall be new. They shall not be washed or rinsed. If they contain
evidence of solder flux or if they are not clean and dry they shall be discarded. Top and container
shall fit together tightly.

(2) Care shall be taken to prevent the samples from becoming contaminated. The sample
container shall not be submerged in solvent, nor shall it be wiped with a solvent saturated cloth.
Any residual material on the outside of the container shall be wiped with a clean, dry cloth
immediately after the container is sealed and removed from the sampling device.

(3) The sample shall not be transferred into another container.

(4) The filled sample container shall be tightly and positively sealed immediately after the
sample is taken.

3.10 SAFETY PRECAUTIONS

(1) Safety precautions are mandatory at all times when handling asphalt materials. These
safety precautions include, but are not limited to, the ones that follow.

(2) Gloves shall be worn and sleeves shall be rolled down and fastened over the gloves at the
wrist while sampling and while sealing containers. 127

(3) Face shields should be worn while sampling.

(4) There shall be no smoking while sampling asphalts.

(5) The sampler shall stand on the windward side when taking the sample.

(6) During sealing and wiping the container shall be placed on a firm level surface to prevent
splashing, dropping or spilling the material.

3.11 PROTECTION AND PRESERVATION OF SAMPLES

(1) Immediately after filling, sealing, and cleaning the sample containers shall be properly
marked for identification with a wick marking pencil on the container itself, not on the lid. Linen
tags also may be used for identification if they can be securely fastened to the container in such a
manner as to ensure that they will not be lost in transit.

Linen tags shall not be attached to containers by using the lids to secure them.

(2) Samples of emulsions shall be packaged, labeled, and shipped in such a manner as to
protect them from freezing.

(3) Allsamples should be packaged and shipped to the laboratory the same day they are taken.
The containers, tightly sealed, should be packed in absorbent material, such as sawdust,
excelsior, or vermiculite, to reduce the probability of damage during shipment.

(4) Each sample shall be identified with at least the following information:

(a) Shipper’s name and bill of lading or loading slip number.

(b) Date sampled.

(c) Sampler’s name.

(d) Product grade.
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CHAPTER V

SELECTING THE RIGHT TYPE OF ASPHALT
EMULSION

5.01 GENERAL

Asphalt emulsions can be used for almost any purpose for which cutback asphalts are used.
Furthermore, they have a broader range of uses that include many not suited to cutbacks. That
does not mean that they can be used indiscriminately. Successful performance of asphalt
emulsions requires selecting the proper type for the intended use. Guidelines presented in this
chapter should help select the specific grade and type of emulsion to be used.

5.02 CONSIDERATIONS FOR SELECTION

The first consideration in picking the right type of emulsion is the type of construction in which
it will be used. Is it a seal coat or a plant mix (central or mixed-in-place)? Is it some type of surface
application only? Is it for maintenance? Once this decision is made other project variables must
then be considered. Some other factors that affect the selection are:

— Climatic conditions anticipated during construction: The selection of emulsion grade,
design of mix or treatment, and construction equipment depend upon this factor.

— Aggregate type and availability.

— Construction equipment availability.

- Geographical location: hauling distance, and in some cases, water availability.

— Traffic control: can traffic be detoured?

— Environmental considerations.

While general guidelines can be given for selecting emulsions, laboratory testing is strongly
recommended. There is no good substitute for a laboratory evaluation of the emulsion and the
aggregate to be used. Different types and quantities of emulsion should be tried with the
aggregate to find the best combination for the intended use. An experienced technician can
determine the type and amount of emulsion to be used. He can also determine if additional water
must be added, and the amount of time for breaking to occur.

5.03 GENERAL USES
Each grade of asphalt emulsion is designed for specific uses. They are described in general
terms in the following paragraphs.

-— Rapid-Setting Emulsions:

The rapid-setting grades are designed to react quickly with aggregate and revert from
the emulsion state to asphalt. The RS grades produce arelatively heavy film. They are
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used primarily for spray applications, such as aggregate (chip) seals, sand seals,
surface treatments, and asphait penetration macadam. The RS-2 and CKS-Z grades
have high viscosities to prevent runoff.
— Medium-Setting Emulsions:

The medium-setting grades are designed for mixing with coarse aggregate. Because
these grades do not break immediately upon contact with aggregate, mixes using them
remain workable for a few minutes. They are used extensively in travel plants. The
CMS grades have high viscosities to prevent runoff.

A newly standardized type of medium-setting asphalt emulsion, identified as high
float, is anionic in nature. The major difference between this emulsion and the
conventional medium-setting type is the high float characteristic, measured on the
asphalt residue by the Float Test, AASHTO T 50 or ASTM D 139. It reportedly
gives better aggregate coating and asphalt retention under extreme temperature
conditions. While regular asphalts have a tendency to flow, or migrate, at about 140°F
(60°C), the high float residues are designed to stay in place up to about 160°F (71°C).
Therefore, high float residues are less susceptible to changes in temperature. They
soften less in summer and do not harden as much in winter.

In 1977, the American Society for Testing and Materials standardized three types
of high-float emulsions — HFMS-1, HFMS-2, and HFMS-2h. Their specifications
are contained in ASTM D 977 (see Table I1-1).

~ Slow-Setting Emulsions:
The slow-setting grades are designed for maximum mixing stability. They are used
with high fines content, dense-graded aggregates. The SS grades have long workabil-
" ity times to ensure good mixing with dense-graded aggregates. All slow-setting grades
have low viscosities that can be further reduced by adding water. These grades, when
diluted, can also be used for tack coats, fog seals, and dust palliatives. The SS?ype of
emulsion depends entirely upon evaporation of the water for coalescence of the
asphalt particles. If a faster setting rate is needed in mixtures, portland cement or
hydrated lime can be added. The SS emulsions are generally used for dense-graded
aggregate-emulsion bases, soil-asphalt stabilization, asphalt surface mixes, and

slurry seals. ‘

Table V-1 shows the general uses of standard emulsion types and grades.

5.04 ADHESIVE PROPERTIES

Success with any aggregate-emulsion combination depends greatly on the electrical surface
charges of the asphalt droplets and the aggregate. The probability of good adhesion is diminished
if the charges are similar. Conversely, the probability of good adhesion is greatly improved if the
charges are different. The predominating charge on the aggregate surface determines whether
anionic or cationic emulsion will produce the best results. The only way to be sure is to test in the
laboratory.

5.05 GUIDELINES FOR SELECTION
In summary, success with any type of asphalt emulsion system is best ensured by adherence to
each of the following steps:
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project:

be helpful also.

droplets, or premature coalescence.

usual problems occur.

service.

@b o 3628

should be consulted.

use of emulsified asphalt for applications other than those listed in the table are ¢

3. Strict adherence to the specifications and guides for usage.
4. Careful handling of the emulsion to prevent contamination, settlement of the asphalt

TABLE V-1 GENERAL USES OF EMULSIFIED ASPHALT

plated, the {si

1. Laboratory testing using the actual aggregate and emulsion that is to be used on the

2. Selection of grades in conformance with Table V-1 and Article 5.02. Table V-2 may

5. Consultation with the emulsion manufacturer’s representative when special or un-

Asphalt emulsions as an alternative for use in paving and maintenance operations are now a
reality. Following proper procedures will produce a system that should provide a high level of

Nore —Only those grades of emulsified asphalt in general use have been indicated herein. It is possible that under
certain variations of aggregates, or climatic conditions, or both, additional selections might be appropriate. Where lhe

PP

Specification D 977

Specification D 2397

(Cationic)

Type of
Construction*

HFMS-1

R&-1

RS-2

MS-1,

MS-2,
HFMS-2

MS-2k,

HFMS-2h
SS-1

S8-th

CRS-1

CRS-2

CMS-2
CMS-2k

CS8-1

CSs-1k

Bituminous-aggregate mixtures:
For pavement bases and surfaces:
Plant mix (hot) (D 3515)
Plant mix (cold)
Open-graded aggregate e e e X
Dense-graded aggregate e e
Sand
Mixed-in-place:
Open-graded aggregate e . X X
Dense-graded aggregate . .
Sand
Sandy soil
Slurry seal
Bituminous-aggregate applications:
Treatments and seals:
Single surface treatment (Chip Seal)
Muitiple surface treatment
Sand seal
Penetration macadam:
Large voids S
Small voids X
Bituminous applications:
Fog seal A &
Prime coat-penetrable surface e e
Tack coat A
Dust binder
Mulch treatment
Crack filler D ¢
Maintenance mix:
Immediate use e o X X

>

>
®OH XX

Foka

XP
xXp
XP
Xp
XP

X X

X

bR

F

XP
XP
Xp
Xv
XP
X

Ee oo

Ee o]

RO RX

o

e X R

>

Ea o

* For definitions of terms used in this table, refer to Section 2.

¢ Diluted with water by the manufacturer.
? Diluted with water.

# Specification D 3515 permits the use of other emulsion grades by note, “Grades of emulsion other than M5-2h may
be used where experience has shown that they give satisfactory performance.”

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted
in connection with any itern mentioned in this standard. Users of this standard are expressly advised that determ.nation
of the validity of any such patent rights, and the risk of infringement of such rights, is entirely their own responsibility.
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TABLEV-2 EMULSIFIED ASPHALT SEAL COATS AND SURFACE TREATMENTS

System Description and Uses Emulsified Asphalt Constructipn. Hints

SAND SEAL Restores uniform cover. In city CRS-1 or RS-1 Spray-applied with sand cover.
street work, improves street Roll with pneumatic roller. Avoid
sweeping, traffic line visibility. excess binder.

Enriches dry, weathered pave-
ments; reduces raveling.

CHIP SEAL Single most important low cost CRS-2 or RS-2 Spray-applied. Many types of
maintenance method. Produces textures available. Key to
an all-weather surface, success: Coordinate construc-
renews weathered tion, use hard, bulky grained,
pavements, improves skid resistance, clean aggregate, and have
lane demarcation, seals pavement. properly calibrated spray

equipment.

DOUBLE SEAL Simitar to chip seal except CRS-2 or RS-2 See Chip Seal.
the second chip application
uses a small sized stone.

Durable, provides some levei-
ing, available in a number of
textures.

TRIPLE SEAL Three applications of binder CRS-2 or RS-2 Spray-applied in three lifts. Drag
and 3 sizes of chips are applied. broom between lifts to provide
Provides up to a 2 cm thick, leveling.
flexible pavement. Levels as
well as providing a seal, tough
wearing surface.

DRAG SEAL Low cost method of improving CMS-2 The CMS-2 tolerates more
the riding quality of rough pave- mixing and drag-brooming than
ments. A rain-resistant medium- the rapid-set emulsions. Use a
set emulsified asphalt is applied wetling agent in the steel wheel
followed by chips. The pave- roller to reduce pickup.
ment is drag-broomed to ievel
spots and depressions. A
second application of binder
followed by a choke aggregate
or sand is applied.

SLURRY SEAL Used in airport and city street QS* grades Pretest the aggregate and
maintenance where loose emuision mix to achieve desired
aggregate cannot be tolerated. workability, setting rate, and
Seals, fills minor depressions, durability. Calibrate equipment
provides an easy-to-sweep prior to starling the project.
surface. Made with crushed
aggregate mixed with quick-set
emulsified asphait. The liquid
slutry is machine-applied with a
sled-type box containing a
rubber-edged strike-off blads.

CAPE SEAL Combines a single chip seal CRS-2 and Q8* Apply a largs aggregate single
with a slurry seal. Provides the grades, S8-1, chip seal. Broom and apply slurry
rough, knobby surface of a chip 88-1h, CSS-1, 0r  seal. Have the strike-off ride on
seal to reduce hydroplaning CS8S-1h the rock surface to form the
yet has a tough sand matrix for matrix.
durability.

Test track data indicate better Avoid excess slurry as this
studded tire damage resistance destroys the knobby stone
than a chip seal. toxture desired.

*Not Standardized
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Bituminous

Seven fundamentals for durable
spraybar work--jobs
you can be proud of

Surface treating and sealcoating
are among the most widely used
highway and street techniques, yet
among the most poorly understood.
Almost anywhere can be seen ex-
amples of uneven, streaky, or too-
flat surfaces thus constructed—
work that will last only a third to
half the length of time a really good
job should serve.

Yet it's relatively easy to take a
fresh grip on the simple principles
invoived in putting down long-last-
ing asphalt seals and treatments.
Dr. Norman W. MclLeod, vice presi-
dent and asphalt consuttant of Mc-
Asphalt Engineering Services, To-
ronto, and foremost asphalt paving
technologist, reviewed seven funda-
mentals a contractor should con-
sider when he spoke at the annual
meeting of the Asphalt Emulsion
Manufacturers Association.

First, a surface treatment will fail
without a good enough foundation.
It has very little load carrying
capacity in itself. All too familiar
is the mistake of treating gravel
roads that are too weak. Treatments
placed on them are doomed to rapid
failure.

While most contractors and en-
gineers consider the terms “'surface
treatment” and ‘“seal coat” inter-
changeable, technically the former
is defined as one or more applica-
tions of liquid aspghalt and cover
aggregate on a prepared base of
consolidated gravel, stone, mac-
adam, earth or stabilized soil. “Seal
coat” is the right term when applied
on an existing hard pavement ac-
cording to Transportation Research
Board Committee Specification MC-
A3.

Second, everyone on the job
needs to have a clear mental pic-
ture of what a really top-quality
surface treatment or seal coat looks
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like under traffic. What should be
seen is chiefly aggregate without
evidence of any flushing or bleed-
ing. Examples of long-lasting treat-
ments and seals in the US and in
foreign countries prove that a good
job need never bleed.

For example, in Australia the
15,000 miles of surface treatments
on gravel have lasted an average
of 10 years, with ranges from 6 to
15 years. Treatments in many cold
regions, such as Sweden, have also
lasted well despite the climate.

These and other good examples
have only aggregates visible. Con-
tractor and engineering personnel
should walk along both good and
bad jobs to fully understand the
difference.

Third, look for these more com-
mon faults and how they can be
avoided:

Streaking is caused by failure to
apply the asphalt uniformly inch by
inch across the road width. A
streaky job doesn't last well. To
find the cause, look for haphazard
spray-nozzle alignment or incorrect
spraybar height above the road
surface. A paver's crewman can
correct nozzle alignment with a
wrench fitted with a proper stop to
turn each nozzle to the angle
recommended by the manufacturer.
The height should be adjusted to
the road crown to provide a triple
overlap—uniform for all nozzles.

Streaking can also occur when
asphait is applied at too low a
temperature since it will then not
fan oul properly from the spray
nozzles.

Flushing or bleeding is due to
applying foo much asphalt or to
loss of cover aggregates as when
washed off by rain immediately
after placement.

Loss of aggregate happens when

too little asphalt has been sprayed
to hold the material on the road.

Lack of bond between the asphalf
and the existing surface can be
blamed often on cold weather,
moisture or dust. Or, both aggre-
gate and cover stone may be lost
along wheel paths when rainy
weather follows immediately after
laydown.

Fourth is one of the most neg-
lected aspects of design and job
control: the cover aggregate grada-
tion. Here Dr Mcleod again refers
to the highly successful Australian
experience. From 60 to 70 percent
of the particies passing the speci-
fied nominal size must be retained
on a sieve having an opening 0.7
of that size. To illustrate, 60 to 70
percent of a %-in. aggregate must
lie between % in. and 0.7 of % in.
or about %2 in.

Australian engineers aiso watch
particle flatness by specifying a
maximum flakiness index (35, by
British Standards Institution Text
812).

in the US the gradations coming
closest to a one-sized aggregate
are probably those specified by
AASHTO M43 and ASTM 448. Tables
1 and 2 compare material meeting
these standards with those used in
Australia.

The correct amount of emulsified
asphalt binder is an amount per
sq yd that idealiy will embed every
particle of cover aggregate to 70
percent of its depth in residual
asphalt. Stone particles embedded
less than 50 percent will be whipped
out by traffic. Those embedded 100
percent will be submerged in re-
sidual asphait, leading to a flushed
or slick pavement. In Fig i, a se-
lected aggregate gradation is plot-
ted to show what you are up against

continued on page 104
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Seven fundamentails
continued lrom page 104

TABLE 1. Typical gradation requirements for one-size cover aggregate
(National Association of Australian State Road Authorities)

. Nominal Per cent passing. by dry. weight Particle
Size size U. S. standard sieve squaré openings shape
number square flakiness

openings 1 3/4 5/8 1/2 3/8 1/4 No. 4 | No. 8| No. 16 | index max
E 3/4 in. 100 35-100 - 0-20 0-5 — — — 0-0.5 35
F 5/8 in. 100 95-100 —_ 0-15 0-5 - — 0-05 35
G /2 in. 100 — 35-100 0-30 0-5 — - 0-05 35
H 3/8 in. 100 95-100 0-40 0-5 — 0-0.5 35
| No. 4 100 95-100 | 0-40 0-05 35

TABLE 2. Standard sizes of coarse aggregate for highway construction (AASHO M 43, ASTM D 448)

Size N(;?‘Ziga' Amounts finer than each laboratory sieve (square openings), percentage by weight.
mumRer | e | | 1 3/4 12 3/8 | No4 | No.8 |No.16|No. 50| No. 100

5 110 1-1/2 100 |90 to 100/20t0 551 O to & Otos

56 1to 3/8 100 {90 to 100{40 to 75 |15 t0 35 | O to 15 0tob

57 1to No. 4 100 |95 to 100 - 25 to 60 - Oto1l0 | Oto 5
6 3/4 to 3/8 10090 to 100(20to 55 | O to 15 Otob -

67 3/4 to No. 4 100|980 to 100 - 20to 85| 0to10 | Oto 5

68 3/4 to No. 8 100190 to 100 - 20to 65| 51025 0to10|0to b

7 1/2 to No. 4

100{90 to 10040 to 70

Oto15

Otob -

78 |1/2 to No. 8

100|90 to 100[40 to 75

5t025| 0to10|0to5

8 13/8 to No.8

100{85 to 100 10t0 30 ; O t0o 10 |0 to 5

89 |3/8 to No. 16

100[90 to 100]20 to 55 | 510 30|00 to 10] 0 to 5

9 [No. 4 to No. 16

10085 to 100|10 to 40{0 to 10{0 to 5

No. 4 1o 0*

100} 85 to 100 — - -

10 to 30

« Screenings

the wide difference in the behavior
of treatments and seals in service.
The blame rests with the common
custom of specifying some arbi-
trary, unvarying combination of in-
gredients, such as ¥4 gal per sq yd
of residual asphalt with, say, 25 ib
per sq yd of cover stone. The
asphalt could be too little, or too
much, depending on the cover
stone’s ALD.

A sixth factor is stone size. Dr Mc-

NOTE: All sieve sizes expressed in terms of US. Standard Sieve Series.

Leod has concluded that good per-
formance is more likely with larger
cover aggregate. There is a larger
safety factor in getting the right
amount of aggregate for proper em-
bedment when the stone is larger.

A seventh quality factor, again
referring to the foreign practice,
is to get good adhesion. The New
Zealand National Road Board, for
example, requires washing and pre-
coating the aggregate. Precoating

Selecting the right emulsion grade

ASTM has published specifications
for the two grades of each of two
types of asphalt emulsions, anionic
and cationic, suitable for seal coat
and surface treatment construction.

RS-1 and CRS-1 asphalt emul-
sions are more fluid grades and
may be used with cover aggregate
% in. and smaller. The greater
quantities of these fluid grades re-
quired for larger cover aggregate
would tend to drain from higher
into depressed areas in the road
surface and down the slope of any
normally crowned road. Conse-
quently, for cover aggregate 3 in.
and larger, the more viscous RS-2
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or CRS-2 grades are specified.

Recommended application tem-
peratures for asphalt emulsions are:
75 deg to 130 deg F for RS-1, 110
deg to 180 deg F for RS-2, 75 deg
to 130 deg F for CRS-1, and 110
deg to 180 deg F for CRS-2.

A design method for surface
treatments or seal coats with as-
phalt emulsions should provide an-
swers to three basic questions:
What type and grade of asphalt
emulsion should be selected? How
much asphalt emuision in gal per
sq yd measured at 60 deg F should
be applied? How many Ib per sq yd
of aggregate should be spread? [

is done with about 1 gal per cu yd
of a special cationic emulsion or
cutback asphalt. The Australians
utilize diesel fuel or MC30 or MC70
cutback.

These seven steps taken together
can go far to assure that asphait
surface treatments and seal coats
will give the taxpayer his money's
worth and reflect to the credit of
the engineers and the contractors.
The steps add little if anything to a
contractor’'s cost of the job. The
problem is for everyone involved
to know of these factors and realize
why they are important.

The full details of Dr. McLeod's
review and analysis of the funda-
mentals of surface treatments and
seal coats are available from the
Asphalt Emulsion Manufacturers
Association, 1000 Vermont Ave NW,
Washington, DC 20005. This 88-
page publication, “Seal Coat and
Surface Treatment Construction and
Design Using Asphalt Emulsion,”
is available from AEMA at $5 post-
paid. it also includes an example
2f how to figure material amounts,
lists practical construction proce-
dures and precautions, and con-
tains extensive charts and tables. [}
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A GENERAL METHOD OF DESIGN FOR SEAL COATS
AND SURFACE TREATMENTS

N. W. MCLEOD?

SYNOPSIS

It is the principal objective of this paper to demonstrate that one
equation for the quantity of cover aggregate required and another equa -
tion for the quantity of asphalt binder to be applied, can be used for the
design of either single application or multiple application surface
treatments and seal coats.

The required characteristics of both cover aggregates and asphalt
binders are reviewed. The superiority of one-size over graded cover
aggregates is demonstrated.

Equations are developed for the guantities of cover aggregate and
asphalt binder required for single application surface treatments and
seal coats. A sample calculation illustrates their use for this purpose.

It is shown that these same equations can be employed for the de-
sign of multiple seal coats and surface treatments. Sample calcula-
tions are included to illustrate their use in this respect.

The principles of construction for single and multiple application
surface treatments and seal coats are reviewed,

KEY WORDS single surface treatment, multiple surface treatment,
asphalt emulsion, liquid asphalt, asphalt cement, design,
construction,

I. INTRODUCTION

Itis one of the principal objectives of this paper to demonstrate that
two design equations, one for determining the quantities of asphalt
binder to be applied per square yard, and the other for establishing the
quantities of cover stone to be applied per square yard, can be success-
fully employed for the design of either single application or multiple
application surface treatments and seal coats.

The most important asphalt surface in North America is hot-mix
asphalt concrete, When one leaves the North American continent how-
ever, it very quickly beccmes apparent that traffic volumes on most of
the world’s highways would not justify the cost of hot-mix asphalt pave-
ments. Consequently, on a world wide basis, the most important type
of asphalt surface is a surface treatment on a consolidated granular
base. From the point of view of economy, if they were properly de-
signed and constructed, asphalt surface treatments on consolidated
granular bases should be much more widely used here in North Amer-
ica for surfacing secondary highways, residential streets, and roads
carrying lower traffic volumes.

For an excellent review of currently available information on sur-
face treatments and seal coats, the reader is referred to the Highway

! Asphalt Consultant, Imperial Oil Ltd., Toronto, Ontario, Cahada.
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Research Board Special Report 96, “State of the Art: Surface Treat-
ments, Summary of Existing Literature,” by Herrin, Marek, and
Majidzadeh, published in 1968.

In a paper presented before the AAPT Meeting in 1960 (1), the
method of design that is employed by the Country Roads Board of Vic-
toria, Australia, and by the National Roads Board of New Zealand, to
build the most consistently successful surface treatments to be seen in
the world was described. New Zealand specializes in double surface
treatments, the second layer heing placed about two years after the
first, while single application surface treatments are generally used in
Australia. Figures 1 to 6 are pictures of surface treatments taken by
the author during a trip to New Zealand and Australia in 1967. Figures
1 and 2 are an overall view and a close-up of a double surface treatment

143

Fig. 1. New Zealand. Double Surface Treatment on Consolidated
Granular Base, 15 Years Old, Carrying 3000 Vehicles
per Day. Excellent Condition,

in New Zealand that is 15 years old and that is carrying 3000 vehicles
per day. It appeared to be capable of serving the same traffic volume
for an additional 15 years without further attention. Figure 3 illus-
trates a 4-lane divided highway in New Zealand, in which the asphalt
surface is only a double surface treatment on a consolidated granular
base. In New Zealand this type of construction is expected to carry up
to 20,000 vehicles per day. Figures 4 and 5 are a panorama and a
close~up of another first-rate double surface treatment on a well com-
pacted granular base in New Zealand. Figure 6 provides a view of a
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Fig, 2. Close-Up of Surface Treatment Shown in Figure 1.
144

Fig. 3. New Zealand. Double Surface Treatment on Consolidated
Granular Base on 4-Lane Divided Highway. This Construction
Not Uncommonly Carries More Than 20,000 Vehicles per Day.
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Fig. 4. New Zealand. Main Highway Taupo to Wellington. Double
Surface Treatment on Consolidated Granular Base.

Fig. 5. Close-Up of Surface Treatment Shown in Figure 4.

145
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Fig. 6. Victoria, Australia. Single Surface Treatment on Consolidated
Granular Base on 4-Lane Divided Highway between Melbourne and
Sydney«-the Hume Highway Near Melbourne, 6 Years Old,
Carrying 4000 Vehicles per Day.

4-lane divided highway section of the Hume Highway between Melbourne
and Sydney, near Melbourne, Australia. It is a single surface treat-
ment on a consolidated granular base. It is 6 years old, and is carry-
ing 4,000 vehicles per day, many of them being heavily loaded trucks.

A modification of the methods of design employed so successfully in
Victoria, Australia, and in New Zealand, forms the basis for the method
of design to be recommended in this paper.

II. DEFINITIONS FOR SURFACE TREATMENTS
AND SEAL COATS

Unfortunately, there are still no universally accepted definitions for
the terms “seal coats” and “surface treatments.” Consequently, for
this paper, definitions for these expressions will be employed that have
been proposed by several other writers (2), (3), (4), and that have been
recommended by Subcommittee MC-A3(3) of the Highway Research
Board Committee MC-A3 on Bituminous Surface Treatments, in its
“Report on Designation for Surface Treatments,” October, 1965.

Therefore, a “surface treatment” is defined as a bituminous sur-
face that results from one or more successive alternate applications
of bituminous binder and cover aggregate to a prepared consolidated
gravel, crushed stone, waterbound macadam, earth, stabilized soil, or




Compendium 12 Text 8

542 MCLEOD

similar base. A “seal coat” is defined as a bituminous surface that re-
sults from one or more successive alternate applications of bituminous
binder and cover aggregate to an existing paved surface.

[I. TYPES OF SURFACE TREATMENTS AND SEAL COATS

There are several different types of surface treatments and seal
coats as follows: .

A. Single application

(1) one-size cover aggregate

(2) graded cover aggregate
B. Multiple application

(1) double application

(2) triple application

(3) quadruple application

Single application surface treatments and seal coats are by far the
most common type. They consist of a single application of asphalt
binder to a prepared surface, followed by a single application of cover
aggregate. They are assumed to be one~stone particle thick.

Double, triple, and quadruple application surface treatments con-
sist of two, three, and four successive alternate applications of asphalt
binder and cover stone, respectively. The cover stone employed for
each successive layer is approximately one-half the size of that used
for the immediately preceding layer.

147

IV. A STRONG FOUNDATION IS NEEDED

Like any other asphalt surface, a surface treatment or seal coat
will fail quickly and disastrously unless it is placed on an adequate
foundation.

Experience of the Department of Highways of New Brunswick, where
typical Canadian road building conditions of frost and snow in winter,
and rain, sun, and hot weather in summer, occur, illustrates the need
for an adequate foundation for surface treatments. Following the seri-
ous failure of many miles of surface treatments laid initially without
proper attention to the foundation, New Brunswick now has 4,000 miles
of its secondary road system surfaced with very successful surface
treatments. Success followed when the Department of Highways em-
parked on a 2-year program, in which an adequate foundation was con-
structed the first year, and the surface treatment itself was not laid
until the second year.

V. PRINCIPAL FAULTS

The principal faults in surface treatments and seal coats were dis-
cussed in detail in the earlier paper (1), and will be reviewed only
priefly here. They are (a) streaking, (b) flushing or bleeding, (c) loss
of cover aggregate, and (d) failure to establish a satisfactory bond be-
tween the existing surface and the new surface treatment or seal coat.
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Streaking is due to the failure to apply asphalt uniformly inch by
inch across the road surface. The unevenness of the asphalt binder
application shows up as gray or dark streaks due to a deficiency or
excess of asphalt binder in the finished surface treatment or seal coat.
Streaking may be caused by one or more of several factors. Partially
plugged spray nozzles, spray nozzles of poor design, spray nozzles of
different size in the spray bar, spray nozzles at various wrong angles
in the spray bar, incorrect height of the spray bar above the road sur-
face, varying the rate of discharge from the spray nozzles in gallons
per minute per nozzle to obtain specified rates of application per
square yard, and trying to spray the asphalt binder at too low a tem-
perature, are some of the more common causes.

Flushed or bleeding surface treatments or seal coats are usually
caused by the application of too much bituminous binder, the excess
binder oozing out of the cover aggregate onto the surface. Flushing or
bleeding may also result from a loss of a portion of the cover aggre-
gate for any reason, such as rain falling shortly after construction, use
of too hard an asphalf binder with which the cover aggregate fails to
develop adequate adhesion, and use of cover stone that is oo dirty or
too wet to-establish good adhesion to the asphalt binder.

Serious loss of cover aggregate occurs when for any reason there
is inadequate embedment of the stone particles in the asphalt binder.
Not enough asphalt binder may have been applied, too much of the as-
phalt binder may have been absorbed by the existing surface, or the
asphalt binder applied may be too hard for the prevailing weather or
climate. Late season construction can result in grave loss of cover
stone when there is not enough warm weather traffic following con-
struction to achieve sufficient embedment of the aggregate particles in
the asphalt binder. Wet weather and freezing conditions tend to accel-
erate the loss of cover stone whenever it is poorly embedded.

A new seal coat or surface treatment may fail to establish a good
bond with an existing surface due to a layer of dust or dirt, because the
existing surface is wet or too cold, or because the asphalt binder is too
hard. Normally, only a small area of a few square inches, or a few
square feet, or occasionally a few square yards, but sometimes an en-
tire surface treatment or seal coat fails for this reason.

VI. MATERIALS

Before considering the method of design to be presented, some es-
sential characteristics of the materials employed for surface treat-
ments and seal coats will be outlined. This will provide necessary
background information. This topic was covered in considerable detail
in the earlier paper (1) and only the items pertinent to the present
paper will be reviewed here. The materials of construction for seal
coats and surface treatments are cover aggregates and asphalt binders,
which may consist of asphalt cements, asphalt emulsions, or liquid
asphalts. These will be considered separately.
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A, COVER AGGREGATES

1. General

In general, cover aggregates should consist of hard, tough, clean,
dry fragments of stone, that have been produced either from quarried
rock, or from clean, hard gravel. For high traffic volumes the Los
Angeles abrasion rating should preferably be less than 20, while for
light traffic it should not exceed a maximum value of 35, but frequently
does.

2. Particle Shape

The preferred particle shape for cover aggregate is cubical or
tetrahedral, and flat particles should be avoided. The tendency of an
aggregate foward particle flatness is measured by the Flakiness Index
test (Appendix A). The Flakiness Index represents the percentage by
weight of flat particles having a least dimension smaller than 60 per
cent of the mean size of each of one or more of the coarser sieve frac-
tions. As an example, for aggregate passing a 3/4 inch square sieve
and retained on a 1/2 inch square sieve, the mean sieve size is five-
eighths of an inch, and the Flakiness Index of this particular size frac-
tion would be the percentage by weight of particles having a least di-
mension smaller than three-eights of an inch (3/8 being 60 per cent of
5/8). The lower the Flakiness Index for any sample of cover aggregate,
the more nearly the aggregate particles approximate cubical shape. As
indicated by Table I, The National Association of Australian State Road
Authorities (5) specifies 35 per cent as the maximum permissible
Flakiness Index rating.

New Zealand controls particle shape by stipulating a maximum of
2.25 for the ratio of the average greatest dimension to the average least
dimension of a cover aggregate. To meet this specification, New Zea-
land contractors have to employ a hammer mill or impact breaker,
which tends to provide more cubically shaped particles than other types
of rock crushers.

3. Gradation

Typical grading requirements specified by the National Association
of Australian State Road Authorities (5) for one-size aggregates are
recorded in Table I.

In North America, the nearest approach to one-size cover aggre-
gates are the aggregate gradations specified in AASHO M-43, listed in
Table II. In comparison with the one-size aggregates specified in
Table I, the materials covered by Table II are graded aggregates.

When designing single application surface treatments and seal coats,
it is assumed that the finished surface is just one-stone particle thick,
Figure 7. In an earlier paper (1), grading curves were worked out to
determine the range of gradation of coarse and fine aggregates that
would make it theoretically possible to have a surface treatment or

149



150

Compendium 12

Text

SEAL COAT DESIGN 545

Table I. Typical Gradation Requirements for One-8ize Cover Aggregate
(National Asgsociation of Australian State Road Authorities)

FER CENT PASSHNG BY DRY WEIGHT PARTICLE
NOMINAL U.5. STANDARD SEVES SQUARE OPENINGS SHAPE
S1ZE S(g:.)ZAERE FLAKINESS
NUMBER | OPENINGS | 1 3/4 5/ 12 3R 1/4 RO, 4 INO, B MO, 14] HDEX MAX,
E 3/4" 100 95 100] 6-201 0-5 - - - 0-0.5 35
¥ 5/8¢ 160 {9510 - 015 |05 - - 8-0.5 5
G 74 19 “ 195.100] 0-30 [0-5 - - 6~0.5 35
H 3/8" 100 |95-100{0- 40 0-5 - 0-0.5 35
1 NO., 4 160 95-100[0-40| 0-0.5 35

seal coat exactly two stone particles thick., Four of the grading curves
for aggregates with maximum particle sizes of 3/8, 1/2, 5/8, and 3/4
inch, obtained on this basis, are illustrated in Figure 8.

In Figure 9, a comparison is made between one of these theoretical
grading curves with grading curves for Aggregates No’s 7 and 78 from
Table II. It is clear that Aggregate No. 78 contains more than enough
fine aggregate to theoretically provide a surface treatment or seal coat
Z-stone particles thick, while Aggrepate No, 7 is at least borderline in
this respect.

The correct asphalt binder application should embed every cover
aggregate particle in asphalt to 70 per cent of its depth, and particles
that are embedded less than 50 per cent in asphalt binder are likely to
be torn out by traffic,

Figure 10, which pertains to Aggregate No. 68 from Table I, illus-
trates the difficulty in providing the proper asphalt content for a graded
cover aggregate, If it is assumed that the correct quantity of asphalt
binder to be applied will embed the median particle size (the size cor-
responding to 50 per cent passing) to 70 per cent of its depth, Figure 10

demonstrates that this quantity of asphalt binder will completely

Table II. Standard Sizes of Coarse Aggregate for Highway Construction
(AASHO M 43, ASTM D 448)
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AGGREGATE
PARTICLES

AVERAGE LEAST DIMENSION

Fig. 7. Illustrating tue Average Least Dimension of Cover Aggregate
Particles, and the Ultimate Positions of These Particles in a
Surface Treatment or Seal Coat After Considerable Traffic.

(The Least Dimension of Each Particle Is Vertical.)

GRADING CHART FOR AGGREGATES AND BITUMINOUS MIXTURES
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Fig. 8. Grading Curves for Cover Aggregates Capable of
Providing Seal Coats or Surface Treatments Exactly
2-Stone Particles Thick Under Ideal Conditions.
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submerge 29 per cent of this aggregate, while 32 per cent of the aggre-
gate particles (the largest particles) will be immersed less than 50 per
cent of their depth, and will therefore tend to be dislodged by traffic.
Figure 10 emphasizes that the proper asphalt binder application for one
of the size fractions of a graded cover aggregate, can be far from cor-
rect for even a majority of size fractions.

GRADING CHART FOR AGGREGATES AND BITUMINOUS MIXTURES
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¥Fig. 9. Illustrating That AASHO Coarse Aggregate Gradations
No. 7 and No. 78 Could Provide Seal Coats or Surface
Treatments at Least 2-Stone Particles Thick.

Figures 11 and 12 examine one-size cover aggregates on this same
basis. The solid curve in Figures 11 and 12 represents the widest pos-
sible range of gradation of particle sizes that will just satisfy the grad-
ing limits specified for Aggregate G from Table I. The broken line
curve in Figure 11 illustrates the corresponding gradation of aggregate
particles that could theoretically provide a single application seal coat
or surface treatment exactly 2-stone particles thick. It can be seen
that one-size Aggregate G does not contain sufficient fine aggregate to
provide a single application surface treatment or seal coat 2-stone
particles thick,

Figure 12, which applies to one-size Aggregate G demonstrates that
when enough asphalt binder is applied to embed the median particle size
to 70 per cent of its thickness, only 15 per cent of the cover aggregate
(the smallest sizes) would be completely submerged in asphalt binder,
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while just three per cent of the particles (the largest sizes) would be
embedded to less than 50 per cent of their depth.

A comparison of Figure 12 with Figure 10 makes it quite clear that
when the optimum quantity of asphalt binder is applied, it satisfies the
asphalt binder requirements for a much higher percentage of the par-
ticle sizes in a one-size cover aggregate, Table I, than in a graded ag-
gregate, Table II. In addition, when graded cover aggregate is used,
the finer particles tend to form a covering on the asphalt binder during
construction that delays the wetting and the development of good adhe-
sion between the binder and the larger stone particles. Many of these
larger particles are therefore dislodged by traffic before adequate em-
bedment in the asphalt binder can occur. All of these factors indicate
that single surface treatments or seal coats that are constructed with
graded cover aggregates, Table II, are likely to be less uniform, to be
inferior in appearance, and to have a shorter service life than those
made with one-size cover stone, Table I. Nevertheless, in spite of
these disadvantages, large mileages of seal coats and surface treat-
ments are likely to continue to be constructed with graded cover aggre-
gates, chiefly because they can be produced at lower cost than one-size
cover stone. However, it should be noted that the Country Roads Board,
Victoria, Australia, employs only one-size cover aggregates although
their cost delivered into roadside stockpiles averages approximately

$6.00 (US) per cubic yard. 153
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Fig. 10, Illustrating Poor Embedment of AASHO Coarse
Aggregate Gradation No. 68 in Asphalt Binder.
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GRADING CHART FOR AGGREGATES AND BITUMINOUS MIXTURES
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Fig. 11, Illustrating that Grading Curve for One-Size Cover
Aggregate G Will Provide a Seal Coat or Surface
Treatment Only 1-Stone Particle Thick.

4. Average Least Dimension versus Spread Modulus of
Cover Aggregates

Hanson (6) made a most important contribution to the design of sur-
face treatments and seal coats when he observed that after consider-
able traffic, particles of cover aggregate tend to lie on their flattest
sides, Figure 7, with their shortest dimension vertical. Hanson recog-
nized that this means that the average thickness of a seal coat or sur-
face treatment is equal to the average of the smallest dimension of the
cover aggregate particles, which he termed the Average Least Dimen-
sion or ALD. A method of test for measuring the Average Least Di-
mension of a cover aggregate is described in Appendix A.

The importance of the Average Least Dimension of the cover stone
in both the design and service performance of an asphalt surface treat-
ment or seal coat is illustrated in Figure 13. Both aggregates shown in
the two diagrams of Figure 13 would be purchased as 1/2 inch cover
stone, because each aggregate will just pass a 1/2 inch square opening.
Nevertheless, because it is comprised of cubically shaped particles,
the Average Least Dimension of the aggregate in the top diagram is 0.5
inch, while because it consists of elongated flat particles, the ALD of
the aggregate in the bottom diagram is only 0.2 inch. If, in accordance
with the practice of the Country Roads Board, Victoria, Australia, it is
assumed that after substantial warm weather traffic the ultimate void
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space between the cover aggregate particles in a seal coat or surface
treatment is 20 per cent, and that at the optimum asphalt binder appli-
cation this void space is 70 per cent filled with residual asphalt, the
quantity of the aggregate in the top diagram of Figure 13 to be applied
for a surface treatment or seal coat is 49 pounds per square yard, and
of the cover stone in the lower diagram is only 20 pounds per square
yard. Also, the optimum quantity of asphalt binder required for the
cover stone in the upper diagram is 0.394 US gallon per square yard
(0.328 Imperial gal/sq. yd.) (1.78 litres per square metre), and for the
cover aggregate in the bottom diagram is only 0.157 US gallon per

GRADING CHART FOR AGGREGATES AND BITUMINOUS MIXTURES
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Fig. 12. Illustrating Excellent Embedment of One-Size
Aggregate G in Asphalt Binder,

square yard (0.131 Imperial gal/sq. yd.) (0.71 litres per square metre).
Consequently, Figure 13 emphasizes that both the asphalt binder and
cover aggregate requirements per square yard for a seal coat or sur-
face treatment depend on the cover aggregate’s Average Least Dimen-
sion.

Figure 13 also provides an explanation for the wide differences in
surface treatment and seal coat behaviour in service, and for the poor
performance that so often results from the common current practice of
recommending a quarter of a gallon of asphalt binder and 25 pounds of
cover stone per square yard, or some similar combination of quantities,
regardless of the shape of the cover aggregate particles.
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70% VOIDS FILLED

0-328 IMP GAL. OR 0-394 US. GAL.BITUMEN/SQ.YD.
COVER AGGREGATE - 43 LBS./5Q.YD.

TALL L

AVERAGE LEAST DIMENSION 1/2 IN.

70% VOIDS FILLED

0131 IMP GAL. OR O-157 U.S. GAL. BITUMEN/SQ.YD.
COVER AGGREGATE - 20 LBS./SQ.YD.

¥
- ]
d:MW/ ,y/ ;;
AVERAGE LEAST DIMENSION 1/5 IN.

Fig. 13. Comparing Bitumen and Cover Aggregate Requirements
per Square Yard for Seal Coats Made with 1/2 Inch Cover
Aggregates of Different Particle Shapes«-One
Cubical, the Other Flat and Elongated.

In some sections of North America the design of surface treatments
and seal coats to be constructed with graded cover aggregates, is based
upon a measurement termed the Spread Modulus. It is assumed that the
Spread Modulus provides a measure of the average thickness of a sur-
face treatment or seal coat. As determined by some organizations, the
Spread Modulus is calculated as the weighted average of the mean par-
ticle size of the largest 20 per cent, the middle 60 per cent, and the
smallest 20 per cent of a graded cover aggregate. Therefore,

0.2(2‘;*’) +0.6<b"2“’> +o,2(°;d)

M

0.1(a+b)+0.3(b+c)+0.1(c +4d)

where

2
i

the Spread Modulus, which is a measure of the average
thickness in inches of a layer of graded cover aggregate
sieve opening in inches for-100 per cent passing

sieve opening in inches for 80 per cent passing

sieve opening in inches for 20 per cent passing

sieve opening in inches for 0 per cent passing

o 0o
i
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The following example illustrates the calculation of the Spread
Modulus M by means of Equation [1] for the grading curve shown in
Figure 14 for AASHO Aggregate No. 7.

M = 0.1(0.625 + 0.44) + 0.3 (0.44 + 0.225) -+ 0.1 (0.225 + 0.033)

0.332 inch.

Like one-size cover stone, graded cover aggregates in seal coats
and surface treatments are gradually reoriented by traffic until the
aggregate particles are lying on their flattest sides, with their small-
est dimensions vertical to the surface, Figure 7. Therefore, after

GRADING CHART FOR AGGREGATES AND BITUMINOUS MIXTURES
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Fig. 14, Average Grading Curves for Three
Standard Graded Cover Aggregates.

thorough compaction by warm weather traffic the average thickness of
a surface treatment or seal coat made with graded cover stone is
governed by the aggregate’s Average Least Dimension.

It follows that unless there is some constant ratio between the
Spread Modulus M, and the Average Least Dimension H of cover ag-
gregates, the Spread Modulus M cannot be used to provide a simple
rational method of design for seal coats and surface treatments con-
structed with all cover aggregates.

The relationship between the Spread Modulus M and the Average
Least Dimension H is shown in Table III for each of twenty-five

157



158

Compendium 12

Text 8

SEAL COAT DESIGN 553

‘Table II. Test Data on One-Size Cover Aggregates

Average Spread Hadian ASTM loose Voids Flakiness M
least Hodulus Size Bulk Bulk Fraction Index ALD
bimension H (50% Specific  Weight 1oose Per
Inches Inches Passing) Gravity Pounds Weight cent
Inches per cu.ft. Condition
1) @) 3) (4) (3) (6) ) 8)
0.42 0.61 0.61 2.798 91.0 0.479 23.3 1.45
0.42 0.55 0.56 2.680 90.7 0.457 15.1 1.31
0.39 0.58 0.60 2.695 83.1 0.506 32.7 1.49
0.37 0.50 0.54 2.660 90.6 0.454 26.9 1.35
0.37 0.49 0.47 2.690 94.4 0.438 9.5 1.32
0.36 0.46 0.46 2.660 100.2 0.396 10.5 1.28
0.35 0.42 0.44 2.576 - - 6.0 1.20
0.35 0.47 0.49 - . - 22.0 1.34
0.34 0.44 0.43 2.720 97.5 0.425 9.0 1.29
0.32 0.36 0.40 2.690 89.0 0.47 9.9 1.13
0.32 0.48 0.49 2.680 78.1 0.533 31.8 1.50
0.31 0.4k 0.44 2.801 91.7 0.475 21.7 1.42
0.31 0.43 .44 2.760 - - 21.8 1.39
6.31 0.35 0.37 2.720 108.0 0.364 6.0 114
5. 30 0.46 0.43  2.803 90.1 0.485 25.0 1.53
0.30 0.61 0.41 - . - 20.3 1.37
.30 0.40 0.42 - - - 24.9 1.33
0.27 0.38 0.40 2.685 83.7 0.5 31.1 L.41
0.24 0.32 0.32 2.748 87.4 0.49 16.2 1.33
G.23 0.32 0.31 2.797 90.5 0.48 20.6 1.39
0.22 0.28 0.28 2.660 87.9 0.47 14.7 1.27
6.22 0.27 0.28  2.641 92.8 0.438 9.8 1.23
6.21 0.27 0.28  2.631 90.4 0.45 18.6 1.29
.20 0.25 0.25  2.670 102.7 0.383 15.1 L.25
0.18 0.26 0.27  2.650 88.3 0.466 3.7 144
Overall Average 1.34

one-size cover aggregates, and in Table IV for twenty-five graded ag-
gregates. In addition, Figure 15 provides a graph of the ratio of the
Spread Modulus over the Average Least Dimension, M/H, versus
Flakiness Index for the cover aggregates of Tables IIf and IV. Flaki-
ness Index values provide a measure of the tendency of aggregate par-
ticles toward flatness in one dimension, and of the degree by which
they fail to be perfect cubes.

The data in the right hand columns of Tables OI and IV demonstrate
that the ratio of Spread Modulus M to Average Least Dimension H,
M/H, is far from being a constant. Values for this ratio range from
1.13 to 1.53 for the one-size cover aggregates of Table I, and from
1.11 to 1.50 for the graded cover aggregates of Table IV.
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While there is considerable scatter of data, Figure 15 indicates that
in general, the ratio of M/H increases with an increase in the Flaki-
ness Index of cover aggregates. This is to be expected, since for an
aggregate consisting of 1/2 inch cubes for example, M/H would have
a value of 1.0. The value of M/H would be expected to increase grad-
ually as the particles of cover aggregates become flatter in one dimen-
sion, that is, as their Flakiness Index values increase.

Tables III and IV indicate overall average values for M/H of 1.34
and 1.32, respectively. Therefore, for cover aggregates with M/H
values in the vicinity of 1.33, long experience would gradually indicate
the approximately correct asphalt binder applications to employ. How-
ever, only poor results could be expected for seal coats and surface

Table IV. Test Data on Graded Cover Aggregates

Average Spread Median ASTNM Loose Voids Flakineas M
Least Modulus Size Bulk Bulk Fraction Index ALD
Dimengion M Specific Weight Loose Per
Inches Inches Inches Gravity pounds Weight ceat
per cu.ft. Condition

(1) @) 3 * ) ®) (&) [CH)
0.46 0.58 0.56 2.720 108.0 0.364 5.2 1.26
0.38 0.56 0.55 2.690 87.8 0.477 25.5 1.47
0.37 0.50 0.49 2.658 92.1 0.445 13.8 1.35
0.36 0.50 0.52 2.692 - . 27.2 1.39
0.36 0.44 0.46 2.630 98.3 0.401 12.5 1.22
0.31 0.40 0.40 2.663 86.9 0.447 12.9 1.29
0.29 0.35 0.36 2.684 90.7 0.460 10.0 1.21
0.28 0.38 0.40 - - - 23.0 1.36
0.28 0.36 0.37 2.673 . _ 17.6 1.29
0.27 0.36 0.35 2.6%0 99.5 0.407 9.0 1.33
0.27 0.35 0.37 - - . 19.7 1.30
0.26 0.36 0.36 2.728 . . 24.3 1.38
0.26 0.3 0.3% 2.680 86.2 0.487 17.5 1.31
0.26 0.29 0.32 2.680 102.2 0.387 9.3 1.11
0.25 0.33 0.33 2.686 89.8 0.463 13.4 1.32
0.24 0.32 0.32 2.748 87.4 0.430 16.2 1.33
0.23 0.30 0.31 2.660 94.1 0.433 21.0 1.30
0.22 0.30 0.30 2.690 91.4 0.455 22.8 1.3
0.22 0.27 0.28 2.655 89.2 0.462 10.9 1.23
0.22 0.33 0.32 - - - 26.6 1.50
0.21 0.30 0.30 2.664 82.6 0.504 25.4 1.43
0.21 0.28 0.28 - - . 18.0 1.33
0.21 0.26 0.26 2.682 . _ 10.5 1.24
0.20 0.26 0.26 2.730 - . 12.5 1.30
0.18 0.27 0.27 2.660 91.3 0.449 31.8 1.50

Overall Average 1.32
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Fig. 15. Illustrating the Influence of Flakiness Index on
the Ratio of Spread Modulus M to Average Least
Dimension H for Cover Aggregates.

treatments designed on the basis of the Spread Modulus M, when the
M/H values for the cover aggregates are quite different from 1.33.
Since a constant ratio between the Spread Modulus M and the Aver-
age Least Dimension of cover aggregates does not exist, the use of the
Spread Modulus M as a basis for the design of surface treatments and
seal coats can be expected to require the use of too much asphalt
binder in some cases, and not enough asphalt binder in others. Conse-
quently, in this paper, no further reference to the cover aggregate’s
Spread Modulus will be made, since it does not appear to be a reliable
guide to the design of surface treatments and seal coats with either
graded or one-size cover stone. Instead, the method of design to be
advocated here will be based on the cover aggregate’s Average Least




Compendium 12 Text 8

556 MCLEOQOD

Dimension H, which provides a much more trustworthy indication of
the average thickness of a surface treatment or seal coat made with
either a one-size or graded cover aggregate after it has been thoroughly
compacted by traffic.

It is to be strongly emphasized that if during the expected service
life of a surface treatment or seal coat, there is some possibility that
the cover aggregate particles may be forced by traffic part way into
the surface on which the seal coat or surface treatment is to be con-
structed, this degree of penetration of the cover stone must be allowed
for when determining the quantity of asphalt binder to be applied.
Otherwise, a flushed or bleeding surface may result. In thig case, the
quantity of asphalt binder required should be based on the “effective”
Average Least Dimension of the cover aggregate, which is its meas-
ured Average Least Dimension minus its estimated depth of penetration
into the surface to which the surface treatment or seal coat is to be
applied,

Incidentally, data in Columns 2 and 3 in Tables III and IV demon-
strate that in spite of the somewhat involved methods employed to cal-
culate the Spread Modulus M of a cover aggregate, for example Equa-
tion [1 ], the value derived for the Spread Modulus M for any given
sample of cover aggregate is almost always very nearly equal to the
aggregate’s median particle size, which is obtained by merely reading
from the grading chart the sieve opening corresponding to the particle

size for 50 per cent passing. 161

5. Voids Fraction and Specific Gravity of Cover Aggregate

In this paper the design requirements for quantities of cover aggre-
gates to be applied per square yard for a seal coat or surface treat-
ment are based on the ASTM bulk specific gravity of the cover stone,
and on the fraction of voids in its loose weight condition.

The ASTM bulk specific gravity G of a cover aggregate can be de-
termined by ASTM C 127 for the corase aggregate fraction, and by
ASTM C 128 for the fine aggregate portion. If a cover aggregate must
be used for which the ASTM bulk specific gravity is not known, a list
of aggregates of different mineralogical compositions and their corre-
sponding ASTM bulk specific gravities is provided in Table V.

The fraction of voids V in a cover aggregate on a loose weight
basis requires that the loose weight of a sample of the aggregate be
measured by means of ASTM C 29, and it is then calculated on the
basis of the following equation:

1. W
V=1-%46 (2]
where

V = fraction of voids in the cover stone in its loose weight
condition
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W = weight of cover stone in its loose weight condition as meas-
ured by ASTM C 29
G = ASTM bulk specific gravity of the cover aggregate

For example, if the loose welght W of a sample of cover aggregate
is 96 pounds per cubic foot, and if its ASTM bulk specific gravity is
2.66, the fraction of voids V in the cover aggregate in its loose weight
condition is

R .- B -
V=1-Geereaa - L 0578 = 0.422

Table V. Typical Values for ASTM Bulk Specific
Gravities of Various Types of Aggregates

Aggregate Type ASTM Bulk Specific Gravity
Gravel 2.65
Limestone 2,70
Dolomite 2.70
Traprock 2.90
Granite 2.65
Gneis 2.70
Quartzite 2.70
Rhyolite 2.60

6. Influence of Cover Aggrepgate Size on Service Performance

From observations of the field performance of numerous surface
treatments and seal coats, it appears that successful service behaviour
more often results when large size cover aggregate rather than small
size is employed. As illustrated by Figures 16 and 17, this would seem
to be due to the larger safety factor in terms of gallons per square
yard or litres per square metre with regard to the application of either
too much or too little asphalt binder that the use of larger cover stone
provides. Added advantages associated with larger size cover aggre-
gate of acceptable quality are longer service life for a surface treat-
ment or seal coat, and the ability to carry higher traffic volumes.

The amount of asphalt binder to be applied should on the average
embed the cover stone particles to 70 per cent of their depth. Danger-
ous flushing or bleeding will occur if the quantity of asphalt binder em-
beds the cover stone to 100 per cent of its average thickness. Conse-
quently, the difference in asphalt quaniity per square yard between 70
per cent and 100 per cent average embedment of the cover aggregate
provides a measure of the factor of safety against applying too much
asphalt, On the other hand, serious loss of cover stone can be expected
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100% VOIDS FILLED 04692 GAL. OR OBE3US. GAL. BITUMEN/SQ, YD.
70% VGIDS FILLED Q-3281MP GAL.OR 0394 US. GAL. BITUMEN/SQ, YD,

DIFFERENCE Q141 MR GALOR 0-169US. GAL. BITUMEN/SQ.YD,

AVERAGE LEAST DIMENSION 1/2 IN.

100% VOIS FILLED O2341MP GAL. OR 0281 US. GAL. BITUMEN/SQ.YD.
TO% VODS FILLED 0184 1R GAL.OR Q-197 US. GAL. BITUMEN/SQ.YD,

Ql\VERAGE LEAST DIMENSION /4 IN,

Fig, 16, Illustrating that Surface Treatments or Seal Coats Made
with Larger Cover Aggregates Are Less Sensitive to Small
Variations in Bitumen Application Than When
Smaller Cover Aggregates Are Used.

163
if the quantity of asphalt binder applied embeds the cover stone to less
than 50 per cent of its average depth. Therefore, the difference in as-
phalt quantity per square yard between 70 per cent and 50 per cent em-
bedment of the cover aggregate provides a measure of the factor of

safety against applying too little asphalt binder.

For the larger cover stone illustrated in the top diagram of Figure
16, which has an Average Least Dimension of 0.5 inch, 70 per cent
average embedment of the cover stone requires a 0.394 US gallon per
square yard (0.328 Imperial gal/sq. yd.)(1.78 litres per square metre)
of asphalt binder, while 0.563 US gallon per square yard (0.469 Im-
perial gal/sq. yd.) (2.55 litres per square metre) would provide an
average embedment of 100 per cent. A measure of the margin of safety
against serious flushing or bleeding of the seal coat or surface treat-
ment in this case is given by the difference between 100 per cent and
70 per cent embedment, 0.563 - 0.394 = 0.169 US gallon per square
yard (0.141 Imperial gal/sq. yd.) (0.77 litre per square metre), Simi-
larly, the bottom diagram in Figure 16 shows that for a smaller aggre-
gate with an ALD of 0.25 inch, a measure of the margin of safety
against flushing or bleeding is given by 0.281 - 0.197 = 0.084 US gallon
per square yard (0.07 Imperial gal/sq. yd.) (0.38 litre per square
metre).

Figure 16 demonstrates therefore, that the margin of safety against
flushing or bleeding of a surface treatment or seal coat is very much
greater, 0.169 versus 0.084 US gallon per square yard, or about 1 /6
versus 1/12 US gallon per square yard (about 1/7 versus 1/14 Imperial
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gal/sq. yd.) (about 3/4 versus 3/8 litre per square metre), when the
larger size cover aggregate is employed.

For the small size cover aggregate illustrated by the diagram at
the top of Figure 17, with an ALD of 0.2 inch, 70 per cent embedment
of the cover stone requires 0.157 US gallon per square yard (0.131 Im-
perial gal/sq. yd.) (0.71 litre per square metre) of asphalt binder, while
50 per cent embedment needs 0.113 US gallon per square yard (0.094
Imperial gal/sq. yd.) (0.51 litre per square metre). A measure of the
margin of safety against loss of this particular cover stone is given by
the difference in the asphalt requirement for 70 per cent and for 50 per
cent embedment, 0.157 - 0.113 = 0.044 US gallon per square yard
(0.037 Imperial gal/sq. yd.) (0.20 litre per square metre). Similarly,
the sketch at the bottom of Figure 17 shows that for the much larger
cover stone with an ALD of 0.6 inch, the margin of safety against ser-
ious loss of cover aggregate is 0.472 - 0.337 = 0.135 US gallon per
square yard (0.112 Imperial gal/sq. yd.) (0.61 litre per square metre).

For the particular comparison illustrated in Figure 17 therefore,
the margin of safety against loss of cover stone because not enough as-
phalt binder has been applied is very much greater, 0.135 versus 0.044
US gallon per square yard, or about 1/7.5 versus 1/23 US gallon per

AVERAGE LEAST DIMENSION O-2°

70% VOIDS FILLED REQUIRES QI 31 IMPGAL. OR 0157 U.S GAL. BITUMEN/SQ.YD.
50% VOIDS FILLED REQUIRES Q-094IMP GAL.OR 0:113 US. GAL. BITUMEN/SQ.YD.

DIFFERENCE Q:037 IMP GAL.OR 0-044US. GAL.. BITUMEN/SQ.YD.

?/‘/—‘AVFIRAGE LEAST DIMENSION 0-4"

70% VOIDS FILLED REQUIRES 0262 IMP GAL.OR 0314 US. GAL. BITUMEN/SQ.YD.
50% VOIDS FILLED REQUIRES O-187 IMP GAL OR 0:224 US. GAL. BITUMEN/SQ.YD.

DIFFERENCE Q-075IMP GAL.OR Q-090U.S. GAL. BITUMEN/SQ.YD
— -3

AVERAGE LEAST DIMENSION 06"

70% VOIDS FILLED REQUIRES 0393 IMP GAL. OR 0472 US. GAL. BITUMEN/SQ.YD.
50% VOIDS FILLED REQUIRES 0281 IMP GAL.OR 0337 US. GAL.. BITUMEN/SQ.YD.

DIFFERENCE Q-112 IMP GAL.OR Q-1 35 US. GAL. BITUMEN/SQ.YD.

NOTE. VvOIDS BETWEEN COVER AGGREGATE PARTICLES ASSUMED TO BE
20 PER GENT IN ALL CASES

Fig. 17. Influence of Cover Aggregate Size on the Critical
Range of Bitumen Quantity Required for a Seal Coat
or Surface Treatment.
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square yard (about 1/9 versug 1/27 Imperial gal/sq. yd.) (about 3/5
versus 1/5 litre per square metre), in favour of the larger size cover
stone.

Consequently, Figures 16 and 17 demonstrate that the margin of
safety against flushing or bleeding caused by the application of too much
asphalt binder, or against loss of cover stone resulting from not apply-
ing enough binder, is very much greater for large size than for small
size cover stone. On a percentage basis, the margins of safety illus-
trated in Figures 16 and 17 against applying either too much or too little
asphalt binder are the same both for large size and for small size cover
aggregate. However, the amount of play, backlash, or irregularity of
operation in the various parts of an asphalt distributor that is in poor
mechanical condition, and that may be badly worn, improperly adjusted,
carelessly operated, etc., may introduce variations into the quantity of
bitumen being applied that do not occur on a percentage basis.

Incidentally, Figures 16 and 17 also demonstrate the need for cali-
brating and frequently checking asphalt distributors so that the quantity
of asphalt binder being applied per square yard is known precisely. For
example, the top diagram of Figure 17, which pertains to 3/8 inch cover
stone, demonstrates that unless the quantity of asphalt binder being
sprayed is known within 1/23 US gallon per square yard (1/27 Imperial
gal/sq. yd.) (1/5 litre per square metre), serious loss of cover aggre-
gate could occur due to not enough asphalt binder being applied. This
could easily happen if the distributor was thought to be applying 0.157
US gallon per square yard (0.131 Imperial gal/sq. yd.) (0.71 litre per
square metre), but was actually applying less than 0.113 US gallon per
square yard (0.094 Imperial gal/sq. yd.) (0.51 litre per square metre)
needed for a minimum average cover aggregate embedment of at least
50 per cent. How many asphalt distributors can actually apply asphalt
binder uniformly and consistently within 1/23 US gallon per square yard
(1/27 Imperial gal/sq. yd.) (1/5 litre per square metre) of the quantity
that good design has specified? Consequently, Figures 16 and 17 em-
phasize the fact that in addition to the care taken when designing the
quantity of asphalt binder to be applied, it is equally important for the
asphalt distributor to be in good mechanical condition, and that it be
operated to apply accurately and uniformly the quantity of asphalt binder
per unit of area called for by the design procedure being employed.
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7. Adhesion between Cover Aggregate and Asphalt Binder

The development of rapid adhesion between cover aggregate and as-
phalt binder depends very largely on the degree of fluidity of the binder
when the cover aggregate is applied. Good adhesion will develop very
slowly if the asphalt binder is too hard or too viscous. Nevertheless,
assuming that the asphalt binder is of the proper viscosity, to be rapidly
wetted by the binder, and to develop fast adhesion, the cover stone
should be free from dust or dirt, it should be dry (except when the binder
is an asphalt emulsion), and it should not be markedly hydrophilic.
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Every effort should be made therefore, to have the aggregate as clean
as possible, by washing it, if necessary.

The development of rapid adhesion between the cover aggregate and
the asphalt binder can be accelerated by precoating the aggregate. The
National Roads Board of New Zealand requires all cover aggregate
used for surface treatments and seal coats on state roads to be pre-
coated. Before precoating, the cover stone must be washed to remove
dust and dirt. Since coal tar is plentiful, precoating of the cover stone
is achieved by mixing it with from one to one and one-half gallons of
light coal tar per cubic yard. The cover stone may be passed through a
drier and then into a pugmill where the coal tar is added. Alternatively,
the cover stone is sprayed with coal tar as it passes through a loading
chute into the truck. Elsewhere, precoating may consist of coating the
cover aggregate with about one per cent by weight of MC 30 (MC 0) or
MC 70 (MC 1).

Figures 18 and 19 illustrate precoating cover aggregate with diesel
fuel oil in Australia. The workman in the foreground in Figure 18 is
operating a hand pump to transfer diesel fuel oil from the drum to the
spray nozzle being directed by the second workman onto the aggregate
being lifted from the stockpile by a bucket elevator, Figure 19. This
operation could be mechanized. In going through the trommel screen
on the way to the truck, fine material is removed, and the diesel fuel oil
is distributed more evenly over the surface of the cover aggregate.

Fig. 18, Victoria, Australia. Precoating Cover Aggregate
with Diesel Fuel Oil as It Is Being Lifted from
Stockpile to Haulage Truck.
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Fig. 19. Victoria, Australia. Stockpiled Cover Aggregate Is Sprayed
with Diesel Fuel Oil as It Is Lifted by Bucket Elevator to
Trommel Screen on Way to Haulage Truck. Trommel
Screen Assists in Coating the Aggregate Particles
with Fuel Oil, and Screens Out Any Fine Material.
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From 0.5 to 2.5 gallons of diesel fuel 0il are applied per cubic yard of
aggregate. The quantity of diesel fuel 0il coating on each stone particle
should dampen it, but there should be no tendency for fluid to drip from
any particle. The cover aggregate should preferably be applied the
same day that it is precoated.

Because it promotes the development of rapid wetting and good ad-
hesion, precoating of the cover aggregate enables successful surface
treatments and seal coats to be constructed with more viscous asphalt
binders, and under less favourable conditions than when the cover stone
is not precoated.

8. Selection of Cover Aggregate

Any cover aggregate size that is listed in Tables I or II may be used
for a surface treatment or seal coat. However, the size selected should
be related to the conditions expected at the project site, such as:

(a) The nature and type of asphalt binder to be used. For example,
if only a very fluid asphalt binder is available, the cover stone size
should ordinarily not exceed 3/8 or 1/2 inch,

(b) Nature and volume of traffic anticipated. Larger size cover
stone may be specified for higher traffic volumes.

(c) Nature and condition of the existing surface. If the base or
existing surface is soft or weak, large size cover stone may be partly
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forced into it by a roller or traffic, and should therefore normally be
avoided.

{(d) Type of treatment, single or multiple application. While only
one aggregate size is selected for a single application seal coat or sur-
face treatment, at least two aggregate sizes are ordinarily required
for multiple application construction,

B. ASPHALT BINDER

1. Residual Asphalt

The asphalt binder may consist of an asphalt cement, an asphalt
emulsion, or a liquid asphalt. Like many others, the author has ob-
served that regardless of which of these three types of asphalt binder
is used, in successful surface treatments and seal coats the average
degree of embedment of the cover aggregate particles in the residual
asphalt is about 70 per cent. The gradual rise of asphalt binder around
cover aggregate particles is illustrated in Figure 20, which demon-
strates that after a substantial amount of warm weather traffic, the

Qe

(0) DEPTH OF ASPHALT BINDER JUST BEFORE COVER
AGGREGATE 1S APPLIED.

(b) DEPTH OF ASPHALT BINDER JUST AFTER OOVER
AGGREGATE HAS BEEN APPLIED.

(C) DEPTH OF ASPHALT BINDER JUST AFTER ROLLING
HAS BEEN COMPLETED.

CIL X ¥ KV 3y

(d) DEPTH OF ASPHALT BINDER AFTER CONSIDERABLE
TRAFFIC.

Fig. 20. Illustrating Gradually Increasing Depth of
Asphalt Binder between Initial and Final Stages
of a Seal Coat or Surface Treatment.
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depth of the asphalt binder is from four to six times its thickness im-
miediately before the cover stone is applied. Consequently, in agree-
ment with the Country Roads Board (7), British Road Research Labora-
tory (8), Idaho Department of Highways (9), Kerr (10), Hanson (6),
Tagle (11), Nevitt (12), Kearby (13), Winnitoy (14), and Benson (4), the
author recommends that the design of a surface treatment or seal coat
should be based on the residual asphalt content of the asphalt binder.
This means that when determining the quantity of an asphalt binder to
be applied, allowance must be made for the solvent content of liquid
asphalts, and for the water content of asphalt emulsions and also their
solvent content, if any. The fraction of residual asphalt “R” in any
liquid asphalt binder is the fraction of the residue from distillation to
680 F, and in any asphalt emulsion is the fraction of the residue from
distillation to 500 F. For asphalt cements, “R” = 1.0. When this in-
formation is not available for any particular asphalt binder being used,
representative values for “R” for a wide range of asphalt binders are
given in Table VI.

Table VI. Average Values for Fraction “R” of Residual Asphalt (by Volume)
Contained in Asphalt Binders Used for Surface Treatments and Seal Coats

Asphalt Fraction of
Binder Residual Asphalt "R"
by Volume
169

Asphalt Cements 1.00
Liquid Asphalts

RC 3000 0.87

RC 800 0.84

RC 250 0.79

RC 70 0.71

RC 3 0.87

RC 4 0.85

RC 3 0.82

RC 2 G.78

RC 1 0.73

RC 0 0.62
Asphalc Enulsions

RS 3k 0.69

&S 2K 0.63

RS 2 C 0.65

RS 1 0.58

2. Asphalt Application Temperatures

For successful seal coat and surface treatment construction, it is
important that the asphalt binder in the distributor be at a sufficiently
high temperature to fan out properly from the spray nozzles. Spraying
asphalt binder that is too cold is a common cause of streaking in a
finished surface treatment or seal coat, becauseé the spray nozzles are
unable to apply the asphalt binder uniformly inch by inch across the
road surface.

Recommended spraying temperatures for asphalt emulsion grades
used for seal coats and surface treatments are as follows:
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Asphalt Emulsion Recommended Temperature
Grade for Spraying
RS-1 75 to 130 F
RS-2 110 to 160 F (i180)
CRS-1 (Rs 2xi) 75 t0 130 F
CRS-2 (RS 3x1) 110 to 160 F (180)

Spraying temperatures that are recommended for liquid asphalts
and asphalt cements can be read from the viscosity-temperature chart
of Figure 21 for these materials. Figure 21 provides viscosity versus
temperature curves for the recently adopted grades RC 70, 250, 800
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Fig. 21, Illustrating the Viscosity Limits for Liquid Asphalt
Grades, with Recommended Viscosity Range for Spraying
for Seal Coat and Surface Treatment Construction.

and 3000, and similar information for the older designations RC 0, 1, 2,
3, 4, and 5, which are still in use in many countries. The spraying
temperatures recommended in Figure 21 correspond to a range of vis-
cosity from 20 to 100 centistokes (10 to 50 seconds Saybolt Furol). If
50 centistokes is selected as the optimum viscosity for spraying, Fig-
ure 21 indicates that the spraying temperature for RC 800 for example,
is 255 F, while for RC 2, it shows that the spraying temperature
should be 210 F,

In hot climates, asphalt cements ranging in penetration at 77 F
from 85/100 to 200/300, are used successfully as binders. The asphalt
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supplier can provide the temperature viscosity curves for these asphalt
cements. For asphalt cement No, 2 for example, if 50 centistokes is
selected as the spraying viscosity, Figure 21 indicates that the corre-
sponding spraying temperature should be 355 F.

3. Volume of Asphalt Binder at Its Spraying Temperature

The quantity of asphalt binder that is calculated for use when de-
signing a seal coat or surface treatment, is based upon its volume
measured at 60 F. However, as already indicated, spraying tempera-
tures may range from 75 F to more than 350 F. Like most materials,
asphalt binders expand when heated, and to control the quantities being
applied during construction, measurements of asphalt binder must be
made in the distributor at the spraying temperature. Depending upon
their specific gravities, and the temperature, the coefficients of ex-
pansion of asphalt materials range from 0.00035 to 0.00045 per F over
the range of construction and service temperatures to which they are
normally subjected. For asphalt emulsions, the coefficient of expan-
sion is about 0.00025 per F.

ASTM Designation D 1250 provides comprehensive tables of volume
corrections to be made due to coefficients of expansion, when the tem-
perature of petroleum products is other than 60 F. Figure 22 has been
prepared from the data in these tables. Figure 22 indicates by how
much a given volume of asphalt binder at 60 F changes in volume when
it is heated or cooled to some other temperature within the range of 0
to 500 F. The three curves in Figure 22 illustrate these volume
changes for three different groups of asphalt binders. Line (1) pertains
to asphalt binders with specific gravities within the range of 0.850 to
0.966 (Group 1), which would usually be the lower viscosity liquid as-
phalt grades such as RC 70 or RC 250 (RC 1 or RC 2). Line (2) is em-
ployed for asphalt binders, usually asphalt cements and the more vis-
cous grades of liquid asphalts having specific gravities higher than
0.966 (Group 0). Line (3) provides temperature volume corrections for
asphalt emulsions.

Suppose for example, that the specified rate of application of an as-
phalt binder at 60 F is 0.28 gallon per square yard, and that Figure 21
indicates that the application temperature should be 250 ¥. If the
specific gravity of the asphalt binder at 60 F is higher than 0.966, Line
(2) in Figure 22 shows that one gallon of asphalt at 60 F expands to
1.07 gallon at 250 F, which is a volume increase of seven per cent.
Therefore, the required rate of application at 250 F is (0.28) (1.07) =
0.30 gallon per square yard.

4, Selecting the Asphalt Binder

For the particular conditions associated with each surface treat-
ment or seal coat project, the asphalt binder should be selected to
satisfy the following two basic requirements:

(a) It must be fluid enough at the road surface temperature to
rapidly wet the particles of cover stone as soon as they are spread

171
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Fig. 22. Influence of Temperature on Volume Change

567

over it, and thereby promote fast initial adhesion between the cover ag-
gregate and the binder. When the binder is selected with this degree of
fluidity in mind, it will also ordinarily establish a firm bond to any

(b) Immediately after construction, the asphalt binder should be
viscous enough to cement the cover stone so tenaciously to the road
surface, that the stone particles are not dislodged by passing vehicles
when the new seal coat or surface treatment is opened to traffic.

It is obvious that these two basic requirements are completely op-
posite to each other, the first requiring a fluid, the second a viscous
material. Consequently, a compromise must be made, and with actual
job conditions always in mind, the asphalt binder selected should be
fluid enough to provide for satisfactory wetting, and the development of
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rapid initial adhesion between the cover aggregate and the binder, but
viscous enough for good aggregate retention when traffic begins to use
the finished surface treatment or seal coat.

The selection of the asphalt binder should also be influenced by the
road surface temperature, by the size of the cover aggregate, and by
the climate of the region. Regardless of its spraying temperature, the
asphalt binder chills to the road surface temperature within two min-
utes after application (15, 16). In cool weather therefore, a more fluid
asphalt binder should be selected, for example RC 250 (RC 2) instead
of the RC 800 (RC 4) that may have been employed in warm weather, if
rapid adhesion is to be developed between the binder and the cover
stone. Consequently, it is usually wrong to insist that a single asphalt
binder, for example, 150/200 penetration, or RS-2, or RC 800, must
always be employed for a seal coat or surface treatment regardless of
job circumstances. Nevertheless, this is sometimes done. When all
other conditions are the same, experience has demonstrated that large
size cover stone requires the application of a more viscous asphalt
binder to hold it in place against the dislodging tendency of traffic im-
mediately after construction, than small size cover aggregate. Prob-
ably because of the higher daily temperatures and longer period of hot
weather, for the same size of cover aggregate, a more viscous asphalt
binder can be specified in a hot climate for the same road surface tem-
perature than in a temperate or colder climate.

With all these factors in mind, the selection of liguid asphalt and
asphalt cement binders for a wide range of conditions is summarized
in Figures 23, 24, 25, and 26 both for cooler and for hot climates. The
basis for Figures 23 to 26 has been discussed elsewhere (1). In each
of these four figures, the ordinate represents viscosity of the binder,
and the abscissa, road surface temperature. A rough correlation be-"
tween ambient air temperature on sunny days and road surface temper-
ature is also indicated, but the basic relationship illustrated in these
four figures is in terms of road surface temperature which can be
easily measured with suitable thermometers. The diagonal lines from
upper left to lower right on each figure are viscosity versus road sur-
face temperature curves for the grades of asphalt binder indicated.
The horizontal lines on each figure represent different nominal sizes
of cover stone. Figures 23 and 24 are based on rapid curing liquid as-
phalt grades RC 0 to RC 5, while Figures 25 and 26 are based on the
corresponding new designations RC 70 to RC 3000. Figures 23 and 25
are for use in cooler climates like those of the Northern United States,
Canada and Western Europe north of the Alps Mountains. Figures 24
and 26 are intended to be employed in tropical or sub-tropical climates
like the Southern Unifed States, and Australia. Similar charts could be
prepared for intermediate climates, or for the special climatic condi-
tions of certain regions. )

It is very easy to use Figures 23, 24, 25, and 26 for the selection
of the correct grade of asphalt binder. Suppose for example, that in
one of the Northern States or Canada, the size of cover stone to be used
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Fig. 23. Influence of Road Surface Temperatures and Size of
Cover Aggregate on Selection of Bituminous Binder for
Surface Treatments or Seal Coats in Cooler Climates.

Old Liquid Asphalt Designations.

is 1/2 inch (Aggregate G from Table I), and that the road surface tem-
perature is 110 F. What grade of asphalt binder should be selected?
Enter the bottom of Figure 25 at a road surface temperature of 110 F,
and proceed vertically upward to intersect with the horizontal line
labelled “3/8 or 1/2 inch cover aggregate”. The nearest diagonal line
to this point of intersection is the viscosity temperature curve for RC
800. Consequently, the grade of asphalt binder to be selected is RC
800. Employing a similar procedure with Figure 23 indicates that RC
4 would be selected.

Figures 24 and 26 show that for the same conditions in a tropical or
sub-tropical climate, a grade of asphalt cement having the viscosity
temperature characteristics of Line (3) should be selected.

Figures 23 to 26 indicate that when other conditions are equal, the
grade of asphalt binder to be selected should vary with the road surface
temperature. In North America, and in other parts of the world where
the asphalt binders used are all made at refineries, it would of course
be impossible as a practical construction operation to vary the grade of
asphalt binder being applied with the change in road surface tempera-
ture hour by hour during the day. However, at the very least, Figures
23 to 26 emphasize that harder grades of asphalt binder should be used
in warm or hot weather, and softer grades in cold weather.

Text 8
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The need for an asphalt binder with sufficient fluidity to develop
rapid adhesion to the cover stone as soon as it is applied, but with much
higher viscosity to retain the cover stone when the finished job is
opened to traffic, is quite effectively satisfied by the use of rapid set-
ting, RS, asphalt emulsions, and by the use of rapid curing, RC, liquid
asphalts. An RC liquid asphalt grade that is just fluid enough to pro-
vide fast and adequate adhesion to the cover stone, normally loses
much of its gasoline solvent by evaporation during the construction
period. This results in the substantial increase in viscosity required
to retain the cover stone when controlled traffic begins to travel over
the newly completed surface treatment or seal coat. RS asphalt emul-
sions perform in a somewhat similar manner. They are normally
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Fig, 24. Influence of Road Surface Temperatures and Size of
Cover Aggregate on Selection of Bituminous Binder for
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sufficiently fluid when applied to develop fast initial adhesion to the
cover stone. By partially breaking during construction operations, they
become much more viscous, and they have usually developed satisfac-
tory aggregate retention when construction is complete and controlled
traffic is permitted.

The necessary compromise between the two opposite requirements
for an asphalt binder must be considered with particular care when the
binder selected is an asphalt cement, since its viscosity at any given
road surface temperature can be expected to change very little between
the beginning and the end of the construction period. An asphalt cement
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contains neither solvent nor water that it can lose. Consequently, a
soft asphalt cement may be selected that is fluid enough to develop
rapid initial adhesion to the cover aggregate, but is not sufficiently
viscous to retain the cover aggregate when the finished surface treat-
ment or seal coat is opened to traffic, or vice versa. The former set
of conditions is more likely to occur in the hottest weather, and the
latter in cool or cold weather. When an attempt is made to employ as-
phalt cement binders in cooler climates, Figures 23 and 25, or under
cool weather conditions in hot climates, there is usually a tendency to
select asphalt cements that are viscous enough for good aggregate re~
tention, but that are not sufficiently fluid to wet a large area of each
aggregate particle quickly, and thereby develop fast and adequate ad-
hesion to the cover stone immediately after it has been spread. When-
ever this poor wetting or adhesion occurs, much of the cover aggregate
may be removed by vehicles as soon as traffic is permitted when con-
struction is complete.

When using asphalt emulsion binders, the lower viscosity RS-1 and
CRS-1 are usually selected for the smaller sizes of cover aggregate.
RS-2 and CRS-2 grades are normally chosen when the cover aggregate
is 3/8 inch and larger.
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Fig. 25. Influence of Road Surface Temperatures and Size of
Cover Aggregate on Selection of Bituminous Binder for
Surface Treatments and Seal Coats in Cooler Climates.

New Liquid Asphalt Designations.
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Fig. 26. Influence of Road Surface Temperatures and Size of
Cover Aggregate on Selection of Bituminous Binder for
Surface Treatments or Seal Coats in Hotter Climates.
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RS-1 and RS-2 asphalt emulsions are anionic, while CRS-1 and
CRS-2 are cationic. Cationic emulsions are considered to be more ef-
fective for use under difficult conditions such as cool, damp weather.

5. Influence of Traffic Volume on the Quantity of
Asphalt Binder to be Applied

The quantity of asphalt binder to be applied for a seal coat or sur-
face treatment is affected very substantially by the traffic volume it is
expected to carry. Much less asphalt binder should be applied when
the traffic volume is high than when it is low. This is because the void
space between the cover aggregate particles becomes less under high
than under low traffic volumes.

From his investigations, Hanson (6) concluded that the optimum as-
phalt application for a seal coat or surface treatment should fill 70 per
cent of the ultimate void space between the cover aggregate particles.
The ultimate void space is the minimum void space between the cover
aggregate particles in a surface treatment or seal coat that eventually
results from exposure to the volume of traffic being carried. On the
average therefore, at the optimum asphalt content, the cover aggregate
particles should u1t1mate1y be embedded for 0.7 of their depth.

Experience of both the National Roads Board of New Zealand (17),
and of the Australian State Road Authorities (5), has been that the ulti-
mate per cent of voids between the particles of cover stone varies with
the traffic volume. Therefore, the asphalt application required to pro-
vide the optimum embedment of the cover aggregate in residual asphalt
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at all tim 285, could be obtained by multiplying the ultimate void space
associated with each traffic volume by 0.7.

However, the Country Roads Board prefers to assume that the theo-
retical void space between the cover aggregate particles remains con-
stant at 20 per cent. Based on many years of experience, to determine
the optimum residual asphalt contents for seal coats or surface treat-
ments for different traffic volumes, they multiply this assumed con-
stant ultimate void space of 20 per cent by the appropriate Traffic Fac-
tor “T” in Table VII, to provide 0.7 embedment of the cover aggregate
in all cases.

Table VII. Values of Traffic Factor ®T* for Surface Treatments and Seal Coats

Values of Traffic Factor “T"

Traffic Volume - Vehicles per day

Cover
Aggregate
Under 160 500 1060 sbove
100 to to to 2000
300 1000 2000
Recognized good types of
angular cover aggregates 0.85 0.75 0.7 0.65 0.60

KOTE: For rounded cover aggregates, the values
of the Traffic Factor "T" given above
ghould in each case be increased by 0.05.
For exsmple, for & traffic volume of 100
to 500 vehicles per day, the Traffic
Factor "I" given above for anguler cover
aggregate is 0.75, but it would become
0.75 + 0.05 = 0.80 if rounded cover
aggregate were to be used.

6. Other Factors That Influence the Asphalt Binder Requirement

Two other factors that influence the quantity of asphalt binder to be
applied for a surface treatment or seal coat are:

(a) The quantity of asphalt binder that is lost by absorption into the
cover aggregate

(b) the quantity of asphalt binder that is lost in the texture of the
surface to which it is applied.

The amount of asphalt binder absorbed by most normal cover ag-
gregates is so small, that the correction, A, to allow for it, is normally
neglected when determining the total quantity of asphalt binder to be ap-
plied for a surface treatment or seal coat. In the case of cover stone
that is known to be quite absorptive, the Country Roads Board increases
the asphalt binder application by 0.03 US gallon per square yard, (0.025
Imperial gal/sq. yd.) (0.136 litre/sq. metre). This amounts to an as-
phalt absorption of about one per cent and two per cent by weight for
3/4 inch and 3/8 inch cover stone particles, respectively.

When cover stone that is likely to be unusually absorptive must be
used, such as certain limestones, volcanic pumice, and some expanded
shale light weight aggregates, their asphalt absorption values should be
checked by Rice’s vacuum saturation method, ASTM D 2041. To reduce
or eliminate their absorption after application as cover stone, these
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highly absorptive aggregates may be first dried by heating, cooled to
from 150 to 200 F, and then thoroughly and uniformly coated in a pug-
mill with from one to two per cent of MC 70 (MC 1) or MC 250 (MC 2)
liquid asphalt. The quantity of MC 70 (MC 1) or MC 250 (MC 2) em-
ployed should not prevent the precoated aggregate from flowing freely
when applied by mechanical cover aggregate spreaders. This precoat-
ing of the cover stone will also contribute greatly to the development of
fast initial adhesion between the cover aggregate and the asphalt binder.
A correction 8 in gallons per square yard, Table VI, must be
added to the quantity of asphalt binder applied for a surface treatment
or seal coat because of the texture of the existing surface. Depending
upon the texture and nature of the existing surface, as indicated by
Table VIII, it may be rated black, smooth, or hungry, and the corre-
sponding asphalt binder correction may be negative, nil, or positive,

Table VIII. Correction “S* to the Asphalt Binder Requirement Due
to the Textural Rating of an Existing Surface

Textural Rating Required correuggi;?;:f:s:ﬁz?iu Binder Requirement
of Existing Surface
v.S. gal/ Imp. gal/
Operation 8q.yd. 8q.yd. Litrve/sq.m.

Black Subtract up to 0.06 |up to 0.05 up to 0.272 179

Smooth Nil Nil Nil Nil

Hungry lh Add 0.03 0.025 0.136

Hungry 2h Add 0.06 0.05 0.272
i Hungry 3h Add 0.09 0.075 0.408
|

respectively. An existing surface that is rated “smooth” is one that is
firm and smooth into which no asphalt binder will be lost, and which
contains no excess of binder. Therefore, the correction S is nil. If an
existing surface is flushed or bleeding, a correction S of up to 0.06 US
gallon per square yard (0.05 Imperial gal/sq. yd.) (0.272 litre/sq.
metre), is subtracted from the asphalt requirement for a “smooth” sur-
face. If the existing surface is rated “hungry,” it may receive a rating
of 1h, 2h, or 3h, depending upon the estimate of the loss of asphalt
binder into the surface texture. As indicated by Table VIII, if the exist-
ing surface is rated 1h, 2h, or 3h, the correction S of 0.03, 0.06, or
0.09 US gallon per square yard (0.025, 0.05, or 0.075 Imperial gal/sq.
yd.) (0.136, 0.272, or 0.408 litre/sq. metre), respectively, is added to
the normal asphalt binder requirement.

An existing bituminous surface that is to be seal coated should be
carefully examined in the wheel paths when its degree of textural rough-
ness is being estimated. Furthermore, the hunger rating 1h, 2h, or 3h,
assessed to an existing surface should be influenced by the size of the
cover aggregate to be employed for the seal coat. Because large 3/4
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inch cover stone particles would tend to remain on the top of any exist-
ing surface texture, an existing surface might require a textural rating
of 3h. On the other hand, if 3/8 inch cover stone were to be used, many
of the particles might nestle into the voids in the textural roughness of
the surface, and with this smaller size cover aggregate the hunger
rating would be only 2h and even 1h,

Attempts have been made to develop quantitative methods for meas-
uring the textural roughness of a surface by means of oil, water, or
fine sand (11), (15). The reported degree of success with any of these
methods is so variable, that their value for general practice appears to
be questionable.

Any existing surface that is rated 2h or 3h is likely to have such a
variable surface texture, that the finished seal coat or surface treat-
ment may not be too successful. ¥For surfaces with these textural rat-
ings, it is strongly recommended that they be swept and thoroughly
cleaned, and then given a pretreatment consisting of about 0.1 gallon
per square yard (about 0.5 litre/sq. metre) of RC 70 (RC 1) liquid as-
phalt, or RS-1 or CRS-1 asphalt emulsion, covered with from six to ten
pounds per square yard of clean fine sand, and opened to traffic. The
sand should be periodically broomed back over the surface. This pre-
treatment should preferably be left under traffic for from several
weeks to one year. The rating of this surface will then ordinarily be
“smooth,” and experience has shown that a very successful seal coat
or surface treatment can then be applied.

When rating an existing surface for smoothness or roughness of
texture, and for degree of “hunger,” a very clear distinction must be
made between surface texture, and the porosity if any, of the surface
or pavement. Porosity refers to the internal void space in a pavement,
into which a substantial portion or even the whole of the asphalt binder
could be absorbed, leading to serious loss of the cover stone because
not enough binder is left on the surface to hold it in place. Relatively
new dense graded hot-mix or cold-mix asphalt surfaces constructed
either as complete pavements or as maintenance patches, are usually
quite porous even when they appear to be smooth and tight. The appli-
cation of a few drops of lubricating oil (taken if necessary from the
dipstick on the engine of an automobile), can be useful for identifying a
porous surface. If the oil remains on the surface, little or no harmful
porosity exists, and the normal allowance for the textural rating of the
surface, for example, 1h, 2h, etc., is the only correction (Table VII) to
the asphalt binder requirement that is needed. On the other hand, if
the oil is more or less completely absorbed into the surface within a
few minutes, it is evidence of sufficient porosity that a considerable
portion of an asphalt binder, particularly of the liquid asphalt type, ap-
plied for a surface treatment or seal coat, could be lost by absorption.
In this case, the surface should be given a pretreatment of about 0.1
gallon per square yard (about 0.5 litre/sq. metre) of RC 0 or RC 70
(RC 1) liquid asphalt, or of RS-1 or CRS-1 asphalt emulsion, covered
with from six to ten pounds per square yard of clean fine sand, and left
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to traffic for from several weeks to one year, with occasional broom-

ing of the sand back over the surface. This pretreatment will plug the
pores in the existing surface, its textural rating will then ordinarily be
smooth, and a seal coat or surface treatiment can then be successfully

applied.

VII. DESIGN OF SINGLE APPLICATION SURFACE
TREATMENTS AND SEAL COATS

K is the principal objective of any adequate method of design for
surface treatments or seal coats to obtain answers to each of the fol-
lowing six basic questions:

1. What type and size of cover aggregate is to be used?

2. How many pounds of cover aggregate should be applied per
square yard?

3. What type and grade of asphalt binder is to be selected?

4, What spraying temperature should be specified for the asphalt
binder ?

5. How much asphalt binder in gallons per square yard measured
at 60 F should be applied?

6. How much asphalt binder should be applied, measured in gallons
per square yard at the spraying temperature?

The first thorough investigation of the design of single application
surface treatments and seal coats was undertaken by Hanson (6), whose
studies were conducted in both the field and the laboratory. Hanson’s
principal findings were as follows:

1. Single application surface treatments and seal coats are essen-~
tially one-stone particle thick.

2. When cover aggregate is first applied during seal coat or sur-
face treatment construction, the cover stone particles occupy random
positions, and the voids between the aggregate particles are approxi-
mately 50 per cent, Figure 27.

3. During the rolling operation, the cover aggregate particles are
partly reoriented, and the void space between the stone particles at the
end of average rolling is approximately 30 per cent.

4, After considerable warm weather traffic, the particles of cover
stone become reoriented into their final positions, and the void space
between the particles is approximately 20 per cent, Figure 7.

5. Following substantial warm weather traffic, the cover stone
particles are lying on their flattest sides with their thinnest dimension
vertical, Figure 7. This means that the final average thickness of a
single application seal coat or surface treatment is given by the Aver-
age Least Dimension of the cover stone particles, Figure 7. A labora-
tory procedure for determining the Average Least Dimension of any
cover aggregate is provided in Appendix A.

6. The optimum asphalt application for a surface treatment or seal
coat should be just sufficient to fill the ultimate 20 per cent of void
space between the cover aggregate particles about two-thirds (70 per

181
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AGGREGATE
PARTICLES BITUMEN

AVERAGE LEAST DIMENSION

Fig. 27. Illustrating the Haphazard Positions of Cover
Aggregate Particles Immediately After Application
from a Stone Chip Spreader.

cent) with residual asphalt. That is, on the average each cover stone
particle is embedded in residual asphalt to about 70 per cent of its
thinnest dimension.

On the basis of many years of experience with Hanson’s method of
design, the Country Roads Board of Victoria, Australia has found that
the fraction “T” of the 20 per cent of ultimate void space assumed for
the cover aggregate, to be filled with residual asphalt, should vary with
the traffic volume anticipated, Table VII.

A. SINGLE APPLICATION DESIGN WITH ONE-SIZE AGGREGATE

1. Quantity of One-Size Cover Aggregate to be Applied per Square Yard

The design of single application seal coats and surface treatments
with one-size cover aggregate in New Zealand and Australia is based
on Hanson’s (6) findings (a) that the average thickness of a seal coat or
surface treatment is given by the Average Least Dimension of the cover
stone, and (b) that after substantial traffic, the voids between the cover
aggregate particles are 20 per cent. This means that after ultimate
compaction by traffic, the cover stone particles occupy 80 per cent of
the volume of a seal coat or surface treatment. Therefore, as has been
indicated elsewhere (18), the quantity of cover aggregate to be applied
as pounds per square yard -can be derived as follows, (basis of calcula-
tion is one square yard):
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C = (36‘>< 36 X 0.8H
- 1728

> 62.4GE [3]
which simplifies to
C = 37.4HGE

where

fl

number of pounds of cover aggregate to be applied per
square yard

Average Least Dimension of cover aggregate in inches
ASTM bulk specific gravity of the cover aggregate
wastage factor dve to per cent of cover stone lost due to
whip-off by traffic and to unevenness of spread, Table IX,

HOIZ O
o

As an example of ]  use of Equation [3], if the Average Least Di-
mension H of the cov- “tone is 0.27 inch, if its ASTM bulk specific
gravity G is 2.68, and if the anticipated loss of cover aggregate due to
whip-off by traffic is five per cent, the guantity of cover stone to be
applied is

Table IX. Cover Aggregate Wastage Factors 183

Per Cent Wastage
Allowed for Wastage Factor E

1.01
1.02
1.03
1.04
1.05
1.06
1.07
1.08
1.09
1.10

O @ N W B N e

e
- o

.11

-
»

.12

-
w

1

1
1.13
1.14
1.15
1
1
1
1
1

b
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.16
.17

~
@~

.18

-
w

.19
.20

N
o

L.

* Due to whip-off by traffic and to unevea zpplicatioi.
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o
!

= {37.4)(0.27){2.68)(1.05)

28.4 pounds per square yard.

2. Quantity of Asphalt Binder to be Applied per Square Yard

The quantity of asphalt binder measured at 60 F to be applied per
square yard can be derived as follows, (basis of calculation is one
square yard):

- (Bxiean)(Ty.sea 14

which simplifies to

_ LI22HT +85+4A

B R

where

B = total asphalt binder to be applied in US gallons per square
yard

H = Average Least Dimension of cover stone measured in
inches

T = traffic factor, which depends upon the anticipated traffic
volume, Table VII

R = fraction of residual asphalt in the asphalt binder selected,
Table VI

S = surface texture correction in US gallons per square yard
measured at 60 F, resulting from expected gain or loss of
asphalt binder due to the textural characteristics of the
existing surface, Table VIII

A = absorption correction in gallons per square yard measured
at 60 F due to loss of asphalt binder by absorption into the
particles of cover stone. With all but unusually absorptive
aggregates, this correction can be neglected. When neces-
sary, the Country Roads Board makes an aggregate absorp-
tion correction of 0.03 US gallon per square yard, (0.025
Imperial gal/sq. yd.) (0.136 litre/sq. metre).

For example, suppose the Average Least Dimension of the cover
aggregate is 0.27 inch, the anticipated traffic volume is 700 vehicles
per day, the fraction of residual asphalt in the asphalt binder is 80 per
cent, the textural rating of the existing surface is 1h and the cover
stone is relatively non-absorptive. Substituting in Equation [4] gives
1,122
(+22) (0.27)(0.7) + 0.03 + 0

0.

B = )

= 9—?-—16-%)&1 = (.30 US gallons per square yard,
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B. SINGLE APPLICATION DESIGN WITH GRADED
COVER AGGREGATE

When utilizing Equation [4] for determining the quantity of asphalt
binder to be applied for a seal coat or surface treatment, the author
has sometimes experienced difficulty because too much asphalt binder
has been applied and some flushing or bleeding has occurred. This has
been particularly true when using a graded cover aggregate, which is
ordinarily the only cover material available. This experience has led
to questioning the assumption that the ultimate void space between the
cover aggregate particles in a surface treatment or seal coat is always
approximately 20 per cent.

There does not appear to be any laboratory test that is capable of
duplicating the action of substantial warm weather traffic in orienting
cover aggregate particles into their positions of maximum density.
Consequently, if a correction to the assumed ultimate voids value of
20 per cent is to be made, it must be determined on the loose weight
basis.

The Country Roads Board establishes the amount of cover aggre-
gate to be applied as square yards per cubic yard (but equivalent to
Equation {3]), by assuming that in its loose condition as applied, the
voids between the aggregate particles are 50 per cent. During the past
few years, the author has measured the voids in a large number of both
one-size and graded cover aggregates in the loose weight condition by 185
means of ASTM C 29. As indicated by Tables III and IV, very seldom
are the voids in the loose weight condition exactly 50 per cent. Occa-
sionally they may be less than 40 per cent.

The assumption is made that if a cover aggregate with 50 per cent
voids in the loose weight condition, closes up under traffic to 20 per
cent voids as assumed by the Country Roads Board, then if for example,
the voids in a cover aggregate in the loose weight condition are only 40
per cent, the voids in the cover stone in a seal coat or surface treat-
ment after substantial warm weather traffic will be only 40/50 x 20 =
16 per cent,

It can be seen that when the ultimate voids in a cover aggregate are
only 16 per cent, if the asphalt binder to be applied is based on an as-
sumed 20 per cent of voids, Equation [4], twenty-five per cent
(20/16 x 100 = 125) too much asphalt binder will have been applied, and
serious flushing or bleeding could be expected. This is in agreement
with the author’s experience when calculating the quantity of asphalt
binder to be applied by means of Equation [4].

The fraction of voids V in a cover aggregate can be determined by
means of Equation [2] described in a previous section.

1. Quantity of Graded Cover Aggregate to be Applied per Square Yard

Introducing this correction due to the fraction of voids V in the
cover aggregate, leads to the following modification of Equation [3] for
determining the quantity of a graded cover aggregate to be applied per
square yard, (basis of calculation is one square yard):
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36 X 36 X (1 -(—)YEO.Z)H
C = 1738 62.4GE
_36x36x(1-04V)H
= 1728 62.4GE
which simplifies to
C = 46.8(1 - 0.4V)HGE [5]

where each symbol has the significance already defined for it.

For example, suppose the Average Least Dimension H of the graded
cover aggregate = 0.27 inch, the fraction of voids V = 0.4, the ASTM
bulk specific gravity G = 2.68, and E = 1.05, then

C

I

(46.8)(1 - 0.4 % 0.4)(0.27) (2.68) (1.05)

i

29.9 pounds per square yard.

Compared with the previous calculation, the voids correction has
increased the quantity of cover aggregate to be applied per square yard
by 29.9 - 28.4 = 1.5 pounds.

2. Quantity of Asphalt Binder to be Applied per Square Yard

The voids correction V results in the following modification of
Equation {4] for determining the quantity of asphalt binder to be applied
per square yard, (basis of calculation is one square yard):

(36><36><—Y~0.2H>
B - 0.5 (
731

R
_ (36><36><0.4VH> (11; +5+A
- 231 R

which simplifies to

B = 2.244HTX+S+A [6}
where each symbol has already been defined.

For example, if the Average Least Dimension of the cover aggre-
gate, H, is 0.27 inch, if the expected traffic volume is 700 vehicles per
day, if the voids fraction V is 0.4, if the fraction of residual asphalt in
the asphalt binder is 80 per cent, if the textural rating of the existing
surface is 1h, and if the cover stone is relatively non-absorptive, sub-
stituting the appropriate values in Equation [6] gives
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_ (2.244)(0.27)(0.7) (0.4) +0.03 + 0
0.8

_0.17+0.3
708

0.25 US gallon per square yard.

In comparison with the previous sample calculation, the voids cor-
rection has reduced the quantity of asphalt binder to be applied by
0.30 - 0.25 = 0.05 US gallon per square yard, a difference of 20 per
cent.

C. COMPARISON OF DESIGN EQUATIONS BASED ON ONE-SIZE
AND GRADED COVER AGGREGATES FOR SINGLE
APPLICATION SEAL COATS AND SURFACE TREATMENTS

Tt should be recognized that one-size cover aggregates, in which the
voids in the loose weight condition are 50 per cent, and to whic¢h Equa-
tions [3] and [4] therefore apply, are only a special category of graded
cover aggregates, which represent the general case. Since this is so,
it can be shown that when the fraction of voids V in a cover aggregate
is 0.5, Equation {3] giving the required quantity of one-size cover ag-
gregate per square yard, and Equation [4] providing the quantity of as-
phalt binder to be applied per square yard, can be easily derived from
Equations [5] and [6] respectively, which pertain to graded cover ag-
gregates.

When V = 0.5 is substituted in Equation [5] we have

C = 46.8(1 - 0.4V)HGE (5]

i

46.8(1 ~ 0.4 X 0.5) HGE

it

H

46.8(1 - 0.2) HGE

46.8(0.8) HGE

Hi

37.4 HGE (3]

Also, when V = 0.5 is substituted in Equation [6] it follows that

2,24 HVT + S+ A [6]
R

2.244 HT (0.5) + S+ A
R

1,122 HT+ S+ A
gt [4]

H
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Consequently, if the fraction of voids V = 0.5 is assumed or deter-
mined for one-size cover aggregate in the loose condition, use of
Equations [5] and [6] will result in exactly the same rates of applica-
tion of cover aggregate and asphalt binder respectively, as Equations
[3] and [4]. Whenever the rates of application of any given cover stone
and asphalt binder provided by Equations [5] and [6] are different than
those given by Equations [3] and [4] respectively, it is because the frac-
tion of voids V in the cover aggregate does not have a value of exactly
0.5 for the loose weight condition. Table III shows that the value of the
voids fraction V even in a one-size aggregate usually differs from 0.5.

It is clear therefore that Equations [5] and [6] are general equations
of design for single application surface treatments and seal coats.
Consequently, regardless of whether one-size or graded cover aggre-
gates are to be employed, the quantities of cover stone and of asphalt
binder to be applied per square yard, should be determined by means
of Equation [5] and [6] respectively.

D. OTHER UNITS OF MEASUREMENT FOR RATES OF
APPLICATION OF ASPHALT BINDER AND COVER STONE

For surface treatment and seal coat design, the unit of measure-
ment employed in this paper for quantity of cover stone to be spread is
pounds per square yard, and for the rate of application of asphalt
binder is US gallons per square yard. However, when applying cover
aggregate, other units of measurement than pounds per square yard are
used to express the quantity to be spread, for example, square yards
per cubic yard. In much of the world, liquid measure is expressed in
terms of Imperial gallons. Furthermore, over a large part of the
world, weights and volumes are measured in units of the metric
system.

Therefore, in Table X, equivalent equations are listed in terms of
several units of measurement that may be employed for the quantity of
cover stone to be applied on either a weight or volume basis per unit
of area, in both the English and Metric systems of measurement. In
Table XI, equivalent equations in both English and Metric units of
measurement are given for the volume of asphalt binder to be applied
per unit of area.

For the same design criteria, each of the equations in Table X re-
quires the same rate of application of cover stone, and identical rates
of application of asphalt binder are indicated by all equations in Table
XI.
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Table X. Equivalent Equations in Both English and Metric Systems of
Measurement for Total Quantity of Cover Aggregate to Be Applied
per Unit of Area for a Surface Treatment or Seal Coat

UNIT OF MEASUREMENT

EQUATION

ENGLISH SYSTEM (H measured in inches),

8Y WEIGHT

pounds per square yard

square yards per short ton (2000 pounds)

square yards per long ton (2240 pounds)

8Y VOLUME

cubic feet per square yard (loose weight)

square yards per cubic yard (loose weight)

METRIC SYSTEM (H meoasured in Millimetres)

BY WEIGHT

kilograms per square metre

BY VOLUME

litres per square metre (loose weight)

square metres per cubic metre (loose weight)

C =46.8 (1-0.4V) HGE
R

C=0.75(1-0.4v) HWE
-V

C= 42,74
{1-0.4V) HGE

OR
C= 2667 (1-V
1-0.4V) HWE

47.86
(1-0.4V) HGE

OR
C= 2987 (1-V)
(1-0.4V) HWE

C=075(1-0.4V) HE

C= 36(1-v
1-0.4V}) HE

C = (1-0.4V) HGE
R

O
C ={1-0.4v) HWE
C

-V
={1-0.4V)} HE
C=1000 (1-V}
~0.4V) H

Table XI. Equivalent Equations in Both English and Metric Systems of
Measurement for the Optimum Quantity of Asphalt Binder to Be
Applied per Unit of Area for a Seal Coat or Surface Treatment

UNIT OF MEASUREMENT

EQUATION

ENGLISH SYSTEM (H measured in_inches)

U.S. gallons per square yard

Imperial gallons per square yard

METRIC SYSTEM (H mecsured in Millimetres)

Litres per square metre

B=2.244 HIV + S3A
R

B=1.868 HIV + S+A
R

8=0.4 HTY +5+A
R
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E. SAMPLE CALCULATION FOR DETERMINING RATES
OF APPLICATION OF COVER AGGREGATE AND ASPHALT
BINDER FOR A SINGLE APPLICATION SURFACE
TREATMENT OR SEAL COAT

I. THE FOLLOWING CONDITIONS ARE ASSUMED
{a) Climate-—cool
(b) Traffic volume--800 vehicles per day
(c) Road surface temperature—70 F
(d) Textural rating of existing road surface—1h
(e) Properties of cover aggregate selected
(1) Nominal size—1/2 inch
(2) Size Number (Table II)—AASHO No. 7 (Figure 14)
(3) Median size—0.35
(4) Flakiness Index—9.5
(5) Average Least Dimension H—0.28
(6) ASTM bulk specific gravity G—2.67
(7) Dry loose weight W—91 pounds per cubic foot
. . 91
(8) Fraction of voids V =1 - 20 EeT) - 0.454
(9) Asphalt absorption A-—negligible
(10) Loss by whip-off, etc.—5 per cent
(11) Wastage factor E (Table IX)~1.05
II. THE FOLLOWING ITEMS OF INFORMATION ARE REQUIRED
(a) What grade of asphalt binder should be selected?
(b) What spraying temperature is recommended?
(c) How much asphalt binder measured at 60 F should be applied
per square yard?
(d) How much asphalt binder measured at the spraying tempera-
ture should be applied per square yard?
(e) What quantity of cover aggregate should be spread per square
yard?
. SOLUTION
(a) Figure 25, which is applicable to cooler climates like that of
the Northern USA and Canada, indicates that for 1/2 inch cover
aggregate and a road surface temperature of 70 F, if a liquid
asphalt binder is selected, the grade should be RC 250,
(b) From Figure 21, for an optimum spraying viscosity of 50 cen-
tistokes, the recommended spraying temperature for RC 250
is 215 F.
(c) The volume correction factor for RC 250 at 215 F, Figure 22,
Line (1), is 1.06.
(d) Fraction of residual asphalt R in RC 250, Table VI, is 0.79.
(e) Traffic Factor T for a volume of 800 vehicles per day, Table
VIO, is 0.7.
(f} Asphalt binder correction for a textural rating of 1h—add 0.03
US gallon per square yard.
(g) Asphalt binder correction A for loss of asphalt by absorption
into the cover stone--Nil.
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{(h) Total rate of application of RC 250 measured at 60 F; Equation
[6]:

_ (2.244)(0.28)(0.7)(0.454) + 0.03 + 0
0.79

_ 0.20+0.03

) = 0.29 US gallon per square yard

(i) Total rate of application of RC 250 measured at the spraying
temperature of 215 F:

= (0.29)(1.08) = 0.31 US gallon per square yard
(j) Rate of application of dry cover aggregate, Equation [5);

C = (46.8)(1 - 0.4 X 0.454)(0.28)(2.67)(1.05)

(46.8) (1 - 0.18)(0.28)(2.67) (1.05)

il

30.1 pounds per square yard.

THE SOLUTION CAN THEREFORE BE SUMMARIZED

AS FOLLOWS:

{a) Grade of asphalt binder to be used—RC 250

(b) Spraying temperature for RC 250--215 F

(c) Rate of application of RC 250 at 60 F—0.29 US gallon per

square yard

(d) Rate of application of RC 250 at spraying temperature of 215 F

--0.31 US gallon per square yard

(e) Rate of application of dry cover aggregate--30.1 pounds per

square yard.

Note: Table XII is a suggested data sheet that may be used for the
design of single application surface treatments and seal
coats, and it provides a more concise illustration of these
design calculations.

. USE OF ASPHALT EMULSION BINDER

If CRS-2 asphalt emulsion had been selected for this design
example, instead of RC 250, the design calculations would be very
similar to those just illustrated. For CRS-2 asphalt emulsion,
Table VI indicates that an average value for the fraction of resid-
ual asphalt R is 0.69. For a spraying temperature of 160 F, the
volume correction factor, Figure 22, Line (3), is 1.025. The fol-
lowing design summary would have been obtained:

(a) Grade of asphalt binder to be used—CRS-2
{b) Spraying temperature for CRS-2~160 F (max)
(c) Rate of application of CRS-2 asphalt emulsion measured at 60

F-0.33 US gallon per square yard

191



192

Compendium 12 Text

SEAL COAT DESIGN 587

Table XL Design Dats Shest. Por Determining Quantities of Asphalt Rinders
and Cover Aggregates for a Single Surface Treatment or Seal Coat

bate Report By
Project Chacked By
Location

A. Given Conditions

1. Traffic volume - 800 vehicles par day
2. Poead surface temperature - 70°F
3. Textural rating of existing surfece - 1h
4, Properties of cover aggregate selected:
() Nominal size - 1/2 {ach (b) Size number - No. 7
{(c) Median size - 0.35 inch (d) Flakiness Index - 8.5
(e) Average Least Dimension H - 0.28 (£) Weight 1b/cu.ft.(loose)w - 91
(8) ASTM bulk specific gravity G - 2.67 (h) Voids fraction V - G.454
(i) Asphalt absorption A - negligible (j) Expected loss by whip-off
(k) Wastage factor E (Table 9 - 1.05) percent - 5
B. Solution
5. Quantity of cover aggregate to be applied (Equation 5)
G = 46.8(1 - 0.4V)HGE = (46.8) (0.82)(0.28)(2.67)(1.05) = 30.1 pounds per sq.yd.
6. Grade of asphalt binder selected (Figure 23) - RC 250
7. BRecoumended spraying temperature (Figure 19) - 215°F
8. Residual asphalt factor R - 0.79
9. Traffic Factor T (Table 7) - 0.7
10. Surface textural correction 5 - &dd 0.03 US gallons/square yard
11. Quantity of RC 250 asphalt binder required at 60°F (Equation 6)

Bom 2.244 HIV + S + A o (2.244)(0.28)(0.7)(0.454) + 0.03 + 0
R 0.79
= 0.29 US gallons per square yard
12. Correction factor for RC BOO for spraying temperature of 235 F
(Figure 20) - 1.06
13. Quantity of RC 250 asphalt binder to be applied at 215°% = (0.29)(1.06)
0.31 US gallon/square yard.

C. Sumeary
(a) Cover aggregate selected - Size Number - No. 7 (1/2 inch).
(b) Quantity of cover aggregate to be applied - 30.1 1bs/sq.yd.
(c) Asphalt binder selected - RC 250
(d) Spraying temperature for RC 250 - 215°F
(e) Quantity of RC 250 at 60°F required - 0.29 US gallon/sq.yd.
(£) Quantity of RC 250 to be spplied at 215°F - 0.31 gallon/sq.yd.

(d) Rate of application of CRS-2 asphalt emulsion measured at a
spraying temperature of 160 F—0.34 US gallon per square yard

(e) Rate of application of dry cover aggregate—30.1 pounds per
square yard.

USE OF ASPHALT CEMENT BINDER
For the same design conditions, but in a hot climate, an as-

phalt cement of 150/200 penetration might be employed as the

binder. The spraying temperature is assumed to be 340 F for the

particular 150/200 penetration asphalt cement selected, and the

volume correction factor from Figure 22, Line (2) is 1.10. The

required calculations are similar to those already illustrated, and

they provide the following design summary:

(a) Grade of asphalt binder to be used—150/200 penetration asphalt
cement

(b) Spraying temperature for 150/200 penetration asphalt cement
-340 F.

(c) Rate of application of 150/200 penetration asphalt cement
measured at 60 F—0.23 US gallon per square yard

{(d) Rate of application of 150/200 penetration asphalt cement
measured at a spraying temperature of 340 F--0.25 US galion
per square yard.
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(e) Rate of application of dry cover aggregate~30.1 pounds per
square yard.
VII. COMPARISON OF MATERIAL REQUIREMENTS
PER SQUARE YARD

150/200 Penetration | RC 250 CRS-2
Materials Asphalt Liquid Asphalt
Cement Asphalt | Emulsion

Asphalt Binder, U.S.
gallons per square
yard at 60 F 0.23 0.29 0.33

Cover Aggregate, pounds
per square yard 30.1 30.1 30.1

F. MODIFICATION OF SINGLE APPLICATION SURFACE
TREATMENT AND SEAL COAT CONSTRUCTION TO
ELIMINATE WINDSHIELD AND VEHICLE DAMAGE
DUE TO FLYING PARTICLES OF COVER AGGREGATE

There are two serious criticisms of single application surface
treatments and seal coats as they are presently constructed. These
are:

1. The damage to windshields, headlights, and bodies of motor
vehicles that occurs due to the loose particles of cover stone that fast
traffic throws into the air for several days immediately after construc-
tion.

2. The shortness of the construction season. At least one month of
warm weather traffic is required to reorient the cover aggregate parti-
cles and firmly embed them in the asphalt binder before winter arrives.
In Canada, this means that no single application surface treatment or
seal coat should be constructed after the end of August.

Several years ago, one of our provincial departments of highways
is reported to have received claims for $300,000 for motor vehicle
damage, when several miles of single application seal coat were con-
structed on a main highway immediately before a July 1 and July 4 long
week-end, the dates of national holidays for Canada and the United
States, respectively. The criticism based on damage to motor vehicles
from flying particles of cover aggregate immediately after construction
is so serious, that seal coats are usually not even considered (in North
America) for resurfacing heavily travelled asphalt pavements.

The reason why cover aggregate particles are so susceptible to dis-
lodgment by fast traffic immediately after construction, is that assum-
ing the 30 per cent of voids in the cover stone immediately after rolling
as reported by Hanson (6), the aggregate particles are embedded less
than 50 per cent on the average, and the embedment of the largest par-
ticles of a graded cover aggregate may be only 25 per cent or less.
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This is quite obvious to anyone who examines the particles of cover
stone that end up on the road shoulder following single application seal
coat or surface treatment construction. Consequently, for some days
just after construction, the larger cover aggregate particles are easily
dislodged and thrown into the air by fast traffic, because of their low
degree of embedment in the asphalt binder.

There is a rather simple solution to this problem of damage to
motor vehicles due to flying cover stone particles. It involves applying
the asphalt binder for a single application seal coat or surface treat-
ment in two applications, with the cover stone being applied after the
first application. Since the second application is sprayed over the
cover aggregate, the cover stone particles are firmly cemented to the
road surface. Following the second application of asphalt binder would
be an application of clean sand or stone screenings just sufficient to
prevent the asphalt binder from sticking to the tires. By employing
this method of construction, the only flying particles at any time would
come from the sand, and these do not ordinarily cause any motor vehi-
cle damage.

By employing two applications of asphali binder for single surface
treatments or seal coats, the construction season is also lengthened
because the second application of asphalt binder cements the cover
stone particles to the road surface. It is not necessary to have one
month of warm weather traffic to enable the cover stone particles to
become reoriented and embedded 70 (hopefully) per cent of their depth
in asphalt binder on the average, before winter arrives.

For construction in warm weather, 60 per cent of the total asphalt
binder would be sprayed as the first application followed by the cover
aggregate, and 40 per cent of the asphalt binder would be applied for the
second application. After the end of August, or an equivalent period,
the first application would consist of 40 per cent of the total asphalt
required, followed by the cover aggregate, and 60 per cent of the as-
phalt would be sprayed for the second application. Because of the
limited amount of warm weather traffic after the end of August (in
Canada), a higher percentage of asphalt binder should be applied for the
second application to cement the cover stone to the road surface.

Since this in effect is a double surface treatment, designing for the
quantity of asphalt binder and cover stone to be applied will be de-
scribed in the next section under multiple surface treatments.

VIII. DESIGN OF MULTIPLE SURFACE TREATMENTS
AND SEAL COATS

Multiple surface treatments and seal coats consist of two, some-
times three, and occasionally four successive alternate applications of
asphalt binder and cover aggregate. For each successive layer, the
size of the cover stone should be one-half the size of the cover aggre-
gate employed for the immediately preceding layer. When larger
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sizes of cover aggregate are employed, the thickness of the surface
treatment or seal coat may approach or exceed one _ach.

The principal criticisms of single application surface treatments or
seal coats are (a) shortness of the construction season because of the
need for at least one month of warm weather traffic to provide ade-
quate embedment of the cover stone particles before winter arrives,
(b) the damage to motor vehicles from flying stone particles that oc-
curs for several days following construction, (c) the tire noise when
large size cover stone is used, and (d) loss of larger particles from
the surface when a graded cover aggregate is employed.

Each of these criticisms can be avoided by changing to a double or
other multiple surface treatment or seal coat. Because the largest
cover stone is used for the first layer, and because these large parti-
cles are firmly cemented to the road surface by the second application
of asphalt binder, only some of the smaller aggregate particles applied
for the second layer can be dislodged by fast traffic, and damage to
motor vehicles is minor or nil. Because the first layer of large size
cover stone is fastened securely to the road surface by the second ap-
plication of asphalt binder, there is no need for warm weather traffic
to obtain adequate embedment of the cover aggregate in the asphalt
binder. Therefore, the construction season can be lengthened substan-
tially. Since the smaller aggregate particles employed for the second
layer fill the large void spaces in the much larger cover aggregate in 195
the first layer, tire noise is effectively suppressed. Furthermore, the
normal loss of the largest particles of graded cover aggregate from a
single surface treatment or seal coat because of insufficient embed-
ment in the binder, is averted, because the second application of ag-
phalt cements them firmly into place. Consequently, multiple seal
coats or surface treatments should be considered:

(a) for heavier traffic volumes

(b) to provide a longer construction season

(c) to minimize broken windshields and other motor vehicle damage
from flying stone particles for several days following construction

(d) when graded cover aggregates must be used

(e) to eliminate tire noise

(f) for effective surface treatments over stabilized soil bases

(g) to facilitate street cleaning in urban areas

(h) when coarse aggregates are of inferior quality

(i) to provide better traction for vehicles on paved surfaces from
which snow and ice are not completely removed. The tips of the cover
stone particles projecting above a layer of compacted snow or ice pro-
mote improved traction,

The method of design for multiple surface treatments and seal coats
that is recommended in this paper, is based on the assumption that the
quantity of asphalt binder and cover aggregate required for each layer
of a muitiple surface treatment or seal coat is identical, with minor
adjustments, to the quantity of asphalt binder and cover aggregate that
would be applied if each layer were to serve as an isolated single
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application surface treatment or seal coat. On this basis, Equations [5]
and [6] that were developed for single application surface treatments
and seal coats can also be employed with slight modification for the
design of multiple surface treatments and seal coats.

This means, as indicated in the opening paragraph in the introduc-
tion to this paper, that the same equations can be employed for the
design of either single application or multiple application seal coats
and surface lreatments,

Methods for determining the quantities of asphalt binder and cover
aggregate to be applied for each layer of a multiple surface treatment
or seal coat have been published by ASTM (19), AASHO (20), Bureau of
Public Roads (21), Federal Aviation Agency (22), Country Roads Board
(7), (1), National Association of Australian State Road Authorities (5),
Tagle (11), Benson (4), and The Asphalt Institute (23). These methods
range from the purely empirical, which consist of tabulations of
recommended quantities for each layer arrived at from experience,
through semi-empirical, to theoretical procedures.

A careful investigation and comparison of these several methods
has shown that they do not agree among themselves, and that for some
of them the amount of cover stone required is too little, while the
quantity of asphalt binder stipulated is excessive. This investigation
has also shown that the quantities of cover aggregate and asphalt binder
indicated by Equations [5] and [6] respectively, for multiple surface
treatments and seal coats, approximate the averages of the quantities
of these two materials required by the above methods. However, the
design of multiple surface treatments and seal coats by means of
Equations [5] and [6] is somewhat unique, in that consideration is given
to each of the following important factors: gradation of cover aggre-
gate in each layer; reorientation of the cover aggregate ina surface
treatment or seal coat under traffic, and therefore recognition of the
need for determining each cover aggregate’s Average Least Dimension;
traffic volume to be carried; fraction of residual asphalt in the asphalt
binder; asphalt binder correction for the textural characteristics of the
surface to which the multiple surface treatment or seal coat is to be
applied; and correction for the loss, if any, of a portion of the asphalt
binder into the cover aggregate.

A. DESIGN ASSUMPTIONS FOR MULTIPLE SURFACE
TREATMENTS AND SEAL COATS

1. It is assumed that each successive layer of a multiple surface
treatment or seal coat will be built immediately after the preceding
layer has been constructed, with no traffic being permitted between
layers.

When a year or more of service is scheduled for the first layer of
a double surface treatment before the second layer is applied, the
double surface treatment becomes in effect two single surface treat-
ments insofar as both design and construction is concerned.
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Z. Each layer of a multiple surface treatment is assumed to be
one-stone particle thick.

3. For the first layer of a multiple surface treatment or seal coat,
the cover aggregate should preferably be one-size cover stone, Table
I, but graded cover aggregate with a limited amount of finer sizes,
Table II, may be employed for all layers.

4. The size of the cover aggregate selected for each layer of a
multiple surface treatment or seal coat should be approximately one-
half the size of the cover stone employed for the immediately preced-
ing layer. For example, if Aggregate E (3/4 inch one-size aggregate)
from Table I, or Aggregate No. 6 (3/4 inch to 3/8 inch graded aggre-
gate) from Table II, is selected for the first layer of a double surface
treatment, the cover aggregate for the second layer should be either
Aggregate H (3/8 to 1/4 inch one-size aggregate) from Table I, or Ag-
gregate No. 8 (3/8 inch to No. 8 graded aggregate) from Table IL.

5. The total quantities of asphalt binder and cover aggregate re-
quired for a multiple surface treatment or seal coat are obtained by
assuming (with some minor qualifications), that each layer is to be
designed as though it were an independent single application surface
treatment or seal coat.

6. The quantity of cover aggregate to be applied for the first layer
of a multiple surface treatment is to be calculated by Equation [5].

7. The quantity of cover aggregate required for the second layer of
a double surface treatment or seal coat, or for each of the second and
third layers of a triple surface treatment or seal coat, is calculated by
the following modification of Equation [5]:

197

C = M 46.8(1 - 0.4V)HGE [7]

where M is a multiplying factor that must be evaluated by experience
with local conditions of climate, traffic, aggregate, etc., and may be
less than or greater than 1.0, depending on local conditions. While the
author has always used a value for M = 1.0, experience elsewhere may
indicate the need for employing a value of M = 0.9, 0.8, 1.1, etc.

The other symbols have been already defined.

8. It is to be emphasized that for the cover aggregate for every
layer of a multiple surface treatment or seal coat, the normal value for
the wastage factor E = 1.0. That is, when cover aggregate is applied
by a competently operated self-propelled aggregate spreader, or simi-
lar well controlled spreading equipment, when calculating the quantity
of cover aggregate to be applied for every layer of a multiple surface
treatment or seal coat, no allowance is ordinarily made for loss of ag-
gregate due to whip-off, or for any slight unevenness of spread.

9. The Average Least Dimension H of the cover aggregate for each
layer should be measured by the procedure outlined in Appendix A.

10. The loose weight W of the cover aggregate for each layer
should be determined by ASTM C 29.
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11, The fraction of voids "V in each cover aggregaie in its loogse
weight condition is calculated by means of Equation [2].

12. The grade of asphalt binder selected for a multiple surface
treatment or seal coat depends upon whether a liquid asphalt, an as-
phalt emulsion, or an asphalt cement is to be used. In a multiple sur-
fact treatment or seal coat, a smaller size of cover aggregate is nor-
mally employed for each successive layer, and this would normally call
for a different grade of asphalt binder for each layer. However, to
simplify construction operations, a single grade of asphalt binder
should be specified for all layers of a multiple surface treatment or
seal coat.

In the case of liquid asphalt or asphalt cement binders, it is
recommended that the single grade of asphalt binder selected should be
one grade softer than would ordinarily be selected from Figures 23 to
26 for the climate, road surface temperature, and size of cover aggre-
gate to be applied for the first layer of a multiple seal coat or surface
treatment. For example, if Figure 25 indicated that RC 3000 would
normally be selected for the road surface temperature and for the
cover aggregate size for the first layer, then RC 800 should be chosen
for both applications for a double surface treatment, and for all three
applications for a triple surface {reatment.

When the asphalt binder is to be an asphalt emulsion, either RS-2
or CRS-2 would usually be applied for all layers of a multiple surface
treatment or seal coat, unless the cover aggregate for each layer is
quite small, when either RS-1 or CRS-1 might be selected.

13. The quantity of asphalt binder calculated for each layer of a
multiple seal coat or surface treatment is determined by the following
modification of Equation [6]:

2,244 HVT +S+A)

B=K< R

[8]
where
K - is a multiplying factor that must be determined by experi-

ence with local conditions of climate, traffic, aggregate,
etc., and may have a value either less than or greater than
1.0. Within the author’s experience K = 1.0. However, for
heavy traffic in tropical climates, K may have a value of
0.9 or some other value less than 1.0, while elsewhere, ex-
perience may indicate the need for employing a value for K
higher than 1.0. The other symbols have the significance
already defined for them.

14. The correction S, Table VIII, should be made to the quantity of
asphalt binder required for the first layer on the basis of the textural
characteristics of the surface on which the multiple surface treatment
or seal coat is to be placed.

15. No correction 8, for the textural characteristics of the surface
to which it is applied (the surface of the first layer in the case of a
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double surface treatment or seal coat, or the surfaces of the first and
second layers in the case of a triple surface treatment), is to be made
when calculating the quantity of asphalt binder required for the second
layer of a double surface treatment or seal coat, or for the second and
third applications of asphalt binder to be applied for a triple surface
treatment or seal coat.

16. For most cover aggregates, the correction A for loss of a por-
tion of the asphalt binder by absorption into the aggregate is nil. How-
ever, a correction A should be added when the cover aggregate em-
ployed is decidedly absorptive (asphalt absorption more than two (2)
per cent by Rice’s vacuum saturation method ASTM D 2041). The
Country Roads Board adds a correction A of 0.03 US gallon per square
yard (0.025 Imperial gallon/sq. yd.) (0.136 litre/sq. metre), when an
allowance for absorption by any cover aggregate must be made.

17. For a multiple seal coat or surface treatment constructed dur-
ing the early warm weather portion of the construction season, the
large aggregate particles in the first layer are rapidly oriented by
warm weather traffic to provide adequate embedment in the asphalt
binder. Therefore, for construction in early season warm weather, a
larger percentage of the total asphalt binder requirement should be
sprayed for the first application.

On the other hand, for late season construction of multiple surface
treatments or seal coats, sufficient warm weather traffic may not oc-
cur before winter arrives to embed the first layer of cover aggregate
particles adequately, and the multiple surface treatment may be
damaged by loss of cover stone during the ensuing winter or spring, or
even earlier. Therefore, during late season construction, to achieve
better retention of the cover aggregate in the first layer, a smaller
percentage of the total asphalt requirement should be sprayed for the
first application, and a larger percentage should be applied for the
second application for a double surface treatment or seal coat, or for
the total of the second and third applications for a triple seal coat or
surface treatment.

Consequently, after the total quantity of asphalt binder required for
a double surface treatment or seal coat has been determined, it should
be applied as follows:

(a) During the warm weather portion of the construction season:

1st application, 60 per cent of the total asphalt binder
2nd application, 40 per cent of the total asphalt binder

(b) For late season construction:

1st application, 40 per cent of the total asphalt binder
2nd application, 60 per cent of the total asphalt binder

For a triple surface treatment or seal coat, the total asphalt binder
requirement should be applied as follows:

(a) During the warm weather portion of the construction season:

1st application, 40 per cent of the total asphalt binder
2nd application, 40 per cent of the total asphalt binder
3rd application, 20 per cent of the total asphalt binder

199
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(b) For late season construction:
1st application, 30 per cent of the total asphalt binder
2nd application, 40 per cent of the total asphalt binder
3rd application, 30 per cent of the total asphalt binder
The application of these assumptions to the actual design of a
multiple surface treatment or seal coat will be illustrated by sample
calculations for the design of first a double, and then a triple surface
treatment or seal coat.

B. SAMPLE CALCULATION FOR THE DESIGN OF A
DOUBLE SURFACE TREATMENT OR SEAL COAT

I. THE FOLLOWING CONDITIONS ARE ASSUMED

(a) Climate—cool
(b) Traffic volume~1700 vehicles per day
(c) Road surface temperature—100 F
(d) Textural rating of the existing road surface—1h
(e) Properties of the graded cover aggregates selected:
(1) For first layer, AASHO No. 5, Table II, Figure 14
(2) For second layer AASHO No. 7, Table I, Figure 14
(3) Average Least Dimension H, AASHO No. 5—0.53 inch
(4) Average Least Dimension H, AASHO No. 7-0.25 inch
(5) ASTM bulk specific gravity G, AASHO No. 5-2.68
{6) ASTM bulk specific gravity G, AASHO No. 7—2.65
(7) Loose weight W, AASHO No. 5—98 pounds/cu. ft.
(8) Loose weight W, AASHO No. 7—94 pounds/cu. ft.
(9) Fraction of voids V, AASHO No. 5—0.414
(10) Fraction of voids V, AASHO No. 7—0.432
(11) Asphalt absorption, both aggregates—Nil
(12) Wastage factor E, Table IX, first layer—1.0
second layer—1.0

II. THE FOLLOWING ITEMS OF INFORMATION ARE REQUIRED

(a) What quantity of cover stone in pounds per square yard is re-
quired for each layer?

(b) What grade of asphalt binder should be selected?

(c) What spraying temperature is recommended?

(d) What quantity of asphalt binder per square yard measured at
80 F should be sprayed for each application?

(e) What quantity of asphalt binder per square yard measured at the
spraying temperature should be sprayed for each application?

II. SOLUTION

1. Cover Aggregate Requirements

The quantity per square yard of cover aggregate No. 5 to be applied
for the first layer, and of cover aggregate No. 7 required for the second
layer can each be calculated by means of Equation [7]:
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C =M46.8(1 - 0.4V)HGE {7

While the author has so far always used a value for M = 1.0, experi-
ence elsewhere may indicate the need to employ a value for M that is
less than or greater than 1.0 to obtain satisfactory results.

(a) Required quantity of aggregate No. 5 for the first application
of cover stone

C = (1.0)(46.8)(1 - 0.4 X 0.414)(0.53)(2.68)(1.0)

(1.0) (46.8) (0.834) (0.53) (2.68)(1.0)

I

55.4 pounds per square yard.

(b) Required quantity of aggregate No. 7 for the second application
of cover stone

C = (1.0)(46.8)(1 - 0.4 x 0.432)(0.25)(2.65)(1.0)

(1.0) (46.8) (0.827)(0.25) (2.65) (1.0)
= 25.6 pounds per square yard.

(c) Therefore, the total quantity of cover aggregate required for 201
this double surface treatment or seal coat is 55.4 + 25.6 = 81.0 pounds
per square yard.

2. Asphalt Binder Requirements

(a) For cooler climates like that of Canada and the Northern U.S.A,,
for 1 inch to 1/2 inch graded cover aggregate (Aggregate No. 5, Table
II, Figure 14), and for a road surface temperature of 100 F, if an RC
liquid asphalt binder is to be used, Figure 25 indicates that RC 3000
should be selected. However, to simplify construction operations, only
one asphalt binder is to be employed for both applications, and because
a somewhat softer asphalt binder is required to achieve fast wetting and
firm adhesion to the smaller aggregate of the second layer, the asphalt
binder should be one grade softer than RC 3000, Therefore, the asphalt
binder selected for both applications is RC 800.

(b) Figure 21 indicates that for average conditions a spraying vis-
cosity of 50 centistokes is required, and for RC 800 it is seen that this
corresponds to a spraying temperature of 255 F.

(¢) The quantity of RC 800 asphalt binder in U.S. gallons per square
yard[n}easured at 60 F, required for each layer is provided by Equa-
tion |8

2.244 HTV+S+A) (8]

BzK( R
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In keeping with the author’s experience, a value of K = 1.0 is as-
sumed here. However, experience elsewhere may indicate that a value
for K that is less than or greater than 1.0 provides more satisfactory
results.

Therefore:

(1) Quantity of RC 800 asphalt binder measured at 60 F required
for this first layer is

(1.00)(2.244)(0.53)(0.65) (0.414) + 0.08 + 0

B = 0.64

_ 0.32 +0.03

084 = 0.42 U.S. gallon per square yard.

(2) Quantity of RC 800 asphalt binder measured at 60 F required
for the second layer is

(1.00)(2.244)(0.25)(0.65)(0.432) + 0 + 0

B = 0.84

1t

0.19 U.S. gallon per square yard.

(3) Total quantity of RC 800 liquid asphalt binder measured at 60 F
to be applied for this double surface treatment or seal coat

= 0.42 + 0.19 = 0.61 US gallon per square yard.

{(d) For a spraying temperature of 255 F, Line (2), Figure 22 indi-
cates that the correction factor for volumetric expansion of the asphalt
binder is 1.07. Therefore, the total quantity of RC 800 to be applied at
a spraying temperature of 255 F is (0.61)(1.07) = 0.65 U.S. gallon per
square yard.

(e) For the warm weathey portion of the construction season, 60
per cent of the total asphalt binder requirement should be sprayed for
the first application and 40 per cent for the second. Therefore, the fol-
lowing quantities of RC 800 asphalt binder should be sprayed for each
application:

For warm weather construction

U.S. gal/sq. yd. U.S. gal/sq. yd. Measured at

Application Measured at 60 F Spraying Temperature, 255 F
First 0.37 0.39
Second 0.24 0.26
0.61 .65

(f) For late season construction, to more securely cement the
coarser cover aggregate in the first layer to the road surface, 40 per
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cent of the total asphalt binder requirement should be sprayed for the
first application, and 60 per cent for the second. The following quanti-
ties of RC 800 asphalt binder should therefore be sprayed for each
application:

For late season construction

U.S. gal/sq. yd. Measured at
Spraying Temperature, 255 F

U.S. gal/sq. yd.

Application Measured at 60 F

First 0.24 0.26
Second 0.37 0.39
0.61 0.65

IV. SUMMARY

1. For the warm weather portion of the construction season:

Asphalt Binder Cover Aggregate
Ap‘ﬁiﬁ?' Spi?y' US al/gs q. | Size
Grade & | gal/sq.yd. 8a/84.5% | pogig | 1b/sq.yd.
Temp. at Spray .
at 60 F nation
F Temp.
203
First RC 800 255 0.37 0.39 No. 5 55.4
Second RC 800 255 0.24 0.26 No. 7 25.6
Total Quantities 0.61 0.65 81.0
2. For late season construction:*
Asphalt Binder Cover Aggregate
Ap’?il;f\a“ Spilr‘laéy_ Us gal/gz yd Size
Grade gal/sq. yd. I Desig- | 1b/sq.yd.
Temp. | ® 60 F | 2 5PV | jation
F Temp.
First RC 800 255 0.24 0.26 No. 5 55.4
Second RC 800 255 0.37 0.39 No. 7 25.6
Total Quantities 0.61 0.65 81.0
* Note: Because lower road surface temperatures tend to prevail dur-

ing construction in cool weather late in the season, RC 250
would probably be substituted quite frequently for RC 800, and
the quantities of asphalt binder for each application would be
increased somewhat due to the smaller fraction of residual
asphalt in RC 250, Table VI.
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V.- USE " OF "ASPHALT EMULSION BINDER

I RS-2 asphalt emulsion had been selected for this double surface
treatment or seal coat instead of RC 800, the design calculations are
similar to those just illustrated. Table VI indicates that an average
value for the fraction R of residual asphalt in RS-2 asphalt emulsion
is 0.65, and Line (3) in Figure 22 shows that for a maximum spraying
temperature of 160 F, the correction factor for volumetric expansion
is 1.025. When using RS-2 asphalt emulsion, the following summary is

obtained for the same design conditions:

1. For the warm weather portion of the construction season:

Asphalt Binder Cover Aggregate
Applica- Spray- Us Us Size
tion ing gal/sq.yd. A
Grade gal/sq.yd. Desig- | lb/sq.yd.
Temp. | =60 | 2 SPTaY | jation
F Temp.

First RS-2 160 0.47 0.48 No. 5 55.4
Second RS-2 160 0.31 0.32 No. 7 25.6

Total Quantities 0.70 0.80 81.0

2. For late season construction:

Asphalt Binder Cover Aggregate
Applica~ Spray- USs Us Size
tion ing gal/sq.yd. A
Grade gal/sq.yd. Desig- |1b/sq.yd.
Temp. | " t6o r | 2£ 5PV | Lation
F Temp.
First RS-2 160 0.31 0.32 No. 5 55.4
Second RS-2 160 0.47 0.48 No. 7 25.6
Total Quantities 0.78 0.80 81.0

VI. USE OF AN ASPHALT CEMENT BINDER

If the same design conditions existed in a hot climate, 200/300
penetration asphali cement, Figures 24 and 26, might be selected as
the binder for a double surface treatment or seal coat, instead of RC
800, or RS-2, but the design calculations are similar to those already
illustrated. As shown by Table VI, the fraction R or residual asphalt
in 200/300 penetration asphalt cement is 1.0. Depending upon its vis-
cosity temperature characteristics, the spraying temperature for
200/300 penetration asphalt could be 320 F, Figure 21, and as indicated
by Line (2), Figure 22, the volume correction factor for this spraying
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temperature is 1,10. Consequently, when using 200/300 penetration for
the same conditions of design, the following summary is obtained:

1. For the warm weather portion of the construction season:

Asphalt Binder Cover Aggregate
M For | US| saa| S
Grade € | gal/sq. yd. ga./sq.yd. Desig-| Ib/sq.yd.
Temp. at Spray .
at 60 F. nation
F Temp.
First 200/300 pen.| 320 0.31 0.34 No. 5 55.4
Second {200/300 pen.| 320 0.20 0.22 No. 7 25.6
Total Quantities 0.51 0.56 81.0

2. For late season construction: *

Asphalt Binder Cover Aggregate
Applica- Spray- us /US Size
tion ing gal/sq.yd. .
Grade gal/sq. yd. Desig-| 1b/sq.yd.
Temp.| = ;6o F. | 2 5PTaV | ation 205
F Temp.
First 200/300 pen.| 320 0.20 0.22 No. 5 55.4
Second {200/300 pen.| 320 0.31 0.34 No. 7 25,6
Total quantities 0.51 0.56 81.0

*Note: For late season construction in even a hot climate, if the
weather is cool, 200/300 penetration asphalt cement could be
too hard a grade of asphalt binder to use, and better results
might be obtained by using one of the liquid asphalt or asphalt
emulsion binders.

VII. COMPARISON OF TOTAL MATERIAL REQUIREMENTS
PER SQUARE YARD

The following table summarizes the total material requirements
per square yard for this particular double surface treatment or seal
coat:
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RC 800 RS-2
Liquid Asphalt
Asphalt Emulsion

200/300 Penetration

Materials Asphalt Cement

Asphalt binder
US gallons per square

yard at 60 F 0.51 0.61 0.78
Cover aggregate
pounds per square yard 81.0 81.0 81.0

C. SAMPLE CALCULATION FOR THE DESIGN OF A TRIPLE
SURFACE TREATMENT OR SEAL COAT

I. THE FOLLOWING CONDITIONS ARE ASSUMED:

The triple surface treatment or seal coat is to consist of a third
layer to be added to the double surface treatment or seal coat of the
previous sample calculation (B above). Consequently, all of the con-
ditions assumed for the previous sample calculation apply with the fol-
lowing additions:

(a) Properties of cover aggregate for the third layer:

(1) Gradation—AASHO No. 9, Table II, Figure 14.
(2) Average Least Dimension H—from Table IV assume

50 per cent passing size _ (1).14 = 0.106 inch

1.32 32

(3) ASTM bulk specific gravity G = 2.66

(4) Loose weight W = 88 pounds per cubic foot
(5) Fraction of voids V = 0.47

(6) Asphalt absorption = nil

(7) Wastage factor E = 1.0

I. THE FOLLOWING ADDITIONAL ITEMS OF INFORMATION
ARE REQUIRED

(a) What quantity of cover stone is required for the third layer?

(b) What quantity of asphalt binder measured at 60 F is required
for the third layer?

(c) What quantity of asphalt binder measured at the spraying tem-
perature is required for the third layer?

II. SOLUTION

{(a) The quantity of cover aggregate required for the third layer is
given by Equation [7}:

C = (1.0)(46.8)(1 - 0.4 x 0.47)(0.106)(2.66)(1.0)
(1.0)(46.8)(0.812)(0.106) (2.66) (1.0)
10.7 pounds per square yard.
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(b) The quantity of RC 800 asphalt binder measured at 60 F re-
quired for the third layer is given by Equation [8]

(1.0)(2.244) (0.106) (0.65) (0.47) + 0+0
0.84

B =

0.09 US gallon per square yard.

(c) The quantity of RC 800 asphalt measured at the spraying tem-
perature of 255 F required for the third layer = (0.09)(1.07) = 0.10 US
gallon per square yard.

(d) The total quantity of RC 800 asphalt binder required for all three
layers

(1) Measured at 60 F = 0.42 + 0.19 + 0.09 = 0.70 US gallon per
square yard

(2) Measured at a spraying temperature of 255 F = (0.70)(1.07)
= 0,75 US gallon per square yard.

(e) The quantity of RS-2 asphalt emulsion binder measured at 60 F
required for the third layer is given by Equation [8]

(1.0)(2.244)(0.106)(0.65)(0.47) +0 + 0

B = 0.65

207

it

0.11 US gallon per square yard.

(f) The quantity of RS-2 asphalt emulsion binder measured at a
spraying temperature of 160 F required for the third layer = (0.11)
(1.025) = 0.11 US gallon per square yard.

(g) The total quantity of RS-2 asphalt emulsion required for all
three layers:

(1) Measured at 60 F = 0.54 + 0.24 + 0.11 = 0.89 US gallon per
square yard.

(2) Measured at a spraying temperature of 160 F = (0.89) (1.025)
= 0.91 US gallon per square yard.

(h) The quantity of 200/300 penetration asphalt cement measured at
60 F required for the third layer is given by Equation [7]

(1.0)(2.244)(0.106)(0.65)(0.47) + 0 + 0
1.0

B =

it

0.07 US gallon per square yard

(i) The quantity of 200/300 penetration asphalt cement measured at
a spraying temperature of 320 F required for the third layer = (0.07)
(1.10) = 0.08 US gallon per square yard.
(j) The total quantity of 200/300 penetration asphalt required for
all three layers:
(1) Measured at 60 F = 0.35 + 0.16 + 0.07 = 0.58 US gallon per
square yard.
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(2) Measured at a spraying temperature of 320 F = (0.58)(1.10)

= 0,64 US gallon per square yard.

IV. SUMMARY OF MATERIAL QUANTITIES REQUIRED FOR
EACH APPLICATION DURING THE CONSTRUCTION OF A
TRIPLE SURFACE TREATMENT OR SEAL COAT

For the construction of a triple surface treatment or seal coat dur-
ing warm weather, 40 per cent of the total asphalt binder requirement
should be applied for the first application, 40 per cent for the second

application, and 20 per cent for the third. For late season construction,

30 per cent of the total asphalt binder requirement should be applied
for the first application, 40 per cent for the second, and 30 per cent for

the third application. In summary therefore:

1. For warm weather construction:

Asphalt Binder

Cover Aggregate

Appli- Spray- US 1/US Size
cation ing gal/sq.yd. o
Grade Temp. gal/sq.yd. at Spray Des’lg Ib/sq.yd.
at 60 F nation
F Temp.
Asphalt Binder—Liquid Asphalt RC 800
First RC 800 255 0.28 0.30 No. 5 55.4
Second RC 800 255 0.28 0.30 No. 7 25.6
Third RC 800 255 0.14 0.15 No. 9 10.7
Total Quantities 0.70 0.75 91.7
Asphalt Binder-—Asphalt Emulsion RS-2
First RS-2 160 0.35 0.36 No. 5 55.4
Second RS-2 160 0.36 0.37 No. 7 25.6
Third RS-2 160 0.18 0.18 No. 9 10.7
Total Quantities 0.89 0.91 91.7
Asphalt Binder—200/300 penetration asphalt cement
First 200/300 pen. 320 0.23 0.25 No. 5 55.4
Second 200/300 pen. 320 0.23 0.26 No. 7 25.6
Third 200/300 pen. 320 0.12 0.13 No. 9 10.7
Total quantities 0.58 0.64 91.7
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2. For late season construction:

Asphalt Binder Cover Aggregate

?al.)tlzgr; Spirnay_ US 1/2S 4, Size

Grade g gal/sq.yd. ga'/8d.y¢. Desig- 1b/sq.yd.

Temp. at Spray .
F at 60 F T nation
emp.

Asphalt Binder—Liquid Asphalt RC 800
First RC 800 255 0.21 0.22 No. 5 55.4
Second RC 800 255 0.28 0.30 No. 7 25.6
Third RC 800 255 0.21 0.23 No. 9 10.7

Total quantities 0.70 0.75 91.7
Asphalt Binder~—Asphalt Emulsion RS-2
First RS-2 160 0.26 0.27 No. 5 55.4
Second RS-2 160 0.36 0.36 No. 7 25.6
Third RS-2 160 0.27 0.28 No. 9 10.7

Total quantities 0.89 0.91 91.7
Asphalt Binder--200/300 penetration Asphalt Cement
First 200/300 pen. 320 0.11 0.19 No. 5 55.4
Second 200/300 pen. 320 0.23 0.26 No. 7 25.6
Third 200/300 pen. 320 0.18 0.19 No. 9 10.7

Total quantities 0.58 0.64 91.7

V. COMPARISON OF TOTAL MATERIAL REQUIREMENTS

PER SQUARE YARD

The following table summarizes the total material requirements
per square yard for this particular triple surface treatment or seal

coat:
Material Requirements
per Square Yard
Materials 200/300 Penetration RC 800 RS-2
Asphalt C t Liquid | Asphalt
sp ement | Agphalt |Emulsion
Asphalt binder,
gal/sq. yd. at 60 F 0.58 0.70 0.89
Cover aggregate, pounds
per square yard 91.7 91.7 91.7

209
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K CONSTRUCTION OF SURFACE TREATMENTS
AND SEAL COATS

It has been shown that design procedures are available to determine
the optimum quantities of asphalt binder and cover aggregate to be ap-
plied for either single application or multiple application surface treat-
ments and seal coats.

It is the objective of the construction equipment and procedures
employed, to apply these quantities accurately and uniformly to the
road surface under suitable weather and other conditions, and to pro-
tect the surface treatment or seal coat from damage by vehicles both
during construction and during the critical initial period after it is
opened to traffic following construction. Consequently, the service
performance of seal coats and surface treatments is influenced by each
of the following factors:

{(a) climate and weather

(b) preparation of the existing surface

{c) construction equipment

(d) construction operations

(e) traffic control during construction and during the critical initial

period following construction.

1. Climate and Weather

Seal coats and surface treatments are more likely to be successful
if they are constructed in warm dry weather in the early summer,
Traffic during the ensuing hot weather provides adequate embedment
of the cover aggregate in the asphalt binder, improves the adhesion be-
tween the binder and aggregate, and increases the strength or stability
of the surface treatment or seal coat by developing firmer cover ag-
gregate interlock.

Ruring construction, asphalt binder and cover aggregate should be
applied only during daylight hours, and when the ambient air tempera-
ture is not less than 50 F and rising. The road surface should be dry
when liquid asphalt and asphalt cement binders are used, but may be
damp when the binder is an asphalt emulsion, High atmospheric hu-
midity which may delay the development of good adhesion between the
cover aggregate and asphalt binder, the imminence of rain which can
damage a newly finished surface, or any other temporary conditions
likely to have a detrimental effect on the success of the finished sur-
face treatment or seal coat, should be carefully considered when de-
ciding whether construction operations should proceed or be stopped
at any time.

In the Northern United States and Canada, single surface treatments
should not be constructed after August 31 so as to allow for about one
month of warm weather traffic that is necessary to obtain adequate em-
bedment of the cover stone particles before winter arrives. Multiple
surface treatments on the other hand, while preferably constructed in
warm weather, can be built much later in the construction season.
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2. Preparation of the Existing Surface

The preparation of a consolidated crushed stone or gravel surface
for a surface treatment requires blading to the specified cross-section,
watering if necessary, and compaction by rolling and by traffic to pro-
vide a firm, smooth, uniform surface. The surface is then primed with
from 0.1 to 0.25 gallon of MC 70 (MC 1) per square yard (0.5 to 1.25
litre per square metre) if it is tightly bonded or of medium porosity,
and with from 0.2 to 0.5 gallon per square yard (1.0 to 2.5 litre per
square metre) if it is a relatively porous, poorly bonded surface. The
primer should be left to cure for several days before the seal coat is
applied. If traffic is likely to damage the primed surface, the primer
may be followed by an application of from six to ten pounds per square
yard of clean, fine sand. All loose and foreign material is swept or
otherwise removed from the surface immediately before the surface
treatment is applied.

Before a seal coat is constructed, all defects and breaks in an old
paved surface should be adequately repaired. When large areas of an
old bituminous surface are seriously cracked and badly worn, an
emulsified asphalt sand slurry seal may be applied to fill the cracks
and give a uniform texture to the entire surface. Immediately before a
seal coat is applied the old paved surface should be thoroughly swept
with a power broom to remove all loose and foreign material. The
removal of any hardened mud or similar extraneous material may re- 211
quire the use of a pick and shovel, followed by washing with water, if
necessary.

3. Construction Equipment

The basic equipment for the construction of a surface treatment or
seal coat should include:

(a) asphalt distributor

(b) aggregate spreader

(¢) rollers

(d) rotary broom and other cleaning equipment

(e) broom drag

(f) trucks for hauling cover aggregate.

The asphalt distributor must be able to apply asphalt binder uni-
formly across and along the road surface at the specified rate per
square yard. The asphalt distributor should preferably be one in which
the asphalt pump is synchronized with the forward speed of the truck in
such a way that the same quantity of asphalt binder is applied per
square yard regardless of small variations in the forward speed of the
distributor due to changes in grade, direction of travel, etc. To estab-
lish its general mechanical condition, the distributor should be cali-
brated at a central testing station (24), (25), (26). Cotton pads should be
employed (15) to check the transverse and longitudinal distribution of
asphalt binder across the road surface on the job. The asphalt distrib-
utor should be operated to apply asphalt binder within + 7.5 per cent of
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the average application in the longitudinal direction; and within + 10
per cent of the average application for any 4-inch width in the trans-
verse direction.

When a double surface treatment or seal coat is being constructed,
for the second application of asphalt binder, the asphalt distributor
should be operated in the opposite divection to that employed for the
first application. This will avoid two applications of either too much
or too little binder over the same widths of road surface due to either
a deficiency or excess of asphalt binder being applied by one or more
spray nozzles. Furthermore, for half-width construction, the centre
joint for asphalt application on successive layers should be offset by
from six to twelve inches.

It is the function of the aggregate spreader to apply cover aggregate
uniformly at the specified rate per square yard. If it is of the self-
propelled type, its system for discharging aggregate onto the road sur-
face should be synchronized with the forward speed of the spreader.
This tends to ensure uniform application of cover stone in spite of
small differences in the forward speed of the spreader due to changes
in grade, direction of travel, etc.

The aggregate spreader should be tested to establish its ability to
spread the specified quantity of cover aggregate per square yard. Fig-
ure 28 illustrates the use of a steel pan of exactly one square yard for
this purpose. An even better arrangement would be three steel pans,
18 inches to each side (0.25 square yard) uniformly distributed across
the width of road surface covered by the aggregate spreader.

After the cover stone has been applied, it is the purpose of the roll-
ing operation to press the cover stone particles firmly into the asphalt
binder to improve embedment, to promote adhesion, and to obtain bet-
ter cover aggregate interlock. For single surface treatments or seal
coats, the rollers should be of the pneumatic-tire type. No existing
surface is entirely smooth, and pneumatic tires are able to reach down
into small depressions and firmly press the cover aggregate into the
asphalt binder. However, for multiple surface treatments or seal coats
pneumatic-tire rollers should be employed for initial rolling, but fwo
passes by a steel-wheel roller should be made for the final rolling of
each layer. Steel wheel rollers appear to orient cover aggregate parti-
cles into a flatter surface, which is important when constructing multi-
ple surface treatments.

A rotary broom should be used to clean the existing surface im-
mediately before a seal coat or surface treatment is applied. To re-
move the layer of dust that is often heaviest near the edges of an exist-
ing surface, a blower may be required. In extreme cases, the surface
may have to be cleaned by flushing with water. Lumps of clay or other
hard foreign material may have to be removed with picks and shovels.

If the cover aggregate spreading equipment is unable to apply cover
aggregate at a uniform rate per square yard, it should be followed by a
broom drag for this purpose. When operating a broom drag, care must
be taken to avoid turning over any cover aggregate particles that are
already embedded in the asphalt binder.
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Fig. 28. Use of a One Square Yard Steel Pan to Adjust Cover
Aggregate Spreader to the Setting Required for Application
of Cover Aggregate at the Specified Rate per Square Yard.

An adequate number of trucks should be provided to avoid any delay
in construction operations due to lack of cover aggregate. The bodies
of the trucks should be designed to avoid any impingement of the truck
body on the aggregate spreader at any time.

4, Construction Operations

Construction operations for a seal coat or surface treatment pro-
ceed in the following order:
{(a) Spraying the asphalt binder
(b) Spreading the cover aggregate
(c) Broom dragging if necessary to obtain more uniform aggregate
distribution
(d) Rolling
(e) The repetition of this sequence one or more times for a multi-
ple surface treatment or seal coat.
Figure 29 illustrates this sequence of construction operations, and
also demonstrates excellent seal coat and surface treatment construc-
tion practice. The asphalt distributor is only a short distance ahead of
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the self-propelled cover aggregate spreader. This promotes faster
wetting and the development of better initial adhesion between the cover
aggregate and the asphalt binder. The forward self-propelled pneu-
matic-tire roller is working immediately behind the aggregate spread-
er, and makes its first pass over the cover aggregate within a few
minutes after the asphalt binder has been sprayed. This provides

more effective embedment of the cover aggregate in the asphalt binder,
and also promotes better adhesion between the cover aggregate and

the asphalt binder.

214

Fig. 29, Illustrating Excellent Technique for Seal Coat or Surface
Treatment Construction. The Bituminous Distributor, Self-
Propelled Flaherty Chip Spreader, Truck Loads of Stone
Chips, and Roller, Work Together in Such Close Coordination
that the First Pass of the Roller Over the Cover Aggregate
Is Completed within a Very Few Minutes After the Bituminous
U.S. Binder Has Been Applied to the Road Surface. (North America).

Figure 30 was taken during the construction of a double surface
treatment, and illustrates the junction at the centre of the road between
the No. 5 cover aggregate of the first application on the right, and the
No. 7 cover aggregate on the left, with the black strip of asphalt binder
from the second application left for overlap during half-width construc-
tion, between them. The striking difference in surface texture between
the coarser No. 5 cover stone for the first layer on the right, and the
finer No. 7 cover aggregate on the left, can be easily observed.

As pointed out earlier, when constructing a multiple surface treat-
ment or seal coat, while initial rolling of every layer should be done
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Fig. 30, Illustrating Coarse Aggregate Used for the Bottom Layer
on the Right and Finer Aggregate on the Left for the Top Layer
of a Double Surface Treatment, Together with a Portion of

the Second Application of Asphalt Binder.

with a pneumatic-tire roller, each layer should receive two passes with
a steel-wheel voller before the next layer is placed.

Figure 31, illustrates a finished double surface treatment 3-years
old, that was designed and constructed in accordance with the princi-
ples that have been described in this paper.

5. Traiffic Control

The objectives of traffic control are to protect workmen, construc-
tion equipment, and motor vehicles, and to avoid damage to the surface
treatment or seal coat as construction proceeds and during the critical
period when the finished job is first opened to traffic.

Whenever possible, traffic should be detoured until construction is
complete. When detouring is not possible, half width construction is
essential, with traffic being confined to the lane not under construction.

Traffic control through the section under construction should be
maintained by means of a pilot truck for convoying groups of vehicles,
warning signs, traffic lane markers, and flagmen.
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11 traffic.ghould be kept off seal coats and surface treatments dur-
ing their construction. This includes construction equipment which
should be routed to the work site in the direction opposite to that in
which construction is progressing.

When rolling is complete, and the new surface treatment or seal
coat is opened to traffic, it requires protection from high speed vehi-
cles. Flagmen should be provided, and traffic should be convoyed over
the new surface at speeds that are low enough to avoid damage to it.

The length of time during which a newly constructed surface treat-
ment or seal coat must be protected against high speed traffic, depends
upon existing conditions. It can vary from a few hours in hot dry wea-
ther, to one or more days in humid, cool, or wet weather.

216

Fig. 31. Canada. [llustrating the Excellent Appearance
of a Double Surface Treatment on a Consolidated
Granular Base, in Its Third Year of Service,
that Was Designed and Constructed in
Accordance with the Principles
Described in the Paper.
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X. OPENING A NEWLY CONSTRUCTED SURFACE TREATMENT
OR SEAL COAT TO TRAFFIC

There are several reasons why a newly constructed seal coat or
surface treatment is particularly susceptible to damage by fast traffic.
These factors should be kept clearly in mind when considering the time
of day for opening a newly constructed surface treatment or seal coat
to traffic, and the need for rigidly controlling traffic speeds for several
hours and sometimes for the first one or two days.

1. Immediately after rolling, the voids in the cover aggregate are
still about 30 per cent (6), and therefore the cover aggregate interlock
is only partially developed. Also the cover aggregate is only partly
embedded in the asphalt binder and is not yet firmly cemented into
place. If an RS asphalt emulsion has been employed as binder, it will
be only partially broken, and not yet firm. If the asphalt binder is an
RC liquid asphalt, it will contain considerable solvent or cutter stock
and will still be relatively fluid. Consequently, for reasons associated
partly with the cover aggregate and in part with the asphalt binder, a
newly constructed seal coat or surface treatment does not yet have high
stability, and it can be quickly and badly damaged by the disruptive
forces of high speed traffic.

2. Because of this lower initial stability, for the first day, and par-
ticularly for the first several hours, traffic speeds should be kept low
by means of flagmen, convoy vehicles, etc. 217

3. During hot sunny weather, the most critical time of day to open a
new seal coat or surface treatment to traffic is between mid-day and
late afternoon. The high road surface temperatures during these hours
make the asphalt binder much more fluid, and it is least able to hold
the cover stone. By waiting until late evening, or after dark to open the
surface treatment or seal coat to traffic, the asphalt binder becomes
much firmer at the lower evening temperatures, and its greater ce-
menting power provides increased resistance to loss of cover stone
under traffic.

For example, suppose that because the cover aggregate size is 1/2
inch, and because the morning road surface temperature is 70 F, that
RC 250 has been selected as the asphalt binder, Figure 25, and that the
construction of the seal coat or surface treatment has been completed
by two o’clock. When should it be opened to traffic? Figure 25 indi-
cates that at a road surface temperature of 70 F, the viscosity of RC
250 is 9000 centistokes. However, by two o’clock on a hot sunny day,
the road surface temperature may be 120 F, and Figure 2 shows that
the viscosity of RC 250 at this temperature is only about 900 centi-
stokes, which is only one-tenth of its morning viscosity. By waiting
until after dark to open a surface treatment or seal coat completed in
the early afternoon to traffic, the road surface temperature may have
dropped to 70 F. At the same time, due to evaporation of solvent or
cutter stock, the RC 250 will probably have become RC 800. At 70 F,
Figure 25 shows that the viscosity of RC 800 is 50,000 centistokes.
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Consequently, under the conditions assumed for this illustration, the
afternoon viscosity of this binder is only about one tenth of its morning
viscosity, while its viscosity is about 55 times as great in the evening
as in midafternoon. Therefore, a hot afternoon is the poorest time to
open a new surface treatment or seal coat to traffic. Just after dark is
the best time, partly because of the very much higher viscosity of the
asphalt binder, and partly because controlled evening and night traffic
will develop increased stability in the seal coat or surface treatment
before it enters the high temperature period of the next day. Since this
principle applies to all asphalf binders, it is good engineering practice
to recognize it and to use it whenever possible as a guide when opening
a new surface treatment or seal coat to traffic.

4. If rain begins to fall within a few hours after its construction, a
new seal coat or surface treatment should be barricaded, and no traffic
should be permitted until it has become thoroughly dry.

SUMMARY

1. One equation for asphalt binder, and one equation for cover ag-
gregate requirements are proposed for both single application and
multiple application surface treatments and seal coats.

2. Four major faults of surface treatments and seal coats and their
causes are briefly described.

3. The advantages of one-size over graded cover aggregates are
illustrated and discussed.

4. Cover aggregate and asphalt binder characteristics and require-
ments are reviewed.

5. The design of a single application seal coat or surface treatment
is described and is illustrated with a sample calculation.

6. The advantages of multiple application surface treatments and
seal coats are outlined.

7. Designs of a double and of a triple seal coat or surface t{reat-
ment are described and are illustrated by sample calculations.

8. Principles of construction for single and multiple surface treat-
ments and seal coats are briefly outlined.

9. Factors to be considered when opening a newly constructed seal
coat or surface treatment to traffic are reviewed,
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APPENDIX A

METHOD FOR DETERMINING THE AVERAGE LEAST DIMENSION
OF COVER AGGREGATES FOR BITUMINOUS SURFACE
TREATMENTS AND SEAL COATS?

This method describes a simplified procedure which is to be followed to de-
termine the Average Least Dimension of a cover aggregate intended for use in a
bituminous surface treatment or seal coat.

METHOD:

(a) The Sieve Analysis shall be carried out by the method described in
Part 1.

(b) The ¥Flakiness Index shall be determined by the method described in
Part 2,

(c) The Average Least Dimension shall be determined from Figure C.

PART 1

SIEVE ANALYSIS

SAMPLE:
Weight of Sample for Sieve Analysis (U.S. Standard Sieves square openings).

Table A-1.
Wominal Size Hinimum Weight of
Sample for Sieving

inches Grams

2 20,000
1-1/2 15,000
1 10,000
3/6 5,000
5/8 4,000
1/2 2,500
3/8 1,000

1/4 750

METHOD:

The surface-dry sample shall be weighed and the following distribution of
particle sizes obtained by means of sieves with square openings, employing the
procedure laid down in A.S.T.M. C 136.

2With credit to The Country Roads Board, Victoria, Australia.
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Passing
1-1/2 inch
1 inch
3/4 inch
5/8 inch
1/2 inch
3/8 inch
1/4 inch
No. 4
No. 8
No. 16

WEIGHING:

REPORT:

MCLEOD

Retained
1 inch
3/4 inch
5/8 inch
1/2 inch
3/8 inch
1/4 inch
No. 4
No. 8
No. 16

On completion of sieving, the material retained on each sieve shall be
weighed on a balance sensitive to 0.1% of weight of the test sample. This is
recorded on the work sheet and the weight passing each sieve is expressed as a
percentage of the total weight of the sample.

Results are reported to the nearest one per cent, and the grading curve is
plotted as illustrated in Figure A.

GRADING CHART FOR AGGREGATES AND BITUMINOUS MIXTURES
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Fig. A. Grading Chart for Aggregates and Bituminous Mixtures.
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MEDIAN SIZE:

The Median Size is that theoretical sieve size in inches through which 50% of
the material will pass.
The Median Size may be read off from the scale at the bottom of Figure A.

PART 2
FLAKINESS INDEX

SAMPLE:

The material employed in this test shall consist of all aggregate used in the
sieve analysis that falls within the size ranges specified below.

ONE-SIZE AGGREGATES

Table A-2. One-Size Aggregates

Hominal Range of Sizes
Size U.8. Standard Sieves 411 Macerial Lerger Than
Humbery Square Openings
Passing Retained
E 3/4 inch 1/2 inch 1/2 ineh
F 5/8 38 3/8 u
G /2 " 3/8 " 3/8
B 3/8 ¢ e o e o

*Country Roads Board Size Designation

GRADED AGGREGATES

Table A-3. Graded Aggregates

Nominal Range of Sizes
Size U.S. Standard Sieves Haterial Materisl Material
Rumberx Square Openings Pass . Ret . Pass . Ret Pass . Ret
Passing Retained
S L+ inch 1/2 ineh i 3/4" Jandf3/4"  1/2" - -
6 YA i/8 ¥ 34" FVZLE G PYZ CRE YT - -
7 /2 " No. & /2" 3/8% ] v 378" L/4M - -
8 38 " No. 8 3/8" /6™ " 11/4"  Ro.4 - -
56 1 " 3/8 inch I 3/ v p3jer n/2n - -
67 3/ Ko. & 3/4" /2% " pi/2" 3/8"land | 3/8%  1l/e™
63 /e " Ho. 8 3/4" /2] " ofu/an 3/8np v | 3/8" 1/4%
76 o Ko. 8 /2" KYZ LN S V7S W7 LU I V7AL

*A.S.T.H. Designation: DL44LSB
AASHU Designation; M 43
METHOD:

Each fraction of material, as shown in the previous paragraph, shall be tested
particle by particle for its ability to pass through an appropriate slotted sieve?®

3See British Standards Institution 812,
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Table A-4.
Size of Material Approximate Width of
Pagsing Retained Slot Wideh 8lotted Sieves Issued
Lagh Inch
1-1/2¢% " 0.750 0.757
1" 3/6" 0.525 0.532
3/4" 1/2® 0.375 0.384
/2" 3/8% 0.263 0.258
3/8" 1/4" 0.184 0.184
L/4" Ho. & 0.131 0.123

{or a gauge made by filing an elongated slot of the required width in a sheet of
metal 1/16" thick). The size of slots required for each fraction is given in Table
A-4 and illustrated in Figure B.

WEIGHING:

The total amount passing the appropriate slotted sieve openings shall be
weighed to an accuracy of at least 0.1 per cent of the weight of the test sample.

FLAXINESS INDEX:

The Flakiness Index is the total weight of the material passing the appropriate
slotted sieve openings expressed as a percentage of the combined weight of the
fractions tested on the slotted sieve.

1"=34" 3/4°-1/2" 1/2°-3/8° 3/8°-1M4" /&-NO.4

N NN NN

N 0375"

[T

0-528°

Fig. B. Slotted Sieve Openings for Testing Aggregates
for Elongated Flat Particles.

223




224

Compendium 12 Text

SEAL COAT DESIGN 819
EXAMPLE

(a) SIEVE ANALYSIS

The Material is One-Size Aggregate “E”.
From the Grading Curve, Figure A, the Median Size is 0.58 inch.

Table A-5. Full Grading
(Total Weight of Dry Sample = 6,600 grams)

Sieve Ro. Weight Height Total
U.S. Standard Retained Pasaing Passing
Square QOpening Grams Graws Per Cent

1 - 6600 100
3/4" 60 6540 99.1
/e 4984 1556 23.6
3/8" 1418 138 2.1
/4" 96 42 0.6
Ho. & 4 38 0.5

The Material is One-Size Aggregate "E".

From the Greding Curve, Figure A, the Hedisn Size fs 0.58 inmch.

(b) FLAKINESS INDEX

Table A-6. Flakiness Index

Sieve Size Wideh of Weight Weight Total |[Flakiness|
U.5. Standard | Slotted Retained Passing Weight Index
Square Opening| Sieve |Slotted SievejSlotted Sieve

Inch Inch Grams Grams Grams jPer Cent
1 - 3/4 0.525 50 10 60
3/4 - 1/2 0.375 3666 1318 4984
Total 3716 1328 5044 26.3

Hote: Where there is an insignificant smount of material (not more
than 5%) of any one size, it may be neglected in determination
of Flakiness Index. Haterial 1" - 3/4" could be neglected in
sbove Flakiness Index test aud the result would not be

appreciably changed.

(c) AVERAGE LEAST DIMENSION

On Figure C, proceed horizontally from the median size on the vertical axis
to the diagonal line representing the flakiness index for the sample. From this
point of intersection, proceed vertically to the horizontal axis and read off the
Average Least Dimension.

For this particular aggregate sample, the median size is 0.58 inch, and the
flakiness index is 26 per cent. The broken line on Figure C indicates that the
Average Least Dimension (A.L.D.) of this sample is 0.40 inch (reading to the
nearest 0,01 inch).
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Fig. C. Determination of Average Least Dimension
of Cover Aggregate.

Discussion

MR. C. W, CHAFFIN (Prepared Discussion): I congratulate Dr.
McLeod on this very excellent paper of such a practical and immedi-
ately useful nature. Most of us are aware of the extensive study on this
subject started by the author over a decade ago and summarized in the
1960 Proceedings supplement. This presentation today is a very fitting
culmination to this work. It gives a design and construction procedure
for seal coats and surface treatments which embodies the best ideas
from the several previously published methods, as well as significant
contributions from the author.

This type construction is certainly important in Texas. In fact, over
90% of our approximately 37,000 miles of secondary roads (Farm to
Market and Ranch to Market) system is of the surface treatment type.
In addition, several thousand miles of our primary system is also sur-
face treatment. Then each year several hundred miles of seal coat is
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placed not only on original surface treatments, but on many miles of
asphaltic concrete, even on the Interstate system.

The method of design presented here today is worthy of serious
study by all who do this type of work, and it is recommended that it be
adapted to your local conditions without delay.

Now an observation or two based on our Texas experience. The
author calls our attention to the advantages of precoated aggregate.

We certainly agree to this for crushed limestone cover material. It is
used almost entirely for seal coats on our primary highways. We use
a little heavier material (higher asphalt content) than the MC-30 or
MC-70 mentioned in the paper. Texas has a special precoat material,
but it is very close to MC-250, the main difference is that it has a little
less volatile diluent in it. This material makes a precoated limestone
aggregate that will stockpile satisfactorily for several months.

The prevention of windshield damage due to flying aggregate de-~
pends entirely on bonding almost every particle in the case of conven-
tional large aggregate. We have found that lightweight or synthetic ag-
gregate completely eliminates this problem. This aggregate also ad-
heres excellently to the binder and has maintained superior skid re-
sistance. It is now being used extensively for seal coats on our pri-
mary system.

The paper suggests that a seal coat may have better chance of suc-
cess in cooler weather if a portion of the asphalt binder is placed in
two applications but the last application necessarily being followed by
application of sand or stone screenings. The author cautions that this
is a special case of a double seal. It is agreed that a double has some-
what a better chance of success under adverse conditions, but a cau-
tion is offered in that one be sure to note that the author states that this
type design is covered under the multiple course procedure. if you
merely apply the asphalt for a single surface design in two applications,
followed by an application of sand or fine stone screenings, this finer
material will fill the voids and flush out the asphalt.

Dr. McLeod’s design takes in consideration the condition of the old
surface to be sealed. The problem often is one of non-uniformity of the
old surface and here is an additional suggestion for your consideration.
Generally the old surface in case of a surface treatment will be
smoother in the wheel paths while it will be dry next to the center line
and along the edges, unless it is a very narrow highway. Since this pat-
tern usually is uniform in the longitudinal direction, it can be taken into
account by using smaller nozzles over the smoother wheel paths and
larger nozzles along the center and edge. You may even wish to try
such an adjustment on the original construction of a surface treatment.

Again, this paper presented today is extremely useful and it is pre-
dicted that its principles will become a manual of seal coat and surface
treatment design for many.

MR. A. E. HOLBERG (Prepared Discussion): I wish to compliment
you, Dr. McLeod on your detailed and well prepared presentation. I
had an opportunity to review your paper briefly prior to your
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presentation and also like to extend my compliments to Mr. Perkins
for the drafting of the excellent diagrams.

May I very briefly review the situation in Canada. Most Provinces
use predominantly Emulsified Asphalt for Seal Coats and Surface
Treatments and there is a pronounced trend toward the use of Cationic
Emulsified Asphalt, designated CRS in the United States and RSK in
Canada. In some parts of Canada we have consistently successful seal
coats and in other parts occasionally Surface Treatments and Seal
Coats produced have performed poorly. When one examines success
and failures, one recognizes the importance of good workmanship,
equipment and proper selection of aggregates and binder versus lack of
control and poor supervision.

Most engineers involved with Surface Treatments and Seal Coats
are familiar with the basic design principles that are employed by the
Country Roads Board of Victoria and the National Roads Board of New
Zealand and some of these principles have been included in local design
methods. Projects concerned are considerable in some Provinces.
The Highways Department in Alberta maintains a special work crew
and every new highway in the Province is Seal Coated and up to 12
miles of 24' pavement are Seal Coated within a 10 hour day and the dis-
tributor is being re-loaded while in continuous spraying. The Depart-
ment of Highways in British Columbia kept records on Seal Coat and
Surface Treatment work back to the year 1954 and detailed data since
1958. The same Department published a report September 1967 which
draws the conclusion that Seal Coats with Emulsified Asphalt over a
period of up to 8 years are performing well with a minimum of mainte-
nance and that on some Seal Coated sections on the Trans-Canada High-
way close to 5 million vehicles have travelled during the period con-
cerned. The conclusion in the report reads:

227

“Some excellent sealcoats have been constructed in this Province
using Emulsified Asphalts and it would appear from the results of
its use in recent years that the emulsion has a definite place in our
sealcoat work. Preference is shown towards the Cationic Emulsion
as it is not so slow in breaking or setting up as the Anionic which
with our undependable weather becomes a great asset. Stripping
tests carried our in our Laboratories indicated that it has superior
coating qualities on many of our aggregates.”

It seems to me, that engineers from Australia or New Zealand would
find it most interesting to study Canadian experience with Emulsified
Asphalts. As you well know, Cationic Emulsified Asphalts have not
been available in Australia and New Zealand for any length of time,
while we in Canada use them extensively for Seal Coat and Surface
Treatment work since 1959. I am in full agreement with you, that the
method of design that is employed by the Country Roads Board of Vic-
toria and the National Roads Board of New Zealand is most valuable
but it is based on many years of field experience using liquid asphalts
(cutbacks). To my knowledge Cationic Emulsified Asphalts as we use




Compendium 12 Text

SEAL COAT DESIGN 623

228

them have not been involved in these studies. It seems to me therefore,
that the audience and the reader of your paper should be aware, that the
application of the Australian/New Zealand design method to Emulsified
Asphalts is your very own recommendation. Some of these recommen-
dations may be applicable but at this time we have in my opinion not
sufficient field data to confirm or deny the general method of design as
proposed by you and applicable to Emulsified Asphalt.

MR. C. F. PARKER: I would also like to congratulate Dr. McLeod
on this fine paper. I have heard him present many papers over the past
20 years and they have all been excellent.

I do have one question. He has given us very little information on
the quality of the aggregate used in these seal coats, specific gravity,
absorption, wear tests, and so on. What is the quality of these aggre-
gates?

DR. MCLEOD: With respect to cover aggregates, New Zealand has
probably the finest cover stone available throughout the country of any
nation in the world. New Zealand specifies 2 maximum Los Angeles
abrasion rating of 20 for cover stone. In Australia, the maximum Los
Angeles abrasion ratings specified are 18 for a traffic volume of at
least 1500 vehicles per day, 27 for traffic volumes between 300 and
1500 vehicles per day, and 35 for traffic volumes below 300 vehicles
per day.

Concerning particle shape, New Zealand has the most restrictive
specification of any country. New Zealand specifies a maximum of 2.25
for the ratio of the average greatest dimension to the average least di-
mension of a cover aggregate. This ensures particles that are more
nearly cubical or tetrahedral in shape. While the specification says
nothing about the crushing method to be used, New Zealand contractors
have found by experience that this requirement for particle shape nor-
mally means that cover aggregates for seal coats and surface treat-
ments must be crushed in a hammer mill or impact breaker. This type
of crushing equipment seems to result in particles that are more nearly
cubical in shape.

In Australia, particle shape for cover aggregate is controlled by a
flakiness index test, which is a British Standards Institution test, B.S.
812. Very roughly, the flakiness index test measures the degree by
which particles fail to be perfect cubes, because of flattening of the
particles. Australia specifies a maximum flakiness index requirement
of 35.

With regard to grading, Australia obtains essentially one-size cover
stone by specifying that at least two-thirds by weight of the aggregate
passing a sieve of specified size must be retained on a sieve opening
that is seven-tenths of the specified size. New Zealand obtains basically
one-size aggregate by specifying that a minimum high percentage (rang-
ing from 65 to 80 per cent as the specified size of cover stone becomes
smaller) of the aggregate must lie within 0.1 inch from the aggregate’s
Average Least Dimension.
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New Zealand restricts the amount of fine particles by specifying
that not more than one (1) per cent of a seal coat or surface treatment
aggregate can pass a No. 8 sieve. Australia achieves the same objec-
tive by permitting not more than 0.5 per cent to pass the No. 16 sieve.

MR. V. OBRCIAN: I noticed on the occasion of my trip to Nigeria
that they use two cover aggregates. Is this something that we would
have to take into account for obtaining the average dimension that you
mentioned?

DR. MCLEOD: I have seen the surface treatments in Nigeria to
which you refer. When designing a surface treatment or seal coat,
three items of information on the cover aggregate should be obtained.
First, its Average Least Dimension should be determined. This re-
quires use of the Flakiness Index Test. Second, the loose weight of the
cover aggregate in pounds per cubic foot or in kilograms per litre
should be measured by means of ASTM C 29. Third, the ASTM bulk
specific gravity of the cover stone should be determined. From these
three items of data, the average thickness of a surface treatment or
seal coat, and the void space between the cover aggregate particles
are determined. This information is needed in order to calculate the
quantities of asphalt binder and of cover stone that are required per
unit of area.

In many countries, it is difficult to obtain one-size cover stone.
While surface treatments and seal coats can be constructed with graded
cover aggregates, the degree of success achieved is normally going to
be limited, particularly if these aggregates contain excessive fines.

MR. OBRCIAN: I am sorry if I confused you. They do not use the
graded aggregate. They use a one size type aggregate.

MR. J. M. EDWARDS: I would like to support Dr. McLeod’s refer-
ence to the fact that a very large percentage of the world’s roads are
maintained by surface treatments. I certainly also have to support his
approach to the design of such treatments. There is, however, one
factor which I think is important but which was not covered in his pre-
sentation although it may have been referred to in the written paper.

It is also relevant to the question about the use of rounded aggregates.
This factor is that chippings become embedded into the existing surface
whether this is gravel or bituminous. The degree of embedment affects
the total amount of asphalt that should be sprayed. In the case of a
rounded cover aggregate there is little embedment and the quantity of
asphalt required is high, whereas in the case of crushed cover stone
there is more embedment and less asphalt is required to prevent flush-
ing.
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DR. MCLEOD: The point you make is a very important one. If the
cover aggregate is going to be forced part way into the existing surface,
this in effect reduces the Average Least Dimension of the cover aggre-
gate particles. This in turn means that there is less void space for
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asphalt binder. Consequently, the quantity of asphalt binder to be ap-
plied should be reduced, otherwise as Mr, Edwards has stated, flushing
or bleeding will occur.

In cases where this partial penetration of cover aggregate into an
existing surface is likely to occur, the quantity of asphalt binder to be
applied should be based on the effective Average Least Dimension of
the cover stone, which is its Average Least Dimension minus its antici-
pated depth of partial penetration into the existing surface.

MR. W. H. CAMPEN: Dr. McLeod, the type of surface treatment
we have been talking about at times is designated as of two types, seal
coats and armor coats. What distinction do you make between the two,
if you make any at all?

DR. MCLEOD: The paper defines only two types, which however
are intended to cover the many different names that are currently given
to this class of asphalt surface. If this type of asphalt surface con-
struction is applied over a consolidated gravel or similar base it is
called a single or multiple surface treatment. If it is applied to a
paved surface of any kind, it is referred to as a single or multiple seal
coat. Consequently, the term “armor coat” and similar designations
would be covered by one or the other of these two definitions.

MR. W. J. KARI (by letter): It has been suggested that the rate of
application of emulsions for surface treatments be increased over that
used for asphalt cement. The theory is that the total asphalt content
for both emulsion surface treatments and for those using asphalt ce-
ments should be the same. The purpose of this discussion is to pre-
sent another approach to the design and construction of emulsion sur-
face treatments, one which holds that the rate of application should be
the same, on a gallon-for-gallon basis, as that used with asphalt
cement,

In emulsion surface treatments, the water in the emulsion has three
major functions: lowers application viscosity so the emulsion can be
applied at a lower temperature than the asphalt cement from which it
was made, serves as a carrier for adhesion agents to insure a good
bond between asphalt, pavement, and aggregate, and to effect a volume
change (or “film collapse”) to insure bond yet minimize subsequent
bleeding. This volume change, illustrated in Figure A, permits use of
emulsions at the same application rate as asphalt cement. The emul-
sion level immediately after application of the aggregate is high on the
stone. When the emulsion sets, there is a 30 to 35 per cent volume re-
duction due to evaporation of water. The film collapses due to this
volume change. The asphalt film forms a saddle, i.e., remains high on
the stone and low in the spaces between the aggregate. This insures a
high surface contact area between the asphalt and stone to prevent ag-
gregate whip-off by traffic. Also, the amount of asphalt in the spaces
between the stones is kept low to prevent bleeding should the aggregate
embed into the pavement due to heavy traffic or show wear due to use
of tire chains or studded tires during winter.
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INITIAL AFTER SETTING

4

AGGREGATE ASPHALT FILM REMAINS

EMUL SION HIGH ON THE STONE TO
INSURE BOND
EMUL SION LEVEL FILM COLLAPSE
BEFORE SETTING DUE TO VOLUME CHANGE-

MINIMIZES BLEEDING

Fig. A. Emulsified Asphalt Seal Coat,

To make maximum use of the volume change, the following con-
struction practices should be followed for emulsion surface treatments:

1. Apply the emulsion at the same rate of application as you would
use with penetration grade paving asphalt. If the emulsion content is
increased, the benefits of film collapse are lost,

2. Apply damp aggregate as soon as possible. This insures maxi-
mum embedment of rock into the emulsion.

3. Roll with a pneumatic roller as soon as possible. This permits
the stone particles to orient to their most stable position while the
emulsion is still at a fluid viscosity.

4. Avoid use of excess aggregate. This is not needed to blot up 231
excess binder as with other types of surface treatments. The emulsion
volume change minimizes bleeding.

AUTHOR’S CLOSURE: The author would like to thank Mr. Holberg
for his instructive comments, and Mr. Chaffin for his useful and gen-
erous remarks.

Mr. Holberg has referred to the very extensive use of cutback as-
phalts and asphalt cements in Australia and New Zealand for surface
treatments and seal coats, relative to the wide use of asphalt emulsions
in Canada for this purpose. In reply, it might be pointed out that asphalt
emulsions are manufactured in New Zealand and Australia, and that
serious efforts have been made to have asphalt emulsions adopted for
surface treatments and seal coats. Consequently, Australia and New
Zealand are quite familiar with both anionic and cationic asphalt emul-
sions, and some asphalt emulsion is used for surface treatment and
seal coat construction. However, it would appear that as a result of
many years of experience with each of these types of binders, asphalt
cements and cutback asphalts are so firmly established as binders for
surface treatments and seal coats, that Australia and New Zealand
seem unlikely to change over to asphalt emulsions in any major way, at
least in the immediate future.

Mr. Holberg has stated that the method of design suggested in the
paper is my own recommendation. This is only partly correct, for the
method of design recommended is largely a modification of the design
method that has been used with such outstanding success for many
years in Australia and New Zealand, to make it applicable to the
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conditions that exist in North America and in many other parts of the
world. Both New Zealand and Australia have for many years insisted
on the use of cover stone that is much more nearly one-size than is
ordinarily available in North America and other countries where only
graded cover aggregates can usually be obtained. As shown in the
paper, the ultimate voids between the aggregate particles in a surface
treatment or seal coat made with a graded cover aggregate are nor-
mally much less than are assumed in Australia when one-size cover
aggregate is employed. Consequently, for surface treatments and seal
coats to be made with graded cover aggregates, it has been necessary
to develop the modified design equations (5) and (6) for the required
quantities of cover aggregate and asphalt binder per unit area. As in-
dicated in the paper itseli, these equations are of general application,
and can be applied even when one-size cover stone is employed, since
one-size cover stone is only a special case of cover aggregates in gen-
eral. It has been shown in the paper, that for the one-size cover stone
and design assumptions employed in Australia, that the general design
equations (5) and (6) revert to equations (3} and (4) which represent
Australian design. Consequently, the general design equations (5) and
(6) recommended in the paper, make it possible to apply the Australian
principles of design to surface treatments and seal coats that are to be
made with either graded or one-size cover aggregates.

Reading between the lines of the last paragraph of Mr. Holberg’s
prepared discussion, I would gather that he questions the use of the
same equations to design surface treatments or seal coats with asphalt
cements, cutback asphalts, or asphalt emulsions. During the past 15
years I have examined many surface treatments made with asphalt
emulsions, cutback asphalts, and asphalt cements. In every case, when
the surface treatment or seal coat has been providing satisfactory
service for several years, the cover aggregate particles have been em-~
bedded in asphalt binder to from approximately two-thirds to three-
quarters of their depth. Consequently, in my opinion at least, whether
a seal coat or surface treatment is to be constructed with asphalt ce-
ment, asphalt emulsion, or cutback asphalt, the same amount of residual
asphalt must be provided. Equations [4], [6], and [8] recognize this
principle.

In his paper published nearly 35 years ago, Hanson referred to a
rule of thumb often cited in connection with the quantity of asphalt emul-
sion to be applied per unit area for a surface treatment or seal coat,
namely, apply asphalt emulsion at the same rate per unit area as as-
phalt cements or cutback asphalts. Hanson commented in effect, that
this rate of application was often satisfactory for asphalt emulsions
only because far too much asphalt cement or cutback asphalt was nor-
mally applied, with resulting flushing or bleeding.

As pointed out in the paper itself, the need for basing the design of
seal coats and surface treatments on the quantity of vesidual asphalt
requived, appears to have been clearly recognized by many organiza-
tions and individuals including the British Road Research Laboratory,
Country Roads Board, Idaho Department of Highways, Utah Department
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of Highways, Kerr, Hanson, Tagle, Nevitt, Kearby, Winnitoy, and Ben-
son. When surface treatments and seal coats are designed on the basis
of the same residual asphalt requirement, because of the current com-
position of asphalt binders, this will always require the application of
more finished asphalt emulsion in gallons per unit area, than of cutback
asphalt or asphalt cement,

The information contained in Mr. Chaffin’s prepared discussion,
which is based on the very extensive experience of the Texas Highway
Department with surface treatments and seal coats, provides a highly
useful addition to the paper itself. Mr. Chaffin’s reference to pre-
coated cover aggregate for improved adhesion, and to the use of light-
weight cover aggregate to avoid windshield damage from flying cover
aggregate particles, should be particularly noted.

The suggestion in the paper, that consideration should be given to
splitting the asphalt binder application for even single surface treat-
ments or seal coats into two applications, with the second application
being covered with the minimum amount of clean coarse sand to avoid
pick-up by traffic, was prompted by two observations:

(a) the serious damage to motor vehicles that can result from flying
cover stone particles during the first few days after a new single seal
coat or surface treatment is opened to traffic.

(b) the complete loss of cover aggregate that frequently occurs from
the portions of a seal coat along the outside edges, and sometimes from 233
the centre of the pavement, which are areas that ordinarily receive
little traffic, and the cover aggregate is therefore often poorly em-
bedded in asphalt binder.

By splitting the bitumen requirement into two applications, the
second application being applied over the layer of cover stone, the
cover stone particles would be firmly bonded to the surface. Thisg
would avoid motor vehicle damage due to flying particles, and loss of
cover stone from the outside edge and centre of the pavement. The
second application of asphalt binder would of course have to be followed
by an application of clean coarse sand, and rolling, in order to carry
traffic,

Mr. Chaffin points out that the coarse sand used for the second ap-
plication might tend to fill the voids and cause flushing or bleeding. On
the other hand, for double surface treatments, the Country Roads Board
of Victoria, Australia, indicates that clean coarse sand all passing 1/8
inch can be used as cover aggregate for the second layer of a double
surface treatment when the cover stone employed for the first layer is
1/2 inch or larger. Consequently, provided the amount of clean coarse
sand that is applied for the second application is held to a minimum
that will avoid pick-up by traffic, it should not result in flushing or
bleeding. The problems presented by current single seal coat construc-
tion are so serious, particularly vehicle damage due to flying particles,
that some modification of present construction practice is necessary, if
single seal coats are to be considered for heavily travelled pavements.
However, we are in agreement with Mr. Chaffin that in this case, it
would be highly preferable to employ the standard design procedure for
a double surface treatment.
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TABLE 2
SUGGESTED TEMPERATURE FOR USE OF ASPHALTIC MATERIALS(1)

Type and Grade Suggested Temperature in Degrees Centigrade

of Asphait For Spraying For Plant Mixing
Asphalt Cements
40 — 50 pen. ses 135 - 171
50— 60 pen. 146 — 207 129 — 166
85 — 100 pen. 143 — 204 124 — 160
120 — 150 pen. 141 — 202 118 — 154
200 — 300 pen. 135 — 196 112 — 149
Liquid Asphalt
RC. MC and SC Grades
30 29 — 70 16 — 41
70 45 - 88 35 — 60
250 74 - 112 57~ 179
800 §2 — 131 74 — 96
3000 110 — 149 93 — 116

In the absence of suitable temperature-viscosity data, the above table
provides a guide for use in determining application temperatures.

(1) Adapted from the Asphalt Institute.
et¢  Seldom used for spraying.

[
: NOTE: Deleted material deals with Maintenance of
| Asphaltic Concrete Pavements. The above Table 2 i
: is referenced on page 32 of this text. :

D. Maintenance of Surface Treatment or Seal Coats

1. General. Surface treatment is a broad term that covers several
types of applications of asphaltic material and aggregate. A surface treat-
moat may be applied to almost any kind of road surface. Surface treatments
ar: classified as single surface treatments and multiple surface treat-
ments.

A single surface treatment consists of a single application of asphalt
covered with & single application of stone or gravel. The finished treat-
ment is about the thickness of the maximum size aggregate particles.
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A multiple surface treatment is formed by applying asphait in two or miore
applications and covering each with a layer of stone or gravel. The size
of the stone used to cover the first application for asphalt largely controls
the thickness of the finished mat, for the following reason. The maximum
size of the pieces of stone in esch spread after the first one is smaller
than the maximum size of stone in the previous spread. The idea is that
the smaller pieces of stone will fit or “key” between the stones of the next
larger size, and the completed surfacing will therefore be stronger and more
dense. The finished thickness of a multiple surface treatment will be between
2 and 5 centimeters.

A single surface treatment waterproofs the road surface, protects
the surface from wear, and makes the surface more skid proof. A multiple
surface treatment serves the same purposes as a single treatment, and in
some cases it also adds slightly to the strength of the road.

There are two main uses of surface treatments. One, a surface treat-
ment is used as the wearing course on a granular base that has just been
built; two, a surface treatment is used to improve an older asphaltic sur-
face that has begun to wear under traffic.

A surface treatment has the potential of being a relatively long
lasting and economical wearing course, provided it is properly designed.
Satisfactory surface treatment design gives consideration to the surface
condition of an existing pavement in that a deteriorated pavement may be
“asphalt rich”, “medium” or “asphalt hungry”. Also to be considered are
aggregate types and quality with particular attention given to the Average
Least Dimension of aggregate particles.
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An abbreviated procedure for proper surface treatment design is
attached as an appendix to this manual.

Types of defects that commonly occur in surface treatments are alli-
gator cracking, pot-holes, raveling, bleeding, corrugations, and stripping.

a. Alligator cracking in a surface treatment is usually caused by lack
of good support underneath. Some settlement almost always accompanies
such cracking.

b. Pot-holes in a surface treatment are caused by local surface failure,
and the formation of a pot-hole in the surface treatment is ususally
followed by breaking up of the material under the surfacing.

c. Raveling of a surface treatment is caused by a dry and brittle
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Serious flushing in surface treatment creates a traffic hazard and spoils the appearance
of a highway in which careful engineering is obvious in connection with every detail
but the surface treatment itself.

Figure 24
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condition of the asphalt binder brought about by aging. The binder is no
fonger able to grip and hold the pieces of aggregate. T ‘

d. Bleeding of asphaltic material to the surface of a surface-treated
road is usually caused by several conditions. Either too much asphaltic
material was used in the treatment in the first place, improperly graded
cover material was used, or not enough aggregate was placed on the asphal-
tic material to cover it properly (Figure 24).

e. Corrugations are surface ripples. They are sometimes found on a
roadway on which a mat of some thickness has been built up by a number
of surface treatments over a period of time: such a mat becomes rippled
because it is unstable and moved under the pushing action of traffic.

f. Stripping of the asphalt film from aggregate particles may occur
when certain types of aggregate are used. Such aggregates can be detected
by laboratory testing. Ti:erefore new aggregate sources or sources which
are suspect should be te . Stripping can then be avoided by proper aggre-
gate choice or by adding an anti-stripping agent to the liquid asphalt
binder material.

2. Correction of Defects and Failures. It is important to keep in mind
that the following remarks primarily apply to roadways that are constructed
by the application of one or more surface treatments on top of a granular 247
or Telford base. Methods of repairing asphaltic concrete pavements that
have received surface treatment or seal coats are the same as those des-
cribed previously under asphaltic concrete pavements.

When a faifure occurs in a surface treatment, the first step is to deter-
mine the type and size of the failure. The next step is to outline the area
of the surface to be repaired.

a. Repair of Alligator Cracking. If the area in which alligator crack-
ing has occurred is small, and the settlement is not extensive, temporary re-
pairs can be made as follows: The surface is cleaned with brooms or com-
pressed air, then an even coating of asphaltic material is applied and
covered at once with chips of stone, gravel, or sand. The kind of cover
to use will depend on the extent of settlement and the type of asphaltic
material used. It is important to make sure that the existing surface is dry
and that there are no loose particles.

This type of repair does nothing to correct lack of support from
beneath. The treatment merely helps prevent surface water from entering
the weak base and increasing the extent of damage. It may also raise the
low spot to grade. If there are signs that subgrade material is workin, up

— 25
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through the cracks or if the surface is loose, other steps must be taken. The
old cracked surface treatments must first be removed.  Then-the-base must
be examined for water and subgrade soil that may have worked up from
the subgrade. If water and subgrade soil are found, it is necessary to remove
the base to the subgrade. The water may have seeped in below the surface
or the shoulders from the side ditches, or down through the cracked surface.
The water source must be found, and good drainage provided.

After defects in drainage have been corrected, new base material is
placed. The new base material should be as good or better than that in the
original construction. It can be compacted with hand tampers, vibratory
tampers, or roliers. The best method will depend on the size of the failure.
The top of the new base after compaction, or the top of the old base (if it did
not have to be removed) will be lower than the surface around the patch.

The surface of the new or old base must be lightly primed with about
1 liter per square meter of MC - 250 cutback asphalt. After the prime has
been allowed to cure, a new surface treatment must be applied to bring
the patch up to grade.

b. Repair of Pot-holes. The sides and bottom of each pot-hole in a
surface treatment must first be cleaned. The hole must then be shaped to
form a square or rectangle whose sides are parallel or at right angles to
the direction of traffic, and the edges must be neat and as nearly vertical
as possible. The trimming of pot-holes in a surface treatment can usually
be done with an ax. The patch may be made with a surface treatment or
with a premixed patch materiai.

If a hole that is more than 5 centimeters deep is to be patched with
a surface treatment, it will be necessary to add enough granular- base
material to bring the top of the base to within 2.5 centimeters of the
finished grade. If more than 10 centimeters of granular material for the
base is needed, that material must be compacted with hand or vibratory
tamps. After the base has been properly compacted, the bottom of the hole
must be primed. As soon as the prime coat has cured, a new surface
treatment must be applied. Enough material must be used to bring the sur-
face of the patch about 5 millimeters above the level of the rest of the pave-
ment to allow for further compaction by traffic.

There will be times when it will be necessary or desirable to use pre-
mixed material for patching the base, because of weather conditions or the
lack of well-graded granular base material. In such a case, the pot-hole
must be trimmed and the surface of the compacted premixed material
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raised about 5 millimeters above the grade of the adjacent pavement.

c. Repair of Raveling. Raveling of a surface can be corrected by
applying a new single surface treatment to the raveled spot or portion.
First, it is necessary to broom out all dirt and loose stones. The repair
is made by applying asphalt on the raveled areas, spreading cover aggre-
gate over the asphalt with the aid of hand brooms to produce a level sur-
face, and then rolling.

If the depression caused by raveling is too deep for one course of the
aggregate cover that is used, more courses of surface treatment must be
placed on the low spots before the final course is applied, so that the entire
raveled area can be covered properly at the same time by the final course.

d. Correction of Bleeding. Bleeding of a surface treatment occurs
when vehicle tires come into direct and prolonged contact with the liquid
asphalt used for surface treatment. Since any grade of asphaltic material
that is suitable for surface treatment tends to come to the surface of the
pavement, the only way to prevent bleeding is to place an adequate cover
of aggregate over the road surface.

By making a detailed inspection of each portion of surface freatment
that is bleeding, it will be possible to determine whether bleeding is
caused by loss of cover aggregate or by the use of too much asphait. In
either case, enough asphalt must be available to hold a new cover. When
a defect of this kind is to be corrected, the best time to perform the work
is during the hottest part of the day.

249

Where a surface treatment is just beginning to show & tendency to
bleed, as indicated by black marks along the wheel tracks, the necessary
correction can frequently be made by using sand to blot up the excess asphalt.
In such a case, the sand must be spread, and the rolling must be done
during the hottest part of the day.

Where a surface treatment is bleeding badly, the remedy is to cover
it with 5 to 10 kg/M? of minus No. 10 sieve aggregate, and to roll the sur-
facing with a rubber-roller. Rolling must be continued until the aggre-
gate is seated securely. Traffic will dislodge some of the aggregate, the
loose material should be broomed back evenly over the surface, and rolling
repeated.

Wherever measures have been taken to correct bleeding, it is advisable
to establish some system of traffic control to hold vehicle speed below 40
Kilometers per hour for at least 24 hours.

—_— 97 —




250

Compendium 12

Text 9

e. Correction of Corrugations. The only satisfactory method of correc-
ting corrugations in a surface-treated roadway on & granular base is to
scarify the material to a suitable depth. After the surface course and some
of the base material have been well scarified, the loosened material must
be recompacted as part of the base, and the surface of the base must be
brought to the proper grade and cross section. The compacted base must
then be primed, and a surface treatment applied.

When corrugations develop in a surface treatment that is supported on
a Telford base, the only method of correcting the defect is to remove or
trim the surface. After that course has been removed, the base must be
then be primed, and a surface treatment applied.

5. Asphaltic Materials for Surface Treatments. The RC (rapid cu-
ring) types of asphalt cutback, which have been thinned with naphtha or
gasoline, are often used for surface treatment work, because the solvent
evaporates quickly and the cover aggregate is gripped by the asphalt be-
fore it can be whipped off by traffic. The grade to be used depends mainly
on the season. In hot weather, grade RC- 800, or a heavier grade of
medium-curing cut-back may be used. In cool weather, material of grade
RC- 250 will give the results because it will remain soft until the aggre-
gate is spread.

4. Equipment for Surface Treatments. Success in applying a sur-
face treatment depends primarily on the equipment used, its condition, and
the way in which it is handled. All equipment must be in good mechanical
condition, properly adjusted, and free from wear which would impair the
quality of the work. It is the responsibility of the Foreman in charge of &
team assigned to surface treatment to make a routine daily inspection
of each piece of equipment under his jurisdiction, and to see to it that all
equipment is maintained properly and cleaned at the end of each day’s
work,

The type and amount of equipment needed for repairing a failure or
performing routine resurfacing work depends on the type and size of the
job. Smali areas can be repaired by applying asphaltic material with a
trailer type asphalt distributor using either the spray bar or hand spray.
Cover aggregate may be spread with hand tools and the surface may be
rolled with a small roller. Large areas require the use of pressure dis-
tributors with capacities from 3000 to 4500 or more liters, stone spreaders,
brooms, and both steel-wheeled and rubber-tire rollers.
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a. Distributor. The most important piece of equipment on a surface
treatment-job is the distributor for-applying -asphaltic material. 1t is-made
specifically to apply liquid asphalt uniformly to a surface in exact quan-
tities, and to maintain the specified rate for the entire load, regardless
of changes in the grade or direction of the road.

The operator of a distributor must be properly trained and experienced
in all phases of its operation. He must have a full knowledge of the manu-
facturer’s recommendations in regard to the size and adjustment of the
nozzles, pump pressures, operation of the burners, and the spray-bar
height. Also, the manufacturer’s calibration chart must be kept in the dis-
tributor at all times.

Figure 25 illustrates the variation in distance between spray bar and
road surface during spraying operations when the distributor is not
equipped to maintain a constant spray bar height. Figure 26 shows the
influence of spray bar height and Figure 27 depicts the distributor aftach-
ment which maintains constant spray bar height. Incorrect spray bar height
or nozzle adjustment will result in non-uniform asphalt application or streak-
ing as shown in Figure 28.

At the beginning of each days work, the foliowing check list must be
gone over by each operator of a distributor:

1) Are the heaters and pumps functioning properly?

2) Are all pressure gages and measuring devices functioning pro-
perly?

3) ls each spray-bar clean and properly set to produce an even
spread?

4) Are the nozzles clean, free of “burrs”, and at the correct angle?
5) Is the hand hose clean and operating properly?

6) 1Is the bitumeter wheel free and functioning properly” (For
truck mounted units only.)

When a distributor has been out of use, it must be flushed out with a
cutback or a suitable oil before it is loaded with hot asphalt. If even a very
small amount of water is trapped in a pipe or valve serious boiling and
foaming will occur when hot asphaltic material comes in contact with the
water.

b. Aggregate Spreaders. The aggregate spreader is next in impor-

B
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tance to the distributor in obtaining a good surface treatment. A suitable
aggregate spreader that is operated properly will conserve aggregate and
produce & uniform spread. There are various types of spreaders. The simplest
type is one which is equipped with fixed vanes and is attached to the tail
gate of an aggregate truck. Two other examples are shown in Figures 29
and 30.

The following check list may be used for each aggregate spreader:

1) Has the aggregate spreader been checked for proper operation?

2) Have all adjustments been made in accordance with the manu-
facturer’s operating manual?

3) Have the hitches on all trucks been checked to make sure they
may be connected quickly and positively to the spreader?

4) Has the application rate of the spreader been checked?

c. Rollers. Proper seating of the aggregate particles is very important
operation in applying a surface treatment. There are several types of com-
pactors, but the types generally used for surface treatments are pneumatic-
tire rollers and steel-wheeled rollers. A rubber-tire rolier is preferred for all
surface treatment work. The resilient tires on the roller force the aggregate
firmly into the asphalt binder without crushing the particles. A steel-wheel
roller will bridge over smaller particles and over small depressions in the
surface, and will fail to press the aggregate into the asphalt at these places.
A steel-wheeled roller also may crush the softer aggregate particles so that
degradation takes place even before traffic uses the new surface.

Every roller must be inspected at the beginning of the construction sea-
son or when it is first used by a team, and also periodicatly throughout the
season. Where applicable, the following items must be checked:

1) The total weight
2) The weight per centimeter of width for a steel-wheeled roller

3) The average contact pressure ‘n kilograms per square centi-
meter for a rubber tire roller’

4) If self-propelled, the mechanical condition, especially its ability
to start, stop, and reverse smoothly

5) The precise steering
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Figure 25
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Spray bar height increases during spraying operation on distributors not equipped to maintain constant spray bar height
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CORRECT SPRAY BAR HEIGHT — TRIPLE COVERAGE

Influence of spray bar height.

Figure 26
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Constant spray bar height attachment maintains
uniform nozzle height for controlled double or
tripple lap coverage regardless of load or
spring deflection of the distributor truck.

Figure 27
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Longitudinal streaking of surface treatment-due to non-uniform asphalt application.

Figure 28
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Before the rolling operations on a particular job are started, all tires
must be-checked for the specified inflation. The mavimum permissible range
of pressure between high and low on all tires is 0.4 kilograms per square
centimeter. Tires must also be visually inspected for good condition and
smooth tread. Oscillating wheels must be tested for freedom to move ver-
tically.

Each steel-wheel must be inspected with a sharp metal straightedge
for wear of its rim. If there are grooves or pits in the rolling surface of a
wheel, the roller should not be used. Every king pin must be inspected for
stackness, and any necessary correction must be made. If the wheel bearings
are found to be worn excessively, they must be replaced before operations
begin. Scrapers on steel-wheeled rollers and pads on rubber-tire rollers
must be in place and in good condition.

d. Power Brooms and Air-Compressors. A power broom is useful for
cleaning off large areas of a surface that will not need to be cut out and
removed. A hand broom or an air compressor that is fitted with hoses and
nozzles is useful for cleaning small areas of a surface where a patch is to
be placed. Each power broom must be checked for proper operation of the
power drive and for the amount of wear and the condition of the brush. The
bristles over the full width of the brush must be long enough to clean the
surface thoroughly.

e. Miscelianeous Equipment. Various other pieces of equipment are
also required. Among them are the following:

1) Mechanical tampers of the vibrating and impact types
2) Hand tamps

3) Hand brooms

4) Cutting tools, such as axes and picks

5) Shovels

6) Trucks to haul equipment, material and personnel

7) Traffic-control devices

5. Details of Applying Surface Treatment. All needed repairs to the
existing surface must be made before resurfacing operations are started.
The weather has to be right, the surface must be clean, the materials must
be on the job, and the equipment must be in good working order.

Weather has an important role in the success of a surface treatment.
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It should be hot and dry while the new material is being placed, and for
several weeks after the surfacing has been applied.

The surface to be treated must be cleaned immediately before the
asphalt 1s sprayed. All hardened mud and other foreign matter must be
removed, and the surface must be swept thoroughly with power brooms.
Where sod or dirt is found on the edge of the shoulder, a grader must be
used to cut the material back far enough to permit the entire shoulder
surface to be cleaned and sprayed.

The type of asphalt, the type of cover aggregate, and the rate of
application of each material will be determined by the District Maintenance
Engineer before the materials are ordered. The delivery of materials to the
job must be coordinated so that there will be no delays after the work
starts. Enough asphaltic material must be at the job or delivered to it to
complete each days work without undue delays. The number of trucks used
for aggregate must be ample to assure complete coverage of each applica-
tion of asphaltic material with aggregate. The aggregate stockpiles must
be built up in time to allow excess water to drain off from washed material.

a. Spreading Asphalt. Before the spraying of asphaltic material is
started, and if the edge of the road or shoulder cannot be used for a guide,
a line must be marked to guide the distributor operator. The thermometer 267
on the distributor must be checked to make sure that asphaltic material
is at the correct application temperature. A table of temperatures is shown
in Table 2.

The length of asphalt application should be limited to provide uniform
embedment of the maximum amount of aggregate before the asphalt cools
and congeals. The optimum length depends on many factors, but a 400 to
600 meter application length is a satisfactory range in which to begin the
work.

To determine the length in meters that can be covered by the aggregate
in a certain number of trucks, it is necessary first to find the net weight
of material in each truck. Then, the following calculations are performed:

Step 1: The total number of kilograms of aggregate is obtained.

Step 2: The width of spread, in meters, is multiplied by the rate of
application, in kilograms per square meter.

Step 3: The value found in Step 1 divided by the result found in
Step 2 gives the distance over which a number of truckloads
of aggregate should be spread.
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When the amount of asphaltic material to be spread is the governing
factor in determining the length of application, the calculations are as
follow:

Step 1: The number of liters to be spread is obtained.

Step 2: The width of the spread, in meters, is multipled by the rate
of application, in liters per square meter,
Step 3: The value found in Step 1 is divided by the result found in
Step 2.
The number of liters to be spread from a load is found by subtracting
200 liters from the volume shown by gaging at the start of the run. This
200 liter margin assures the full rate of application right up to the end of
the run. If an attempt is made to use up all the material in the distributor,
the pump will start to suck air near the end of the load, and the spread will
be uneven.

The amount of asphaltic material actually used for each application
must be measured in the following manner:

Before and afier an application, the distributor is stopped on a level
area, and a gage stick is inserted through the dome down to the material
in the tank. The volume corresponding to the measurement shown on the
stick is then found from a table of volumes that is furnished with the dis-
tributor.

The temperature of the material can be read on the thermometer
attached to the distributor. The temperature at which the volume of asphal-
tic material is usually computed for application or charging is 60° F or
15.6° C. For that reason, it is necessary to convert the volume measured
by the gage stick at the temperature shown on the thermometer to volume
at 60° F or 15.6 C. by referring to the conversion factors in table 3.

If it is likely that the appearance of a culvert headwall, a bridge para-
pet, or some struture will be marred by flying spray from the distributor,
the structure must be protected with paper before the application is started.
Used building paper must be carefully removed and disposed of in an
approved manner.

b. Transverse Joints. Rough and unsightly transverse joints in & sur-
face treatment can be avoided by starting and stopping the spread of asphal-
tic material and aggregate on building paper (see Figure 31). One length of
paper is laid across the lane to be treated in such a position that the forward
edge will be at the place at which the treatment will start. When the dis-
tributor reaches this paper, it must be traveling at the correct speed for
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Temperature
Degrees Centigrade

15.6
20
30
40
50
60
70
80
90
100
110
120
130
140
150

Note :

TABLE 3

TEMPERATURE - VOLUME CORRECTIONS

FOR

ASPHALTIC MATERIAL

(1)

(2)

Group ¢ (1)
Volume
Conversion
Factor

1.0000
0.9972
0.9909
0.9847
0.9785
0.9723
0.9662
0.9601
0.9540
0.9479
0.9415
0.9359
0.9299
0.9240
0.9181

Group 1 (2)
Voiume

Conversion
Factor

1.0000
0.9968
0.9897
0.9826
0.9756
0.9686
0.9616
0.9547
0.9478
0.9410
0.9343
0.9275
0.9208
0.9142
0.9076

Group 0 has a specific gravity at

15.6° Centigrade above 0.966

Group 1 has a specific gravity at
15.6° Centigrade of from 0.850

to 0.966
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Typical tailgate spreading operation.

Figure 29

Self-propelled aggregate spreader.

Figure 30
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the desired application rate. The flow will then be started. The material
first discharged will be sprayed onto the paper; and by the time the dis-
tributor reaches the exposed surface, the spray bar will be making a full,
uniform application. A second length of building paper is placed across
the predetermined location of the joint. The full flow from the distributor
will be continued until the paper is reached, and any material discharged
after the cutoff point will be sprayed onto the paper. In this way a straight
sharp transverse joint can be obtained. Immediately after the aggregate
spreader has passed over the paper, it must be removed and destroyed.

For the next application, the first length of paper is placed on the pre-
viously laid treatment so that its leading edge will be about 1 or 2 centi-
meters back of the end of that treatment. This exposure will prevent a gap
between the two spreads.

¢. Longitudinal Joints. The only way to eliminate a longitudinal joint
in a surface treatment is to apply the treatment to the entire width of the
area to be treated at one time, however, this is seldom possible. By careful
application of asphalt and aggregate, joints can be made that are not
noticeable.

The spray nozzles on the distributor are generally positioned so that
the spray from each nozzle overlaps the spray from the adjacent nozzle. 261
There is no overlap for the outer half of the spray from the end nozzle.
This overlap is accomplished with the next adjacent application of asphalt.
A good longitudinal joint is made by:

1) Not placing aggregate on the partial asphalt application pro-
duced by the end nozzle until it has been overlapped by the
next adjacent application.

2) Making a perfectly matched overiap of the spray from the end
nozzle on adjacent applications.

3) Matching perfectly the spread of aggregate at the joint without
overlap of aggregate.

d. Spreading Cover Aggregate. All aggregate needed for the planned
spread must be on hand before any of the asphaltic material is applied.
When the distributor moves forward to spray the asphaltic material, the
aggregate spreader must start right behind it as in Figure 32. An essential
requirement is that the asphaltic material must be covered and rolled with-
in 15 minutes. Otherwise, the increase in viscosity which takes place when
asphalt is exposed may prevent good wetting and binding of the aggregate.
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Another important requirement is that the aggregate must be spread uni-

~formly and-at the proper rate. Only aggregate which is. in contact with the

asphaltic material can stick to the surface. It is therefore useless and
wasteful to apply aggregate at a rate greater than that required to establish
a thickness the size of the largest praticle.

A high degree of control is possible with use of a mechanical spreader
pushed by a truck. A uniform application rate can be assured with a pro-
perly adjusted spreader if a tachometer is used to maintain uniform speed.
Another aid in controlling distribution rate is to lay off the length which
each truck load of aggregate is expected to cover.

If too much aggregate is applied in some spots, the excess must be
removed immediately with square-pointed shovels. Where the initial appli-
cation is insufficient, additional aggregate must be added. When the aggre-
gate spreaders are adjusted and operated properly, hand work will be held
to a minimum.

Aggregate application rate may be checked by placing a one square
meter pan in the path of the aggregate spreader, as shown in Figure 33.
Aggregate caught in the pan is then weighed to determine kilograms of
aggregate spread per square meter.

e. Rolling. Rolling seats the aggregate in the asphaltic material and
thus improves the bond which is necessary to resist traffic stresses. The
cover material should be rolled immediately after it has been spread. Pre-
ferably rolling should be accomplished withonly a rubber-tire roller. If a
steel-wheel roiler is used it must be in conjunction with a pneumatic roller
and the aggregate rolled first with the steel-wheel roller, followed by the
pneumatic roller.

It is advisable to continue rolling until all the cover aggregate has
been properly seated in the asphaltic binder. Rolling must be started at
the outer edge of the treatment and must proceed in a longitudinal direc-
tion while the roller is moved toward the center, or inside edge in the case
of shoulders, in stages. The path for each trip will usually overlap that for
the previous trip by about one-half the width of the front wheels or roll.

t. Removing Excess Aggregate. In spite of all precautions, there
usually will be some loose aggregate on the road surface after the rolling
operation is completed. Before the adjacent lane is covered with asphalt,
loose aggregate should be swept from along the joint and, if necessary,
from the rest of the uncovered lane.
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A typical scene on modern asphalt pavement construction, with a pressure
distributor followed closely by an aggregate spreader.

Figure 32

Use of a one square meter steel pan to adjust cover Aggregate
Spreader to the setting required for application of cover aggregate
at the specified rate per square meter.

Figure 33
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Aggregate which does not stick creates a problem since tires on fast-
moving vehicles will pick up.the lopse particles and . throw them against
following vehicles, often damaging headlights and windshields. This loose
aggregate may be removed by lightly brooming with a rotary power
broom during the cool of early morning, after final set of the asphalt has
occurred.

g. Control of Traffic. Control of traffic through the work area is impor-
tant while a surface treatment is being applied and for a short time after
the construction has been completed when a road surface is involved. A
vehicle traveling over a fresh surface treatment at a high speed displaces
the aggregate. Traffic must be diverted to the lane not under construction.
Traffic must be directed through the work area in a manner designed to
provide maximum safety for the workmen and the least possible interrup-
tion of work.

The job must be laid out so that treatment starts at the point farthest
from the aggregate stockpile and progresses toward the stockpile. Then
the hauling trucks will not have to travel over newly surfaced road.

h. Multiple Surface Treatments. When it is necessary to use a double
or triple surface treatment, the largest aggregate is placed in the lowest
course and the aggregate in each succeeding course is smaller thau that
in the course below. The thickness of the layer of aggregate for each
course, except the top one, is made greater than the size of the largest
particle in the course, in order fo allow for leveling with a broom drag.

The steps in the construction of a multiple surface treatment are
essentially the same as those for a single surface treatment, but the opera-
tions are repeated either two or three times. The procedure for a double-
surface treatment consists of the following steps:

1) Applying the first course of asphalt

2) Placing the first course of aggregate

3) Using a broom drag on the first course of aggregate
4) Rolling the first course of aggregate

5) Applying the second course of asphalt

6) Placing the second course of aggregate

7) Rolling the second course of aggregate.

Time must be allowed for proper curing after the first freatment.
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Appearance and texture of a typical double surface treatment are shown
in Figure 34,

For a triple surface treatment, Steps 1, 2, 3, and 4 are repeated for the
second course, and Steps 5, 6, and 7 are then preformed for the third course.

E. Asphaltic Patching Materials.

1. General. Asphaltic patching materials have a very important func-
tion in the maintenance of paved surfaces. These materials are classified
as cold-mix patching materials and hot-mix patching materials. However,
in order that the asphalt and the aggregates for a cold mixture may be
mixed properly, the asphalt usually must be heated or at least warmed.
Each class has certain advantages and disadvantages. The capabilities and
limitations of each must be understood in order that the proper kind of
mixture will be selected and it will be used to its best advantage.

2. Cold-mix Patching Materials. Many different kinds of liquid asphal-
tic materials are used for making cold mixes. The kind and grade used
will depend on the grading of the aggregate, on how soon the mixture will
be used after it is mixed, and on the method used for mixing the materials,
Some of the different kinds of cold patching mixtures are shown in Table 4.

When the asphaltic material in a cold-mix patching mixture is a 265

medium-curing or slow-curing cutback asphalt, the mixture can be stock-
piled for a long period of time and can be used as needed. Such a mixture
has a big advantage over a hot-mix material in this respect. However, a
cold mixture made with a rapid-curing cutback asphalt must be used as
soon as it has been prepared. Large quantities of cold patching mixture
can be made by the ‘“blade-mix” method. In this method, the aggregate
and the asphaltic material are mixed by blading the materials back and
forth with a grader.

a. General Requirements. Before aggregate are used in a patching
mixture, samples of each material must be sent to the District office. The Dis-
trict Maintenance Engineer will have a check made to be sure that the
materials are suitable for the intended use. The aggregates must be clean
and properly graded in size. A recommendation will also be made as to the
type and amount of asphaltic material which will be best suited for the
patching mix wanted.

Commonly, the maximum size of aggregate particles for a patching mix
is 3/8 or 1/2 inch. Such a mix “feathers” out better, provides a smoother
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driving surface, and is less likely to ravel. At the time a cold patching
mix is prepared, the amount of moisture in the aggregate (sand, stone,
or gravel) must be less than about three percent. If excessive moisture
exists mixing of the aggregate and asphaltic material must be delayed while
the damp aggregate is repeatedly turned and the sun and air have reduced
the moisture content to three percent or less.

TABLE 4
KINDS OF COLD PATCHING MIXTURES

Kind of Asphaltic Temperature Range Aggregate

Material at Time of Mixing Gradation
(Degrees )

RC- 250 Cutback 79-112 Open graded
RC - 800 Cutback 96 - 131 Open graded
MC - 250 Cutback 79-112 Dense graded
MC - 800 Cutback 96 - 131 Dense graded

Blade mixing is accomplished on a hard, smooth mixing “foor” or
runway. An abandoned section of road surface makes a good mixing floor
(Figure 35). A less satisfactory, but usable floor may be made as follows: A
conveniently located strip of natural ground is leveled so that it is firm and 267
smooth. It is then covered with a coat of cutback material, such as asphalt
of grade MC - 250 which is applied under pressure from a distributor or
by use of a hand hose fitted with a spray nozzle. The required amount of
cutback will depend on the ease with which the cutback soaks into the
ground, but 1.0 to 2.0 liters per square meter is usually enough. The cut-
back must be allowed to cure out for several days before materials for
the patching mixture are placed on the treated surface. After the surface
has been used for mixing over an extended period of time a thick and
durable layer will have accumulated. Less care will then be needed to
prevent soil from getting into the patching mixture while it is being pre-
pared or loaded into a truck.

Cold patching material from a stockpile is loaded onto a truck by
hand, by a front-end loader or in some other suitable manner and is hauled
to location at which it is to be used.

General mixing requirements are as follows: Coarse and fine mineral
aggregate shall be deposited in a single windrow in the proportions required
to provide a total aggregate conforming with the specified grading. After
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the proportions of coarse and fine aggregate are adjusted, the total loose
aggregate shall be mixed thoroughly with a motor grader. Immediately
prior to application of the asphalt, the windrow of mixed aggregate shall
be bladed to a uniform cross-section approximately 5 centimeters thick.
If damp, it shall first be bladed back and forth until surface dry. Upon the
tayer of graded aggregate the asphalt shall be applied uniformly with the
asphalt distributor at the temperature and at the rate specified. The aggre-
gate and asphalt shall be mixed as described in the following paragraph.
Successive treatments of asphalt shall then be applied and mixed in the
quantities, not exceeding three liters per square meter each.

The motor grader shall follow the distributor immediately after each
application of asphalt and shall continue to operate on the treated strip
until all free asphalt is mixed into the aggregate. After the aggregate has
received its total application of asphalt, mixing shall continue until a
thoroughly uniform mixture is produced. If, before the process is completed,
the mixture should become wet, the mixing operation shall be continued
until it dries out. After final mixing the material shall be brought to a sin-
gle windrow and stockpiled on an approved level storage space.

Mixing and aerating cold mixes may also be accomplished by special
equipment as shown in Figure 36.

The exact amount of asphalt in the design mixture may not always be
provided for, consequently, an occasional check is desirable. Two methods
which provide quite accurate results are ASTM D 1097 “Extraction by Cen-
trifuge”, and ASTM D 762, “Reflex or Hot Extraction’’. However, these tests
are not always conveniently performed; therefore, it may be more desirable
to maintain a daily check on the asphalt content of the mix by dividing the
weight of asphalt used during the day by the total weight of mix for the day.

As an example:
1) Volume of materials mixed during the day:
a. 120 metric tons of aggregate

b. 7200 liters of asphalt

2) Assume specific gravity of the asphalt as 0.959 (always use the
specific gravity as reported by the refinery for the particular
asphalt material used).

3) Total weight of mixed materials:
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a. Aggregate 120 tons X 1000 kg/ton = 120,000 kg
7200 liters X 0,950 kg /liter. .= 6,905 kg

Total Weight 126,905 kg

4) Asphalt content of mixture:

Weight of Asphalt usedx 100 _ 6,905 kg X 100
Weight of Total Mix 126,905 kg

b. Blade Mixing of Dense-graded Mix. The aggregates used for dense
graded mix will depend on the locality. In general, all aggregate must be
clean and well graded. The required quantity of asphaltic material will de-
pend on the type and gradation of the aggregate. The finer the aggregate
or the denser the mix the greater will be the quantity of asphaltic material
needed to coat the increased surface area of the aggregate particles in a
given volume. It is preferable to make a laboratory test, but Table § may be
used to select a trial value for the amount of asphaltic material.

= 544 percent

When a mix has been prepared the correct amount of asphaltic mater-
ial for the gradation used may be judged by considering the color of the
mix. The correct color is dull black showing that all particles are coated
and not shiny black. When a mixture containing the correct amount of
asphaltic material is thrown into a pile, it will creep (the particles will 269
slowly roll over one another), and will not slump into a solid mass. The
tendency in blade mixing is to use too much asphaltic material in order to
get a coating on the aggregate with as little work as possible.

Mixing and aeration must be continued until the moisture and other
volatiles are evaporated to the proper extent. If the mix is to be used

immediately it must be aerated more than if it is to be stockpiled. A mix
with material of grade MC - 250 can be stockpiled for many months.

¢. Blade Mixing of Open-graded Mix. Gradation of the aggregate in
an open-graded maintenance mixture are often within the following limits:

Sieve Size Percent Passing
1/2 Inch 100

No. 4 20 to 40

No. 8 0 to 10

The asphaltic material used for this type may be rapid curing cut-
back asphalt of grade RC-800. The suggested amount if laboratory tests
are not available is 4.5 percent, by weight, of the total mix. These mixes
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will cure quite rapidly, and such a mix cannot be stockpiled for long. Also,
the surface of the patch must be protected with & seal coat.

3. Hot-mix Patching Materials. The disadvantages of a hot-mix patch-
ing material is that the material must be used soon after it has been pre-
pared. Since a material of this type cannot be stockpiled for later use care
must be taken to make sure that only the amount needed to do a specific
job is mixed. The main advantage in using a hot-mix material is that it will
provide a permanent patch when properly installed.

Hot-mix patching material is prepared in a central mixing plant. Since
the material will remain workable for only a limited time, it is suitable only
for a large patch or a number of small patches in a limited area. Before
a load of hot-mix patching material is delivered to the job site, enough
areas to be patched must be prepared to use the entire load.

A hot asphaltic mixture must meet the requirements of the Standard
Specifications or must be proportioned according to a special job mix
formula issued by the District Maintenance Engineer. The binder used
must be an asphalt cement having a penetration appropriate for the climate.
A hot mixture from a central plant is hauled to the patching site in trucks
that have clean, smooth metal-lined bodies. Hot-mix patching operations
have been described in the subsection dealing with the repair or pot-holes
in an asphaltic concrete surface course.

TABLE 5
PROPORTIONS FOR DENSE - GRADED MIXTURES

Asphaltic Material

Kind of Percent of Percent in Liters per
Asphaitic Aggregate Mixture by Cubic Meter of
Material Passing Weight Dry Aggregate
No. 10 No. 200
Medium-curing 60 7 5.5 97.5
Cutback Asphalt 50 3 4.8 84.7
(MC-250, MC-800) 40 2 4.4 77.2

Computations are based on dry aggregate weighing 1660 kilograms
per cubic meter.
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to which liquid asphalt has been

Motor grader mixing combined aggregate - asphalt
previously applied by pressure distributor. 271

Figure 35
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Mixing and aerating cold mixed asphaltic paving material.

Figure 36
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represented by the title as given above. In some
references, the paragraph ends with an order
number for the publication in parentheses.

Bibliografia

La siguiente bibliografia contiene dos series de
referencias. La primera serie consiste en una re-
ferencia para cada texto seleccionado que apa-
recid en la parte anterior de este compendio. La
segunda serie consiste en referencias a publi-
caciones adicionales que fueron mencionadas
en los textos seleccionados o que se asocian in-
timamente con el material que se presenté en la
vista general y los textos seleccionados. Cada
referencia tiene cinco partes que se explicany
se ilustran abajo.

(a) Numero de referencia: este nimero indica
la posicion de la referencia dentro de esta bi-

bliografia en particular. Se utiliza en el indice del
compendio pero no debera utilizarse al pedir
publicaciones.

(b) Titulo: el titulo de la publicacion completa
o el titulo de un articulo o seccidn dentro de una
revista, informe, o libro.

(c) Datos bibliograficos: este parrafo da los
nombres de autores personales u organizacio-
nales (si hay alguno), el nombre del editor y su
direccion, la fecha de publicacion, y el nimero
de paginas representadas por el tftulo en la
parte (b). En algunas referencias el parrafo ter-
mina con un nimero de pedido para la publica-
cion en paréntesis.
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Bibliographie

La bibliographie qui suit contient deux catégo-
ries de références. La premiere catégorie
consiste en une référence pour chague texte
choisi qui est inclus dans la partie précédente
de ce recueil. La deuxiéme catégorie contient
des références pour des documents qui ont soit
été cités dans les textes choisis, ou soit sont
étroitement associés avec des écrits qui sont
présentés dans I'exposé ou les textes choisis,
Chague référence est composée de cing parties
qui sont expliquées et illustrées ci-dessous:

(@) Numéro de la référence: ce numéro indi-
que la position de cette référence dans cette bi-

bliographie. Ce numéro est indiqué dans l'index
du recueil mais ne doit pas étre utilisé pour les
commandes de publications.

(b) Titre : cela indique ou le titre du livre en-
tier, ou le titre d'un article ou d’'une section d'une
revue, un rapport, ou un livre.

(c) Données bibliographiques: ce paragraphe
indigue les noms des auteurs personnels
(quand il y en a) ou des auteurs collectifs (orga-
nisation), le nom de I'éditeur et son adresse, la
date de I'édition, et le nombre de pages qui sont
incluses sous le titre dans (b). Certaines réfé-
rences se terminent par un numero entre paren-
théses qui indique le numéro de commande.



(d) Availability information: This paragraph
tells how the referenced publication is available
to the reader. If the publication is out-of-print but
may be consulted at a particular library, the
name of the library is given. If the publication
can be ordered, the name and address of the

organization from which it is available are given.
The order should include all information given in
parts (b) and (c) above.

(e) Abstract: This paragraph contains an
abstract of the publication whose title was given
in part (b).
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(d) Disponibilidad de la informacién: este pa-
rrafo indica la disponibilidad al lector de la pu-
blicacion referenciada de una de dos formas
como sigue. (1) La publicacion esta agotada
pero puede ser consultada en la biblioteca indi-
cada, donde se sabe que se posee una copia, o

(2) la publicacion puede ser pedida de la orga-
nizacion cuyo nombre y direccion estan indica-
dos. El pedido debera incluir toda la informacién
dada en las partes (b) y (c).

(e) Resumen: este parrafo es un resumen de
la publicacion cuyo titulo se di¢ en la parte (b).

(d) Disponibilité des documents: ce paragra-
phe indique les deux fagons dont le lecteur peut
acqueérir les documents: (1) L’édition est épui-
sée, mais une certaine bibliothéque détient ce
document et il peut étre consulté. (2) Le docu-
ment peut étre commandé a I'organisation dont

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

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

Hustration (from Comp. 1)

(a) Reference number

Hustracion (def Comp. 1)

Hustration (du Recueil 1)

Reference 5

{a) Ndmero de referencia
(a) Numéro de la référence

{b} Title
(b} Titulo
(b} Titre

{c) Bibliographic data

rormmmminiscmne A REVIEW OF HIGHWAY DESIGN PRACTICES IN

e Cron, Frederick W. Washington, DC: International

(¢} Datos bibliograficos
{c) Données bibliographigues

(d} Availability information

DEVELOPING COUNTRIES

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

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

— The design standards of some 150 highway projects
financed by the International Bank for Reconstruction
and Development between 1960 and 1970 are re-
viewed, and areas of agreement between the stand-
ards of the 63 countries studied are identified;
practical highway standards based on these areas of

(d) Disponibilidad de la informacion
{d) Disponibilité des documents

{e) Abstract
(e) Resumen

agreement are sketched for the guidance of planners
in developing countries. The roads discussed here,
fall into three functional categories: a small group of
expressways, freeways and toll roads carrying large
volumes of traffic; a very large group of 2-lane
highways carrying a wide range of traffic volumes

(e} Analyse

{c) above.
(b} v (e).

données dans les parties (b) et (c).

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

L'ordre de commande doit inclure toutes les informations

serving both local and long distance traffic; and a
smaller group of low-traffic tertiary or special
purpose roads existing primarily for land service.
Comments are made on the problem of classifying
highway standards, and on the corparison of stand-
ards.  Conclusions regarding standards for the
capacity- related elements of design and standards
for the velocity-related elements of design (radius of
curvature, stopping sight distance, passing sight
distance) are discussed, as well as the horizontal and
vertical clearances for bridges. The standard live
loadings for bridges, the structural capacity of
pavements and legal load limits are covered, and
conclusions relating to pavement design, design,
standards for  2-lane highways, . tncremental
development of highways, and levels of service ‘are
presented.




SELECTED TEXT REFERENCES

Reference |
DUST-LAYING ON UNSURFACED EARTH GRAVEL
ROADS

Road Research Laboratory. Harmondsworth, U.K.
Reprinted 1971. 23 p. (Road Research, Overseas
Bulletin No. 14).

Order from: Transport and Road Research Laboratory,
Crowthorne, Berkshire RG11 6AU, U.K.

Methods that can be used to combat dust on gravel
and earth roads are reviewed. The principal binding
agents used in dust-laying are classified under the
headings (I) water {fresh or sea); (II) deliquescent and
hygroscopic chemicals; (III) other inorganic chemi-
cals; (V) organic, non-bituminous binders (includes a
variety of industrial waste products such as sulphite
liquors and molasses residues, and animal fats and
vegetable oils); and (V) tar and bituminous materials.
Methods of treatment, rates of spread, and the
advantages and disadvantages of each binding agent
are described. The comparative costs of these
methods are also discussed.

Reference 2

GUIDE ON PRIME COATS, TACK COATS AND
TEMPORARY SURFACINGS FOR THE PROTECTION
OF BASES

National Institute for Road Research. Pretoria, South
Africa; February 1970. 17 p. (Technical Recommenda-
tions for Highways TRH 1).

Order from: National Institute for Transport and Read
Research, P.O. Box 395, Pretoria, 0001 South Africa.

The text deals principally with prime coats and
temporary surfacings for granular road bases that use
cut-back bitumens, coke-oven tar, gas-works tar, and
low-temperature tar. The functions of the prime
coat, requirements of a prime, types of prime,
selection of type and grade of prime and rate of
application are covered. The book provides a guide to
the priming process and it recommends the use of a
higher rate of application of a higher-viscosity prime
to give a thicker bituminous coating, followed by the
immediate construction of the final surface treat-
ment, if soluble salts are present. The text describes
the use of additional tack coats on primed areas
before the final surface treatment where areas of
exceptionally high shearing stresses are induced, such
as on steep gradients and.sharp bends. The functions
of a tack coat, the use of tack coats with premix
surfacings or overlays, the binders used and rates of
application, and the construction of tack coats are
described. The text also describes the Australian
practice of constructing a temporary surfacing called
Primerseal (i.e. a layer of small graded aggregate is
applied to the freshly sprayed prime coat), to protect
base courses that are to be used for long periods
before the final surface treatment is applied.

Reference 3

SPECIFICATION FOR PERFORMANCE REQUIRE-
MENTS FOR MECHANICAL SPRAYERS OF BITU-
MINOUS MATERIALS

2nd ed. National Association of Australian State Road
Authorities. Sydney, Australia; 1969. 20 p.

Order from: National Association of Australian State
Road Authorities, P.O. Box J141, Brickfield Hill, N.S.W.
2000, Australia.

These specifications describe the requirements that
apply to sprayers used for the distribution of hot
and/or cold bituminous materials in sprayed bitumi-
nous surfacing. The text covers such aspects as legal
requirements, certificates, spraying table, sprayer
vehicle, sprayer tank, heating, pumping and spraying
equipment, operation of the sprayer, and fire extin-
guishers. The appendix describes sprayer inspection,
the road-speed indicator, pump tachometer, pressure
gauge, tank calibration, pump output, consistency of
sprayer ouiput, transverse distribution, power ther-
mometer, mixing and circulation, spray nozzle, and
spray commencement and cut-off. A metric adden-
dum is provided as an aid to the conversion of
Imperial gallons (used in original text) to liters.

Reference &
ASPHALT SURFACE TREATMENTS AND ASPHALT
PENETRATION MACADAM

2nd ed. Asphalt Institute. College Park, Maryland;
second printing; January 1975. 213 p. (Manual Series
No. 13; MS-13).

Order from: The Asphalt Institute, The Asphalt
Institute Building, College Park, Maryland 20740,

This guide to the proper design and construction of
surface treatments, describes the materials and
equipment and explains the surface treatment pro-
cess. It lists the types of asphaltic surface treat-
ments and includes tables for the selection of the
proper type of asphalt for surface treatment, and
temperature viscosity for handling liquid asphalt.
The tables apply to the newer designation of cut-back
asphalt grades (70, 250, 800 and 3000). Materials and
equipment used in surface treatment work are de-
scribed and illustrated. Generalized asphalt distribu-
tor data furnished by nine manufacturers are tabu-
lated. The why and how in the construction of
successful surface treatments are detailed and cover
aspects of the project survey, repair of defects,
preparation for construction, and the surface treat-
ment operation. Appendixes are included that pro-
vide information on the design of surface treatments,
specifications for surface treatments and penetration
macadams, a method of field test for the determina~
tion of distributor spread rate, determination of the
flakiness index of aggregate, and asphalt tempera-
ture, volume and weight. Copies of the Spanish
edition of this book may be obtained from Universi-
dad Central de Venezuela, Departamento de Ingenie-
ria Vial, Caracas, Venezuela.
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Reference 5
SPECIFICATIONS FOR ASPHALT CEMENTS AND
LIQUID ASPHALTS (AS OF DECEMBER 5, 1963)

6th ed. Asphalt Institute. College Park, Maryland;
January 1964. 6 p. (Specification Series No. 2 (55-2)).

Out of print.

Two sets of specifications for Rapid Curing (RC),
Medium Curing {(MC) and Siow Cuting (SC) liquid
asphalts are presented. 1964 Asphalt Institute speci-
fications (adopted by the Asphalt Institute in Decem-
ber 1961) for these materials and former Asphalt
Institute specifications are included. The publication
contains a complete set of specifications for cationic
emulsified asphalts adopted by the Asphalt Institute
in June 1963 and specifications for an MC~30 grade
of Medium Curing liquid asphalt adopted in December
1963. Comparison of tables in the current specifica-
tions (see Reference Il) with the tables in this
publication will permit the user to select the new
designation that most nearly duplicates the asphaltic
materials mentioned in the compendium.

Reference 6
A BASIC ASPHALT EMULSION MANUAL

Asphalt Institute. College Park, Maryland; March 1979,
260 p. (Manual Series No. 195 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 in
choosing the emulsion that best fits a 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 asphalt
tests 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 mixes, are considered in detail. Mis-
cellaneous asphalt emulsion applications, mainte-
nance mixes, and various aspects of recycling are also
covered. Emulsified asphalt-aggregate mix design
methods detailed include the Asphalt Institute Meth-
od and the proposed Illinois method.

Reference 7
SEVEN FUNDAMENTALS FOR DURABLE SPRAYBAR
WORK~—JOBS YOU CAN BE PROUD OF

Roads and Streets. Dun-Donnelley Publishing Corpora-
tion, Chicago, Hlinois; August 1975; pp. 102-104, 106.
(Vol. 118, No. 8).

Order from: Dun-Donnelley Publishing Corporation,
222 South Riverside Plaza, Chicago, Illinois 60606.

This article, which stresses the use of emulsions as
binder material in surface treatment work, reviews
seven fundamental points a contractor must consider.
First, a surface without a good foundation will fail.
Second, all personnel need to have a clear concept of
what a top-quality surface treatment or seal coat

looks like under traffic. The seal coat should chiefly
consist of aggregate without evidence of any flushing
or bleeding. Third, look for common faults (streak-
ing, flushing or bleeding, loss of aggregate, and lack
of bond) and ways in which they can be avoided. The
fourth point relates to cover aggregate gradation. A
highly successful Australian experience is noted in
which from 60 to 70 percent of the particles passing
the specified nominal size must be retained on a sieve
having an opening 0.7 of that size. Australian
engineers also watch particle flatness by specifying a
maximum flakiness index. Charts are included to
illustrate the correct amount of asphalt binder that
will imbed the particles. A fifth point that is
important in controlling the quality of the job is to
determine the average least dimension (ALD) of the
cover stone. A sixth factor is stone size. Good
performance is more likely with larger cover aggre-
gate. A seventh quality factor is to get good
adhesion. Washing and precoating the aggregate are
required practice in Australia.

Reference 8
A GENERAL METHOD OF DESIGN FOR SEAL COATS
AND SURFACE TREATMENTS

McLeod, N.W. Proceedings of the Association of
Asphalt Paving Technologists. Technical Sessions Held
at Los Angeles, California, February 10, 1l and 12,
1969. Minneapolis, Minnesota: Association of Asphalt
Paving Technologists; 1969; pp. 537-628 (Volume 38).

Order from: Associaton of Asphalt Paving Technolo-
gists, Office of Secretary-Treasurer, University of
Minnesota, 155 Experimental Engineering Building,
Minneapolis, Minnesota 55455,

This paper demonstrates that one equation for the
quantity of cover aggregate required and another
equation for the quantity of asphalt binder to be
applied can be used for the design of either single-
application or multiple-application surface treat-
ments and seal coats. The required characteristics of
both cover aggregates and asphalt binders are re-
viewed. The superiority of one-size over graded
cover aggregates is demonstrated. Equations are
developed for the quantities of cover aggregate and
asphalt binder required for single application surface
treatments and seal coats. A sample calculation
illustrates their use for this purpose. These same
equations can be used for the design of multiple seal
coats and surface treatments. Sample calculations
are included to illustrate such use. The principles of
construction for single and multiple application sur-
face treatments and seal coats are reviewed.

Reference 9
HIGHWAY MAINTENANCE MANUAL

Ministry of Public Works. Amman, Jordan; 1972, 113 p.

Order from: Ministry of Public Works, Highway
Department, Amman, Jordan.

This manual is presented in eight sections. Section !
gives a general introduction to the topics covered.
Section 2 covers miscellaneous structures and appur-
tenances. The construction of retaining walls, con-
crete and stone-masonry walls, crib walls, gabion



type walls, and the inspection and maintenance of
walls are described in this section. Section 3 covers
the maintenance of paved surfaces. It includes the
maintenance of asphaltic concrete pavements, the
correction of base and surface failures, rehabilita-
tion, the maintenance of surface treatments or seal
coats, asphaltic materials for surface treatments,
equipment for surface treatments, details of applying
surface treatment, and asphaltic patching materials.
Section b.covers shoulder and roadway maintenance,
This section describes the maintenance of both paved
and earth shoulders as well as snow removal.
Section 5 reviews the maintenance of highway drain-
age and drainage structures. Specifically, it covers
surface drainage, pipe culverts, backfilling around
pipes, storm sewers and catch basins, box culverts,
subsurface drainage, erosion control, bridge mainte-
nance, stream maintenance, and records and reporis.
Section 6 discusses the maintenance of signs and
markings. This section covers the requirements and
responsibilities of maintenance, maintenancne of per-
manent and temporary signs, pavement markings,
protection of workmen, the maintenance and opera-
tion of machines, flammable gases and liquids,
handling and storage of materials, and {ires in
buildings. Section 7 covers maintenance needs due to
slides and rockfalls. Section 8 covers operational
safety. It discusses safety programs, as well as
bridge and culvert inspection. An appendix gives
information on the determination of bitumen and
aggregate rate for seal coats.

ADDITIONAL REFERENCES

Reference 10

BASIC PRINCIPLES FOR THE DESIGN AND CON-
STRUCTION OF SEAL COATS AND SURFACE TREAT-
MENTS WITH CUTBACK ASPHALTS AND ASPHALT
CEMENTS

McLeod, N.W. Proceedings of the Association of
Asphalt Paving Technologists; Technical Sessions Held
at Memphis, Tennessee. January 23, 26, 27, 1960.
Minneapolis, Minnesota: Association of Asphalt Paving
Technologists; 1960. 156 p.

Order from: Association of Asphalt Paving Technol-
ogists, Office of Secretary-Treasurer, 155 Experimental
Engineering Building, Minneapolis, Minnesota 35455.

This paper is the result of observations of bituminous
surface treatments and seal coats on roads in many
countries. Streaking, due to nonuniform application
of bituminous binder across the road surface, excess
binder that results in flushing or bleeding on the
surface that is hazardous to traffic in wet weather,
insufficient binder to cement the cover stone into
place, and loss of cover aggregate are the four major
defects in surface treatments and seal coats in nearly
all countries. The paper indicates how each of these
faults can be avoided by careful attention to design
and construction details. Requirements for bitumi-
nous distributors and cover aggregate spreaders are
reviewed. Hanson's method of design, which is based
on one-size cover aggregate that is assumed to result
in a seal coat or surface treatment one-stone particle
thick and that is used by the Country Roads Board of
Victoria, Australia, to build the consistently best
surface treatments and seal coats in the world, is
described. Some evidence that single application
surface treatments or seal coats made with graded
cover aggregates containing limited amounts of the
finer sizes tend to be two-stone particles thick, is

presented. Country Roads Board practice for single
application surface treatments and seal coats con-
structed with graded aggregates and for double
surface treatments is outlined.  Photographs of
surface treatments and seal coats that range from
excellent to poor are included. The necessity for an
adequate foundation for surface treatments on gravel
or crushed stone bases is stressed. The preparation of
existing surfaces for seal coats and surface treaf-
ments is discussed. The basic engineering require-
ments for cover aggregates and for bituminous
binders of the cutback asphalt and asphalt cement
types are reviewed. The need for recognizing and
stressing certain basic principles for good spray patch
maintenance is emphasized. Methods for protecting
newly constructed surface treatments and seal coats
from damage by fast traific are described.

Reference 11
SPECIFICATIONS FOR PAVING AND INDUSTRIAL
ASPHALTS

Asphalt Institute. College Park, Maryland; October
1978. 52 p. (Specification Series No. 2 ($5-2) 19781979
Edition).

Order from: The Asphalt Institute, Asphalt Institute
Building, College Park, Maryland 20740,

This is a publication of the American Association of
State Highway and Transportation officials'
(AASHTO) and American Soclety for Testing and
Materials (ASTM) specifications for the following
types of asphalis asphalt cement (AC), rapid-curing
(RC) liquid asphalts, medium-curing (MC) liquid as-
phalts, slow-curing (SC) liquid asphalts, anionic emul-
sitied asphalts, and cationic emulsified asphalts.
ASTM and AASHTO specifications for the following
types of asphaltic materials are also reproduced and
may be used for appropriate hydraulic, building and
roadway applications: asphalt for use in waterproof
membrane construction, asphalt for undersealing
Portland cement concrete pavements, asphalt for
dampproofing and waterproofing, and primer for use
with asphalt for dampproofing and waterproofing.
ASTM specifications for asphalt used in roofing, for
asphalt-base emulsions used as protective coatings
for built-up rootfs, and for slow-curing liquid asphalts
are included.

Reference 12

1980 ANNUAL BOOK OF ASTM STANDARDS,
PART 15 ROAD AND PAVING MATERIALS; ROOF-
ING, WATERPROOFING, AND BITUMINOUS MATERI-
ALS; TRAVELED SURFACE CHARACTERISTICS

American Society for Testing and Materials. Philadel-
phia, Pennsylvania; 1980. 1298 p.

Order from: American Society for Testing and Materi-
als, 1916 Race Street, Philadelphia, Pennsylvania
19103.

This is one of 48 parts that comprise the 1980 Annual
Book of ASTM Standards. It contains all currently,
formally approved ASTM Standard specifications, test
methods, classifications, definitions, and practices,
and related material such as charts. Several highway
construction materials are covered. Specifications
are presented for roofing and waterproofing materials

277



278

and for fillings for homogenous bituminized fiber
drains and sewer pipes, and for bituminized fiber
pipes. Proposed methods and recommended practices
are detailed. Specifications and methods of testing
skid resistance are described. Methods for aggre-
gates and for testing aggregates are set forth.
Creosote and general methods of testing and metric
practice are also covered. New standards presented
in the publication include practices for evaluating the
effects of heat on_ asphalts, for application of
aluminum-pigmented asphalt roof coating, and a test
for skid resistance of paved surfaces using the North
Carolina State University variable-speed friction
tester.

Reference 13
LETS GET ACQUAINTED WITH ASPHALT EMULSIONS

Kandhal, Prithvi S. Harrisburg, Pennsylvania: Depart-
ment of Transportation; April 1974. 26 p. (Informa-
tional Report).

Order from: Commonwealth of Pennsylvania Depart-
ment of Transportation, Materials and Testing Division,
Harrisburg, Pennsylvania 17120,

This informational report explains the nature of
asphalt emulsions, the manner in which they work,
and the ways in which they differ from cutbacks.
Anionic and cationic emulsions and emulsion grades
are described. Guidelines are provided for the use of
emulsions for seal coats and surface treatments.
These guidelines relate to emulsified asphalt, cover
material, conditioning of the existing surface, weath-
er, application of emulsified asphalt, application of
cover material, rolling operation, and traffic control.
Guidelines on using emulsions for base and surface
course mixes are also given. These guidelines cover
the selection of asphalt emulsion, aggregate, weath-
er, mixing, aeration and rolling, and traffic control.

Reference 14
BITUMINOUS EMULSIONS FOR HIGHWAY PAVE-
MENTS

Transportation Research Board. Washington, DC; 1975.
76 p. (National Cooperative Highway Research Pro-
gram, Synthesis of Highway Practice 30).

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

This report reviews and assesses current practice in
the use of emulsified asphalts in highway and street
construction and maintenance. Detailed information
is presented on structural design, mixture design,
materials selection, and construction and maipte-
nance techniques for using emulsified asphalts in
pavements. Construction problems that have been
faced in the past, along with solutions found work-
able, are described.

Reference 15
BITUMINOUS PATCHING MIXTURES AND SEAL
COATS

Highway Research Board. Washington, DC; 1959, 37 p.
(Highway Research Board Bulletin 215).

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

This bulletin contains two papers. The first, entitled
"Cutback Asphalt Patching Mixtures", presents the
results of a project to produce a mixture that would
be suitable for road mixing or plant-mixing by the
maintenance forces in the field, could be made with
local materials wherever possible, would be suitable
at all times of the year, and would have a suitable
stability for use soon after mixing yet would retain
sufficient workability so that it can be used after
long periods of storage. Dolomitic limestone was
used for all phases of the project and two methods of
curing were employed. Series of mixes using both MC
and RC cutter stocks were used. A Marshall stability
of 500lb. was chosen as the desirable minimum
stability satisfactory for patching. Patching mixtures
prepared with blended cutback gave the desired
results. The second paper, entitled "Seal Coat:
Laboratory Contributions Toward Better Perfor-
mance", describes studies relating to improvement of
seal coats, including development of tests, apparatus,
materials and application procedures. A method for
checking the uniformity of the transverse and longi-
tudinal spread rates of the asphalt distributor is
degradation of the screenings, seasonal! effects on
pavement performance, the use of atmometers for
determining drying conditions and setting times of
the binder are described. The possible use of a
centrifugal test to predict adherence of screenings is
discussed.

Reference 16
STATE OF THE ART: SURFACE TREATMENTS;
SUMMARY OF EXISTING LITERATURE

Highway Research Board, Washington, DC; 1968. 98 p.
(HRB Special Report 96).

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

All existing pertinent information on surface treat-
ments has been compiled in this report. The first
section of this report summarizes the status of the
published knowledge of seal coats and surface treat-
ments. The basic constituents of a surface treat-
ment, aggregate and binder, and factors influencing
their behavior in a finished treatment are discussed in
detail. Several known current methods of design are
discussed, and the limitations of each are noted. An
appendix presents each design method in detail, and
an example design is given when possible. Areas
requiring research are summarized. The second
section of the report consists of a bibliography on
seal coats and surface treatments. Al information
included in this report has been prepared from
literature published before 1967.




Reference 17
PRINCIPLES AND PRACTICE OF BITUMINOUS SUR-
FACING: VOLUME I—SPRAYED WORK

National Association of Australian State Road Authori-
ties. Sydney, Australia; 1975. 129 p.

Order from: National Association of Australian State
Road Authorities, The Secretariat, P.O. Box Jl4l,
Brickfield Hill; N.S.W. 2000, Australia,

This publication covers various aspects of bituminous
surfacing. The types of sprayed work (priming,
primersealing, sealing, resealing, dustlaying, and sur-
face enrichment) are defined and described. Factors
affecting selection and design (existing surface condi-
tions, alignment and grades, traffic, pavement
strength, road life, stage construction, shape, avail-
ability of materials, climate, surface drainage and
economy) are discussed. The various aspects of
design are also covered. The materials discussed
include aggregate, bitumen, flux, cutter, cutback
bitumen, bitumen emulsion, adhesive agents, pre-
coating materials, and rubber. The factors affecting
and the methods of promoting adhesion of binder to
aggregate are covered, as well as tests of adhesion.
Factors affecting skid resistance, improvement of
skid resistance, and the measurement of skid resis-
tance are discussed. Preparing for work, preparation
of the surface, preparation of the primer and the
binder, and the preparation of the aggregate are
reviewed. The spraying of the primer and binder and
applying the aggregate are detailed. Traffic control
and the maintenance of work records are also
discussed.

Reference 18
TRH 3, BITUMINOUS SURFACE TREATMENTS FOR
NEWLY CONSTRUCTED RURAL ROADS

National Institute for Road Research. Pretoria, South
Africa; 1971, 59p. ({Technical Recommendations for
Highways 3).

Order from: Council for Scientific and Industrial
Research, National Institute for Road Research, P.O.
Box 395, Pretoria, South Africa.

A number of different surface treatment methods are
used by road authorities in South Africa to provide a
newly constructed road with a bituminous surfacing.
These are generally variations in double- or triple-
surface treatments with layers of stone or sand or
with a layer of stone over which slurry is spread to
fill the voids. Surface treatments are usually used on
roads carrying from about 125 to 1000
vehicles/lane/day. It is common practice to use a
premix surfacing on roads carrying more than 1000
vehicles/lane/day. This guide describes some of the
commonly used methods that have proved satisfac-
tory in practice, introduces a new design method
based on the results of road experiments carried out
by the National Institute for Road Research, and
gives brief recommendations for the construction of
surface treatments.

Reference 19
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 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 that accompanies development.
There is a growing use of strengthening overlays, and
the report briefly discusses premixed materials and
their applications.

Reference 20
ASPHALT POCKETBOOK OF USEFUL INFORMATION

Asphalt Institute. College Park, Maryland; November
1974. 110 p. (Manual Series No. 6 M5-6).

Order from: The Asphalt Institute, Asphalt Institute
Building, College Park, Maryland 20740.

Thus publication has been prepared in convenient
pocket form to furnish engineers and inspectors on
asphalt construction with information on unloading
tank cars, temperature-volume corrections of as-
phalts, and useful tables. Many of the tables are
arranged so that values other than those listed in the
table may be readily obtained by simple addition,
multiplication, or division of table quantities. Gener-
ally, the formula used in the computation of a table is
shown so that calculations for conditions different
from those covered by the table may be readily made.
Other manuals have been published by the Institute
that deal with various types of asphalt construction.
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Index

The following index is an alphabetical list of
subject terms, names of people, and names of
organizations that appear in one or another of
the previous parts of this compendium, i.e., in
the overview, selected texts, or bibliography.
The subject terms listed are those that are most
basic to the understanding of the topic of the
compendium.

Subject terms that are not proper nouns are
shown in lower case. Personal names that are
listed generally represent the authors of selected
texts and other references given in the

bibliography, but they also represent people
who are otherwise identified with the
compendium subjects. Personal names are
listed as surname followed by initials.
Organizations listed are those that have
produced information on the topic of the
compendium and that continue to be a source of
information on the topic. For this reason, postal
addresses are given for each organization listed.
Numbers that follow a subject term, personal
name, or organization name are the page
numbers of this compendium on which the term

Indice

El siguiente indice es una lista alfabética del vo-
cablo del tema, nombres de personas, y nom-
bres de organizaciones que aparecen en una u
otra de las partes previas de este compendio,
es decir, en la vista general, textos selecciona-
dos, o bibliograffa. Los vocablos del tema que
aparecen en el indice son aquellos que son ne-
cesarios para el entendimiento de la materia del
compendio.

Los vocablos del tema que no son nombres
propios aparecen en letras mintsculas. Los
nombres personales que aparecen representan
los autores de los textos seleccionados y otras
referencias dadas en la bibliografia, pero tam-
bién pueden representar a personas que de otra
manera estan conectadas a los temas del com-
pendio. Los nombres personales aparecen con
el apellido seguido por las iniciales. Las organi-

zaciones nombradas son las que han producido
informacion sobre la materia del compendio vy
que siguen siendo fuentes de informacion sobre
la materia. Por esta razén se dan las direcciones
postales de cada organizacion que aparece en
el indice.

Los nimeros que siguen a un vocablo del
tema, nombre personal, 0 nombre de organiza-
cion son los nimeros de pagina del compendio
donde el vocablo o nombre aparecen. Los nu-
meros romanos se refieren a las paginas en la
vista general, los nimeros arabigos se refieren a
paginas en los textos seleccionados, y los nu-
meros de referencia (por ejemplo, Ref. 5) indi-
can referencias en la bibliografia.

Algunos vocablos del tema y nombres de or-
ganizaciones estan seguidos por la palabra see.
En tales casos los numeros de pagina del com-

Index

Cet index se compose d'une liste alphabétique
de mots-clés, noms d’'auteurs, et noms d’organi-
sations qui paraissent dans une section ou une
autre de ce recueil, c'est a dire dans I'exposé,
les textes choisis, ou la bibliographie. Les
mots-clés sont ceux qui sont le plus élémen-
taires a la compréhension de ce recueil.

Les mots-clés qui ne sont pas des noms pro-
pres sont imprimés en minuscules. Les noms
propres cités sont les noms des auteurs des tex-
tes choisis ou de textes de référence cités dans

la bibliographie, ou alors les noms d'experts en
la matiére de ce recueil. Le nom de famille est
suivi des initiales des prénoms. Les organisa-
tions citées sont celles qui ont fait des recher-
ches sur le sujet de ce recueil et qui continue-
ront a étre une source de documentation. Les
adresses de toutes ces organisations sont inclu-
ses.

Le numéro qui suit chaque mot-clé, nom d'au-
teur, ou nom d'organisation est le numéro de la
page ou ce nom ou mot-clé parait. Les numéros



or name appears. Roman numerals refer to
pages in the overview, Arabic numerals refer to
pages in the selected texts, and reference
numbers (e.g., Ref. b) refer to references in the
bibliography.

Some subject terms and organization names
are followed by the word see. In such cases, the
compendium page numbers should be sought

under the alternative term or name that follows
the word see. Some subject terms and
organization names are followed by the words
see also. In such cases, relevant references
should be sought among the page numbers
listed under the terms that follow the words see
also.

The foregoing explanation is iliustrated below.

pendio se encontraran bajo el término o nombre
alternativo que sigue a la palabra see. Algunos
vocablos del tema y nombres de organizaciones
estan seguidos por las palabras see also. En
tales casos las referencias pertinentes se encon-

traran entre los nUmeros de pagina indicados
bajo los términos que siguen a las palabras see
also.

La explicacion anterior esta subsiguiente-
mente ilustrada.

écrits en chiffres romains se rapportent aux pa-
ges de I'exposé et les numéros écrits en chiffres
arabes se rapportent aux pages des textes
choisis. Les numéros de référence (par exem-
ple, Ref. 5) indiquent les numéros des réfe-
rences de la bibliographie.

Certains mots-clés et noms d'organisations
sont suivis du terme see. Dans ces cas, le nu-

méro des pages du recueil se trouvera aprés le
mot-clé ou le nom d’organisation qui suit le
terme see. D'autres mots-clés ou noms d'orga-
nisations sont suivis des mots see also. Dans ce
cas, leurs références se trouveront citées apres
les mots-clés qui suivent la notation see also.
Ces explications sont illustrées ci-dessous.

IHustration (from Comp. 1)

Selected Text page numbers
Nimeros de pagina en los Textos

flustracién (del Comp. 1)

llustration (du Recueil 1)

Subject term and see also terms
Vocablo del tema y términos see also

Seleccionados
Numéros des pages des Textes Choisis

Organization name and address
Nombre y direccidn de la organizacion
Nom et adresse de V'organisation

Overview page numbers and
reference number
Numero de pagina en la Vista

-

-—> National Association of Australian State Road Author-

General y nlimeros de referencia
Numéroides pages de I’Expose et
numeros des references

Subject term and see term
Vocablo del tema y término see (ver)
Mot-clé et see

Personal names
Nombres personales
Noms propres

> non-passing sight distance, see stopping sight distance

{ver también)
Mot-clé et see also

mountainous terrain (see also degree of curvature;
design speed; maximum gradient; radius of curva-
ture; shoulder width)s 11, 17, 34, 35, 38, 173, 175,
217, 234, 238 '

ities(P.O. Box J141, Brickfield Hill, N.SW. 2000,
Australia):
publications, xxiii, Ref. 8, Ref. 9

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

Odier, L.; Ref.3
Oglesby, C.H.: 231, 233, 234, 239, 240, 241, 242, Ref.14

Selected Text page numbers and reference
number

Ndmeros de pagina en los Textos
Seleccionados y nitmero de referencia

Numéros des pages des Textes Choisis et
numéros des références
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aggregate gradation: 134, 137, 149154
aggregate seals 74

aggregates (see also aggregate seal; cover aggregates;
foss of cover aggregatesk 78-81, 90, 128, 162, Ref. 13,
Ref. 16, Ref. 17, Ref. 19

ALD, see average least dimension

American Association of State Highway and Transportation
Officials (AASHTO) (444 North Capitol Street, N.W.,
Suite 225, Washington, DC 20001): Ref. 1}

American Association of State Highway Officials (AASHO)
{now American Association of State Highway and
Transportation Officials (AASHTO)):
specifications, xxvi, Ref. 11

American Society for Testing and Materials (ASTM)
(1916 Race Street, Philadelphia, Pennsylvania 19103):
171, Ref. 12
specifications, xxvi, 137, Ref. 11

animal fats: xxii, 14-15, Ref. |

anjonic asphalt emulsions: xxviii, 78, 99, 111, 115,
124, Ref. 13

armor coats 230

asphalt cements: 78, 124, 148, 168, 176, 192~193,
204205, 206, 208, 209, 231, 232, 244, Ref. 5,
Ref. 10

asphalt emulsions: xxviii, 17, 40, 74, 78, 99, 100, 110-131,
134, 148, 168, 169170, 176, 177, 180, 191-192,
193, 204, 208, 209, 227, 230231, 232, Ref. 5,
Ref. 6, Ref. 7, Ref. 11, Ref. 13, Ref. 14, Ref. 17
production, 116118
selecting, 128~131, 175
storage and handling, 121-127

Asphalt Institute (The Asphalt Institute Building, College
Park, Maryland 20740) xxv, xxvii, Ref. 4, Re{. 5,
Ref. 6, Ref. 11, Ref. 20

asphalt penetration macadam: xuxv, 75, Ref. &

asphaltic binders (see also asphalt emulsions; binders;

cut-back asphalts; liquid asphalts): xi, xviii, 142-231,
247

adhesion to aggregate, 165-167, 173, 175, 177, 179

quantity required, xvii, xvili, 134, 142, 155, 162,
iet, 177181, 184, 185, 186-187, 208, 209, 210,
230, Ref. 7, Ref. 8

spraying, xxiv, xxix, xxxi, 36, 36-60, 88-90, 191

Association of Asphalt Paving Technologists (University
of Minnesota, 155 Experimental Engineering Building,
Minneapolis, Minnesota 55455); xxx, Ref. 8, Ref. 10

Australia: xvil, xxiii, xxx, 16, 29, 36, 37, 134, 136,
143, 146, 166, 167, 173, 177, 182, 185, 227, 228,
231, 232, 233, Ref. 2, Ref. 7, Ref. 10, Ref. 17

average least dimension (ALD): xvii, xxx, 136, 151,
154-161, 163, 182, 183, 184, 186, 190, 197, 206,
220224, 228, 229, 230, 245, Ref. 7

binders (see also asphaltic binders; bituminous materials;
deliquescent chemicals; inorganic chemicals; organic
non-bituminous binders; tars; waste products, industrial;
water): xvi, xx, xxi, xxix, 6, 25, 36, 148, 152, 176,

Ref. 1, Ref. 15, Ref. 16
selecting, xxx, 173, 174, 175, 176, 181

bituminous materials (see also asphalt emulsions; asphaltic
binders; cut-back asphalts; liquid asphalts): xxii,
6,7, 1518, 25, 7693, 265-270, Ref. 1, Ref. 4,
Ref. 12, Ref. 15, Ref. 17, Ref. 18, Ref. 19

bleeding, xx, xxx, xxxii, 134, 147, 148, 162, 163, 165,
179,183,230, 233, 245, 247,249, Retf. 7, Ref. 10

brooms: 212, 213, 250, 256
calcium chloride: xxii, 8=12, Ref. 12
calibrations
sprayer, 46, 60, 82~85
spreaders, 92-93
Canada: 13, 147, 173, 193, 201, 216, 227, 231

cationic asphalt emulsions: xxxiii, 78, 100, 111, 114,
115, 124, 227, Ref. 12, Ref. 13

cement-stabilized bases: 33, 39

climate (see also weather): 18, 29, 128, 170, 174,
175, 176, 190, 200, 201, 203, 205, 210

coarse aggregates: xviii, 81, 137, 149, 150, 153, 215
Commonwealth of Pennsylvania Department of
Transportation, Materials and Testing Division
(Harrisburg, Pennsylvania 17120): Ref. 13
concrete bridge decks: 35
concrete roads: 35
corrugations: xii, xxii, 5, 245, 247, 250
cost of dust laying, 11-12, 14, 18~19, Ref, 1
County Roads Board (60 Denmark Street, Kew F4,
Victoria 3101, Australia): 36, 143, 153, 169, 178,
182, 185, 227, 232, 233, Ref. 10
cover aggregates (see also graded aggregates; one-
size aggregates): xi, xvi, xxx, xxxi, 134, 135, 137,
148, 149-168, 173, 174, 176, 177, 181, 188~194,
197, 200, 203, 205, 206, 210, 214, 217, 218, 220~224,
226, 228, 230, 261-262, 263, Ref. 7, Ref. 8, Ref. 10
cracking, pavement: xxxii, 245, 247
cut-back asphalts: xviii, xxiii, xxv, xxvi, 27, 28, 30,
41, 124, 231, 232, 250, 265, 267, 270, Ref. 2, Ref. 4,
Ref. 10, Ref. 12, Ref. 15, Ref. 17
cut-back bitumens, see cut-back asphalts
deliquescent chemicals: xxii, 7, 8-12, Ref, 1
dense-graded bases: 27-31, 38, 39, 40, 41
dense-graded mix: 269, 270
design methods for seal coats and surface treatments:
xiil, xxvil, xxix=xxxi, xxxiii, 142-~231, 185~188,
194-200, 232, 233, Ref. 3, Ref. 6, Ref. 8, Ref. 10,
Ref. 14, Ref. 16, Ref. 17, Ref. 18

diesel fuel oil: 166, 167



distributor sprayer: xxiv, 81-90, 212, 213, 250, 251,
253, 257, 263, Ref. 4, Ref. 10, Ref. 15

Dun-Donnelley Publishing Corporation (222 South
Riverside Plaza, Chicago, lllinois 60606): Ref.7

dust (see also dust control): 56

dust control: «xii, xiii, xv, xxii, 5~19, 74, 75, 77, Ref. i,
Ref. 17 )

dust laying, see dust control

earth roads (see also gravel base courses; gravel surfaced
roads); xxii, Ref. }

emulsion slurry seal: 74,77

emulsifying agentss 115~116

emulsified asphalts, see asphalt emulsions
equations: 142, 187188, 218, 232, Ref. 8

equipment (see also sprayers): xiii, 76, 81-93, 211213,
250-256, Ref. 4

fire extinguishers, sprayer: 58

flakiness index: xvii, 134, 149, 150, 159, 160, 190,
222-224, 228, 229, Ref, &, Ref. 7

flatness of particles, see flakiness index

flushing (see also bleedingk 134, 147, 148, 162, 163,
165, 179, 185, 230, 233, 247, Ref. 7, Ref. 10

fog seal (see also seal coats): 74,77
frost action: 18

graded aggregates: xi, xviii, xxx, 185187, 195, 200,
218, 222, 232, Ref. &, Ref. 10

granular road bases (see also gravel base coursesk
xxii, 247, 266

granular surfaced roads (see also gravel roads): xi,
143, 144

gravel base coursess xiv, 28, 32, 33, 40

grave] surfaced roads: xi, 13, 134
dust laying, 5~19, Ref. 1

hand spray equipment: 35
heating equipment, sprayer: 49-30

high-temperature wood-preserving creosote (HTWP):
30, 31

Highway Research Board (now Transportation Research
Board (TRB)): Ref. 15, Ref. 16

Hitch, L.S.¢ Ref. 19

hot-mix asphalt concrete: 142
hygroscopic chemicals: xxii, 7, 8-12, Ref. 1
India: 14, 15

inorganic chemicals (see also calcium chloride; magnesium
chloride): xxi, 7, 12, Ref. |

inspection of sprayer: 59, Ref. 2
joints:

longitudinal, 261

transverse, 258~261
Jordan: xxxii-xxxiii, Ref. 9
Kandhal, Prithvi S.: Ref. 13

lime-stabilized bases: xiv, 33

liquid asphalts: xxv, 74, 76, 77, 98, 99, 100, 101, 102,
148, 168, 180, 193, 244, Ref. 11

loss of cover aggregate: xxx, 134, 147, 148, 162-163,
164, 233, Ref. 7

magnesium chloride: xxii, 7, 8, 11

maintenances xxxii, 244-272, Ref. 9

Marshall stabilitys Ref. 15

McLeod, N.W.: xvi, Ref. &, Ref, 10
medium-curing liquid asphalts, see liquid asphalts

metric units: 5, 6669, Ref, 3, Ref. 12
conversion tables, xxiv, 42, 189

Ministry of Public Works (Highway Department, Amman,
Jordan): xxxil, Ref. 9

mixed-in-place surface treatments: xxv, 16, 74

molasses residues: xxii, 14, Ref. |
283
multiple-surface treatments: xviil, 7374, 147, 194--203,
208-209, 212, 214, 216, 218, 233, 245, 264—265,
266, Ref. 8, Ref. 18

National Association of Australian State Road Authorities

{P.O. Box 1141, Brickfield Hill, N.S.W. 2000, Australiak
xxiv, 149, 150, 177, Ref. 3, Ref. 17

National Institute for Transport and Road Research,
Council for Industrial and Scientific Research (P.O.
Box 395, Pretoria, 001 South Africa) xxii, Ref. 2,
Ref. 18
National Roads Board (Ministry of Works and Development,
P.O. Box 12-041, Wellington, New Zealand): 143,
166, 177, 227

New Zealand: xxx, 16, 143, 144, 145, 146, 149, 166,
177, 182, 227, 228, 229, 231, 232

oils: xxii, 6, 14~15, 16, 166, 167, Ref. |

one-size aggregates: xi, xvii, xxx, 137, 142, 150, 152,
153, 154, 155, 157, 158, 182184, 185, 187188,
218, 222, 229, Ref. 8, Ref. 10

open-graded mix: 269-270

organic non-bituminous binders (see also wastes, industrialk
xxii, 7, 12~-14, Ref. 1

Pakistan: 15
particle-size distributions: 16

patching materials: sxxiil, 265-270, Ref. 15
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plant-mixed surface treatments: xxv, 74
porosity {see also voids): 180
potassium silicates: xxii, 12

potholes: xxxii, 245, 248—249

precoated aggregatess 137, 166, 167, 226, 233, Ref. 7,

Refii7
premix surfacings used with tack coats: 35
pressure gauge, sprayer: 33-37, 59

prime coats: xi, xii, xiv, xxiii, 25, 26~34, 39, 74, 77,
Ref. 2, Ref. 17

Primerseal: xxiii, 37-38, Ref. 2, Ref. 17

pumping equipment, sprayer:s 30~32

rapid-curing liquid asphalts, see liquid asphalts

ravelling: xxxii, 245-247, 249

references: 20-22, 41, 219-220

relative humidity: 8, 9

road speed indicator, sprayer: 56, 39

rollers and rolling: xx, 212, 213, 214215, 248, 250,

. 252-256, 262, Ref. 13
pnheumatic, 212, 231

Russel, R.B.C.: Ref. 19

sampling asphalt emulsions: 126130

sand seal (see also seal coats): 74

Scandinavia (see also Sweden): 16

seal coats: xi—xii, 74, 77, 128, 131, 134, 142-23],
196--203, 206, 208-209, 210-218, 220-224, 227,
231, 232, Ref. 10, Ref. 13, Ref. 15, Ref. 16

maintenance, 244-265, Ref. 9

shoulders: 15, Ref. 9

single-surface treatment: xi, xvi, xvii, 73, 146, 147,
149, 181182, 185188, 190-194, 212, 218, 245,
Ref. 8

skid resistance: xv, 75, 245, Ref. 12, Ref. 17

slow-curing liquid asphalts, see liquid asphalts

slurry seal, see seal coats

sodium chloride: 8

sodium silicates: xxii, 12

South Africa: 29, 31, 38, 88

specific gravity of cover aggregate: xxx, 158, 159,
161-162

specifications:
asphalt cements, 97, Ref. 5

asphalts, xxvi, xxvii, 98-102, 111-112, Ref. 11, Ref. 12

cover aggregates, xvii, 136
sprayers, xxiv, 4569

spray bar: xxix, 54-55, 83, 134137, 148, 254, Ref. 7
height, xxiv, 8687, 253

spray nozzles: 55, 65, 84, 85, 87, 148
sprayer tank: 47, 51, 82-85

sprayers: xxiv, 6
specifications for, 4569, Ref. 3

spraying equipment, sprayer: 52-55
spread modulus: 154-161

spreaders of aggregates: xix, 90-93, 182, 213, 214,
250, 251252, 260, 263, Ref. 10

streaking: 134, 147, 148, 169, 255, Ref. 7, Ref. 10
strippings xxxii, 245, 247

sulphite liquors: xxii, 12-14, Ref. |

Sweden (see also Scandinavia): 13, 134

tack coatss xv, xxii, 25, 26, 33, 3539, 40, 74,77,
Ref. 2

tars: xxii, 6, 7, 15-18, 27, 28, 31, 32, 38, 41, Ref. 1,
Ref. 2

Telford base: 247, 250

temperature:
asphalt application, xxv, xxxi, 31, 64, 76-78, 80,
169-171, 172, 191, 192, 202, 244, 259, Ref. &4,
Ref. 20
patching mixtures, 267
surface, xviii~xix, 76, 173, 174, 176, 177, 190, 200

temporary surface treatments: xii, xiii, xxii, 26, 32,
37-38, 4041, 75, Ref. 2

testing: Ref. 15
aggregates, Ref. 12
emulsified asphalts, 113, 114
sprayers, 5965, 70
texture rating: 180, 190, 200
thermal test: 64-65
thermometers, sprayer: 50, 63, 257
traffic (see also traffic volumes): 216, Ref. 10
control, 128, 213-216, 264, Ref. 13, Ref. 17

demarcation, 75
opening to, xxi, 28-32, 34, 36, 39, 217-218

traffic volumes: xi, xii, xv, xxxi, 157, 167, 177, 178,
190, 200

Transport and Road Research Laboratory (Crowthorne,
Berkshire RG11 6AU, U.K.): 232, Ref. I, Ref. 19

Transportation Research Board (2101 Constitution
Avenue, N.W., Washington, DC 20418) (see also
Highway Research Board): Ref. 14

trough test: 61-62

vegetable oils: xxii, 14-15, Ref. 1

vehicle damage caused by cover aggregate: 193-194,
226, 233
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