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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 services
and other forms of communication in rural re-
gions of developing countries all heavily depend
on transport facilities. Although rail and water
facilities may play important roles in certain areas,
a dominant and universal need is for road systems
that provide an assured and yet relatively inexpen-
sive means for the movement of people and goods.
The bulk of this need is for low-volume roads that
generally carry only 5 to 10 vehicles a day and

that seldom carry as many as 400 vehicles a day.
The planning, design, construction, and main-

tenance of low-volume roads for rural regions of
developing countries can be greatly enhanced with
respect to economics, quality, and performance by
the use of low-volume road technology that is
available in many parts of the world. Much of
this technology has been produced during the
developmental phases of what are now the rnore
developed countries, and some is continually
produced in both the less and the more developed
countries. Some of the technology has been doc-

Descripción del Proyecto
El desarrollo de la agricultura, la distribución
de víveres, la provisión de servicios de sanidad,
y el acceso a información por medio de
servicios educacionales y otras formas de
comunicación en las regiones rurales de países
en desarrollo todos dependen en gran parte
de los medios de transporte. Aunque en ciertas
áreas los medios de ferrocarril y agua
desempeñan una parte importante, una
necesidad universal y dominante es para
sistemas viales que proveen un medio ase-
gurado pero relativamente poco costoso para
el movimiento de gente y mercancías. La
gran parte de esta necesidad es para caminos
de bajo volúmen que generalmente mueven

unicamente unos 5 a 10 vehículos por día y
que pocas veces mueven tanto como 400
vehículos por día.

Con respecto a la economía, calidad, y
rendimiento, el planeamiento, diseño, cons-
trucción y manutención de caminos de bajo
volúmen para regiones rurales de países en
desarrollo pueden ser mejorados en gran
parte por el uso de la tecnología de caminos
de bajo volúmen que se encuentra disponible
en muchas partes del mundo. Mucha de esta
tecnología ha sido producida durante las
épocas de desarrollo de lo que ahora son los
países mas desarrollados, y alguna se produce
continuamente en los países menos y mas

Description du Projet
Dans les régions rurales des pays en voie de
développement, I'exploitation agricole, la
distribution des produits alimentaires, I'accès
aux services médicaux, I'accès à I'information
par I'intermédiaire de moyens éducatifs et
d'autres moyens de communication, dépendent
en grande partie des moyens de transport.
Bien que les transports par voie férrée et
par voie navigable jouent un rôle important
dans certaines régions, un besoin dominant
et universel éxiste d'un réseau routier qui
puisse assurer avec certitude et d'une façon
relativement bon marché, le déplacement
des habitants, et le transport des marchan-
dises. La plus grande partie de ce besoin peut

être satisfaite par la construction de routes
à faible capacité, capables d'accommoder
un trafic de 5 a 10 véhicules par jour, ou
plus rarement, jusqu'à 400 véhicules par jour.

L'utilisation des connaissances en tech-
nologie, qui éxistent déjà et sont accéssibles
dans beaucoup de pays, peut faciliter l'étude
des projets de construction, tracé et entretien,
de routes à faible capacité dans les régions
rurales des pays en voie de développement,
surtout en ce qui concerne l'économie, la
qualité, et la performance de ces routes. La
majeure partie de cette technologie a été
produite durant la phase de développement
des pays que I'on appelle maintenant dé-



umented in'papers, articles, and reports that have

been written by experts in the field. But much

of the technology is undocumented and exists

mainly in the minds of those who have developed

and applied the technology through necessity. ln

either case, existing knowledge about low-volume
road technology is widely dispersed geographi-

cally, is quite varied in the language and the form
of its existence, and is not readily available for
application to the needs of developing countries'

ln October 1977 the Transportation Research

Board (TRB) began this 3-year special project

under the sponsorship of the U.S. Agency for
lnternational Development (AlD) to enhance

rural transportation in developing countries by
providing improved access to existing information

on the planning, design, construction, and main-

tenance 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 ultimate impact of the
project work are to promote effective use of
existing information in the economic develop-

ment of transportation infrastructure and

thereby to enhance other aspects of rural

development throughout the world.
ln addition to the packaging and distribution

of technical information, personal interactions
with users are provided through f ield visits,
conferences in the United States and abroad, and

YI

desarrollados. Parte de la tecnología se ha

documentado en disertaciones, artículos, e
informes que han sido escritos por expertos
en el campo. Pero mucha de la tecnología
no esta documentada y existe principalmente
en las mentes de aquellos que han desarrollado
y aplicado la tecnología por necesidad. En

bualquier caso, los conocimientos en exis-
tencia sobre la tecnología de caminos de
bajo volúmen están grandemente esparcidos
geograficamente, varían bastante con respecto
ãl ¡d¡oma y su forma, y no se encuentran
facilmentsdisponibles para su aplicación a
las necesidades de los países en desarrollo'

En octubre de 1977 el Transportation
Research Board (TRB) comenzó con este
proyecto especial de tres años de duración
bajó el patrocinio de la U.S' Agency for
lnternatíonal Development (AlD) para mejorar

el transporte rural en los países en desarrollo
acrecentando la disponibilidad de la informa-

ción en existencia sobre el planeamiento,
diseño, construcción, y manutención de

caminos de bajo volúmen. Con el consejo y
dirección de un comité de iniciativas para

el proyecto, el TRB def ine, produce, y 
.

transmit productos informativos a través

de una red de corresponsales en países en

desarrollo. Las metas generales para el impacto
final del trabajo del proyecto son la promo-
ción del uso efectivo de la información en

existencia en el desarrollo económico de la
infraestructura de transporte y de esta forma
mejorar otros aspectos del desarrollo rural a

través del mundo.
Además de la recolección y distribución

de la información técnica, se provee acciones

recíprocas personales con los usuarios por

veloppés, et elle continue à être produite à la
fois däns 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'éxiste que dans I'esprit de ceux qui ont
développé et appliqué cette technologie par

nécessité. De plus, dans ces deux cas, les

écrits et connaissances sur la technologie
des routes à faible capacité, sont dispersés
géographiquement, sont écrits dans des
iang"ueó différentes, et ne sont pas assez aisé-
meñt accessibles pour être appliqués aux
besoins des pays en voie de développement'

En octobre 1977,|e Transportation Research
Board (TRB) initia ce projet, d'une durée de
3 ans, sous le patronage de l'U.S. Agency
for lnternational Development (AlD), pour

améliorer le transport rural dans les pays

en voie de développement, en rendant plus

accessible la documentation éxistante sur la
conception, le tracé, la construction, et l'entre-
tien dós routes à faible capacité. Avec le

conseil, et sous la conduite d'un Comité de
Direction, TRB déf init, produit, et transmet

cette documentation à l'aide d'un réseau

de correspondants dans les pays en voie de
développement. Généralement, I'aboutisse-
ment finäl de ce projet sera de favoriser I'utili-
sation de cette documentation, pour aider au

développement économique de I' i nfrastructure
des transports, et de cette façon mettre en

valeur d'autres aspects d'exploitation rurale
à travers le monde.

En plus de la dissémination de cette docu-
mentation technique, des visites, des con-
férences aux Etats Unis et à l'étranger, et



other forms of communication.

Steering Committee

The Steering Committee is composed of experts
who have knowledge of the physical and social
characteristics of developing countries, knowl-
edge of the needs of developing countries for
transportation, knowledge of existing transpor-
tation 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 informa-
tional and human resources for development of
the information products. Through its member-

ship the committee provides liaison with project-
related activitieb and provides guidance for inter-
actions with users. ln general the Steering Com-
mittee gives overview advice and direction for all
aspects of the project work.

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

lnformation Products

ïhree types of information products are prepared:
compendiums of documented information on rela-
tively narrow topics, syntheses of knowledge and

medio de visitas de campaña, conferencias
en los Estados Unidos de Norte América y en
el extranjero, y otras formas de comunicación.

Comité de lniciativas

El Comité de lniciativas se compone de
expertos que tienen conocimiento de las
características físicas y sociales de los países
en desarrollo, conocimiento de las necesi-
dades de transporte de los países en desarrollo,
conocimiento de la tecnología de transporte
en existencia, y experiencia en su uso.

Las funciones importantes del Comité de
lniciativas son las de asistir en la definición
de usuarios y sus necesidades, de productos
informativos que se asemejan a las necesi-
dades del usuario, y la identificación de
recursos de conocimientos y humanos para

el desarrollo de los productos informativos.
A través de sus miembros el comité provee
vínculos con actividades relacionadas con el
proyecto y también una guía para la interacción
con los usuarios. En general el Comité de
lniciativas proporciona consejos y dirección
general para todos los aspectos del trabajo
de proyecto.

El personal de proyecto tiene la responsa-
bilidad para la preparación y transmisión de
los productos informativos, el desarrollo de
una red de corresponsales a través de la
comunidad de usuarios, y la interacción con
los usuarios.

Productos lnformativos
Se preparan tres tipos de productos informa-
tivos: los compendios de la información
documentada sobre relativamente limitados

vil

d'autres formes de communication permettent
une interaction constante avec les usagers,

Comité de Direction

Le Comité de Direction est composé d'experts
qui ont à la fois des connaissances sur les
caractéristiques physiques et sociales des
pays en voie de développement, sur leurs
besoins au point de vue transports, sur la
technologie actuelle des transports, et ont
aussi de l'expérience quant à I'utilisation
pratique de cette technologie.

Les fonctions majeures de ce comité sont
d'abord d'aider à définir les usagers et leurs
besoins, puis de définir leurs besoins en
matière de documentation, et d'identifier les
ressources documentaires et humaines néces-
saires pour le développement de cette docu-

mentation. Par I'intermédiaire de ses
membres, le comité pourvoit à la liaison entre
les différentes fonctions relatives au projet,
et dirige I'interaction avec les usagers. En
général, le Comité de Direction conseille et
dirige toutes les phases du projet.

Le personnel attaché à ce projet est respon-
sable de la préparat¡on et de la dissémination
des documents, du développement d'un réseau
de correspondants pris dans la communauté
d'usagers, et de I'interaction avec les usagers.

La Documentation

Trois genres de documents sont preparés:
des recueils dont le sujet sera relativement
limité, des synthèses de connaissances et
de pratique sur des sujets beaucoup plus
généraux, et finalement des comptes-rendus



practice on somewhat broader subjects, and pro-

ceedings of low-volume road conferences that are

totally or partially supported by the project.
Compendiums are prepared by project staff at
the rate of about 6 per year; consultants are em-
ployed to prepare syntheses at the rate of 2 per
year. At least one conference proceedings will
be published during the 3-year period. ln sum-
mary, this project aims to produce and distribute
between 2þ and 30 publications that cover much

of what is known about low-volume road technol-
ogy.

lnteract¡ons With Users

A number of mechanisms are used to provide ìn-

teractions between the project and the user com-
munity. Project news is published in each issue of
Transportat¡on Research News. Feedback forms
are transmitted with the information products so

that recipients have opportunity to say how the
products are benef icial and how they may be im-
proved. Through semiannual visits to developing
countries, the project staff acquires f irst-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 part¡cipation. Finally,
annual colloquiums are held for students f rom
developing countries who are enrolled at U.S.

un iversities.

Yilr

temas, la síntesis del conocimiento y práctica
sobre temas un poco mas ámplios, y los
expedientes de conferencias de caminos de
bajo volúmen que están totalmente o parcial-
mente amparados por el proyecto. El personal
de proyecto prepara los compendios a razón
de unos 6 por año; se utilizan consultores
para preparar las sintesis a razón de 2 por

año. Se publicará por lo menos un expe-
diente de conferencia durante el período
de tres años. En breve, este proyecto pretende
producir y distribuir entre 20 y 30 publicaciones
que cubren mucho de lo que se conoce de
la tecnología de caminos de bajo volúmen.

lnteracción con los Usuarios

Se utilizan varios mecanismos para proveer
las interacciones entre el proyecto y la

comunidad de usuarios. Se publican las
noticias del proyecto en cada edición de la
Transportation Research News. Se transmiten
formularios de retroacción con los productos
informativos para que los recipientes tengan
oportunidad de decir cómo benefician los
pioductos y cómo pueden ser mejorados.
A través de visitas semianuales a los países
en desarrollo, el personal del proyecto ad-
quiere directo de fuentes originales sugeren-
cias para el trabajo del proyecto y puede
asistir directamente en problemas técnicos
específicos. Surgen oportunidades adicionales
para la interacción con los usuarios a través
de conferencias internacionales y nacionales
en donde participa el proyecto. Finalmente,
se organizan diálogos con estudiantes de
países en desarrollo que están inscriptos en

universidades norteamericanas.

de conférences sur les routes à faible capacité
qui seront organisées complètement ou en
partie par ce projet. Environ 6 recueils par

än soni preparés par le personnel attaché
au projet. Deux synthèses par an sont écrites
par des experts. Les comptes-rendus d'au
moins une conférence seront écrits dans
une période de 3 ans. En résumé, l'objet de
ce projet est de produire et disséminer entre
20 et 30 documents qui couvriront I'essentiel
des connaissances sur la technologie des
routes à faible caPacité.

Interaction Avec les Usagers

Un certain nombre de mécanismes sont utilisés
pour assurer I'interaction entre le personnel
du projet et la communauté d'usagers. Un

bulletin d'information est publié dans chaque

numéro de Transportation Research News.
Des formulaires sont joints aux documents,
afin que les usagers aient I'opportunité de
juger de la valeur de ces documents et de
donner leur avis sur les moyens de les amé-
liorer. Au cours de visites semi-annuelles
dans les pays en voie de développement, le
personnel obtient de première main des sugges-
tions sur le bon fonctionnement du projet et
peut aider à résoudre sur place certains
problèmes techniques spécifiques. En outre,
des conférences tenues soit aux Etats Unis,
soit à l'étranger, sont I'occasion d'un échange
d'idées entre le personnel et les usagers.
Finalement, des colloques annuels sont or-
ganisés pour les étudiants des pays en voie
ðe développement qui étudient dans les uni-
versités americaines.
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Overuiew

Background and Scope

Nb road can be constructed without using some
type of material. Earth tracks may be con-
structed with in situ material that should be clas-
sified to determine its characteristics. Texts in-
cluded in Compendium 2 provide background
data for information contained in Compendium
6. For example, Subsurface Soils Exploration,
Field ldentification of So/s and Aggregates for
County Roads, Design Manual: Soil Mechanics,

Foundations, and Earth Structures, and The
ldentification of Rock Types discuss how to
classify materials. Other texts in Compendium 2,
such as The Engineering Significance of Land-
forms, Terrain Evaluation for Road Engineers in
Ðeveloping Countries, and Drainage Pattern
Significance in Airphoto ldentification of Soils
and Bedrocks, will assist the highway location
engineer in evaluating soils in corridors under

Vista General

Antecedentes y alcance

No se puede construir ningún camino sin utilizar
algún tipo de material. Vías de tierra pueden
construirse con material en situ, que debe clasi-
ficarse para determinar sus características. Hay
textos incluídos en el Compendio 2 que proveen
datos básicos para la información contenida en
el Compendio 6. Por ejemplo, Suösurface Soi/s
Exploration (Exploración de los subsuelos), Field
ldentification of Soi/s and Aggregafes for County
Roads (ldentificación en campaña de los suelos
y agregados para caminos de condado), Design
Manual: Soil Mechanics, Foundations and Earth
Structures (Manual de diseño: Mecánicas del
suelo, fundamentos y estructuras de tierra), y

The ldentification of Rock Types (La identifica-
ción de tipos de rocas) hablan de cómo clasifi-
car materiales. Otros textos en el Compendio 2,
tales como The Engineering Significance of
Landforms (El significado ingenieril de formas
de terreno),Terrain Evaluation for Road Engi-
neers in Developing Countries (Evaluación del
terreno para ingenieros viales en paises en de-
sarrollo), y Drainage Pattern Significance in
Airphoto ldentification of So/s and Bedrocks (El
significado del patrón de drenaje en la identifi-
cación por foto aérea de suelos y lechos de
roca), ayudarán al ingeniero de ubicación del
camino en evaluar los suelos en las zonas de
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Exposé

Historique et objectif

On ne peut pas construire une route sans utiliser
quelque sorte de matériau. Les routes en terres
peuvent être construites avec des matériaux
trouvés in-situ qui doivent être classifiés afin de
déterminer leurs caractéristiques. Certains tex-
tes choisis du Recueil No. 2 donnent les don-
nées de base qui vont être développées dans le
Recueil No. 6. Par exemple, Subsurface Soi/s
Exploration, Identification of So/s and Aggre-
gafes for County Roads, Design Manual: Soil
Mechanics, Foundations and Earth Structures,
eTThe ldentification of Rock Types, expliquent la
classification des matériaux. D'autres textes du

Recueil No. 2 comme,The Engineering Signifi-
cance of Landforms, Terrain Evaluation for Road
Engineers in Developing Countries eI Drainage
Pattern Significance in Airphoto ldentification of
So/s and Bedrocks, aideront I'ingénieur routier à
évaluer les sols des corridors à étudier pour des
routes spécifiques. Ces textes sont importants
aussi pour I'ingénieur à la recherche de maté-
riaux pour améliorer une route déjà construite ou
pour construire une nouvelle route. Dans le Re-
cueil No. 6, nous examinons la classification et
les gisements de matériaux de deux points de
vue. Le premier, appelé inventaire de projet,



study for specific roads. These texts are impor-
tant to the engineer seeking materials with which
to improve existing roads or to build new ones.

Compendium 6 examines the classification
and location of materials resources in two con-
texts. The first is a project inventory, concerned
with the exact location and development of
materials to be used on a specific road con-
struction project. The second is a general inven-
tory of materials available throughout a large
geographic area for use in the planning and
evaluation of future highway locations. The
principles of soil classification remain the same
in both cases.

Compendium 2 was prepared for the location
engineer who has no preliminary soil information

available. Compendium 6 provides further infor-
mation about the methods of inventorying mate-
rials on a large scale. Such an inventory not only
helps the location engineer with specific prob-
lems, but also assists the planning engineer in
evaluating corridors before the location engineer
becomes involved.

Because the majority of materials used in road
construction comes from the earth's crust, the
scope of Compendium 6 is limited to an inven-
tory of these resources. The location of timber
for bridges or retaining walls and the determina-
tion of the availability of manufactured materials,
such as culvert pipes, steel beams, cement, and
reinforcing bars, are not considered.
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paso estudio para caminos específicos. Estos
textos son importantes para el ingeniero que
busca el material con el cuál mejorará caminos
yá existentes, ó para construir caminos nuevos,

El compendio 6 examina la clasificación y
ubicación de recursos de materiales en dos
contextos. El primero es un inventario de pro-
yecto, que se concierne con la ubicación exacta
y el desarrollo de materiales a utilizarse en un
proyecto específico de construcción de camino.
El segundo es un inventario general de materia-
les disponibles a través de un área geográfica
amplia para utilizarse en la planificación y eva-
luación de futuras ubicaciones de camino. Los
principios de clasificación de suelos son los
mismos en ambos casos.

El Compendio 2 se preparó para el ingeniero
de ubicación que no tiene disponible informa-

ción de suelos preliminar. El Compendio 6 pro-
vee más información sobre los métodos de in-
ventariar los materiales en más grande escala.
Tal inventario no solo ayuda al ingeniero de ubi-
cación con problemas específicos, pero tam-
bién ayuda al ingeniero de planificación en la
evaluación de zonas de paso antes de que se
concierna el ingeniero de ubicación.

Ya que la mayoría de los materiales que se
utilizan en la construcción de caminos provienen
de capas de la tierra, el alcance del Compendio
6 se limita al inventario de estos recursos. No se
consideran la ubicación de maderapara puen-
tes ó muros de contención ni se determina si
hay disponibles materiales manufacturados
tales como tuberías para alcantarillas, vigas de
acero, cemento y varillas de refuerzo.

concerne la localisation et le développement de
matériaux routiers pour la construction d'une
route spécifique. Le deuxième est I'inventaire
général des matériaux routiers d'une région
géographique étendue, qui sera utilisé au mo-
ment de la planification et de l'évaluation des
emplacements des routes à construire. Les
principes de la classification des sols sont les
mêmes dans les deux cas.

Le Recueil No. 2 est destiné à I'ingénieur qui
va déterminer le tracé de la route et n'a aucune
information préliminaire sur les sols. Le Recueil
No. 6 va plus loin et donne des informations plus
détaillées sur I'inventaire des matériaux routiers

à grande échelle. Cet inventaire non seulement
aidera à résoudre les problèmes spécifiques de
I'ingénieur chargé du tracé de la route, mais ai-
dera aussi I'ingénieur planificateur qui le pre-
mier, détermine quels corridors seront évalués.
Comme la plus grande partie des matériaux de
construction est tirée de l'écorce terrestre, ce
recueil se limitera à I'inventaire de celle-ci.

Les méthodes de localisation de bois pour la
charpente des ponts et des murs de soutène-
ment, et de matériaux manufacturés comme les
conduites de drainage les poutres en acier, le
ciment et les barres d'armature, ne sont donc
pas considérées.



Rationale for This Compendium

Several soil classification systems are used
throughout the world. Various texts, therefore,
use different terminology to refer to specific
soils. An engineer trained in one classification
system may have difficulty in understanding lit-
erature based on a different system. Compen-
dium 6 presents the basic requirements for any

soil classification system. lt also compares some
of the more commonly used systems.

A more detailed evaluation of soil patterns is
presented. Materials inventories in rural and in-
accessible areas are often based on aerial
photography. Therefore, understanding the sig-
nificance of clues contained in such imagery is
important.

Several types of materials inventories can be

Exposición razonada para este
compend¡o

Se utilizan varios sistemas de clasificación de
suelos a través del mundo. Por lo tanto, los va-
rios textos utilizan distintas terminologías para
referirse a suelos específicos. El ingeniero en-
trenado en un sistema de clasificación podría
tener dificultades en comprender la literatura
basada en otro sistema. El compendio 6 pre-
senta los requisitos básicos para cualquier sis-
tema de clasificación de suelos. También com-
para algunos de los sistemas más comunmente
utilizados.

Se presenta una evaluación más detallada de
configuraciones de suelos. Los inventarios de
materiales en áreas rurales e inaccesibles mu-
chas veces se basan en fotografías aéreas. Por
lo tanto, es importante poder comprender el
significado de indicios contenidos en tales imá-
genes.

Se pueden hacer varios tipos de inventarios

de materiales. El más simple y menos costoso
es el inventario de materiales que yá se han en-
contrado y ensayado. El inventario más difícil y
costoso incluye (a) la ubicación y proyección de
todas las formaciones geológicas en un área,
(b) la selección de todas las ubicaciones posi-
bles de material utilizable, (c) la recolección y
ensayo de muestras de cada ubicación, y (d)
una tabulación de los resultados de los ensayos,
ubicaciones de hoyos y estimaciones de canti-
dades de todos los materiales utilizables,

Se pueden utilizar fotografías aéreas disponi-
bles como base para inventarios de materiales.
Si se trata de llevar a cabo un inventario com-
pleto y exacto, se deben considerar otros tipos
de imágenes. Hoy en día hay muchas nuevas
formas de imágenes obtenidas por sensores
remotos disponibles para el ingeniero vial.
Entre ellas está la fotografía aérea multiespectral
visible e infrarroja ("near-infrared") y las im-
ágenes exploradores multiespectrales del saté-
lite LANDSAT. Sin embargo, se requieren téc-
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Objet de ce recue¡l

Plusieurs méthodes de classification des sols
sont utilisées dans le monde. Certains textes
donc, utilisent une terminologie différente, pour
identifier des sols spécifiques. Un ingénieur qui
a étudié une méthode de classification peut
avoir des difficultés à comprendre un texte basé
sur une autre méthode. Dans ce recueil, nous al-
lons présenter les conditions requises d'un sys-
tème de classification quelqu'il soit, et faire la
comparaison entre les plus communs.

Une évaluation en plus grands détails des ty-
pes de formations caractéristiques des sols est
présentée. Dans les régions rurales ou inacces-
sibles, les inventaires de matériaux routiers sont
souvent basés sur les photos aériènnes. De ce

fait, I'interprétation correcte de ces photos est
très importante.

ll y a plusieurs sortes d'inventaires de maté-
riaux routiers. Le plus simple, et le plus écono-
mique, est l'inventaire de matériaux qui ont déjà
été découverts et prouvés. Le plus difficile, et le
plus dispendieux, est un inventaire qui
comprend (a) situer et faire le plan de toutes les
formations géologiques d'une région (b) choisir
les gisements possibles de matériaux utilisables
(c) assembler et analyser les échantillons de
chaque gisement et (d) dresser un tableau sy-
noptique des résultats des essais, de la location
des gisements et des quantités estimées de
tous les matériaux utilisables.

La photointerprétation peut être l'instrument
de base d'un inventaire de matériaux. Cepen-



made. The simplest and the least expensive is
an inventory of materials that have already been
found and tested. The most difficult and expen-
sive inventory includes (a) the location and
mapping of all geological formations in an
area, (b) the selection of all possible sites of us-
able materials, (c) the collection and testing of
samples from each site, and (d) a tabulation of
the test results, pit locations, and quantity esti-

mates of all usable materials.
Available aerial photographs can be used as

a basis for materials inventories. lf a complete
and accurate inventory is attempted, other forms
of imagery should be considered. Many new
forms of remote sensing imagery are available to
the highway engineer today. Among them are
visible and near-infrared multispectral photo-
graphy from aircraft and multispectral scanner
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nicas interpretativas especializadas para el uso
de estos productos.

Una vez que se decida conducir un inventario
de materiales, se debe determinar las mecánicas
del inventario. Este compendio describe
solo uno de los muchos inventarios de
materiales que se pueden utilizar, es decir,
un inventario de materiales completo orientado
al proyecto. Este ejemplo subraya la importancia
de utilizar un interpretador de fotos aéreas com-
petente en el inventario de materiales completo.

Se requiere la investigación subsuperficial de
ubicaciones posibles de materiales para deter-
minar el tipo y cantidad del material presente.
Esta investigación puede variar de un solo hoyo
cavado a mano a una serie de perforaciones.
Muchas veces se utilizan métodos sísmicos ó de
resistencia específica en las investigaciones ex-

ploratorias del subsuelo. Se pueden investigar
grandes áreas a bajo costo y rapidamente con
equipo portátil. El Compendio 6 examina la teo-
ría y limitaciones de estos métodos.

Se deben desarrollar los depósitos de mate-
riales seleccionados. El socavón de un hoyo
debe hacerse metodicamente en secuencia
preplaneada para que no se tenga que remani-
pular el material. Las operaciones de hoyo
deben seguir procedimientos establecidos dado
el equipo disponible. Se deben determinar los
patrones de tránsito para asegurar el uso má-
ximo de todo el equipo disponible. Se deben
mantener caminos de acceso para que no se in-
terrumpa la operación de acarreo. El drenaje del
hoyo y de los caminos de acceso es tan impor-
tante como el drenaje del camino bajo con-
strucción.

dant si on veut faire un inventaire complet et
précis, d'autres genres d'imagerie devaient être
aussi considerés. Aujourd'hui, I'ingénieur routier
a à sa disposition d'autres moyens comme
I'imagerie acquise par télédétection. Un de
ceux-ci est la photo aèrienne visible et infra-
rouge multispectrale et l'imagerie obtenue par
les radiomètres multispectraux à balayage du
satellite Landsat. Notons cependant que I'emploi
de ces moyens demande des techniques d'in-
terprétation spéciales.

Une fois que l'on a décidé de faire un inven-
taire de matériaux routiers, la façon dont on va le
conduire reste à déterminer. Parmi les nombreu-
ses méthodes qui existent, ce recueil en a choisi
une et décrit la marche à suivre pour faire un in-
ventaire pratique de matériaux routiers. Cette
méthode met I'accent sur le fait qu'il est néces-
saire de confier la photointerprétation à un spé-
cialiste confirmé. Un examen du sous-sol des
gisements en puissance est nécessaire pour dé-
terminer le type et la quantité des matériaux. Cet

examen peut aller du simple prélèvement fait à
la main à toute une série de sondages. Fré-
quemment, les prospections des sous-sols sont
faites en utilisant les méthodes de mesure de ré-
sistivité ou de sollicitation sismique. De grandes
étendues peuvent être examinées de façon à la
fois économique et rapide en utilisant un maté-
riel portatif. La théorie et les restrictions de ces
méthodes sont étudiées dans ce recueil.

Les gisements de matériaux que I'on a choisi
doivent être exploités. La mise en oeuvre d'une
carrière doit être faite de façon méthodique et
ordonnée afin que l'on ait besoin de manipuler
les matériaux qu'une fois. La mise en oeuvre de
la carrière doit être faite en suivant des métho-
des déterminées par l'équipement disponible.
On doit prévoir la circulation afin d'assurer I'utili-
sation maximale de tout l'équipement. Les pistes
de desserte doivent être entretenues afin que le
transport des matériaux ne soit pas interrompu.
Le drainage des excavations et des pistes de
desserte est aussi important que le drainage de
la route à construire.



imagery from the LANDSAT satellite. However,
special interpretative techniques are required to
use these tools.

Once the decision is made to conduct a mate-
rials inventory, the mechanics of the inventory
must be determined. This compendium de-
scribes only one of the many materials invén-
tories that can be used, i.e., a complete proj-
ect-oriented materials inventory. This example
stresses the importance of using a competent
air-photo interpreter for complete materials in-
ventories.

Subsurface investigation of possible materials
sites is required to determine the type and quan-
tity of the materials present. This investigation
can range from a single hand-dug hole to a

series of borings. Quite frequently, exploratory
subsurface investigations are made using seis-
mic or resistivity methods. Large areas can be
investigated inexpensively and quite rapidly with
portable equipment. Compendium 6 examines
the theory and limitations of these methods.

Material deposits selected for use must be
developed. The opening of a pit should be done
methodically in a preplanned sequence so that
material does not have to be rehandled. Pit op-
erations should follow set procedures given the
equipment available. Traffic patterns must be
determined to ensure the maximum use of all
available equipment. Access roads must be
maintained so that the hauling operation will not
be interrupted. Drainage of the pit and access

Presentación de los textos selecc¡onados

El primer texto, A Review of Engineering Soil
Classification Sysfems (Repaso de sistemas in-
genieriles de clasificación de suelos), apareció
por primera vez en el Highway Research Rec-
ord 156 (Registro de investigaciones viales
156) (Highway Research Board, 1967). Habla
sobre la naturaleza y necesidad para la clasifi-
cación de suelos y la distinción entre identifica-
ción de suelos y clasificación de suelos. Se
describen los requerimientos para un sistema
satisfactorio ingenieril de clasificación de sue-
los. Se tabulan las propiedades de suelo que
pueden utilizarse para propósitos de clasifica-
ción.

Se comparan los sistemas de clasificación de
suelos de la AASHO (American Association of
State Highway Officials), la clasificacion unifi-

cada de suelos(Unified),y FAA (Federal Aviation
Agency). Los sistemas de AASHO y Unified son
reconocidos a través del mundo. Las referen-
cias que se han hecho a la clasificación de sue-
los en compendios anteriores de este proyecto
todas han utilizado el sistema de clasificación
Unified, una modificación del sistema de clasifi-
cación de suelos del Profesor Arthur Casa-
grande. Algunos de los textos seleccionados en
el Compendio 6 se refieren al sistema de
AASHO, una modificación del sistema de clasi-
ficación del BPR (U.S. Bureau of Public Roads),
desarrollado a mediados de los años de 1920 a
1 930.

Este texto describe cada sistema utilizando
texto y tablas. También presenta diagramas que
ayudan en la correcta clasificación de acuerdo
a cada una de las tres clasificaciones de suelo.
Ya que los criterios adoptados por los sistemas

Discussion des textes choisis

Le premier texte, A Review of Engineering Soil
Classification Sysfems (Revue des classifica-
tions des sols pour le génie civil), fut publié à
l'origine dans le Highway Research Record 156
(Highway Research Board, 1967). La nature et le
besoin d'un système de classification sont dis-
cutés ainsi que la différence entre la classifica-
tion et l'identification des sols. Les conditions
requises par une classification des sols satisfai-
sante pour les besoins de l'ingénieur routier sont
décrites. Les caractéristiques des sols qui peu-
vent être utilisées pour effectuer leur classifica-
tion sont disposées en tables. Une comparaison
est faites entre les classifications de I'AASHO

(American Association of State Highway Offi-
cials), la "classification unifiée" (Unified) et celle
de la FAA (Federal Aviation Agency). La classifi-
cation de I'AASHO et la "classification unifiée"
sont connues à travers le monde. Les référence
aux classifications des sols des recueils précé-
dents se rapportent à la "classification unifiée"
qui est adaptée à celle du professeur Arthur Ca-
sagrande. Certains textes choisis du Recueil no.
6 utilisent la classification de I'AASHO, celle-ci
étant une modification de la classification BPR
(U.S. Bureau of Public Roads) développée dans
les années 1920.

Chaque méthode est déscrite et présentée en
tableaux. Ce texte contient aussi des tableaux
qui permettent de classer correctement les sols



roads is as important as the drainage of the
roadway under construction.

Discussion of Selected Texts
The first text, Á Review of Engineering Soil Clas-
sification Sysfems, first appeared in Highway
Research Record 156 (Highway Research
Board, 1967). lt discusses the nature and need
for soil classification and the distinction between

soil identification and soil classification. The re-
quirements for a çatisfactory engineering soil
classification system are described. The soil
properties that may be used for classification
purposes are tabulated.

The American Association of State Highway
Officials (AASHO), Unified, and Federal Aviation
Agency (FAA) soil classification systems are
compared. Both the AASHO and Unified sys-
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de clasificación de suelos de la AASHO, Unified,
y FAA son algo distintos, hay tablas que corre-
lacionan grupos de suelos comparables entre
los tres sistemas. Este texto ayudarâ al ingeniero
a comprender otros textos con los cuales puede
no estar familiarizado.

El segundo texto, The Engineering Signiti-
cance of Soil Patterns (El significado ingenieril
de configuraciones de suelos), fué publicado en
el Highway Research Board Proceedings, Vol-
ume 23 (Expedientes de la directive de investi-
gación vial, volúmen 23) (1943). Aquíel término
configuración de suelo se ha utilizado en sen-
tido comprensivo. lncluye no solo la variación de
color de suelos, sino también los muchos otros
factores registrados en una fotografía aérea que
son influenciados por el suelo. Cuando son co-
rrectamente evaluadas, estas configuraciones
indican las propiedades ingenieriles del suelo.

El texto se desarrolló de una evaluación inge-
nieril de pedología, la ciencia de formación de
suelos. Ya que la pedología es una fase impor-
tante de la interpretación de fotografías, este
texto habla sobre una forma simplificada lla-
mada pedología ingenieril. Los ejemplos ilustran
la semejanza entre suelos con un orígen común
a pesar de su ubicación geográfica. Se incluyen
fotografías de varias áreas para mostrar sus
confi guraciones respectivas.

Las áreas individuales de suelo tienen confi-
guraciones que indican sus propiedades. Con
solo utilizar una fotogralíaaérea, un ingeniero
puede estudiar cada uno de los elementos que
componen la configuración de suelo. Estos ele-
mentos reflejan la naturaleza del perfil de suelo:
(a) forma de terreno, (b) características de ero-
sión, (c) color de suelo, (d) drenaje de la super-

d'après les trois méthodes de classification.
Comme les critères adoptés par les classifica-
tions AASHO, "unifiée" et FAA sont quelque peu
differénts, des tableaux permettent d'effectuer la
corrélation pour classer des groupes de sols si-
milaires d'après les trois méthodes. Ce texte
permettra à I'ingénieur de se familiariser avec
les méthodes qui lui sont étrangères.

Le deuxième texte, The Engineering Signifi-
cance of Soil Patterns (L'importance des carac-
téristiques des sols pour le génie civil), publié
dans Highway Research Board Proceedings,
Volume 23 (1943). L'expression "caractéristi-
ques des sols" est employée ici dans un sens
très large, qui comprend non seulement la cou-
leur des sols, mais aussi les nombreux autres
facteurs qui sont influencés par les différents
sols et que I'on reconnait dans les photo aérièn-
nes. Ces caractéristiques, quand elles sont in-
terprétées correctement, indiquent les qualités
des sols qui intéressent I'ingénieur routier.

Ce texte a été developpé d'après une évalua-
tion pédologique, la pédologie étant la science
des formations caractéristique des sols. Puisque
la pédologie est une phase importante de la
photointerprétation, ce texte discute une forme
simplifiée de celle-ci, propre au génie civil. Des
exemples illustrent les similarités des sols ayant
une origine commune, quelle que soit leur loca-
tion géographique. Des photos de différentes
régions sont incluses pour illustrer les caractéris-
tiques individuelles de ces sols.

Chaque gisement a des caractéristiques qui
indiquent les proprietés des sols qu'il contient.
En utilisant simplement une photo aériènne, I'in-
génieur peut déduire chacun des éléments qui
constituent les caractéristiques d'un sol, Ces
éléments qui comprennent (a) formations carac-
téristiques, (b) caractéristiques d'érosion, (c)
couleur des sols, (d) caractéristiques de drai-
nage, (e) couverture végétale, (f) pente, (g)
utilisation des sols, et (h) de nombreux autres



tems are recognized throughout the world. The
references made to soil classification in previous
compendiums in this project have all used the
Unified classification system, a modification of
Professor Arthur Casagrande's system. Some of
the selected texts in Compendium 6 refer to the
AASHO system, a modification of the U.S.
Bureau of Public Roads (BPR) classification sys-
tem developed in the mid-1920s.

This text describes each system by using text
and tables. lt also presents charts that help in
proper classification according to each of the
three soil classification systems. Because the
criteria adopted by the AASHO, Unified, and
FAA systems for classifying soils are somewhat
different, tables correlate comparable soils
groups among the three systems. This text will
help engineers understand other texts with
which they may not be familiar.

The second text, The Engineering Signifi-
cance of Soil Patterns, was published in High-
way Research Board Proceedings, Vol. 23
(1943). The term soil pattern is used here in a
comprehensive sense. lt includes not only the
color pattern of soils but also the numerous other
factors that are recorded in an aerial photograph
and that are influenced by the soil. When prop-
erly evaluated, these patterns indicate the en-
gineering properties of the soil.

The text was developed from an engineering
evaluation of pedology, the science of soil forma-
tion. Because pedology is an important phase of
photointerpretation, this text discusses a
simplified form known as engineering pedology.
Examples illustrate the similiarity of soils to a
common origin regardless of geographic loca-
tion. Photographs of various areas are included
to show their respective patterns.

The individual soil areas have patterns that in-
dicate their properties. Using only an aerial
photograph, an engineer may study each of the
elements that make up the soil pattern. Among
the elements that reflect the nature of the soil
profile are (a) land form, (b) erosion characteris-
tics, (c) soil color, (d) surface drainage, (e) veg-
etative cover, (f) slope, and (g) land use.

The elements of the soil pattern change and
their significance varies in differing climatic
zones. Climate changes the type of vegetative
cover and the significance of soil colors, while
the soil pattern emphasizes the significance of
land forms and weathered slopes. Therefore, a
group of photographs will still show the basic
soil patterns, geologic patterns, and the occur-
rence of granular deposits.

The third text, Maps for Construction Mate-
nals, was published in Highway Research Board
Bulletin 28 (1950). This report states that the xvI

ficie, (e) cubierta vegetativa, (f) pendiente, (g)
uso del terreno, y (h) otros.

Los elementos de la configuración de suelo
cambian, y su significado varía, en distintas
zonas climáticas. El clima cambia el tipo de cu-
bierta vegetativa y el significado del color de
suelo, mientras que la configuración de suelo
acentúa el significado de las formas de terreno y
pendientes curtidos por la intemperie. Por lo
tanto, un grupo de fotografías todavía indicará
las configuraciones básicas de suelo, configu-

raciones geologicas, y la incidencia de depósi-
tos granulares.

El tercer texto, Maps for Construction Mate-
rials (Mapas para mater¡ales de construcción),
fué publicado en Highway Research Board Bul-
letin 28 (Boletín del directivo de investigación
vial 28, 1950). Este informe afirma que las rocas
y sedimentos de la capa de Ia tierra son los ma-
teriales básicos que el ingeniero necesita para
la construcción. Por lo tanto los mapas de mate-
riales son necesarios para la búsqueda de ma-

éléments, constituent ce qu on appelle le profil
du sol.

Ces éléments caractéristiques des sols chan-
gent, et leur importance varie suivant les zones
climatiques. Le climat change la couverture
végétale et la couleur des sols, tandis que les
caractéristiques des sols met I'emphase sur la
signification des formations de terrain et des
pentes alterées par les intempéries, Donc les

photographies indiquerons les caractéristiques
de base des sols, les facteurs géologiques et
les gisements de matériaux granulés.

Le troisième texte, Maps for Construction Ma-
terials (Cartes de matériaux de construction), fut
publié dans le Highway Research Board Bulletin
28 en 1950. Ce rapport déclare que les roches
et sédiments de l'écorce terrestre forment les
matériaux de base de la construction routière.



rocks and sediments of the earth's crust are the
basic materials needed by the engineer for con-
struction. Materials maps, therefore, are neces-
sary in the search for construction materials.

Three principal kinds of construction-materials
maps are discussed:

1. Material-Site Maps inventory materials al-
ready found and tested. These maps include
only those sites known to the compiler from
basic data supplied. They do not show other
construction materials that may be present in the
same area but have not been needed or tested

previously. They provide a poor basis for the
search for additional materials.

2. Material-Distribution Maps are based on
the geologic maps available for a region. Each
outcropping formation shown on a geologic map
is classified as to the kind of construction mate-
rial it can produce. This map is a good inventory
of all materials available in a region. lt also
shows the potential production areas for each
material.

3. Surface-Geology Materials Maps combine
many useful features of the other maps. A field
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teriales de construcción.
Se habla sobre tres tipos principales de

mapas de material de construcción:
1. Mapas de Ubicación de Materiales inventa-

riarían los materiales yá encontrados y ensaya-
dos. Estos mapas incluyen unicamente las ubi-
caciones que el compilador reconoce de los
datos básicos que le son suministrados. No
muestran otros materiales de construcción que
pueden estar presentes en la misma área, pero
que no han sido previamente necesarios ó en-
sayados. No son buena base para la búsqueda
de materiales adicionales.

2. Mapas de Distribución de Materiales se
basan sobre los mapas geológicos disponibles
de una región. Cada formación de afloramiento
en un mapa geológico se clasifica de acuerdo al
tipo de material de construcción que puede

producir. Este tipo de mapa es un buén inventa-
rio de todos los tipos de materiales disponibles
en una región. También indica las áreas poten-
ciales de producción para cada material.

3. Los Mapas de Materiales de Geología de la
Superficie combinan muchas de las característi-
cas útiles de los otros dos tipos de mapas. Un
equipo de campaña delínea mapas de las for-
maciones geológicas (rocas consolidadas y se-
dimentos no consolidados), generalmente sobre
fotografías aéreas. El equipo traza las ubicacio-
nes de todos los hoyos y canteras en existencia,
ubica materiales adicionales, y recolecta mues-
tras para su ensayo en laboratorios. Este tipo de
mapa sirve en forma indefinida como una base
totalmente adecuada para la eficiente búsqueda
el materiales. También es una valiosa fuente de
información para el ingeniero de planificación,

Les cartes de matériaux sont donc nécessaires
pour rechercher les matériaux de construction.

Trois sortes principales de cartes de maté-
riaux de construction sont discutées:

1. Les cartes qui font un inventaire des gise-
ments de matériaux qui ont déjà été découverts
et mis à l'épreuve. Ces cartes sont seulement
celles des gisements déjà connus d'après des
données antérieures. Elle ne montrent pas les
matériaux de construction qui peuvent être dans
cette région, mais dont on n'a pas eu besoin
auparavant, ou qui n'ont pas été mis à l'épreuve.
Ces cartes ne constituent pas une bonne base
pour chercher des matériaux supplémentaires.

2. Des cartes qui montrent la distribution des
matériaux d'après les cartes géologiques qui
sont disponibles. Chaque formation de terrain
qui montre un affleurement sur une carte géolo-
gique est classée selon la sorte de matériaux de
construction qui peut en être extraite. Ce genre
de carte donne un inventaire satisfaisant des
genres de matériaux de construction que l'on
peut trouver. Ces cartes indiquent aussi les ré-
gions qui peuvent produire chaque genre de
matériau pour chaque région.

3. Les cartes géologiques de matériaux de
surface, qui combinent les caractéristiques des
deux autres cartes. Normalement, une équipe



team maps the geologic formations - both con-
solidated rocks and unconsolidated sediments

-usually on aerial photographs. The team plots
the locations of all existing pits and quarries, lo-
cates additional materials, and collects samples
for laboratory testing. This type of map serves
indefinitely as a completely adequate base for
the efficient search for materials. lt is also a val-
uable source of information for the planning en-

gineer, the design engineer, and the engineer
estimating the cost of construction.

The fourth lext, Chapter 11, Air Photo lnterpre-
tation, is excerpted from Laterite and Lateritic
So/s and Other Problem So/s of the Tropics
(USAID, 1975). lt introduces the concept of im-
agery by various remote sensors and the appli-
cation of such imagery to terrain classification. lt
cites several terrain classifications recently de-

de ingeniero de diseño, y el ingeniero que cal-
cula el costo de construcción.

El cuarto texto, Chapter 11, Air Photo lnterpre-
tation (Capítulo 11, lnterpretación de fotos aé-
reas), se extrajo de Laterite and Lateritic Soils
and Other Problem Soi/s of the Tropics (Laterita
y suelos lateríticos y otros suelos problemáticos
de las areas trópicas) (USAID 1975). lntroduce
el concepto de imágenes por varios sensores
remotos y la aplicación de tales imágenes en la
clasificación del terreno. Nombra varias clasifi-
caciones de terreno recientemente desarrolla-
das, que se basan principalmente sobre proce-
dimientos de evaluación del terreno. El texto de-
línea la técnica que comunmeñte se utiliza en el
desarrollo de estas clasificaciones.

Se incluye una tabulación resúmen de inter-
pretación de fotos aéreas de suelos tropicales.
También se habla sobre la identificación de late-
ritas y otros suelos tropicales; se dá importancia

a aquellas características que le dán al evalua-
dor indicaciones específicas sobre la presencia
de varios suelos tropicales. Se identifican los
suelos que son fuentes útiles de materiales y
aquellos que causan los más grandes proble-
mas.

El quinto texto, Techniques for the lnterpreta-
tion of Remote Sensrng lmagery for Highway
Engineering Purposes (Técnicas para la inter-
pretación de imágenes remotas de impresión
para propósitos de ingeniería vial), fué publi-
cado por el Transport and Road Research Lab-
oratory en lnglaterra (TRRL, 1977). Este texto
proporciona más información sobre las imáge-
nes obtenidas por sensor remoto. La tecnología
que se describe yâha sido utilizada con éxito
en los inventarios regionales de materiales de
construcción.

Este texto resume algunos de las nuevas for-
mas disponibles de datos de imágenes y técni-
cas especializadas de interpretación. El co-
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de cartographes trace les formations géologi-
ques (roches consolidées et sédiments non
consolidés) sur des photos aériènnes. L'équipe
détermine les gisements de matériaux et les car-
rières, trouve d'autres matériaux, et collectionne
des échantillons pour les laboratoires. Ce genre
de carte servira indéfiniment comme outil de
base complétement adéquat pour la location de
matériaux routiers. Elle servira de la même façon
I'ingénieur planificateur, celui qui déterminera le
tracé de la route et celui qui calculera le prix de
la construction.

Le quatrième texte, Chapter 11 -Air Photo ln-
terpretation (La photointerprétation) est extrait
de Laterite and Lateritic So/s and Other Prob-
/em So/s of the Tropics (USAID, 1975).

Le concept de I'imagerie par différentes sor-
tes de télédétection, et ses applications à la
classification des sols est introduit. Plusieurs
genres de classification de terrain, développés
récemment et basés principalement sur des

procédures d'évaluation de ces terrains, sont ci-
tés. Le texte extrapole les techniques les plus
usitées pour le développement de ces classifi-
cations. Une table résume la photointerprétation
des sols tropicaux, L'identification des latérites
et autres sols tropicaux est aussi discutée. Les
caractéristiques qui mettent I'ingénieur sur la
piste des sols tropicaux sont accentuées. Les
sols qui constituent des sources utiles de maté-
riaux de construction et ceux qui posent des
problèmes importants sont identifiés.

Le cinquième texte, Techniques for the lnter-
pretation of Remote Sensrng lmagery for
Highway Engineering Purposes (Techniques
d'interprétation de I'imagerie acquise par télédé-
tection à I'usage du génie civil), a été publié par.
le Transport and Road Research Laboratory en
Grande Bretagne (TRRL, 1977).

Ce texte élabore en détail l'imagerie acquise
par télédétection et résume les nouvelles tech-
niques d'interprétation qui sont maintenant dis-



veloped and based primarily on terrain evalua-
tion procedures. The text outlines the technique
commonly used in the development of these
classifications.

A summary tabulation of air-photointerpreta-
tion of tropical soils is included. The identifica-
tion of laterites and other tropical soils is also
discussed. Those features giving the evaluator
specific clues about the presence of various
tropical soils are stressed. Soils that are useful
sources of materials and soils that cause major
problems are identified.

The fifth texl, Techniques for the lnterpretation
of Remote Sensing lmagery for Highway En-
gineering Purposes, was published by the
Transport and Road Research Laboratory in the
United Kingdom (TRRL, 1977). This text pro-
vides further information about remote sensing
imagery. The technology described has already
been used successfully for regional inventories
of construction materials.

This text summarizes some of the new forms
of image data and specialized interpretative
techniques that are now available. The proper
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rrecto uso de estas técnicas requiere una com-
prensión básica de cómo se obtienen las im-
ágenes.

El informe describe las características de los
datos de las imágenes obtenidas por sensor
remoto. Presenta los factores y limitaciones que
influyen la interpretación de aquellos datos. Dá
importancia a los métodos de interpretación
como se aplican a las formas comunes de imá-
genes facilmente disponibles para los ingenie-
ros. Estos incluyen fotografías aéreas multies-
pectrales visibles e infrarrojas ("near-infrared"),
y las imágenes sensoras multiespectrales toma-
dos del satélite LANDSAT.

El sexto texto, Terrain Evaluation for Civil En-
gineering Projects in South Africa (Evaluación
delterreno para proyectos ingenieriles civiles en
Sud Africa), es un artículo publicado en elAus-

tralian Road Research Board Proceedings (Ex-
pedientes de la directiva de investigación vial
Australiana) (1968), Sigue los desarrollos en la
clasificación de terrenos, almacenamiento de
datos, y |razado de mapas ingenieriles de sue-
los en Sud Africa. Se hacen varios comentarios
sobre las ventajas y desventajas en el presente
curso de ese desarrollo. Además, sugiere que el
nivel de estudio del proyecto en lo que con-
cierne al lrazado de mapas ingenieriles del
suelo provee valiosa información que es aplica-
ble a cualquier forma de almacenamiento de da-
tos.

El informe detalla la preparación y aplicación
de mapas ingenieriles de suelos al nivel del pro-
yeÇto. Subraya la acción recíproca entre el in-
terpretador de fotos aéreas y el ingeniero vial en
el desarrollo del inventario de materiales para el

ponibles. La bonne utilisation de ces techniques
demande une certaine compréhension de la fa-
çon dont cette imagerie est acquise.

Les caractéristiques de I'imagerie acquise par
télédétection sont décrites. Les limites et les fac-
teurs qui influencent I'interprétation de ces
données sont présentés. L'emphase est mise
sur les méthodes d'interprétation qui peuvent
être appliquées facilement par les ingénieurs.
Celles-ci comprennent les photographies aé-
riènnes infra-rouges, visibles et multispectrales,
et I'imagerie du Landsat Satellite obtenue à
I'aide de scanners (radiométres multispectraux à
balayage).

Le sixième texte, Terrain Evaluation for Civil
Engineering Projects in South Atrica (Evaluation
des terrains pour les projets du génie civil en
Afrique du Sud), est un article publié dans le
Australian Road Research Board Proceedings
(1 e68).

Le développement de la classification des
terrains, I'enregistrement des données et les car-
tes des sols en Afrique du Sud sont indiqués.
Des commentaires sont faits sur les avantages
et les inconvénients des tendances actuelles de
ce développement. De plus, il est suggéré que
le niveau d'étude du projet, en ce qui concerne
le tracé des cartes des sols, fournit des informa-
tions précieuses qui peuvent être appliquées à
toutes sortes d'enregistrement de données.

Le rapport explique en détail la préparation et
l'application des cartes des sols au niveau du
projet. ll met I'emphase sur la combinaison des
rôles de I'ingénieur routier et du spécialiste de la
photointerprétation pour faire I'inventaire des
matériaux ou les cartes des sols, Les inventaires
de matériaux préparés pour un projet
spécifique, forment une base de données qui
peut être ensuite élaborée et utilisée pour dé-
velopper des classifications de terrains sans



use of these techniques requires a basic under-
standing of how the imagery is obtained.

The report describes the characteristics of
remote sensing image data. lt presents the fac-
tors and limitations influencing the interpretation
of these data. lt stresses methods of interpreta-
tion as they apply to forms of common imagery
readily available to engineers. These include vis-
ible and near-infrared multispectral photography
from aircraft and multispectral scanner imagery
from the LANDSAT satellite.

The sixth lex|, Terrain Evaluation for Civil En-
gineering Projects in South Africa, is a paper
that was included in the Australian Road Re-
search Board Proceedings (1968). lt traces the
developments in terrain classification, data stor-
age, and soil engineering mapping in South Af-
rica. Several comments are made about the ad-
vantages and drawbacks in the current trends of

that development. lt further suggests that the
project level approach to soil engineering map-
ping provides valuable information applicable to
any form of data storage.

The report details the preparation and applica-
tion of soil engineering maps at the project level.
It stresses the interplay between the air-photoin-
terpreter and the highway engineer in the de-
velopment of the project-oriented materials in-
ventory or engineering soils map. The paper
suggests that materials inventories prepared for
a specific project provide data that can be read-
ily used for the development of any overall ter-
rain classification system without sacrificing
short-term efficiency.

The previous texts have dealt with the overall
location of material sites. Once these sites have
been located, the quality and quantity of the
material have to be evaluated. Although it is

proyecto ó el mapa ingenieril de suelos. El artí-
culo sugiere que los inventarios de materiales
preparados para un proyecto específico pro-
veen datos que facilmente se pueden utilizar
para el desarrollo de cualquier sistema de clasi-
ficación general de terreno, sin sacrificar la efi-
ciencia de un procedimiento de corto alcance.

Los textos previos tratan con la ubicación ge-
neral de zonas de materiales. Una vez ubicados
estos lugares, se deben evaluar la calidad y
cantidad del material. Está fuera del alcance del
Compendio 6 describir en detalle los ensayos
de laboratorio necesarios para determinar la ca-
lidad del material. Sin embargo, el séptimo
texto, Development of Geophysical Methods of

Subsurface Exploration in the Field of Highway
Construction (Desarrollo de métodos geofísicos
de exploración sub-superficial en el campo de
construcción vial), un informe publicado en
Highway Research Board Bullgtin 28 (Boletín de
la directiva de investigación vial 28) (19S0),
describe dos métodos para llevar a cabo una
investigación preliminar de las condiciones sub-
terráneas del lugar. Estas investigaciones son
necesarias para explorar las condiciones sub-
superficiales en general y para estimar las can-
tidades de los materiales presentes.

Este texto describe el método de refracción
sísmica y el método de resistencia específica de
la tierra. El equipo que se utiliza para llevar a

xxr

sacrifier l'immédiate efficacité du procédé.
Les textes précédents ont tous eu à voir avec

la location générale des gisements de maté-
riaux. Une fois que ces gisements ont été situé,
la qualité et la quantité des matériaux doivent
être évaluées. L'envergure de ce recueil ne
permet pas de détailler les essais en laboratoire
qui sont nécessaires pour déterminer la qualité
des matériaux. Cependant le septième texte,

Development of Geophysical Methods of Sub-
surface Exploration in the Field of Highway
Construction (Développement de méthodes
géophysiques d'exploration des sous-sols dans
le domaine de la construction routière), un rap-
port publ¡é dans le Highway Research Board
Bulletin 28 (1950) décrit deux méthodes pour
faire une investigation préliminaire des condi-
tions du sous-sol d'un gisement. Ces investiga-



beyond the scope of Compendium 6 to detail
the necessary laboratory tests used to determine
the quality of the material, the seventh text, De-
velopment of Geophysical Methods of Suösur-
face Exploration in the Field of Highway Con-
struction -a report published in Highway Re'
search Board Bulletin 28 (1950)-describes the
two methods for making a preliminary investiga-
tion of underground site conditions. These inves-
tigations are necessary to explore the subsur-

face conditions in general and to estimate the
quantities of materials present.

This text describes the refraction seismic
method and the earth resistivity method. The
equipment used to make these tests has been
improved since this text was written; however,
the theory remains the same. For example, the
seismographic test is now often made with a
hammer striking a plate rather than with a small
charge of dynamite. This report describes the
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cabo estos ensayos ha sido mejorado desde
que se escribió este texto; sin embargo, la teoría
es la misma. Es común ahora realizar el ensayo
sismográfico con un martillo golpeando una
placa, en vez de una pequeña carga de dina-
mita. Sin embargo, este informe describe la teo-
ría, los usos específicos, y las limitaciones de
cada método. Señala que los principios funda-
mentales de los dos métodos difieren en gran
escala. Por lo tanto, donde ambos métodos dan
datos comparables, éstos pueden aceptarse
con considerable confianza.

El octavo texto, extractos de Prts and Quarries
(Department of the Army Technical Manual TM
5-332, 1967) (Hoyos y canteras; Manualtécnico
del departamento de armada TM 5-332, 1967),
describe un método para desarrollar los depósi-

tos de materiales con una cantidad mínima de
equipo.

1, El prefacio contiene definiciones y clasifi-
caciones. Aunque esta sección define tres tipos
de canteras, no se ha incluído en este compen-
dio los capítulos detallados del manual para
aquellas canteras que requieren voladura y tritu-
ración (es decir, roca dura y mediana),

2. El capítulo sobre la selección de ubica-
ción, que se extrajo totalmente, habla sobre el
reconocimiento que incluye fuentes de informa-
ción e investigación geológica. Describe la eva-
luación de ubicaciones de hoyos y canteras
para determinar la calidad y la cantidad del ma-
terial disponible. También se incluyen en este
capítulo los factores que afectan las operacio-
nes, ya que ayudan a determinar la posibilidad

tions sont nécessaires pour explorer le sous-sol
en général, et estimer la quantité de matériaux
qui s'y trouve. Ce texte décrit la méthode de ré-
fraction sismique et la méthode de mesure de
résistivité du sol. Le matériel utilisé pour faire
ces éssais a été amélioré depuis que ce texte a
été écrit, mais la théorie reste la même. L'essai
sismographique est maintenant fait avec un mar-
teau qui frappe une plaque, plutôt qu'avec une
petite charge de dynamite. Ce rapport présente
la théorie, les usages spécifiques, et les limites
de chaque méthode. On note que les principes
fondamentaux des deux méthodes sont si diffé-
rents, que lorsque les deux méthodes arrivent
aux mêmes données, on peut accepter celles-ci
avec assurance.

Le huitième et dernier texte, extrait de Pits and
Quarries (Excavations et carrières) (Department
of the Army Technical Manual TM5-332, 1967),
décrit une méthode pour exploiter les gisements
de matériaux avec un minimum de matériel.

1. L'introduction contient des définitions et
des classifications. Bien que trois sortes de car-

rières soient définies, les chapitres qui décrivent
en détail les carrières où I'on doit utiliser le sau-
tage et le broyage (i.e., roche dure et mi-dure)
ne sont pas inclus dans ce recueil.

2. La sélection des gisements-ce chapitre
est inclus en entier. Le stade de reconnais-
sance, c'est à dire, à la fois I'utilisation des sour-
ces d'information et des données géologiques,
est discuté. L'évaluation des excavations et des
carrières pour déterminer la qualité et la quantité
de matériaux disponibles est décrite. Les fac-
teurs qui influencent les opérations sont aussi
inclus dans ce chapitre puisqu'ils aident à dé-
terminer la praticabilité de I'utilisation d'un gi-
sement spécifique.

3. Les opérations d'excavation-ce chapitre
est aussi inclus en entier. ll décrit (a) la classifi-
cation des excavations, (b) la préparation des
gisements, (c) I'excavation à I'aide de scrapers,
ou décapeuses, (d) I'excavation à I'aide de pel-
les méchaniques et de camions, ou à I'aide de
tracteurs avec bennes chargeuses, (e) I'excava-



theory, specific uses, and limitations of each
method. lt notes that the fundamental principles
of the two methods differ widely. Thus, where
both methods give comparable data, they may
be accepted with considerable assurance.

The eighth text, excerpts from Pits and Quar-
ries (Department of the Army Technical Manual
TM 5-332, 1967), describes a method for de-
veloping deposits of materials with a minimal
amount of equipment. The four excerpts from
this manual included here are

1. The introduction contains definitions and
classifications. Although this section defines
three types of quarries, the detailed chapters of
the manual for quarries requiring blasting and
crushing (i.e., hard rock and medium rock) are
not included in this compendium.

2. The site selection chapter, excerpted in
full, discusses reconnaissance that includes
sources of information and geologic investiga-
tion. lt describes the evaluation of pit and quarry
sites to determine the quality and the quantity of
the material available. Factors that affect opera-
tions are also included because they help to de-
termine the feasibility of using a specific site.

3. The pit operations chapter, excerpted in
full, describes (a) pit classification, (b) site prep-
aration, (c) excavating with scrapers, (d) ex-
cavating with power shovel and trucks or front-
end loader and trucks, (e) excavating with drag-
lines, and (f) the design and operation of loading
ramps.

4. The soft rock operations chapter is excerp-
ted in full. Soft rock differs from soil in that it is

de utilizar una ubicación específica.
3. El capítulo sobre operaciones de hoyo, ex-

traído totalmente, describe (a) la clasificación
del hoyo, (b) preparación del hoyo, (c) excava-
ción con escarbadores, (d) excavación con pala
a cuchara y camiones ó cargador por el frente
y camiones (e) excavación con dragas, y (f) el
diseño y operación de rampas de carga.

4. El capítulo sobre operaciones en roca
blanda ha sido extraído totalmente. La roca
blanda difiere de tierra en que es consolidada y
requiere algún método de desprendimiento en

el lugar de excavación. Difiere de la roca dura
en que no se necesita voladura para excavar.
Los materiales incluídos en esta clasificación
son: (a) coral blando; (b) toba, que es una forma ----!!!
de ceniza volcánica cùrtiOa a ia'intemperie; (c) xxrrr

caliche; y (d) laterita.

Bibliografia

Le sigue a los textos seleccionados una breve
bibliografia que contiene datos y abstractos de
referencia para 16 publicaciones. Los primeros

tions à I'aide de dragues et (f) la théorie et la
pratique des rampes de chargement.

Le chapitre sur I'excavation des roches ten-
dres est inclus en entier. Les roches tendres
sont différentes des sols en ce qu'elles sont
consolidees et ont besoins d'ètre désagrégées
sur place. Ces roches sont différentes des
roches dures parce qu'il n'y a pas besoin de les
faire sauter pour les excaver. Les matériaux in-
clus dans cette classification sont (a) les coraux
tendres, (b) les tufs, qui sont une sorte de
cendre volcanique alterée par les agents at-

mosphériques, (c) les caliches et (d) les latér-
ites.

Bibliographie

Les textes choisis sont suivis d'une brève biblio-
graphie contenant les références et les résumés
de seize publications. Les huit premiers se rap-
portent aux textes choisis. Les huit autres à des
publications qui ont rapport aux textes choisis.
Bien qu'il y ait beaucoup d'autres articles, rap-
ports et livres qui pourraient être inclus, I'objectif



consolidated and requires some method of
loosening at the excavation site. lt differs from
hard rock in that blasting is not required for ex-
cavation. The materials included in this classifi-
cation are (a) soft coral; (b) tuff, a form of weath-
ered volcanic ash; (c) caliche; and (d) laterite.

Bibliography

A brief bibliography containing reference data
and abstracts for 16 publications follows the

Selected Texts. The first eight describe the
Selected Texts; the other eight describe publica-
tions closely related to the Selected Texts. Al-
though many other articles, reports, and books
could have been listed, it is not the purpose of
this bibliography to contain all possible refer-
ences for the subject. The bibliography includes
only those publications from which a text has
been selected or basic publications that would
have been selected had there been no page
limit for this compendium.

ocho describen los textos seleccionados. Los
otros ocho describen publicaciones que se re-
lacionan intimamente con los textos selecciona-
dos.

Aunque se pudo nombrar muchos otros artícu-
los, informes y libros, no es el propósito de esta

bibliografía contener todas las referencias posi-
bles sobre el tema. La bibliografía contiene uni-
camente aquellas publicaciones de las que se
seleccionó un texto ó publicaciones básicas que
hubieran sido seleccionadas si no hubiera un
límite al número de páginas en este compendio.

xxtv

de cette bibliographie n'est pas d'énumérer tou-
tes les références possibles ayant rapport au su-
jet de ce recueil. Donc, notre bibliographie, telle
quelle, se rapporte seulement aux publications

dont nous avons choisi des extraits, ou aux tex-
tes de base que nous aurions choisi aussi s'il n'y
avait pas de limites quant au nombre de pages
de ce recueil.



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

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

outside the frames and appear in the middle left or
middle right outside rhargins of the pages. Page
numbers that are given in the Table of Contents and
in the lndex refer to the compendium page num-
bers.

Each text begins with one or more pages of intro-
ductory 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

Textos Seleccionados
Esta sección del compendio contiene páginas
seleccionadas de cada texto que se catalo-
garon en la Tabla de Materias. Se utilizan
recuadros rectangulares para encerrar las
páginas que han sido reproducidas de la
publicación original. Algunas de las páginas
originales han sido reducidos para entrar en
los recuadros. No se han hecho ningunos
otros cambios en el material original excep-
tuando algunas notas aclaradoras que de vez
en cuando han sido agregadas. De esta forma,
cualquier error que hubiera existido en el
texto seleccionado ha sido reproducido en el
compendio mismo.

Los números de páginas del texto original

aparecen dentro de los recuadros. Los nú-
meros de páginas para el compendio están
fuera de los recuadros y aparecen en los
márgenes medio izquierdo o medio derecho
de las páginas. Los números de páginas que
se dán en los índices del compendio se
refieren a los del compendio.

Cada texto comienza con una o mas páginas
de material de introducción que contenía la
publicación original. Este material general-
mente incluye una página título, un índice,
o ambas. Los astericos que han sido agregados
al índice original significan lo siguiente:

* Algunas páginas (o partes de páginas) en

Textes Choisis
Cette partie du recueil contient les pages
sélectionnées de chaque texte qui est énuméré
dans la Table des Matières. Les pages du texte
original qui sont reproduites sont entourées
d'un encadrement rectangulaire. Certaines
pages ont dû être réduites pour pouvoir
être placées dans I'encadrement. Le texte
original n'a pas été changé sauf pour quelques
explications qui ont été insérées. Donc, si le
texte original contient des erreurs, elles sont
reproduites dans le recueil.

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

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

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

* Certaines pages, ou portions des pages,



the original document appear in the 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.

ïhe selected texts therefore include only those

parts of the original documents that are preceded
by asterisks in the tables of contents of the respec-
tive publications.

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

esta parte del documento original aparecen
en el texto original, pero otras páginas (o
partes de páginas) en esta parte de la
publicación original han sido omitidas.

** Todas las páginas 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 docu-

mentos originales que están preced¡das por
asteriscos en el índice de las publicaciones
respectivas.

Líneas de guiones cruzando cualquier página
del texto seleccionado significan que en ese
lugar se ha omitido texto original. En varios
lugares el texto seleccionado contiene notas
aclaradoras que han sido introducidas por
el personal del proyecto. Tales notas están
insertadas en recuadros de guiones y co-
mienzan con la palabra NOTE.

dans cet extrait du document original sont
incluses dans les Textes Choisis, mais
d'autres pages (ou portion de pages) de
l'édition originale ont été omises.

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

Les Textes Choisis, donc, incluent seulement
ces extraits des documents originaux qui sont

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

Les lignes brisées sur les pages des textes
choisis indiquent les endroits où le texte
original a été omis. A certains endroits, les
textes choisis contiennent des explications
qui ont été insérées par le personnel attaché
à ce projet. Ces explications sont entourées
d'un encadrement en pointillé et commencent
toujours par le mot NOTE.
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A Review of Engineering Soil Classifieation
Systems
THOMAS K. LIU, Associate Professor of Civil Engineering, University of Illinois,

Urbana

This paper discusses, with particular reference to transporta-
tion engineering, the nature and necessity of soil classification
and the distinction between soil identification and soil classi-
fication. The soil properties suitable for classification pur-
poses are considered. The requirements for a satisfactorysoil
classi-fication system are listed as (a) distinct properties as
tlte basis for grouping, (b) logical, simple and concise scheme,
(c) meaningful grouping, (d) ãesirable terminology, (e) appro-
priate symbols, (f) suJficient flexibility, and (g) èase of ãppli-
cation. The AASHO, Unified and FAA systems are compared
in tight of these requirements. Finally, the eguivalent soil
groups in each system are correlated on tl¡e basis oI classifi-
cation procedures as well as pavement design values.

'EVERY SOIL body consists of an assortment of solid constituents of various com-
positions and many sizes, a mixture of dilute solutions, and a collection of gases. It
is thus a complex system, one which is open rather tìan closed. The complexity of
soj.l makes it necessary to devise some systematic means so that it can be studied most
effeciively. Thus, the purpose of soil classification is !o group the individual soil units
found in nature so that their properties can be easily remembered, and facts about
them will be most useful. Anotìer important purpose of a soil classification system is
to provide a langrage by which one engineer's knowledge of the general characteristics
of a particular soil can be conveyed to fellow engineers in a brief and concise manner,
without the necessity of entering into lengthy descriptions and detaited analyses.

In soil investigations for transportation facilities soil classification plays a very
important role. Because of tÌ¡e nature of loading conditions, the properties of surficial
soils are of greater interest to transportation engineers. In general, the properties of
natural soil deposits vary considerably in the horizontal as well as the vertical direc-
tion. Because transportation facilities usually cover very large areas, numerous soil
samples must be obtained in order to characterize the soil conditions along the pro-
posed route. It would be impossible to evaluate such a large amount of highly vãriable
samples witltout some systematic arrangement. Soil classification can futfili this role
admirably. The properties of surficial soils are subject to seasonal variations. In
addition, soils are frequently used as material for the construction of transportation
facilities. In such case, the in situ properties of the soils are likely to be ãrastically
changed. Thus, classification systems leaning heavily on the composition of the soil
are required.

Great care should be exercised not to read into various classifications more infor-
mation than they are intended to convey. It is also not good practice to rely too heavily
on soil classification as a basis for design, since many of the factors which enter into
design cannot possibly be incorporated into an engineering soil classification. For
example, tlle susceptibility of a road or runway to frost damage is a question that

Poper sponsored by Committee on Explorotion ond Clossificotion of Eorth Moteriols ond presented ot
the 45th Annuol Meeting. 

I
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involves not only the properties and characteristics of the soil itself, but climatic and

geophysical conditions as well.- Ã õtear understanding of the relation of soil identi.fication to soil classiJication is
necessary üo prevent coñfusion about many factors involved in soil work. To identify
is io distinguish, to classify is to group. It is logical that things must be identified
before they-can be grouped, or cla-ssiJied, and it is also logical that proper classiÍica-
tion depenâs on proper ldentification. Identification is factual information, whereas
classification is interprãtative information. Identifications, soil test data and observed
or measured soil behávior are factual information because they are the result of ob-
servation or e:lperiment. Factual inJormation does not change with time, but forms a

growing body of permanent knowledge. On tl¡e other hand, classiJication is essentially
án inference of expected behavior deduced from interpretation of factual information.
In the very nature of things, interpretative information must be constantly checked

against aciual experience and actuãl soil behavior. It must also be brought up to date

wittr increasing knowledge and understanding.

REQTIIREMENTSFoRASATISFACToRYENGINEERINGSoIL
CLASSIFICATION SYSTEM

Distinct Properties as Basis for Grouping

Soils are heteroger:eous mixtures of various solids, liquids and gases. Because of

the uncontrolled natural conditions under which tley are formed, there is an infinite
variety of natural soils, each with slightly diJferent properties. In order to classify
such highiy variable objects accurateþ and precisely, numerous attributes rnust be

useA aJt¡ó basis for giouplng. A soii classification system based on a large number

of attributes is neithei práctiial nor economical. Thus, a good soil classiJication
should include only a few very distinct attributes for grouping into classes. Each class
should include those soils traving similar properties and similar general behavior char-
acteristics. Furthermore, tìe tests required to distingrrish the selected attributes
should be simPle and inexPensive.

Logical, Simple and Concise Scheme

The classiJication scheme should be based on a logical sequence that can easily be

remembered and will not require constant reference to tables, handbooks or other aids.

It should also be simple and concise. Moreover, the number of classes or groups

should be held to a minimum consistent with the dúferentiation required by engineering
problems. It can thus be easily learned and applied not only by experts but also by

novices aJter a shori period of iraining. Since soil investigation is often performed by
personnel relatively inexperienced in soil mechanics, the simplest classiJication sys-
iem consistent with adequate utility appears to be most desirable.

Meaningful Groupi:rg

The grouping of soils should furnish an indication of their general broad properties
and behávioi. lt strould also permit a crude estimate of permeability, compressibility
and shear streitgth-t}e three primary properties of a soil-as well as a rough ap-
praisal of soil pérformance, sich as compactabitity ancl frost susceptibility. Not¿11

ängineers engagea in design and construction can be acquainted in detail with all phases

of ioils engiñeJring, nor is it necessary that they be. On most jobs a knowledge of the

general principles ãf soif behavior combined wittr such special information as may be

iroviaedby thè soil specialists will be sufficient. A usable grouping of soils should

be of value in transmitting to the design and construction engineers tllis information'
Moreover, a meaningful grouping should also provide a common language for engineers

in variouj parts of the wõrld in order that experience and knowledge gained in one

locatity can be applied elsewhere.
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Desirable Terminology

Terminology should consist.of descriptive, easily understood and commonly used
terms which convey an idea of the general properties and behavior of the soils. As a
rule, soil mechanics specialists do not develop information for their own use. The
soil investigation is generally conducted by drillers and technicians. Ther. tlte design
information and recommendations are supplied to other engineers. Consequently, the
terminology used should express the intended meaning and be familiar to all interested
parties, from drillers to designers to contractors.

Appropriate Symbols

Symbols should not replace the descriptive names ol soils. However, symbols are
useful for graphic abstracts of boring logs and engineering drawings. Where symbols
are used as engineering shortiand, they should have a specific meaning and should be
descriptive and easy to associate wittr actual soils. Thus, they can be learned quickly
and readily translated into the commonly used descriptive terminology. Coded -ym-
bols, which require tlte use of numbers or letters that are meaningful only to soii
specialists, are generally not desirable.

SuJf icient Flexibility
The classification, because of its interpretative character, should be made flexible

and adaptable, to permit being checked against experience and being brought up to date
frequently with increased knowledge and understanding of soil phenomena. It shculd
also be capable of further subdivision without a-ffecting the basic structure and should
make allowance for regional use of certain terms which are particularly meaningful
in that region.

Ease of Application

A classification system should be applicabte from visual examination for both field
and laboratory purposes. Usually, time will not permit tests to be performed on all
soils encountered in the sampling program. Therefore, it becomes necessary to
visually classify a large number of samples. The system should be applicabtó in ttre
field without speciai equipment and by relatively unskilled personnel. Àt the same
time, it should be precise enough to classify soils for which detailed laboratory test
results are available.

One of the most important applications of a classi.fication system is in the field of
identification and description of a large number of soil samples to determine variability
of ttte natural soil deposits, to permit preparation of subsurface profiles, and to form
tle basis for the choice of representative samples for taboratory testing. These are
ttte basic reasons for a classification sl'stem that can be used in the fieid with rapid-ity' reliability and ease. Inasmuch as laboratory tests need be applied only to rep-
resentative samples, the classifications and descriptions made in the fietdlndicate
the general properties of tåe material and its suitability for various engineering pur-
poses. This is important because it provides reliable design data in t¡ã st¡orteli time
and at least expense.

SOIL PROPERTIES WHICH MAY BE USED FOR
CLASSIFICATION PI]RPOSES

Numerous soil properties may be used for classification Furposes. These proper-
ties can be divided into two general types, soil grairr properlieJ and soil aggregatäproperties' The soil grain properties are the properties of the individual-g-raiñs of
which the soil is composed, without reference to the manner in which thesð grains arearranged' The soi-l aggregate properties depend on tìe structure and arran{ement of
the particles i¡ the soil mass. Table I gives a partiat list of such soil propãrties..
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TABLE 1

SOIL PROPERTIES WHICH MAY BE USED FOR
CLASSIFICATION PTJRPOSES

Soil Grain Properties Soil Aggregate Properties

Color
Texture and gradation
Grain shape
Mineralogical composition

Base exchange capacity
Odor and organic matter content
Specific gravity of soil solids
Plasticity

Liquid limit
Plastic limit
Plasticity index
Shrinkage limit
Shrinkage ratio

Activity ratio
Chemical composition

pH-value
Dilatancy
Hardness

Structure
Natural water content
Void ratio or porosity
Density or relative density
Permeability and capillarity
Consistency

Unconf ined compress ive strength
Sensitivity and tlixotropy
I\Áaximum dry density and optimum

water content
Strength

Cohesion
Angle of internal friction
Cali-fornia bearing ratio
Modulus of subgrade reaction

Pene tration resistance
Standard penetration value

Elasticity and Compressibility
Compression or Swelling Index

Generally, tlre soil grain properties are permanent in nature while the soil aggregate
properties vary with changing conditions. It can be argued that the processes of
weathering will alter tïe texture of the surficial soils, However, within the li-fetime
of an engineering project, such changes are negligible. At tl¡e same time, the magni-
tude of cohesion and angle of internal friction are greatly a-ffected by the test condi-
tions, while the consistency and in-place density of surficial soils are subject to
seasonal variations. Moreover, soil grain properties can be determined on any soil
sample whetl¡er remolded or undisturbed. In order to obtain meaningful information,
it is generally preferred that the soil aggregate properties be determined on undis-
turbed soil samples which are more expensive to acquire. Thus, soil grain properties
are more commonly used for identi-fication and classification purposes. It shouid be
realized, however, that the soil aggregate properties have a greater influence on t}te
engineering behavior of a soil.

If the purpose is to classify soils concisely and accurately, many soil properties
must be utilized for grouping, which will undoubtedly produce a soil classification sys-
tem containing a Iarge number of classes and subclasses Such a system is not only
difficult to handle but expensive to use. In order to reduce the soil groups to a finite
and reasonable number, many important soil characteristics must unavoidably be ig-
nored.

The following general rules can be used in choosing a desirable soil property as a
basis for grouping:

1. It should be relatively simple to determine.
2. It should be determined economically.
3. The method used to determine it should be relatively fast so it can be performed

on many soil samples in a short time.
4, Most important, it must be significant for the intended use of the soil classifica-

tion system.
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__ For example, using color to classify soils fulfills the first tåree requirements
However, it is not possible to conclude that gray soils are better subgrade materål
than brown soils. Highly organic soils can generally be distinguisireO ly their dark
color; at the same time, soil derived from basalt is also darkiolorerl. Thus, color is
not a suitable primary basis for grouping. It can only serve as a secondary classifi-
cation property.

Natural water content of soils can be determined simply, economically and rela-
tively {ast. _ It ranges from less than 1 percent to more than 1000 pe"cen[. A particu-
lar soil with a water content of 10 percent may be very hard and slrong while other
soils at the same water content can be soft and compressible. Obviously, natural water
content is also not a significant basis for soil classification.

One of the most extensively used soil classification properties is texture. This is
well illustrated by the large number of soil textural claisification systems t¡1at have
been proposed over the years-more than 50-and the fact that many of these systems-
about 20-are still in use at the present time. The reasons for so many texhrral clas-
sification systems are twofold: first, these systems are devised by peöpte studying
soil from düferent points of view; and second, the grain size distribution ls a cón-
tinuance in nature and the boundaries between the soil separates are arbitrarily defined.

Soil texture can be.determined simply and economicaliy. The test procedure, how-
ever, is not necessarily fast, particularly the fine-grained portion. It is common
knowledge that the grain size distribution has considerable influence on t¡e engineeringproperties of coarse-grained soils. The diJficulty of all textural classificatioñ lies
in the fact that those physical properties of fine-grained soils which are of interest to
the engineer often are not reflected by their textural characteristics. A soil with agiven grain size distribution may represent a highly plastic soil in one area while
another soil from a difJerent locality having t¡e Èamé texture and gradation may be
only siightly plastic. Many discrepancies between grain size charãcteristics aidphysical properties of fine-grained soils could be cited. NeverÛ¡eless, the grain size
curves of fine-grained soil are still extensively used as the exclusive úasis f*or soit
classification becaus.e of the simplicity of textural classi-fications and the fact that they
can be applied with little experience. In contrast to the misleading impressions which
these textural classifications may convey, the pertinent physical p'"ope"ties of suct¡
soils can easily be distinguished on the basis of simple tãUäratory of tieia identificationprocedures.

coMpARISON OF THE AASHO, UNIFIED AND
FAA SOIL CLASSIFTCATION SYSTEMS

In tl¡e field of transportation engineering, the following three soil classification sys-tems are most commonly used:

1. American Association of state Highway officials (eesuo) system,2. Unified system, and
3. Federal Aviation Agency (fee) system.
Both the AASHO a_nd Unified systems are recognized the world over, the Unified

system being generally favored.
In Tables 2 to 4 and Figures 1 tlrough 6, charts which ouiline gre AASHO, Unified

and FAA systems are presented to faci[itatô the ensuing discussion. Figures 2, 4 and 6are flow charts which are helpful in arriving at the proþer classification-accãraing to
the AASHO, Unified and FAA systems respectively.- rõr a more detailed review õf
these soil classiJication systems, tåe reader is réferred to any basic text on soil
mechanics or to publications prepared by the dÍfferent agenciei describing the classi-
llcatign system, some of which are listed in tìe referenões at the end or tîris pape"(g_lq, 19, 83, 40, 44, 4ù.

It has been discussed in a previous section tåat there are seven requirements for asatisfactory engineering soil classification system. The AASHO, Uniiied and FAA sys-tems will be compared in accordance with thà requirements ouoined.
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TABLE 2

AASHO SOtL CLASSTFICATION sYSTEM (9)

General Classifcatíon
Ctüulot Matailals

(35 .iÁ or less pusinc No. 2û)
Silt-Clay Materials

(More than 35o/o passing No. 20O)

1.1 A-1 /1-2 A4 A.S A-6 Á-7

A-l-a A-t-b A-2-4 A-2-5 A-2-6 A-2-1 A-1-3: A-1-6

Sicvc analysis:
Pcrccnt passing:
No. l0
No.40
No. 2m

50 mar
J0 max
15 mâx

50 max
25 max

5l min
l0 max lsìax 35 max ¡sia¡ l5 max lei¡n r.i,n ,ui'n ,. i,n

Cha¡acËristics of
fraction pæing
No. ,10:

Liquid limit
Plasticity index

I

e .", NP
40 max
l0 mar

4l min
I0 max

40 max
llmin

4l min
llmin

40 max
l0 max

4l min
l0 max

40 max
llmin

4l mrn
ll m¡n'

Group indcx 0 0 0 4 max 8 max l2 max l6 max 20 mar

Usual typcs of sig-
nifi€nt constitucnt
marerials

Stone fragments
g¡avel and sand

Fine
sand

Silty o¡ clayey
gravel and sand

Silty
soils

Clayey
soils

General Rating as

subSradc Excellcnt to good Fair to pær

'Plðticity ind.¡ of,,l-7-5 subgrr

Distinct Properties as Basis for Grouping

The AASHO, Unified and FAA systemc are so-called textural-plasticity soil classi-
fication systems. In general, all three systems distinguish between two primary soil
groups, the coarse-grained or granular group and the fine-grained group. Sands and
gravels comprise the first group and silts and clays the latter group. The soils of ttìe
coarse-grained group are classi-fied primarily on the basis of grain size. The soils
in the fine-grained group, on t¡e other hand, are divided by the degree of piasticity.

Even though the grain size characteristics play an important role in all three soil
classi-fication systems, tlte size limits for various soil fractions recognized by these
systems are somewhat diJferent, as shown in Figure 7. In order to classify the soils
on the basis of laboratory test results, all three systems require tìe performance of
some relatively simple soil tests-grain size analysis, and liquid limit and plastic
limit calculation.

Both the UniJied and FAA systems have provided classifications for organic soils
(Ol, Olt and Pt groups of Uni.fied system; E-13 of FAA system); however, no such
provisions are made in the AASHO system.

Logical, Simple and Concise Scheme

A logical soil classiJication scheme should have a concise step-by-step sequence.
The classilication of a soil can thus be accomplished by ansl,vering a few simple rryes

or norr questions simil.lr to those utilized in the logical deduction procedures of the
modern electronic computer.

The classiJication schemes of the three systems can best be compared by examining
Figures 2, 4 and 6. A quick glance at the figures seems to indicate that tìe classi-fica-
tion scheme of the Uni-fied system (fig. ¿) is the most compllcated and the FAA sys-
tern (Fig. 6) the simplest because the UniJied system has the largest number of blocks,
the FAA system t}te smallest number. Closer examination, however, reveals that
the opposite is true. The Unified system has the most logical and concise scheme. In
other words, it is clearly brt¡ken down step-by-step witl¡out ambiguity, The large
number of blocks tends to overþhadow the simplicity of tlre Unified system. It can be
seen that the blocks used to subdivide gravel are identical with those which subdivide
sand and the blocks under L are exactly the same as those under H of the fine-grained
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UNIFIED SOIL CLASSIFICATION SYSTEM (44)
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TABLE 4

FAA sOlL CLASStFtCATTON SYSTEM (45)
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Figure l. Plosticity chort for AASHO system (8).
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Figure 3. Plosticity chorf for Unified system (44).

soils with the exception of tìe block for the ML-CL group. Furthermore, the scheme

employed to subdivide gravel and sand with more than 12 percent passing a No. 2C0

sieve is similar to thaifor classifying fine-grained soils with low liquid limit, t.
As shown in Figure 2, the silt-clay materials are classified according to a logical

step-by-step scheme in the AASHO system. However, tÌ¡e classiJication of the granular
maierials lé less logical. The separation between the A-1, A-3 category and A-2
category is not conc-ise and distinðt. Actually, a granular soil with less tl¡an 25 per-
centlassing a No. 200 sieve may not fulfill the other requirements for eitler the A-1
or Al3 g.roup. It has to be classified eventually in the A-2 category' In addition' the

various-requirements for the A-1 and A-3 groups cannot be remembered easily, so that
a constant ieference to tables would be required for classifying these soils. Never-
theless, the A-2 category is subdivided in the same manner as the silt-clay materials.

The FAA system ié tne least logical and concise as well as the most complicated
scheme of the three systems being compared. No clear-cut step-by-step breakdovn
is provided by the FAÀ system, particularly the fine-grained soils. Moreover, there
is no clear distinction between the granular and fine-grained soils because of the al-
lowance for upgrading and the special requirements for the E-5 group as pointed out
in the footnote to Figtrre 6. It is extremely difficult, if not impossible, to rnemorize
the classification scheme of the FA-ê- system.

The relative advantages of t]¡e three systems with regard to the number of soil
groups can best be compared from tlre following table:

Category AASHO Unified FAA

Total number of soil groups
Number of mineral soil grouPs

Number of coarse-grained soil groups
Number of fine-grained soil groups

Number of organic sc.i!. grouPs

t2
t2

1
5
0

15 13
t2 L2
85
47
31

MHBOH
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It is obvious that the AASHO system has
not made any provision for classifying
organic soils. Otherwise, there is no
particular advantage among tåe three sys-
tems on the basis of the number of soil
groups.

Meaningful Grouping

As shown in Figure ?, both the AASHO
and Unified systems separate the coarse-
grained particles from the fine-grained
particles on the No. 200 sieve while tlte
FAA system uses t¡e No. 270 sieve.
Both ttre AASHO and FAA systems divide
the gravel size and sand size on the No, 10

sieve while the Uni-fied system uses tlte
No. 4 sieve. The di-fference between the
No. 200 sieve (0.0?4 mm) and the No. 270
sieve (0.050 mm) or between the No. 4

sieve (4. ?6 mm) and the No. 10 sieve (2.00 mm) is not too large; however, the No.
200 and No. 10 sieve are tlte more commonly preferred standards.

The criteria used by the three systems to classify fine-grained soils are as follows:

AASHO-more than 35 percent passing a No. 200 sieve.
Unified-more ttran 50 percent passing a No. 200 sieve.
FAA-more than 45 percent passing a No. 2?0 sieve on the portion of material finer

than a No. 10 sieve.
It has been found that the amount of fines required to fill all the voÍds of a coarse-

grained material and thus hold the coarse particles apart from each other is approxi-
mately 35 percent. Such a mixture behaves more like a fine-grained soil since the
coarse particles are not in contact with each otlter. For this purpose, the AASHO
criterion of classifying fine-grained soil is more appropriate. However, the 50 per-
cent used by the Unified system is a much simpler criterion, particularly for field
identification and classi.fication. If the soil possesses only a small amount of material
Iarger than a No. 10 sieve, the FAA criterion of defining fine-grained soils is equiva-
lent to that of the Unified system. Nevertheless, soil classification on the basis of
that portion finer t]¡an a No. 10 sieve is subject to serious questioning. For example,
consider the following test results on a soil sample:

Sieve No. Particle Size, mm Percent Finer

x
l¡loz
L()
F-
Ø
J
o_

LIQ UID LIMIT

Fìgure 5. Plosticity chorl for FAA system (45).

4
10
40

200
270

100
45
37
29
27
23

4.76
2. 00
0.42
0. 0?4
0. 050
0. 002

Liquid Limit
Plasticity Index

62
4l

According to the FAA system, this soil will be classified as E-10. Since the grain
size distribution indicates that more than 70 percent of the sample is composed of
coarse-grained particles, the classification of E-10 seems to be out of line. This
same soil will be classiJied as A-2-7 in the AASHO system and SC in tìe UniJied
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t4

^ASHO

Unified

FAA

Figure 7. Soi l-froction size limits for AASHO, Unified ond FAA sysiems.

system. It has also been pointed out in the previous section that the separation between

t¡e coarse-grained and fine-grained soils of the FAA system is rather ambiguous.
The Uni.fied system distinctly separates the gravelly soils from the sandy soils.

No such clear separation is made i¡r the AASHO system, particularly the A-2 category.
Consequently, thè A-2 category covers a wide range of soil properties, such as CBR

values and unit weight. One major deficiency of the FAA system is the lack of definite
consideration of the gravel fraction in the soils, since the classification is based on
gre properties of the portion of the soil sample finer than a No. 10 sieve. The exarnple
citeã above also illustrates this deficiency, since more than half of the sample falls
in the gravel fraction according to the size limits adopted by the FAA system.

It hás been proven through both laboratory and field experience that the A-line on

the Unified ptaiticity ctrart (Fig. 3) serves as the best criterion of separating the

clayey materials fróm the silty materials (16, 36, qI). The AASHO system classiJies
the-siity and clayey soils on thi basis of plasticity i-ndex only (fine materials having
ptasticity index less than 10 are classified as silty soils and greater than 11 as clayey
ãoils). This criterion seems to be more artificial, reflecting less realistically the
properties of the fine-grained soils. The FAA system, too, does not make any defi-
nite provision to distinguish the silty and clayey soils.

The slope of the 4$-degree line between A-7-5 and A-?-6 groups on the AASHO
plasticity chart (Fig. 1) is steeper than the A-line. It would thus be more difficult to
àlstinguistr these two groups of soils without laboratory tests. Altlough the A-?-5's
are described as clayey soils by the AASHO system, they may often behave more like
silts.

For ease of memorizing and using, the Uni,fied plasticity chart does not have any
particular advantage over the AASHO plasticity chart. However, the FAA plasticity
ctrart (fig. 5) is extremely difficult, if not impossible, to memorize and use'

Neither the Uni-fied nor the AASHO system clearly marks fine-grained soils wit}t
very high limit values, although the break at 50 percent tiquid limit is probably closer
tnan tne one at 40 percent. The group index value of the AASHO system gives addi-
tional useful injormation but it piobably does not go high enough (maximum group index
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value is 20). Nevertheless, t}re FAA system does provide definite classification for
such soils, the E-12 group.

Desirable Terminology

From Table 3 it can be seen that the Unified system gives each soil group, in addi-
tion to the group symbol, a descriptive, easily understood and commonly used termi-
nology which conveys an idea of tìe general properties and behavior of the soils. For
example, the terminology for sandy soils witlt Atterberg timits above A-line is "clayey
sands, poorly graded sand-clay mixtures" and its group symbol is SC. Neither the
AASHO nor the FAA system furnishes each soil group with a definite terminology.

Appropriate Symbols

AII three engineering soil classification systems have adopted sets of symbols to
identify the soil groups. However, the tlryes of symbols are quite different. Both the
AASHO and FAA systems use coded symbols which require the use of numbers and.

letters that are meaningful only to engineers acquainted witl the system. There is no
particular srgnificance of using t]¡e letter "4" in the AASHO system and the letter "E"
in the FAA slstem. The numerats in both systems merely serve as a ìating of the soil
materials as subgrade for pavements-tl¡e desirability as subgrade decreases with in-
crease in numbers. The symbols of these two systems are neither descriptive nor
easy to associate with actual soils. Consequently, such symbols are more diJficult to
Iearn and understand.

Tire group symbols of the Unified system are actually the simple initials of the group
names, wittr tttó exception of the lettei M (from the Swedish word "mo" for silt). Each
symbol reflects the general character of the soil group. The user may easily learn
and remember tìese symbols. It has been argued that these symbols are initials of
English words, and to achieve r,vorld-wide significance, the group symbols should be
changed in each language. On the other hand, in order to maintain tÌ¡e universal signifi-
cance of the symbols, tltey should not be translated. However, considering that the
majority of important references in soil mechanics and foundation engineering are, and
probably in the future will be, in the English language, the adoption of the English
symbols as an international or universal standard would not be too great a hards.hip.
It would mean that, in teaching the classiJication, the user would have to learn about a
dozen English words. Once he has mastered these words, the use of tlese symbols
would be just as understandable to him as if the symbols referred to the words in his
own language.

Suff icient Flexibility
The Unified system can be changed or furtìer subdivided without affecting tlte main

framework of the classification scheme. To make allowance for regional use of cer-
tain terms and conditions of particular areas of soils engineering, the following modi-
fications are in use or have been suggested:

1. Coarse-grained soils: (a) In order to differentiate between uniformly graded
soÍls and those soils covering a wide range of sizes but of poor gradation, new groups
GU. and SU, for uniform gravel s and sands respectively, can be added to the system.
(b) ln connection with highway and airfield work, the basic soil groups GM and SM have
each been subdivided into two groups designated by the suffixes d and u, which repre-
sent desirable and undesirable base materials, respectively. Tlryical symbols for
soils in these groups are GM¿ and SMo, etc.

2. Fine-grained soils: (a) Experience has indicated that the L group covers too
large a range. It can be subdivided into two groups by the insertion of an intermediate
group identified with the symbol I. Thus, CL would designate a very lean clay, CI
would be a clay witì intermediate plasticity characteristics, and CH would be a fat
clay. The same applies to the ML, MI and MH groups. (b) Iþolinitic clays generally
plot below t]¡e A-line on the plasticity chart. Thus, such clays will be classified as
ML or MH. In localities where lcaotinitic clays require attention, it would be desirable

19
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ùo add such clays as separate groups for which the symbols KL and KH suggest them-
selves.

Contrarily, changing or further subdividing either the AASHO or FAA system with-
out disrupting the basic framework of the classification scheme is somewhat difficult.
In particular, a modification in classifying the fine-grained soils of the FAA systern
may lead eventually to a complete revision.

The use of dual symbols in the Unified system greatly facilitates ttte classification
of borderline soils (soils possessing characteristics of two groups).

Ease of Application

The basic soil properties involved in the classi-fication according to tlre UniJied sys-
tem are readily determined either in the laboratory by simple, widely used tests or
in the field by standard simple procedures which do not require any special equipment.
It is generally not possible to perform laboratory tests on all soil samples because of
tlte large number of samples involved. Reliable field classification will reduce the
amount of laboratory testing to a minimum, thus reducing cost and time. Moreover,
the field procedure of tÌ¡e UniÍied system can readily be used by personnel without a
background or training in soils engineering.

Even though no standard field procedure is provided by tìe AASHO system, a person
with snme training can classify soils in the field according to this system without too
much difficulty. However, more laboratory tests are needed to check the field classi-
f ication.

It is di-fficult, if not impossible, to classify soils in the field accordieg to the FAA
system. Laboratory tests may be necessary on all soil samples in o¡:der to classify
them.

From the preceding comparisons it would appear that the Unified system is superior
to the otìer two systems and is to be preferred as a general system of engineering soil

TABLE 5

COMPARABLE SOIL GROUPS FOR AASHO SYSTEM

Comparable Soil Groupsso[ urouD in Unified Systemtn
AASHO
s;il; -M9"!. possible Possible.but 

^ Yo:t. possibte Possible.b!t
Probable Improbable probable Improbable

Comparable SoiI Groups
in FAA System

A-l-a GW, GP SW, SP CM, SM E-l
A-l-b SW, SP, GP - E-t, E-2

GM, SM

A-3 SP - S\{¡, GP E-2, E-3 E-l
A-2-4 GM, SM GC, SC GW, Cp, E-4, E-5 E-6, E-2,

sw, sP E-3, E-1

A-2-5 CM, SM - GW, CP, E-9
sw, sP

A-2-6 GC, SC GM, SM riw, GP, E-5 E-? E-8
sw, sP

^-2-1 
GM, GC, - GW, GP, E-?, E-8 E-9, E-10, E-rz
sM, sc sw, sP E-11

A-4 ML, OL CL, SM, GM, C'c E-6 E-5
sc

A-5 OH, MH, - SM, GM E-9
ML, OL

A-6 CL ML, OL, C,C, GM, E-I E-s
sc sM

A-?-5 OH, MH ML, OL, GM, SM, E-?, E-8,
crd Gc, sc E-9, E-10,

E-11, E-12

A-?-6 CH, CL ML, OL, OH, MH, E-?, E-8,
SC C'C' GM' E-10' E-11,

sM E-12
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COMPARABLE SOIL GROUPS FOR UNIF-IED CLASSIHCATION

Soil Group
in

Unified
System

Comparable Soil Groups
in FAA System

Conrlì¡r¿bl( S()il Croups
irr ÂASllO Svstlnr

Most
Probable Possible Possit)le llut Most

Improl)able Prol)il)lc Poss il)l(' Pr)ssil)lr l)ùl
lnì l)r' 'l)irlrl0

A-l-n

A-l -i

A-l-t), A-2-4,
A-2-5, A-2-7

A-2-6, A-2-7

A- I -l)

A-3, A-lJ)

A-l-b, A-2-4,
A-2-5, A-2-7

A-2-6, A-2-1

A-4, A-5

A-6, A-?-6

A-4, A-5

A-?-5, A-5

A-7-6

A-?-5, A-5

A-l-1,

A-2-6

A-2-4. A -(i

A-l-l

A- 1-a

A-2-fr, A-4,
A-5

A-2-4, A-6,
A-4, A-7-6

A-6, A-?-5,

A-4

A-6, A-?-5.
A- ?-6

A-?-5

A-2-4, ,Á,-2-'-r.

^-:,.-(;. 
A-2-7

A-3. A-2-4,
A-2- j-,. A -2-6.
A- ¿-',l

A -4. A -:i,

Â-?-6. A- l-rL

Â-4. 
^-?-6.

A-3, A-2-4.
A-2-5, A-2-rì,

^-2-7A-2-4, A-2-5,
A-2-6, A-2-7

A-6. A-?-5,
A-7-6, A-l-a

A-7-5

A-7-6

A-?-6

'TABI,E ?

COMPARABL,E SOIL GIìOUI'S T-OR F'AA SYSTUM

E-1, E-6,
E-7, E-8,
E-9, E-10,
E-1t, E-12

E-6, E-?,
E-8, E-10
E-ll, E-12

E-1, E-6,
E-?, E-8,
E-9, Ë-10,
E-11, E-12

E-6, E.?,
E-8, E-10,
E-11, E-12

E-t, E-2,
E-3, E-5

E-4, E-5

E-1, E-2,
E-3, E-5

Sf il Grout)
iD

F'AA
Svsl (,nl

Cr'nìpir rrt)l(' Soil Grou¡rs
irì 

^ASIIO 
Svslem

Com¡:r rrblc Soil Groups
in tlnififd Syslcm

E-2, E-4,
E-5

M0sl
Pr ol)rl)l('
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classification. However, the AASHO and FAA systems were devised for the speci-fic
purpose of rating soil materials for subgrades. Particularly, tlre AASHO system
ãeems to have been successful for this purpose throughout the many years of its use.

CoRRELATION OF SOIL GROUPS OF THE AASHO, UNIFTED AND
FAA SOIL CLASSIFTCATION SffiTEMS

Based on ClassiJication Procedures

Since the criteria adopted by the AASHO, Unified and FAA systems for classifying
soils are somewhat different, it is of interest to find the comparable soil groups among

the three systems. Such correlations have been worked out and the comparable soil
groups for-the AASHO, UniJied or FAA system are given in Tables 5, 6 and 7, re-
ãpeciivety. The tables are self-explanatory. The tables show that it is very difficult
to name the exactly identical soil groups between any two of the three systems.

Based on Pavement Design Yalues

The load-bearing or load-supporting value of srrbgrade soils is a variable of almost
inJinite proportions. In addition to the almost innumerable types of soils, there are

-any u""iaiions in load-bearing value of a specific soil. These variations are related
to the condition of the soil at time of test and the procedure and equipment used for
testing. Some of the factors that influence ttre load-bearing value as determined by
test are tìe moisture content and density of t}te soil, the area over which the load is
applied and the specific allowable deformation of the soil. The t1ryes of load-whether
a áead load or a moving load (in the case of dead load, the rate of stress. application it
is exerting; in the case-of moving load, the number of times it is applied)-are also
factors that inlluence the load-bearing capacity.

Methods of evaluating the load-bearing value of soils vary from complex formulas
dependent on tests of cohesion, internal friction and shear of the soil, to simple field
loiding tests. Published data. on the range of design values assigned to various soil
classiJications indicate that most data are given iir terms of CaliJornia Bearing Ratio
(CSn) values. A general correlation of soil classi.fications with CaliJornia Bearing
Ratio values is shówn in Figure I (33, 14. This figure shows clearly the wide range

in bearing values of each soil group as well as i-tre wide overlapping of CBR values in
the soil groups of various classiJication systems.

Consiãera¡le data on the range of subgiade modulus (t<) tor the Unified classiJications
have also been publishea (9!, 11). These data are summarized in the following tabu-
lation:

UniJied
Classification

Subgrade Modulus (k),
lb per cu in.

GW
GP
GM
GC
sw
SP
SM
ùv
ML
CL
OL
MH
CH
OH

300-500
300-500
200-500
200-500
200-400.
I 50 -400
100-400
100-300
100-200

50-150
50-100
50 - 100
50-150
25-100
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Both the CBR and the subgrade modulus values given are merely relative indications
of the load-bearing values of tlle various soil groups and should only be regarded as a
general guide. Wherever these tests are selected for tlre design of pavement, actual
test values should be used instead of the approximate vaLues shown in the foregoing
tabulation and in Figure 8.

ACKNOWLEDGMENTS

This study t¡/as sponsored in part by Soil Testing Services, Inc. of Northbrook,
trlinois. The author is indebted to John P. Gnaedinger, President, for his support
and interest. The assisLance of other staÍf members, particularly Clyde N. Baker, Jr.
and Robert G. Lukas, is also acknowledged.

The information on the soil classi-fication systems was obtained from various publi-
cations prepared by the American Association of State Highway Officials; U. S, Army
corps of Engineers, waterways Experiment station; u. s. Department of Interior,
Bureau of Reclamation; Federal Aviation Agency; Portland Cement Association; and
many other individuals. The author gratefully acknowledges tìese sources of inJorma-
tion.

REFERENCES

1. Aaron, H. ClassiJication of Soils for Airport Construction. Proc. Second Inter-
nat. Conf . on Soil Mech. and Found. Eng., Rotterdam, Vol. V, 1948.

2. Abdun-Nur, E. A. A Standard ClassiTication of Soi.Ls as Proposed by the Bureau
of Reclamation. Symp. on Identilication and Classification of Soils, ASTM
STP No. 113, 1950.

3. Abercrombie, W. F. Discussion of the Classi-fication of Highway Subgrade Ma-
terials Initiated by the Highway Research Board. Symp. on Identi-fication and
Classification of Soils, ASTM STP No. 113, 1950.

4. Abercrombie, W. F. A System of SoiI Classification. HRB Proc. , Vol. 33,
p. 509, 1954.

5. Aitchison, G. D., and Downes, R. G. The Validity of Systems of Soil Classifica-
tion in Relation to the Problems of Military Engineering. Symp. on Soil
Stabilization, Australia, 1955.

6. Allen, H. Classification of Soils and Control Procedures Used in Construction of
Embankments. Public Roads, YoL. 22, No. 12, 1942.

7. Allen, H. , et aI. Report of Committee on Classif ication of Materials for Sub-
grades and Granular Type Roads. HRB Proc., Vol. 25, p. 3?5, 194b.

8. American Association of State Highway Officials. The Classification of Soils and
Soil-Aggregate Mixtures for Highway Construction Purposes. Highway Ma-
terials, Part 1, Specifications, 1961.

9. American Society for Testing Materials. Procedures for Testing Soils, 1958.
10. The Asphalt Institute. Soils Manual for Design of Asphalt Pavement Structures,

Manual Series No. 10, 1961.
11. Belcher, D. J. Soil Classification Discussion. Proc. ASCE, Vol. 13, L947.
12. Bennett, E. F., and McAlpin, G. w. An Engineering Grouping of New york state

Soils. IIRB Bull. 13, p. 55, 1948.
13. Burmister, D, M. Practical Mettrods for the ClassiJication of Soils. Proc.

Purdue Conf. on Soil Mech. and Its Applications, 1940.
14. Burmister, D. M. Classification System for Composite Soils. Engineering News-

Record, Vol. 127, 1941.
15. Burmister, D. M. Identification and Classification of Soils: An Appraisal and

Statement of Principles. Symp. on ldenti-fication and Classi-fication of Soils,
ASTM STP No. 113, 1950.

16. Casagrande, A. Classi-fication and Identification of Soils. Trans. ASCE,
Vol. 113, 1948.

17. Davis, R. O.8., andBennet, H. H. Groupingof SoilsontlleBasisof Mechanical
Analysis. Departmental Circular No. 419, U.S. Dept. of Agriculture, tg27,



Compendium 6 Text 1

2t

1g. Federal Housing Administration. Engineering Soil ClassiJication for Residential
Development, Publ' No. 3?3, 1961'

19. FeId, J. 
-General 

Engineering Ápproach to the Classi-fication and IdentiJication of

Soils. HRB Proc', Vol' 28, p. 381, 1948'
20, Freeman, L. W. Suúgrade Soil Classi-fication System Used in Georgia. Proc.

ASCE, Vot. 80, SeParate 512, 1954'
2L. Glossop, R. ClaásiJiãation of Geotechnicaì Processes. Geotechnique, Vol' II,

19 50.
22, Handy, R. L. Soil ClassiJication, II' Screenings, VoI' 5, No' 4, Iowa Eng'

Expt. Sta., Iowa State Univ., 1961.
23. Hogentogler, c. 4., and Terzaghi, c. Interrelationship oI Load, Road and sub-

graAe-. Public Roads, Vol' 10, No' 3, 1929'
24. Ho[entogler, C. 4., Wíntermyer, A. M., and Willis, E. A. Subgrade Soil Con-

ãt ntJ, Their Significance, ãnd Their Application in Practice. Public Roads,

VoI. 12, Nos. 4 and 5, 1931.
25. Hogentoglér, C. A. Classi.fication of Materials for Subgrades and Granular Type

noads. HRB Proc., Vol. 25, P. 3?5, 1945'
26. Kjellman, W. , et al. Á U.* Geoiechnical CtassiJication System. Proc' Royal

Swedish Geotechnical Institute, 1953.

2i . Markwick, A. H. D. Nature, Identif ication and classification of soil' soils,
Concreie, Bituminous Materials. H. M. Stationery Office, London, 1946- 

_

Zg. McFarlane, H. W. Description and ldenti-fication of Soils and Properties of Soils'
Proc. First Maritime Soil Mech. Conf ., Canada, Vol' 35, 1954'

29. Mclaughline. w. w., and stokslad, o. L. Design of Flexible surfaces in
Michigan. HRB Proc., VoI' 26, p. 39, 1946'

30. À{eyer, fuf. p., and Knight, S. J. Tra-fficability of Soils. Soil Classi-fication,
ú. S. atnty Éngineer Waterways Expt. Sta, Tech. Memo. No. 3-240' 16th

SupPlement, 1961.
3i, National Committee of Australia. Development of a UniJorm System of Soil

IdentiJication and CIassi-fication. Proc. Second Internat. Conf . on Soil Mpch.

and Found. Eng. Rotterdam, VoI. V, 1948'

32. Pietkowski, R. Unified ClassiJication of Soils' Proc. Second Internat' Conf'

on Soil Mech. and Found. Eng' Rotterdam, Vol' V, 1948'

33. PorUand Cement Association. Soil Primer, 1962'
34. proctor, R. R. A Suggested Modern Engineering Classification of Soils. Proc.

Second Internat. Cõnf . on SoiI Mech. and Found. Eng. Rotterdam, Vol. V,

1948.
35. Rutledge, P. C. A Description and ldenti-fication of Soil Types. Proc. Purdue

Conf . on Soil Mech. and Its Applications, 1940'
36. Seed, H. 8., Woodward, R. J. , and Lundgren, R. clay Mineralogical Aspects

of the Atterberg Limiis. Proc. ASCE, Jour. Soil Mech. and Found. Div.,
VoI. 90, No. SM4, 1964.

37. Seed, H. É. , Woodward, R. J., and Lundgren, R. Fundamental Aspects of the

Atterberg'Limits. Píoc. ¡,SbS, Jour. Soil Mech. and Found. Div., Vol' 90,

No. SM6, 1964'
3g. Simonson, R. W. Soil ClassiJication in the United States. Science, Amer. Assn.

Advance. Sci., Vol. 137, No. 3535, 1962.

39. Soil Science, Vol. 6?, No. 2, 1948.
40. Spangler, ftl. C. Engineering Characteristics of Soils and Soil Testing. High-

- 
rvãy Engineering Hãndbook, sec. g. McGraw-Hill Book co. 1960.

41. Terzághi,-C. Priîciples of Éinal Soil CtassiJication. Public Roads, Vol. 8, 1927.

42. furnUutt, N. M. A Ñew Classi-fication of Soils Based on the Farticle Size Dis-
tributíon Curve. Proc. Second Internat. Conf. on Soil Mech. and Found. Eng. 

'
Rotterdam, VoI. V, 1948.

43. Turnbull, W. J., and Fisk, H. N. Some Cæological Aspects of the Problems of

Soil Gônesis ind Soil ClassiJication. Proc. Second Internat. Conf' on Soil
Mech. and Found' Eng., Rotterdam, Vol' trI' 1948'

25



Compendium 6 Text 1

26

22

44. U. S. Army Engineer Waterways Experiment Station. The Unified Soil Classifi-
cation System, Tech. Memo. No. 3-357, 1960. Appendix A. Characteristics
of Soil Groups Pertaining to Embank¡nents and Foundations, 1953. Appendix B.
Characteristics of Soil Groups Pertaining to Roads and Airfietds, 195?.

U.S. Federal Aviation Agency. Airport Paving, Advisory Circular 150/5320-6,
1964.

lVagner' A. A. The Use of the UniJietl Soil ClassiJication System by the Bureau
of Reclamation. Proc. Fourth Internat. Conf. on Soil Mech. and Found.
Eng., Vol. I, 1957.

willis, E. A. soil classification for Highway Purpose. symp. on ldentiJication
and Classification of Soils, ASTM STP No. 113, 1950.

45.

46

47.



Compendium 6 Text 2

DIVISION OF ENGINEERING AND INDUSTRIAL RESEARCH

NATIONAL RESEARCH COUNCIL

HIGHS/AY
RESBARCH BOARD

PROCEEDINGS
OF THE

TWENTY.THIRD ANNUAL MEETING

Held at Edgewater Beach Hotel

Chicago, Illinois
November 27 - 3o, tg+3

EDITORS

ROY W. CRUM
Dircctor, Highuq Rcscarch Board

FRED BURGGRAF
lssìslant Dìreclor, Hìghury Rcscarch Bo¿rd

WASHINGTON, D. C.

27



Compendium 6 Text 2

28

TABLE OF CONTENTS

Author Index..
Organization.

Econamics

Department of^Highway Transportation Economics, R, L. Morrison, Chairmanr
Report of Committee for Post-\Tar Planning, C. M. Upham, Chairman.
Construction by Contract and by Day Labor, C. N. Conner
14age Earne-r Empl-o-yment Seeulting from Highway Construction, Alexander C. Findlay..
Current and Post-lïar Application of Road Life Data, R. C. Faltinson. . . . . .

current Aspects of Researeh on Economic Life of liighwa¡'s, Fred B. Farrell.
Applications of Highn ay Economics, R. L. Morrison. . . . . . .

P¡tr
v

viii

I
3

l0
l5
2l
%

Design

82

35
45
oo

lõ
90
90

l0l
r00
tt7
r28

t%
t44

149
155
165
n6
?¡35

2û
255
258

%4

A. Middlebrooks and R.

ìI øterials and Construction
Department of Materials and Congtruction, C. H. Scholer, Chai¡nran

Report, of Committee on Traffic Zone Paints, J. E, Myers, Chairman.
Accelerated Testing of Traffic Zone Paints, D. H. Das.son aqd A. Skett..

Temperature Changes and Duration of lligh and Lon'Temperatures in a Concrete Pave-
ment, l1'. J. Arndt.

Progress Report on California Experience with Cement Treated Bases, T. E. Stanton,
F. N. Hveem and J. L. Beatty.

267
%7

273

279

^t 
r_hu report of the committee on Economic Highway Planning, L. E. Peabody, chairman, on

"Outline for the Initial Report of tlre State-\lide Highnjay Planning Survey", q hich is not printed
in thie volume is available fo¡ distribution on request.

iii



Compendium 6 Text 2

tv ÇONTENîS

Psge

Effect of Calcium Chloride on the \{ater Requirements, Specific IVeights and Compressive -- -
strengthsof concreteslfadewithPiainandTreaiedcements, H.c.vollmer.....296

ÃÍaíntenance

Department of trIaintenance, \T. H. Root, Chairman
Report of Committee on Jfaintenance of Concrete Pavements as Related to the Pumping

Àction of Slabs, Harold Allen, Chairman...... ........ 301

Pumping of Rigid Pavements in Indiana, I{. B. Woods and T. E. Shelburne" " 301

Discussion by: W. R. \Yoolle¡'. '.. 316

Deflectometei for Measuring Concrete Pavement Deflections Under l\{oving Loads,
R. \['. Couch. .. .. ... ' 317

Projective Nfaintenance, H. D. À{etcalf..... ..'..... 325

Trafi.c ønd Operations

Department of Traffic and Operations, Wilbur S. Smith, Chairmaq
The Influence of Alinement on Operating Characteristics, O. K. Normann. .. . . 325
Transverse Placement of Yehicles as Related to Cross Section Design, A. Taragin. .. .. M2
Current Trends in ïolume and Characteristics of Highway Îraffic, John T. Lynch..... 350

Origins and Destinations of Highway Traffic-The Basis for Connecticut Planning, Roy
E. Jorgensen. ........ 3ô3

Discussion by: J. T. Lynch. ...... 382
Indiana I{artime Traffic Speeds, Robert E. Frost. .... 388
Predicting Traffic Death Rates, Earl Allgaier ¿nd Keuneth Wood. . , . . . 396

Discussion by: L. E, Peabody, Burton Marsh. '... 401

Soils

Conner, R. G. Hennes, W. P.
400

.. 4r3
c.

402
403

Materials, August Holmes, J.

Campen.
Soil,^Charles Slesser. ... :. : : : :

Runway Soil l\[echanics Daüa, Henry C. Porter.

Aerial Photography

Use of Stereoscopic Methods in Preparing Topographic IVIaps from Aerial Photographs,
M.J.Harden '...,...552

Äerial Mappiqg Used in Regional Highway Planning, Robert Kingery. . '. .. .. . 555

Aerial Photographs arid the Distribution of Construcüional Materials, A. J. Eardley.. . 557
** The Engineering Signiflcance of Soil Patterns, Donald J. Belcher. ..... 569

Minutes of Business l\{eeting. . . ' .. . 59S

Memorials. .......603
Highway Research Board Award . '. . . '. ... 606

BartlettAward. .........606

422
&g

450
458
460
468
469
481

487
494

497
5m

29



Compendium 6 Text 2

30

bELCHEN_SIGNIFIC ANCE OF SOIL PATTENNS

THE ENGINEERING SIGNIFICANCE OF SOIL PATTERNS

Bv Dor¡¡r,p J. Borcron, Research Engineer

J oint H ighway Reseørch'Pr oj ect, P urdue U niueroitg

SYNOPSIS

The term soil paütern ie used in the compreheneive senee that includee not only
the color pattern of soils but the numerous other factors recorded in an aerial
photograph that are influenced by the soil. When properly evaluated they indi-
cate the engineering properties of the soil.

This work stems, in a large mea,sure, from an engineering evaluation of pedol-
ogy-the science of soil formation-and its application to the probleins of high-
way design, construction, and maintenance. Its subsequenú use in airport site
eelection has permitted an analyeis of the soil patterns and their significance in
areas existing under a wide range of soil, parent material, and climatic conditions.

Inasmuch as pedology is an important phase of photo-interpretation a simpliûed
form that may be termed engineering pedology is discussed from the etandpoint
of subgrade problems, Since this eoils engineering technique applies to large
areao, a number of extensive soil areas are described in detail and tegt data show'
ing their uniformity are presented. Tbese have been chosen to illustrate the
similarity of soils having å corunon origin regardless of geographic location.
Photographs of tbese ere¿s &re included to illustrate their reepective patterns,

The individual soil areas have patterns that indicate their properties. Lacking
any information olher than that shown in the photograph, the observer may etudy
each of the elements that make up the soil pattern. These elements, consisting
of erosion characteristics, soil color, surface drainage, and numerous othere,
refiect the nature of the profrle. Gullies aosume various shapes and thereby
reveal certain properties of the eoil such as texture and claypan developments;
surface drainage ie a function of elope and porosity of the soil; while color pat-
terns often reflect ground water conditions.

Tbe elements of the soil pattern change and their significance varies in difiering
climaticzones, Theefiectofclimateistochangethetypeofvegeüativecoverand
the signifrcanee of soil color, However, the soil pattern emphasizes the significance
of land forms and weathered slopes, Evaluation of the pedologic classiûcation of
the great soil (climatic) groups indicates that it is of little value in engineering
work. This aesessment is necess¿ry eince in some wegtern states and in many
foreign areas, this is the only type of soil information available' Therefore,
reliance must be placed on the interpretaùign of the soil pattern and its engi-
neering implications. A group of photographs show tbe basic soil patterns, geo-
logic patterns, and the occurrence of granular deposits.

the geologic pattern is congidered in its relation to problems of location and
grading, By example and test results the properties of various strata visible in
photographs are ghown.

The data show that the soil pattern has engineering significance and that it
indicates the conditions that sffect the location ¿nd construction of highways
and aìrports.

569

rEE parrERN influenced by the physical properties of the

Thc soil pattern as seeû in aerial photo- soil profile' These elements form patterns of

graphsr is the result of the influence of nitural their own; among them are the land form' soil

and human forces acting on the original ma- eolor' erosion' surface drainage' vegetative

terial from which the soil was derived. The cover' slope' land use' and others such as bio-

elements rhar make up rhe soit pattern are fgl:"I ":,1{::t-l fgg-::,f* i*..11i,1t1:
visible features that arä directly oi indirectly trces' although tnese wrll be d¡scusseo rn oe-

tail later, it is worthwhile to mention here that
r Aerial photographs have been approved for apparently itsigpiûcant features appear in the

t.furre Uy'tfrã Éar'Department and^ the New photographs in remarkable detail. As an ex-
Zealand befense Command ¡vhere concerned ample in photographs oT arid and semi-arid
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areas it is not unusual to see holes dug by
prairie dogs and ants. Since these animals
and insects dig their holes in certain types of
soil positions, we know something of the soil
l'hen there is evidence of their presence in an
area,

In some areas all of these visible feaüures are
present while in other areas one or more are ab-
sent. It is helpful to realize that, indepen-
dently, the natural elements may vÐry in their
signiûcance and that judgment based on a
single element may often be in error. For
this reason it is desirable that the aerial photo-
graph contain two, three, or four elements that
indicate similar properties of the particular
profile. Each element, although not dupli-
cating the exact meaning of the others, adds
iüs porüion to the interpretation of the nature
of the soil profile. Before examining these
elements and their signiûcance some attenüion
must be given to the process of soil formation
and profile development.

E:{GINEERING PEDOLOGY

Knolvledge of the weathering of the parent
material and the consequent development of
the soil proûle into horizons (layers) of differ-
ing textures is not widely applied in engineer-
ing work. For this neglect we are castigated
by the words of Ibn-Al-Awam, ühe llfoor who,
in 1250 Ä.D:, rvrote in his Kitab-Al-Felahah,
"All soils are underlain by a layer thaü differs
radically from ühat at the surface. Such a
subsoil is found everywhere and can be said to
form one of the layers of the globe. ... .

He who does not possess this knorvledge lacks
the fust principles and deserves to be regarded
as ignorant."(1)2 These radical difierences
are principally textural and therefore may di-
rectly influence the performance of highways
and runlvays.

Figure 1 is an example of profile develop-
ment. The light üopsoil, A, is a silt, the clark,
B, horizon appearing as horizontal band is a
plastic siìty clay, and the semi-granular parent
material, C, below contains material of all
sizes.

Under some conditions the subgrode may be
of plastic clay when located in the B horizon
rvhereas in deeper cuts the pavement will rest
on the more stable parent material of the C

2 Numbers in parentheses refer to Bibliog-
raphy at end of paper.

horizon. fn are¿s of gently rolling relíef
where profile development is strong each cut
presents a similar problem in rvhich the sub-
grade varies from a eompacted fill through the
A and B horizon to the parent material, C, in
the deepest part of the cut. Drainage prob-
lems, performânce, and subsequent mainte-
na,nce vary in the same manner. Proof of this
lies in the results of performance surveys,
pumping surveys, and inventories of spring
"breakups." These highway problems can be
traced in part to a disregard of soil conditions,
Figure 2 illustrates performance in an average
highway cut.

Figure l. A weathered profrle erposed in a

highway cut. The light-colored silty topsoil ap.
prorimates the "4" horizon. The ¡'8" horizo¡
ãppears as a horizoûtal dark band below the
tõpsotl and the "C" unaltered parent material
marked by granular fragments.

In applying soil science to engineering prob-
lems it has been possible, and necessary, to eli-
minate many of ühe poinüs on rvhich soils are

classifiecl, since they have little direct bearing
on presenü engineering use. The essence of
the entire subject ean be st¿tecl as follorvs:
Regardless of geographie clistribution, soils

developecl from similar parent materirls un-
der the same eonclitions of climate an<l relief
are related and rvill have similar engineering
properties which in eomparable positions tt-ill
present common construction problems rrntl

produce like pavement performance.
\{'hether the parent material is ¿ lt¿rrtl, re-

sistent beclrock; a soft, easily-eroded loess; or

a glacial material (till); e¿ch in its olvn tìì¿ìnner

develops a soil proflle. Because of their in-
clividual properties,'these parent rnriterisls

31
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produce a soil pattern that is related to their
texüure, slope, ground water conditions, and
origin. This can be termed "the principle of
the recurring profile" which becomes signifi-
cant not only in engineering soil surveys but in
standardizing highway or airport pavement
design and construction methods.

When a soil profile recurs, as it does in com-
parable positions within a parent-material
area, the soil pattærn will also occur. This is
the link between the soil pattern in the ai¡-
photos, the soil profile, and the related soil
problems. Thus, by the proper sampling of a
given soil area the results may be used to deter-
mine soil characteristics in other areas having
a similar pattern in the airphoto withouü re-
spect to distance.

Aerial photographs can be a major factor in
making soil investigations a practical economic
suecess for at least two reasons. First; under
present procedures the average soils labora-
tor¡' is handicapped by lack of funds and per-
sonnel to keep field and laboratory investiga-
tions abreast of design and construction re-
quirements; second, the present nrethods of
patement design do not, except in a general
wa¡', take into account the soil information
supplied by surveys.

Aerial photographs combined ¡r-ith geology
ancl pedology (soil science), if used properly,
n ill minimize the first and improve the latter
of these two rneaknesses. Using the already
available standard Agricultural Adjustment
Administration photographs as a tool, a soils
engineering organization can make a freld sur-
ve¡' s-ith photos in hand, sample, test and re-
port soil conditions on most projeets long be-
fore the design department requires the infor-
mation. The second rveakness, that of lack of
use of soil data, is equally acute but less easil¡r
remedied. The first solution is easily executed
since everyone likes to produce nore results
rçith less rvork. The second concerns the
frelcl of those not primarily interested in soils
but in the final performance of the pavement.
If soil tests cannot be shog-n to effect a re-
duced cost or an increased pavement life then
the¡- will probabl¡' be discarded. A soils or-
ganization then should pay its o$'n \ray. If
scant use is made of this type of information
then something is $'rong and soils men are at
least partially üo blame for not assisting others
to use their data.

Aerial photographs can help in this process

by providing the necessary factors of intereet,
undersüanding of the problem, and a view of
the "soil-position." The factor of poeition is
often as important as the physical properties
of the soil. The test data plus the relative
position of the material tested should equal a
given design for one type of road in an area.
For example, the results of tests on the exten-
sive silt soils of the Devil's Lake and Lake
Agassiz basins in North Dakot¿ and Minne-
sota are the same as those from the windblown
silts that form hills lining the banks of the
Mississippi, Missouri, Arkansas, and Platte

Flgure 2. A road cut lnto glactal drlft parent
materlal. Some method of equalizlng subgrade
conditions behveen cut a¡d ûll would eltmi¡ate
the wide dlfference in performance eristing ia
these adjacent positions. Note patches indi-
catiûg a failure where the subgrade lntersects
the plastic material ln the "8" horizou.

Rivers. Horvever, the flat, poorly-drained
soils of the lakebeds have a high water table-
a depressed position-while the silt hills are
comparatively dry and well-drained. By any
common system of testing, soils from these two
areas ¡rill appeår alike, resulting in one design.
Obviously the proper design for one soil-
position nill result in an over- or under-design
for the other situation. Soil tests do not de-
scribe the entire situation that effecüs the sub-
sequent service life of the pavement. The
âns\\'er lies in relating ùests and soil-positions
to a standard design proven for each general
case.

Aerial photographs functioning as a scale
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model permit examinatiou of the gituation
without an inspection trip. Since position is
Setermined chiefly by the relief of an area, the
number of positions is limited to perhaps üwo
types of cuts, shallow or deep; fi,lls, high or
low; level areas; and special or miscellaneous
positions.- Thus, there are approximately
five standard positions. The soil factor theí
enters into the equation. In working with an
average State ühe soils should be divided into
es meny groups as will warranú changes in
design or construction methods-no more.
Currently this permits, as it should, classifica-
tion of soils-from the most plastic to the
granular-into a few groups. Chart f, a

formed to contain design reco--end¿tions
wherever ühe particular situa,tion is encount-
ered. As an example of this system a skeleton
table is shown in Table I in which severalt'soils" require the s¿me de¡igp in one position
for a given class of road. The table applies to
roads carrying the heaviest co--erciàl trafrc
in a hypothetical region that includes the in-
dustrial east and midwest.

ft is ¡easonable that the regions should be
established on a climatic basis to include prob-
lems produced by weather conditions. On t¡e
basis of temperatu¡e a boundary has been sug-
gesüed by the Public Roads Adminjstration
(19) deñning the praetical southern limit of

CHART I - LEGEND AND CLASSIFICATION FOR ENGINEERING SOIL IDENTIFICATION

tentative step in this di¡ection, has 11 soils
with a strong possibility of a future reduction
by grouping. The theoretical number of soil-
positions (five positions times the number of
types of soil) and resulting designs are further
reduced inasmuch as the same design may ap-
ply to sends and gravels in all positions. Fur-
ther, there are large areas in which some of
these soils do uoú occur and too there are some
soils that occur in one or two positions only.

The resulting table would then combine the
soil-position factor in a eolumnar arrangement
with the soil number or class ranging from top
to bottom on the left with the various positioni
forming vertical columns. Aú the intersec-
tion of eåch t'soil" and rrposition,' a box is

frost action occur¡ence. This boundary sepa-
rates the country into two general areas (See
Fig. 3) : 1, that subject to serious ground freez-
ing, and 2, tbat relatively safe from ground
freezing. In the lieht of more ¡ecent studies
other problems directly relaúed to ¡ainfall and
pavement performance permit several east
west sub-divisions of the temperature belts
into areas based on rainfall. In attempting to
establish these boundaries a modification of
both the Koppen and the Thornthwaite
methods of climatic classiûcation is necessan'
in order to emphasize the important alimatii
conditions influencing pavement performanee.

fn warrn climaúes where frost action is uot
anticipated the moisture content of the sub-
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grade is governed by the soil and the seasonal
rainfall. Tentatively it is indicated that un-
der wide'variations in annual rainfall two
separate subgrades composed of similar soil
would at some period each year reach satura-
tion. The distinction between 20 in. annual
raiufall and 50 in. in similar soil areas would
elst in the duration of the problem period or
the period of highest subgrade moistu¡e con'
tent. In desert and semi-arid areas it is be-

coming increasingly evident that in these areas

o' ffi:'r:ff^î*"iÍiliì,J:if".'*'* B usu ¡Y

tal usña iHt¡ Évúltnc tf^Ð;@ ruEot dû
tI E! t GCU rr Î{a Errrù

having a low P/Ea ratio the subgrade moisture
content is cumulative over a relatively long
period of time, finally resulting in pavement
distress.

Table I indicates the form that a subgrade
design chart may &ssume. For example De-
sign C applies to silts in rolling terrain and
would include the required improvements of
the exposed subgrade, puch as compaction, to a
specified density or some other form of stabili-
zation that had been found to give satisfactory

¡ Precipitation-EvaPoration.

performance çith a given pavement design.
This design would probably specify the per-
miss¿ble tolerance in moisture content for
compacting these materials to the required
density. Since this is a critical factor in the
compacting of this particular material, that
phase would be important to all positions.
Furühermore, it is probable thaü, in this hypo.
thetical Region'W, proper compaction in euts
and frlls will provide excellent performance
with st¿ndard pavement design.

The situation with respect to the Nos. 7 and
8 soils (Table I) is sufficiently similar to rl-ar-
rant a single design for all cuts. Under these
road conditions in cuts an early failure by
pumping is common. A simple design feature
incorporated during construction will preveut
this failure. Similar failures occur in areas of
No. 10 matprial and if Region W included some

of the coast¿l plains Staúes, Nos. 11 and t2
would also cerry a similar design with some

possible adjustment to compensate for the in-
creased plasticity (and related properties) of
these clays. A corresponding table appìying
to secondary roads would be necessary.

EXIEIST OF SOIL ÄN.EÁS

If we are to aecept the principle of the re-
curring profrle, the burden of proof then lies i¡
the uniformity with which nature has de'
posited the parent materials of these areas. In
the exploration of this question a large numbe¡
of representative samples were taken' Stand-
ard tæsts were applied on several hundred to
furnish a basis of classiñcation (2) and com'
parisons were made between corresponding
horizons ií the profiles. Thus, parent ma-
terial areas were explored and found to be con-

sistent. Where exceptions occur the soil pat-
tern in photographs indicates a ehange in
physical properties as well as the nature of
lhÀt change. It is important to note that the
illustrations that follow are of wide geographic

distribution as q'ell as being of a contrasting
origin. The intent in selecting these examples
hal been to show that the uniformity of soil
properties and patterns is neither confined to a
Íeçjselected areas nor to a particular mode of
origin. Where parent materials vary they do

so in a rnanner related to their formation.
The variation, if significant, can be expeeted to
influence the soil pattern'

Figure 3 is a location map showing the four
parent material areas to be desoibed. 1'

TABLE I
TENTATIVE FORM AND CONTENr
OF SUBGRADE DESIGN TABLE

HIGH TYPE ROADS
REGION W(I}

nELlTrvE oñaD€ LrilE POSlllOli

DESTGN Ofi COt{STRUoTrOlr RECOft¡EtlDATlol{
r¡r Gü t¡Èr
tot G4&frd-Eu h!3Mt 6ile
ror a u. ñfto. s^ux rurû ffit

Rü' SS 4¡ÉD nil a!&[ otrtf, tMfc. ltalütt cin
o!rutnÍ æBtt. ro allm uÚ4 idu Þ b € ffi
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M¡rine clays; 2, soils of the loess areas; 3, a
rosidual soil-in this instance derived from
limestone; and 4, glacial drift. These repre-
sent the major classes of parent materials from
the standpoint of origin. The marine clays
were deposited under water; the loessial soils,
derived from windblown silts; the residual
.soils, developed in place from rock; and the
glacial drift materials were deposited by ice
during glacial periods.

Tlæ Mari¡æ CIøgs of thc Coasto,I Plains

During one geologic period of the earth's
history, large areas of the Gulf and East Coast

Flgure 4. The photograph sbows the ve¡iatlo¡
ln colbrs in an area that, from the grouad, ap
oea¡s black. Chalk u¡derlles the endre arèa'e¡d where llght tones appear the lnflue¡ce of
the chalk has motliûed tùe stlty cley to a No. 9
materlal. the ilarkest areas represe¡rt Nos. 1l
or l2oaterlal. Eroslon co¡trol in the form of
"terraclrg" ls evldent. Sbeet eroslo¡ o¡ these
gently sloplng ateas i¡dlcates a co¡dlüon of
reta¡ded lntern¡l drainage aad tmplles a clay
tc¡ture l¡ tùe subsoil, Bar scale on aerlal
photographs l¡dlcates a dlstaace of o¡e mlle.

states were submerged. During this period
gravels, sands, silts, and clays washed from the
nearby mountains n'ere deposited under water.
Subsequently, continental uplift has raised
these materials above sea level. The area is
norv known as the coastal plains and it extends
in varying widths from New York to the Rio
Grande. Included in the coastal plains (See

Fig. 3) is an extensive area of black plastic clay,
geuerally known as the "Black Belt." Figure
4 is an aerial photograph that illustratæs the
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pattern of the upper coastal plains arees'
Black Belt. These soils are underlain by a
Iayer of chalk, marl, or limestone in the sub-
süratum that sometimes introduces a silt in-
fluence that is indicated by the Class No. I
(Chart I) soil.

Other areas of the coastal olains va:r'
through the texture range from'the famóís
"sand-clays" in the southeast to the ûne s¿nds
and sandy silts of local areas in the eastern
lower plains, and the sands of the majority of
the southern coastal areas, especially of Flor-
ida. Some of the other eoastal plains clays
(light colored, Table Il-samples 7-12), de-
veloped under similar circumstances, are de-

fABLE I¡T'

REPRESENTATIVE SAMPLES OF

COASTAL PLAINS CLAYS

to !00¡1þì Ettf !rour0 o@¡nr

g,ffiadar

(t) The d¡ts praentcd in this and the followinc t¿blæ
ere necessrily biief bæauæ of the Btipu¡¿tions of t'he Fed-
eral contl¡ct under wbich the work ia ireing conducted.

Thæ ere random Bampl€s rep¡æent¡tñe of lsr¡e ueu
andare, tbereforestatistiell¡.signìfient. Howeveriwithin
each ¿¡æ rel¡ted vsiations occur Bnd due weicht ehould be
given to tho €xæptions reprænted by the sinÂle examnlæ.

I¡cstions l-6 repr6ent Black belt ¿rea.
Iæcatione 7-12 reprænt, otber Marine clays.
(2) Sæ Chert I.
(3) Gulf Co¡st Clav.

ûned under a variety of catenaryr names such
&s Subquehanna, Orangeburg, Oktibbeha,
Lake Charles, Lufkin, and others. These
soils, being of an impervious nature develop
the same indications of claylike properties in
the soil pattern regardless of their pedologic
n&me. Fþre 5 is representative of some of
these clay areas. In itare the inevitable signs
of highly developed surface drainage, "clay
shaped" gullies and distinctive color tones.
Many highway pavements on these soils show
a marked distress directly related to the sub-
grade conditions.

I A catena is a fa,mily of soils derived from
the sa,me parent. but occurring on difrerent
slopes.

BELCH EN-SIGN IFIC ANC E OF SOIL PATT ENN9
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Soils of thz Loess Areas

Although an unrelated type of soil deposit
such as windbloçn silt offers a restricted paral-

wide flood plains of our major rivers, to glacial
deposits, and to the great plains areas spread-
ing eastrvard from the foot slopes of the iìockv
Mountains. Violent winds generated by thä
proximity of the continental ice sheets swept
silt size material from these broad open areas.
Adjacent uplands rvere covered with this
mantle of silt that today forms one of the out-
standing examples of soil uniformity. Where
the waterlaid coastal plains varied in textu¡e
from clay to gravel these windlaid materials
consist of particles prineipally in the silt size.
Clay sizes are absent initially because the co-
hesive property of clay resists wind erosion;
the more coarse materials because of the
limitecl carrying porver of the wind, and the
absence of sand in the wide alluvial areas.
The clay found in some silt profiles is formed
by subsequent weathering of the loess.

Soils formed from these materials lend
themselves readily to airphoto interpretatiou
because of the many distinguishing features
th¿t are peeuliar to the soils of these deposits
(see Fig. 6). In this country (Fig. 3) the loess
belt begins in semi-úropical Iouisiana and ex-
tends northward along the east bank of the

Flgure 5. SoiI pattern tn a ltght colored clay
area of the coastal plains. NotC the weli devel-
oped surface drainage. "Caswell" sand, oc-
curring as rough ltght spots (outltned) iû some
partg of the ¿rea, is the only granular material
avallable ln maly of these locallties.

Figure ó. The loess pattern in various climates. A humid Mississippi, B subhumid Wash.
ington, and C semi-arid Nebrask¿. Note the sinilarity of the erosion pattern. The amou¡t of
vegetatioû is the chief variable in the soil patter¡r.

Iel, it permits observation of the effect of rvide Mississippi until near the junction of the
cLimatic variations on a uniforn parent ma- Ohio it spreads into Illinois, Iowa, Kansas,
terial. The origin of loess is attributed to the Nebraska, Missouri, Indiana, Wisconsin, and
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Minnesoüa. Ioessial soils are found locally in
other'dieconnectæd but related areas. In the
west a large section of Washington and adja-
cent areas of Idaho and Oregon are covered
with a similar mantle. The remarkable con-
sistency of these materials both in texture and
test results can be appreciated only partially

Ðlt

materially from those in this country. On the
basis of this continuing uniformity it is rea-
sonable to expect the large belts of loess in
Europe, South America, and Asia to eonform
in physical characteristics to those of the
United States. In fact, the local silt area of
ùhe northwest Âfrican coast has tæxtural in-
dications in the form of "sunken paths" simi-
lar to the "sunken roads" of Mississippi and to
the extremely deep roads reported (3) in the
northern China area. One illustration of uni-
form engineering treatment in similar soil
areas is shoçrr in Fig. 7, illustrating vertical
cuts in Mississippi, in the Palquse area of
Washington, and in north China.

Soi,Is of the Lim¿stone Areas

Residual soils are those developed by the
weathering process that destroys the parent
bedrock. The¡' are the residue that remains
when the soluble materials have been removed
by leaching or when the individual grains have
become loosened by physical n'eathering.
These two processes largely determine the na-
ture of the soil. In humid climates the leach-
ing by percolating water predominates; in
arid climates physical weathering is active and
the moisture movement is retarded or reversed.

BELCHEN_SIGNIFICANCE OF SOIL PATTERTS

TÄBLE III

Flgure 7. An example of the dtstributio¡ of a soll m¿terial (loess) a'd the uniformlty of en-
glneèrt¡g treatñe¡t iequtred by the phystcal properties (Table III) of the soil. Nearly-vertlcal
õut slopes are requlred l¡¡l¿ss lññsdtãte and complete soddlng are scheduled. A, Mlsslsslppt-
¡ote tf,e eûect of cllmate on the tree cover (55-ó0)"; B, Washington (lS-2O)-lack of tree cover
l¡iltcates low ratnfall. Patch ln settled area of ûll reûects the dtñculty of compacting silt wlth-
out suffcle¡t molsture; C, Vertical cuts ln loess area of China (12-17) (Courtesy of Prof. Mo Chth
Ll, Natlonal lsi¡g Eua U¡lv.).

¡ A¡nual ralnfall ln lnches.

by viewing the presented data. The results In this paper limestone has been considered
shown in Table III are divided into two parts, as a consolidated rock high in caleium car-
those data obtained on the weathered portion bonate and often ineluding appreciable quan-
of the profile (A and B horizons) that is in- tities of magnesium (dolomite). Marls and
fluenced by climate and slope and those of the chalk have been excluded because they have
unwe¿thered parent material. not been encountæred as soil-producing ma-

Although only one tæst has been run on terials. Hot'ever, soil information and ai¡-
loess from China its properties do not vary photos of the chalk a¡eas of England indicate
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(8) that a silty, friable material is produced.
These limestones ¿re divided into two soil-
producing tlpes: the hard dolomitic lime-
etones, and the more comnron, relatively pure

remarkably consistent in engineering char-
¿cteristics in humid and sub-humid climates.
regardless of geographic location.

Table IV illustrates the distribution and
representative test data on several limesùone
soils. Since these soils occur on rolling relief,
cuts into the profile &re common. Thereforó
the test data concern the important lower por-
tion of the soil profile exposed as subgrade in
cuts.

fn some of the limestone deposits there have
been appreciable quantities of chert in the soil
profile. fn some instances there has been a
sufrcient quantity to make the material in the
profile more of a rock-soil mixture. When the
chert content reaches úhis proportion it can be
distinguished by a characteristic pattern that
is illustrated in Figure 8. In lhis view surface
drainage is undeveloped indicating good in-
ternal drainage despite the fact that physical

TABLE IV

REPRESENTATIVE SAMPI-ES OF SOil4E LfiESTT.I
RESIDUAL SOILS IN THE UNITED STATES

mE etE wo qrt EI ñ[tr

ñr¡,ffi

I ngs e þlgh ehart-re Fig. I airphoto partern.(l) Sæ Chart I. -

':v?-

ii:li 'iå
:r

tl.

*t[;
FiSure 8' Illustrations of a soil patteru ln a cherty limestotre area. Sinkholes (arrows) indicateli'estore. The whlte *p".tit"a-p-"ti;;;i. ;"i;;,;d"tã-t¡e li¡eitäã'ioãiäu, a particurarly drñ-cul-t- 

_compacfion problem'. 
- ci;;-;b;;;;iioi'äi-."t slopes and detailed ground inspection arenecessary to distingutsh thrs condrtion 

"'rão 
õn generai ieco"""iJ"ã"iã 

"o*uy.
limestones' The dolomitie limestone, con- tests give an opposiúe impression. This is the
*:*::^t:1*lï.]L_T'""1 areas, ìs higÉtv re- influeice or nátu.ui.truerure in rhe sol pro-
i,f,:i:t:::::1ll:l'rqtretains irs fearures rera- fire thar permirs crrainage even in cray sãls.rlvely 

mtlnmodlhed, and 
. 
produces very little There ii ample eviclence to indicate tfiat thesoll' rne maiority of limestones produce a pattern of limãstone soils and their similaritlraüher deep profite and ha'e bee' fóund ro be ät u'gir,..rint;;;;;,ti.;ä;irrä"¡. ìiiälål,ià
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to the humid tropics. Ässoeiated n'ith these
lir¡festones there are plastic clays and silty
clay soils derived directly from the limestone
as well as alluvial soils nashed from the hills.
In addiüion plastic soils weathered from lime-
stone occur in North.Africa and the adjoining
mediterranean coast of Europe (4), Palestine
(5), and India (6).

Among sedimentary deposits the clay shales
contribute more than their proportional share
to highway failures in the form of landslides,
ûll failures, and unstable subgrades. In
general, these m¿terials are of limited extent
¿nd occur as minor outcrops in predominantly
'sandsùoneor limestoneareas; in some notable
areas (Fig. 3) however, the shales appeer as
surface material and dominate the entire
region. Where the shale is exposed to ero-
sion it becomes highly dissected forming
rouncled slopes. fnasmuch as these are ma,-
rine clays partially consolidated it is logical
that their texture when weathered is that of a
No. 10, or higher, material. Figures 13, 15,
and 20 B, C illustrate the charaeteristic
rveathering that distinguishes these materials
n'hether viet'ed from the ground or from the
air.

Soils of th¿ Glæí,al Drift Areas

The Continental ice sheets provide what is
probably the largest continuous parent ma-
terial area in the Uniüed States. Figure 3
'indieates the area covered by glaeial drift.
Similar areas occur in England, Scandanavia,
Nolth Germany, and the tI. S. S. R. in Europe
and Asia, Smaller glacial areas are associated
rrith most of the mountainous regions of the
rvorld. The glacial drift that mantles large
sections of many of the northern states has
been derived from a large variet¡' of rocks and
yet the parent material of the till plains con-
sists almost entirely of material that ean be
cl¿ssed as Nos. 7 or 8 (Chart I). A small per-
centage of the area falls into the No. 4 class
material and some in the No. 10. Beeause of
the varied origin of the drift in the tÏnited
States, these parent material classes can also
be expected to embrace much of the European
ancl Asiatic till. The major remaining portion
of the drift is made up of stratifled materials
depositecl by glacial streams. These take the
form of outwash plains, eskers, kames and
terraces or valley trains and eonsist chiefl¡r of
sands and gravels. Glacial lakes occupy a

579

small proportion of the area and range in tex-
úure from silts to silty clays. Figure I shows
an &re& of the glacial Lake Agassiz basin (No.
Dakota-Minnesota) in which wave marks, low
relief, poor drainage and "clay gullies" indi-
catæ the origin and texture of the soil.

BELCH ER-SIGNIFICANCE OF SOIL PATT ERN S

- Flgure 9. Alr view of glacial Lake .å,gassiz
b¿sln. the pattern so clearlyvisible from the
air ts lûdistinguishable on the'grouad. Ponded
vater, ertremely ûat terraln a[d the V-sh¿ped
drai¡age way are directly related to origin, -soil

condltions, and a deffnlte design procedure to
oyercome a poor subgrade mateiial in this soil-
positlon.

IAEL€ V

REPRESENTATIVE SAMPLES OF GLACIAL PAREM
MATERIALS (TILL) IN THE UNITED STATES

LOC^rr0¡
ftd¡0

0l^l!

;ma ux ¡rfuL

ffi,mxN$ú I -

Table Y illustrates the distribution and uni-
formity of glacial parent rnaterials. Al-
though the texture of these parent materials
remain substantiall¡- alike, differences in the
ground slope or "position" create differences
in the rveathered horizons of the profile above
the parent material (Fig. 1).
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_ Ftgu-r9 10. A sePi-granular glaclal 4rift area la a dry c.rmate. Lack of vegetatlve cover and thetn9 ot land use t¡dlcate a semi-arld condltlr¡. Seål-granular te¡ture ls-iodicated ty tÀctãi
su¡face dralnage. Notice the dlrecttonel trend of the paltern i¡ûuenced by the iCe mov'e6út.--

. Figur-e-ll. A common stacial till pattern lu the younger drift areas of the humld mídwesterû
states-Ohio to lowa' In this area tLe co-lor-patteri is lell developed and the froniã iéclrsin
a- slmil¿r pat-tern. these are plastic, poorly-dìained sotls of the ttli plains. 

-ihã 
Jectlo¡ ltelð¡

Fhgws the relationship between the slope of the grolad, pro_6le_develoþment, soll color, and vege.tatlo¡. Gravel terrace on left and rockledge on rlght not-included in airpboto.
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Fþres 10, 11, and 12 illustrate a range in
glacial drift patterns ranging from semiarid in
Figure f0 to humid in the other figures. Al-
tÏough the patterns are not alike, since the

check, by photographs, the reliability of d¿ts
obtained from other sources. fn instances
where no supplementary soil inform¿tion is
¿vailable detailed examination of the elements

ORIGINAL GROUND LINE

GULLY OROSS SEOTION

B'-lo' (PLASTIC SILTY OLAY)

SEMI- GRANULAR GLAOIAL DRIFT

Ftgwe 12. A strlklngpattern of old drlft com¡non to Ohlo, India¡a, Illtnots ¿nd Mlssoutl. These
a¡e tlÉe clay-pan areas-Éavlng silty topsoils and deep plastic pro_ff169 promotlng a surface dlgto"gg
lattern. Sfètcl shows relalious[lp between the tiiture oi the hõrtzons ln the soil-proîle and
ihe gully shape (See Figs. I and 27): This proûle becolnes waterloggetl for long periods slnce^the
"A'is fervtous ¿o6 1¡"-rt3" relatliely lmpervious. Wet weather cõnstruction ls seldom pracdcal
l¡ these areas.

textures and profiles vary, eaeh is distinctly a will permiü, in most cases, a rather accurate
glacial drift pattern. description of soil conditions. If errors occur

they lie within the province of the intærpreter

Er,EtrENTs rN TEE sorl pÄTrERñ and not in rvhims of nature.
Since it is impossible to deal with each ele-

Jn mal¡ing soil surveys of this type withouü ment the more important are preseuted in as
field exploration it is alwa¡'s ad'r'isable to much detail as is feasible.
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Løndform (Parent )[aterial) local area identification of the land form is
The local structure of the earth is perhaps usually practical. Figure 13 illustrates two

the most general element of the soil pattern. variations in a land form pattern produced by

:Nr.\i{\\\l

_ Figure-13. A. Aerial view of nearly horlzontal beds of limestone and shale. Geologtc erosionhls cut !-hrogCh a series of these stlrata formlng a contour-llke pattern. In this relãtively dry
qlintte the limestone (white) outcrops to form iomparatively stêep slopes while the soft óható
(dark.¡ a-ssumes low, g_eitle slopes. Sketch on sectioi A-A' ilÍustratis foìmation. B. Down-dip-
Pþ9 beds-of shale ald llmestone form the pattern shown. Shallow lmpervious soils form on tte
shale while deep solls mantle the limestoie. Note the abrupt changã in surface drainage.

fn single or paired pictures covering an area of sedimentary rock. Figure l3A is a contour-
several square miles iù is not ahvays possible to likepatternproducedbydissectionof horizontal
identify positilrl¡' the parent material that beds of limestone and shale in a sub-
controls the form of úhe land. With addi- humicl area; Figure 138 shows the same mâ-
tional pictures showing a greater portion of terials (in beds of greater thickness) tilted and
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Flgure 14. Thepatternof weathering in sand-
stones and stratiûed rock. This view i¡ arld
Iran shows the abrupt slope chaages while ln
moist cllmates slopes are more modtûed, Eigh-
ways and airports are located oa the valley ûoor
where solls rel¿ted to the associated rock are
deposited by water. Reprinted from Erich F.
Schmidt, Flights Over AncÍent Cities of lran
(Areal Survey Erpedition, Mary-Ilelen War4en
Foundatio¡) 1941. By permission of the U¡i-
verslty of Chicago,

exposed to erosion in a humid area. Obvious-
þ, the greater the area available for inspection
ühe more apparent becomes the landform paü-
tern.

of-way locatlon.

By determining the landform the engineer
largely determines the type of parent material
with which he will deal. Reference to geo-
logic maps will assist in this determination.
Geology, like pedology, requires some transla-
tion for engineering use and therefore may be

disappointing at fi¡st. 'Where bed¡ock forms
the parent rnaterial, geologic litærature (12)
should supplement experience in visualizing
the general süructure. The photographs will
provide most of the necessary details, since it
is in these that we have a record of the relative
weather resistance, depth of soil rnantle, water
conditions, and other properüies and features
that are directly related to construction and
location problems. Where transported sur-
face deposits cover the bedrock, geologic maps
often prove misleading. As a rule, with the
usual exceptions, in areas rrhere bedrock in-
fluences the soil, indications of the type of bed-
rock will be apparent. Likewise, glacial-drift
areas also have distinctive patterns as do
aeolian deposits of sand or silt. To reviewthese
briefly: Sedimentary rocks such as limestone,
sandstone, or shale are originally formed
under water in nearly level beds. When these
are elevated above sea level and remain in a
horizontal position, erosion reduces them by
dissection that produces a particular type of
stream pattern and often leaves flat-topped
islands of rock. In arid countries (Fig. la)
these are mesas or buttes, in humid climates
they are monadnocks, having the same island-
lile shape buü someç'hat modified side slopes
caused by the protecting influence of vegeta-
tion. These have reüained their shape be-
ca,use a cap of resistant rock protects the

underlying materials from erosion. Since
sedimentary rocks are stratified, and the
strata vary in physical properties, a difference
is reflected in the n'eathering resistance of
each stratum. Thus, in examining such for-
mations (see Fig. 15) the existence of clay-

Ftgu¡e 15. A¡ aerial yiew aûd model of a dlssected sedimentary rock formatlon. A thln sand-
stonJcaprock protects a deep bed of clay shale that weathers to a "soft" slope typtcal of clays.
In such äreas -of dipptng strata, landslldes can be caused or avoided depeadlng upon the right-
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Flgure 16. -Sinkholes ln a llmestone a¡ea as they appear from the alr. O¡ the basls of rthe
uatformtþ of llmesto¡e solls l¡ slmllar posltlors luligrade co¡ditlons ln cuts aud compactlon
rcqulre_meats for 6lls ca¡r be antlclpated from a photogiaph. Sectlon sketch shows relationshtp
ef 5lnkh6lss to uadergrouad dratnage chan¡el enä depth õf soll nantle to ground slope.

Flgure lóa. Grou¡d view of an Average Size
Stnkhole ln a Llmestone Area

shales is indicated by the presence of "soft"
slopes oecurring below the cap roek. The
choice of location in these situations may be
optional but slight differences in grade line
elevation change the subgrade from sandstone

to plastie clay-shale. Considerstion of the
dip of the strata should infueuce the location
of a ro¿d since a location on one side invites
landslides beeause of the necessity of cutting
into donn-dipping shales.

Where these stratified form¿tions are
folded, as in the Äppalachian Mountains, they
control the stream pattern to such an extent
that a reetangular pattern is developed.
Branehes of streams follow parallel courses in
the alternate beds of soft roek or shale. In-
stead of the ordinary bends expected in a
stream the turns are often right-angled.

The intensit.v of the general pattern is in
proportion to the age or progress that web,ther-
ing has made. As in the case of limestone,
sinkholes are usually the first stage of weather-
ing (Fig. lû-Indiana), Äs rveathering pro-
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gresses the roofs of subterranean c¿verns col-
lapse and leave ridges of limestone that
assume a cucumber shape when viewed from
above. These further weather into domelike
forms called haystack hills. Figure 17 shows
these developments in a tropical climate.
Sediment¿ry ¡ocks and volcanic (basalt) rock
develop plateau forms or related patterns
when folded. Granites by reason of their
method of occurrence as mountain cores and
smiliar intrusions readily lend themselves to
identification. Again the signifrcance of this
particular element is general since it is an in-
dication of the soil mantle as well as the re-
lated soils (alluvial) derived by erosion from
these areas. Thus the land form is influenced
by the parent material, The distinguishing
features by which glacial drift, loess, sand, and
other parent material areas can be identiûed
are related either to thei¡ texture or to some
physical features peculiar to their method of
deposition. Perhaps the most outstanding

tween present and past drainage. Vast
rivers of water supplied by melting glaciers cut

Figure 17. Advanced stage of weatherlng of
llmestone tn the humld tropics, Valleys be.
tween parallel rldges were once llmestone
caves. Extenslve slnkhole development aad
subsequent collapse of the caves created
valleys. The hills are descrlbed as peplnos and
mogotes-cucumbers and haystacks because of
thelr shape. Related solls are plastic sllty
clays.

Figure 18. An oblique vlew of a gravel terrace in New Zealal-d lllustrating the wlde application
of thõ major elements of aaalysls, Not only is tbe land form apparent but the absence of surface
drainage, source of the matérial, vertical stream banks, and colortattern (arrows) are clearly
show¡. The checkered ûeld pattern is caused by a variety of crops. Reproduced by permission of
New Zealand Aerial Mapptng, Ltd.

feature common to glaciated areas, either con- valleys and built gravel terraces that ds'arfthe
tinental or mountain, is the clisproportion be- streams that are in balance with our present
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climate and now occupy the valleys. The
tremendous tærraces and fans at the foot
slopes of many mountains (Figs. 18 and 21)
are of glacial gravel jusü as ühe kames, eskers
and river terraces of our northern States and
Canada are products of the continental ice
sheets.

Texture, composition and origin largely
cletermine the resistance of a material to ero-
sion and weathering, and under similar con-

stratified profile grading from a granular sub-
soil or substratum to a silty or sandy clay
overburden. The more rugged slopes produce
less soil and more granular material. Figure

Ftgüre 19. lte slopes assumed by weathered
materials lndlcate the rel¿tlve clav content of
the soil mantle. These "soft" siopes are a
contrast to those charscterlstic of more
weather-resista¡t rock. Reprlnted from Erich
F. Schmidt, Fltghts Over Anõlent Citles of Iran
(Areal Survey Erpedition, Mary-Eelen Warden
Fouadatlon) 1941. By permtsCloa of the IInl-
versity of Chicago.

ditions of weathering the same type of parent
will respond in a similar fashion. It is rea-
sonable to assume that, regardless of distance
the same type of rock ç*ill produce similar
soils under similar elimatie eonditions. Fig-
ures 19 and 20 sho¡v the "soft" slopes pro-
duced by the weathering of granites in the
relativel¡'dryclimates. Similarlythe weather-
ing of limestones is related to the climate.
These are but úhe more definite examples of
rock tlpes having clistinctive rveathering
characteristics. Both the oecurrence and the
n'eather resistance eombine to aid in identifica-
tion. Where slopes appear to be ,,soft',,
the soil can be expected to have a relatively
high clay content and the materials washed
from such slopes to form terraces will have a

Ftgure 20, A: The slopes of these mou¡talns
are the key to the soll texture in the ñlled
valley at their foot. Gravels and sands are not
as available ln this are¿ as ln areas of more
resistant rockwhile the lncreased clav content
of the soil makes the use of granular-material
more desirable. B a¡d C : Clãy-shale slopes in
South Dakota and in Artzona indicatinq ã No.
l0 to No, ll material. Note reslstant Ëaprock
ln each.

21 shoçs a rvell developed series of terraces
forming an excellent source of grauular ma-
terial as n'ell as providing a very stable loea-
tion for runways or highways. In contrast
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Ftgure 21. Glectal teffaces assoctated wltå the M¿dlsou rarge ln westerr Mo¡tana. These
can be lde¡tlñed as graaular materlal because of thelr forms aniÍlack of eroslo¡ scars.

Figure 22 shows a highly dissected úerrace in
Palestine having a deep uniform profile in
Lisian marl. The gullies' side slopes indicate
uniformity, and the shape, a silty-clay ma-
terial.

Slnpe. Prcvailiug ground slopes may also be
considered an element of the soil pattern. In
examining photographs the observer receives
a general impression of the local slopes in an
&rea. These are generally a function of tex-
ture with granular and semi-granular ma-
terials assuming the steepest slopes. The ob-
server will find areas adjacent to streams the
most productive in which to examine this
featu¡e. At bends where the cuneut may be
atüacking the bank of the stream, fresh ex-
posures unmodified by the accumulation of
debris at the foot are available for inspecüion.
However, slopes over which runoff passes are
the more reliable indicators. Even the un-
initiated can readily detect ùhe difference be-
tween the prevailing slopes in areas of, No. g
or higher, silty elay and the less plastic, No. 8
or lower, materials.

Swface Drainage. Surface drainage or run-
ofr is the result of melting snow or ice or of
rain falling on the ground. Whether it soaks
in o¡ runs ofr the ground su¡face deúermines
the existence of a drainage pattern. The por-
tion that runs ofi the surface determines the

Flgtte 22. A land form ln Palestlne st4llar
to that shown i¡ Flgure 21. I¡ this lnstance
eroslon l¡dlcates aa impervlous terture a¡d
the gulleys show the erlstence of a deep unl-
form proûle. The O¡ie¡t Press Photo Co. (Tel-
Avlv).
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intensity of the pattern. In this sense surface
drainage cloes not mean rivers and streams but
the immediate and local pattern caused by
runoff on an acre, a section, or a square mile of
ground surface. Briefly stated it is a di¡ect

23). But plastic elays and silty clays resist
the penetration of moisture, which promotes
surface runoff and the development of a drain-
age pattern.

A clrainage system may vary in complexity.
Complete absence or a simple extension of sur-
face drainage from a stream into the upland
probably indicaües a pervious material. A
highly integrated system with branches reach-
ing to all parts of the area inclicates poor in-
ternal drainage (Fig. 2a) rvhich for engineering
use me&ns a plastic subgrade, difficult con-
struction, a need for an adequate base course,
and provisions for drainage. Obviously on the
same parent material the amount of surface
runofr will be greaüer on the súeepest slopes.
This relation to slope in itself creates differ-
ences in the respective soil profiles; those on
ühe steepest slopes are shallow and weakly de-
veloped, while those on the flat slopes are
deep and less pervious. In most cases, rvhere
there is sufficient year-around rainfall the sur-
face drainage element is highly reliable.

Figure 23. A sand plaia showlng ¡o su¡face
dralnage, a utiform color pattera aad sparse
vegetatlon representiug an excellent subgrade
materlal. Muck occurs ln the cha¡nel (glaclal)
remnatrt outllned.

Flgure 24. An alr-vlew of a plastlc stlty clay soll and a trschg of the surface drainage pattertr.
Note the tra¡rsltlon from drainage,ways to a dark color patter!. Compare the draiuage paitern o¡
these Nos. l0 aad ll solls wlth the saad (No. 2) patterr in Fig.23.

function of soil permeability and ground slope "Functional texture" is offered as a qualify-
and, within rather wide limits of slope, surface ing term for soil elassification regardless of the
drainage is a function of the permeability of method of surr-ey. Aerial photographs show
the profile. Porous sands absorb the rainfall the effective drainage of the próflle regardless
and surface drainage does not develop (Fig. of texture. The limestone soils have a rvell-
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drained proûle. They are often red in color
and lackevidence of complete surface drainage,
indicatinga porous profile. How'ever,this is a
condition not related to the common concep-
tion of texture since these soils are high in ae-
tive clay content. The process of weathering
and profile development produces an open
structu¡e in which the clay particles are segre-
gated into lumps with ample space between for
percolating water. The porous limesüone

and will act as such in engineering structu¡es
functioning as a semi-granular material.

Logically a discussion of erosion should fol-
low surface drainage since it is a related pro-
cess. Actually erosion in gully form cuts
through the profile and provides some detail
on textural differences within the profile.
Therefore, a discussion of the remaining ele-
ments produced by the net effect of the enti¡e
profile will be completed first.

Fißu¡c 25. Avertlcalphotograph of an a¡ea contalnlng ¿ laterltlc soll, l, l¡ whtch clay slze solls
fuqctlon a!¡ porous materlal. Laterlte may develop from aay type of parent rock under condltlons
of htgb rainfall and temperature. Plastlc solls developed on comparable slopes, 2, Íroø tufiacc-
ous rock have developed a su¡face dralnage pattertr. Sand borderlng the shore llne is shown ln
dotted outllne, 3. Arrows lndicate, 4, a swamp a¡ea, a¡d 5, a color patterû indlcatlng htghly
plastlc soll.

parent material absorbs the rvater and pre-
vents waterlogging of the profile, a condition
which would otherrvise result in a consequent
swelling and closing of the soil structure.
When compacted during construction this
structure is destroyed and the immediate sub-
grade or fill reacts essenüially as any other
plastic clay. The qualifying term aptly ap-
plies to the slightly ¡rlastic, well drained, clay-
size soil materials of the high rainfall tropics.
Although ühe colloid eontent of these inactive
clays is high (as much as 90 percent), they
will appear porous in photographs (Fig. 25)

SoíI Color Tones. The coior of the surface
soil material is often a result of conditions that
have controlled the soil-profile clevelopment.
In such ìnstances the color tones eviclent in
photographs give indirect information on the
texture and clrainage of the profrle. Soil
color (sruface) is a function of the natural
vegetative cover rvhich is in turn controlled
over large areas by the climate and in local
situations by the immecliate ground-rvater
condition-often regarclless of climate. The
elimatic influence rvili be omitted here and
considered nrore completely under another
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heading. Initially the most confusing part of
photo-interpretation is that pattern oeaúed by
crops. Theqp are regular in shape and are ob-
viously a product of human effort. The soil
color pattern usually shows through most
crops and can be úraced upon close examina-
tiou or by intærpolation from adjacent fields.
The eolor pattern is always irregular.

The color element or pattern varies from one
area to another, assuming, as does drainage,
different shapes and varying in actual color.
Fig. 11 is an example of a highly developed
color pattern (Indiana-glacial drift) faith-
fully reflecting slight changes in elevation and
ground n'ater conditions. The black areas are
deep, wet, plastic silty clays while the slightly
higher light areas have a betüer rvater con-
dition, a shallow profile and a higher silt con-
tent. A comparison pattern in red and black
occurs in Tanganyika ancl Somaliland (8).
Red, white and black are the common colors
found in surface soils. In humid areas
temperate or tropic, the black color is related
to soils existing in low, poorly drained situa-
tions. Since this applies equally to sands it
can be seen that reliance on color alone is as
erroneous as dependence on any other single
element. This continuity of color often car-
¡ies over long distances since the "mbug&" of
Tanganyika and thp "vlei" of South Africa are
wet, black clays. The follorving description
of depression soils in the Uganda Protectorate
applies precisely to the black soils in Fig. 11.
They "consist typically of an intensely black
topsoil overlying a gray or bluish-gray rvater-
logged cla¡"' (9). These soils regardless of
their location n'ill have a similar soil pattern in
aerial photographs and s'ill present the same
difficulties in engineering construction. The
so-called black soils or chernozerns are a product
of climatic influences that are favorable to
grass cover. When ühese are vierved from the
air they are found not to be uniformly black
but to contain a variety of shading wiüh a
distinetly black soil in depressions.

Red in soils often indicates a ç'ell-drained
profile having a lorv water ùable. fn ordinary
photography red ûlters used to remove haze
give the red areas a dark value in the prints.
Many soils in the south have a red color ancl
¿lmost all limestone soils except under special
rainfall conditions, are red.

Red is also a dominant color in many clay
shale deposits and the outcropping of "red

beds" that weather to rounded slopes (Fig.
15) are inevitably associated with landslides
and tll failures. In these cases the color is not
indicative of good drainage.

'White or light gray colors in soils of the
humid regions are ræually an indication of ex-
tremes in moisture variation. They are sub-
ject to seasonal sa,turation and drought;
saturation during long rainy periods because
of retarded internal drainage and dryness be-
cause of a favorable position. Obviously
s¿nds are an exception to this and can be dis-
tinguished from a light colored silty clay by
other elements of surface drainage and dune
shapes (if present).

With the co-operation of the Army Air
Forces, experimental photographs are being
florvn in five sections of the country. These
aerial photographs (transparencies) in color,
exposed at various altitudes give remarkable
details of the vegetative cover as well as the
natural colors of the various horizons in the
soil profile. Where erosion is active, the
colors of the major horizons can be seen by
noúing their sequence from the headward ends
to the mouths cf gullies. Likewise, the color
bands of the horizons can be seen on the slopes
of highrvay cuts.

The value of color in this work lies in the
added detail that it furnishes with respect to
these two elements of the soil pattern. The
cost of color Êlm, while somewhat higher, is
juslified in special n'ork and particularly in re-
mote areas because of the separations by color
of many minor det¿ils.

I'egetatiue coue.r is perhaps the most difficult
of the elements of the soil paütern for the engi-
neer to interpret. Only the more obvious de-
tails required for interpretation on the basis of
vegetation is to be had in high-altitude
(12,000 ft.) photographs. \¡arious types of
trees are difficult to identify but drastic
changes in soil condiüions create vegetative
contrasts that mark the boundary bets'een
soil areas. This is especially true in the vast
northern srïâmp areas represented by Figure
26. Within a swamp area where the s'ate¡
table is sufficiently high to obliterate other
elements of the soil pattern, vegetation alone
remains. Muck and peat bogs have separate
and distinguishing patterns of their orvn but
the so-called tamarack swamps have proven
di.fticult to decipher.' In forested areas, forest
fires complicate the pattern although the fires
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are often confined to the dry land. Lumber-
ìng operations also tend to influence the pat-
tern. fn general wet and dry positions are
distinguishable by the vegetation that they
support, giving the observer a general im-
pression of cover type. Although the pres-
ence of poplar indicatæs dry ground, jack pine
implies sand and gravel beds; tamarack,
nruskeg, and willow, wet ground. It is also
true that many species such as white pine and
aspen ere tolerant of drainage and soil con-

ground there are small area¡ of thawed soil
that are probably caused by circulating ground
water (19). These are marked by contrask
in vegetation since the unfrozen ground pro-
motes the growth of larger plants, shrubs, and
bushes, having deep root systems.

A.nother characteristic of these frozen are¿s
observable in aerial photographs is the poly-
gonal pattern probably developed best on the
silt soils of the wide flood plains and terraces of
the river valleys. This pattern, also found in

Figure 26. A northera peat-trog area. Thls u¡usual patter¡ occurs in a glaclated ar9a...ftoq;
tng õater has obviously Înfluenðed tbe shapl,ng-of the patteru'. the. a¡ea ls ertremeJy altfrcult
io-e¡plore and the variãttons in relief are so sltght as to êscape detectlon on the grouod.

ditions and n'ill gro\r on sandy as s'ell as clay
soils and in rvet or dry positions.

Location work on the Alcan highn'ay rvas
basecl on photo interpretation of this element'
Low altitude photographs and experience
would improve the reliability of this type of
inter¡rretation. Since some types of vege-
tation grow over a wide range of soil conditions
it is well to avoid placing too much emphasis
on this one factor rvithout supporting eviclence
from other elements.

\:egetation also acts as a partial indicator
of perennially frozen ground in northern lati-
tudes. Within the general region of frozen

other positions, is created by ground ice form-
ing more or less verúical veins in the soil mass,
extending in some instances to depths of 30 or
more feet. Marked by vegetational changes
and mioo-relief these immense polygons (ã)
to 70 ft. in diameter) fore-warn of exüraordi-
nary subgrade conditions.

Erosinn is probably the most valuable index
of subsurface conditions of the soil profile.
Generally speaking two types of soil erosion
occur, one in the form of gullies and the other
as sheet erosion. Although certain chemical
properties of soil inluence the degree of ero-
sion it is controlled largely by texture.
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Gullies, being the most significant, merit the
principle eonsideration. Cut by sur{ace run-
off, they often occur on sloping g¡ound be-
tween the shallow upland drainag+ways and

Flgare 27. A¡ tltustratton A, of gulltes ln
saady soils and, B, ln claypan sotls.- The II-
shaped gullies are short and begtn abruptly-
p,hoto taken at head of gully. V-shapeil and
flat angle.shaped gullies in- the more plastlc
soils ertend well into the upland on a- mo¡e
uniform gradlent. C: A typtðal gully found tn
arid regions where "flash floodS" attack dry
soll banks and often create ll.sbaped gulltei
ln clay soils.

the floocl pìains of established streams. The
eross-section shape of a gulley is controlled by
the cohesive properties of the soil. Silts,
sands, and sand-ela¡'s develop vertical sides or
tÌ-shaped gullies.s Examples of these are

5 This relationship does not carry over in the
same degree to arid elimates (See Fig.27c).

found in sandy coastal plains areas. Fig,tr.
27 shows a grouad view of a gully of this type.
They are characte¡ized by a sharp dropotr,
from the ground surface to the bottom of the
Bulley, ¡t the he¿dward end. They are often
stubby, extending only a short distence into
the upland. V-shapid gullies indicate a deep
uniform profile in a semi-plastic to plastic
soil; where ¿¡. 1'-gulleV becomes very broad
and shallow (Fig. 27) a silty or fine eandy ma-
tcrial on a claypan is indicated. This same
shape may indicate a shallow soil on bed¡ock
but the presence or absence of rock outcrops
in the vicinity will conf¡m or deny this alter-
nate choice. These latter two types will pro-
gress for long distances into the upland. Thus
we maysaythat the gullyis apartialkeyin rec-
ognizing the plastic unstable silty clays or the
sands, in distinguishing between well-d¡ained
and poorly-drai:red soils, and in anticipating
dirt excavation or rock excavation. Unfo¡tu-
natæly airphotos c¿nnot be used satisfactorily to
illustrate gulley shapes since they often appear
in minute proportions requiring magnification
of stereoscopic pairs. Silt gullieÆ h¿ve the
additional feature of vertical ffns or columns
preserved by sod or brush. Oüher erosion
featu¡es of silt occurring in norüh China (12)
take the form of çhimnsys and pinaacles.
"C&tsteps", another form of erosion common
in some are¿s charact¿rize loess on steep
slopes. These contourJike shelves resulting
from the slipping of the loess are clearly visible
with magni6cation.

La,rd use and other human influences are in-
cluded as an element of the soil pattern. The
pattern of contour plowing, terracing, and
strþ cropping are forms of erosion control
signifying a friable soil on a less pervious sub-
soil. Check dams, levees, crops, crop bound-
aries, plow lines and many others c&rrj' some
special significance depending upon the lo-
cality. "Dead furrows", the inevitable sign
of plastic, poorly-drained soils, are the far-
mer's attempt to obtain surface drainage in an
impervious proûle. Orchards thrive in well-
drainecl locations and therefore, when ob-
served on level ground, good subdrainage is
implied.

These then are the major elements of the
soil patterns, the land form, surface drainage,
color, vegetative cover, erosion, and lancl use.
Created directly or indirectly by physieal
properties of the soil they form a basis of inte¡-
preting the engineering characteristics of the
soil and of fore-seeing problems that affeet the
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eost of construction and maintenance of pave-
me4ts.

Cl;imaríc Efects on SoiI

It is evident that in applying photographic
interpretation to soil surve)'s in unfamiliar
areas lack of experience may require investi-
gation of available infor-ation concerning the
rrea. In the eastern and midwestern States a
good coverage of soil informatiou exists. The
ruore recenú reporüs are usually excellenü and
cau often be used without supplementing
photographs. Unfortunatæly, a large number
of these were completed between 19ü) and

for soil colors or other general distinguishing
features. The chernozems are black earths or
the prairie soils; black because of the restricted
rainfall that promotes the growth of grass
which in turn produces a deep (12-24 in.) or-
ganic development in the profile. The pod-
zols ¿re soils having an ash-colored layer im-
mediately below the surface; these are de-
veloped in cool climates usually under pine
forests. There are also the gray brown pod-
zols, the red and gray desert soils, the chesnut
soils and the laterite.

fn comparing these soil areas with the parent
matærial areas it is impossible üo escape the

I Figure 28. Soil pattern of saûds and clays under ¿rld cltm,ate (3 to tg in.- rainfall) near the
cåntial portion of aÏlled valley. Fiue sandshave the lighter color, are sligbtly,bigher ln_elevatlon,
and beai the channel marks oi the outwash from the mouûtains. The clay settles out as lacustri¡e
material in relatively quiet waters givirg a contrasting dark tone compared to the santl. These
areas may be under water for short periods each year.

792-o. The methods then used, the accuracy
of mapping, and the descrþtive matter make
them difficult to use effectively for engineering
purposes. Outside of the area mentioned
there are ferr'extensive areas that are mapped
in detail.

The bulk of the published information on the
soils of the western Statæs (10) Europe (5)
and Africa (7) is based on the Russian system
of classification or some l'ariation of it.
\l'liere pedology contains man¡' phases that
are directly applicable to engineering the cli-
matie classification conceived in Russia has
onl¡' a fe*'minor applications in some areas.
fn the event that this type of information is
a'iailahle it is ¡vell to realize that it is based on
climatie influence, chiefly rainfall. The names
given the various soils are the Russian terms

conclusion that they are not related. Ex-
amining the chernozem belt that roughly
parallels the Mississippi River from central
North Dakota to Texas leads to ühe conclusion
that all types of soil exist in that area--clays,
silts, sands, and gravels. The same variations
occur in.the other classifications. An example
of this occurs in an area of Liberia mapped as
laterite soil. Actually the area consists of
"occasional swâmps and stretches of clay soil
that necessitate the hauling of lateriüe gravel
for a ferv miles for road surfacing, but the sup-
ply of this ideal road building material is in-
exhaustible. It occurs in all parts of the
country, often in a layer 3 or 4 ft. thick just
beneath thetopsoil. . ." (11). Eventheterm
lateritæ is so broad as to include many forms of
soil and does not always indicate gravel or
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bricklike matærial used for road metal in parts
of Africa, India and the Malay States.

A soil area that would be classed as a Gray
Desert soil (Sierozem) is shown in Figure 28.
Here sands and clays occur &s indicated by the
color and drainage patterns. This is the
general pattern of the central or low-gradient
areas of the arid, filled, intermontane valleys
variously described as "bolsons", "playas", or
"chotts".

TEE õIGNIEICÄNCE

Obviously the significance of the soil pat-
tern lies in its relationship to engineering prob-
lems affected by the soil. Currently the soil
problem resolves itself into two parts, one in
which the soil in place is satisfactory as sub-
grade, and the second, where the soil is u¡-
suitable. fn areas of unsuitable soils some
form of improvement, by stabilization or in-
sulation, is required. fnsulation involves the
economic loeation of granular materials in the
forrr of rock to be crushed, cinders (volcanic),
o¡ s¿nd and gravel. The preceding discussion
has dealt with each element of the soil pat-
tern; therefore, some grouping of these ele-
ments will illustrate the common soil patterns
not already described.

Inasmuch as gravel and sand or other granu-
lar deposits exist to some extent in nearly
every county in the country the significance of
soil patterns indicating granular materials is of
considerable economicimportanceto engineers.

Because of differing origin, granular de-
posits occur in various forms in various sec-
tions. Regardless of the area, isolated de-
posits of gravel and s¿nd are ¡elated to present
or past drainage systems. On the basis of
soil areas the glaeial drift has a variety of in-
teresting gravel and sand deposits. Each has
the usual elements ühat indicate the presence
of granular material.

Kames and eskers are gravel deposits dumped
by the glacier onto the unassorted till or drift of
the surrounding areå. They bear no necessary
relation to the general soil texture of the sur-
rounding terr¿in and, fortunatæly, often occur
in areas of plastic soils. Kames are round,
usually symmeùrical, hills of gravel that have
been dumped from holes in the bottoms of
rivers flowing on or in the glacier. Eskers,
formed in a similar way, oftæn resemble
abandoned railway fills. Because of their
shape and abrupt slopes these tç'o forms are

readily disüinguished in aerial photographs.
Figure 29 shorvs eskers occuring in a northern
are&. They are, as yet, undeveloped soluces
of excellent gravel in the particular areas
shoqr¡. Figure 30 shows ¿ characteristic
drumlin pattern that should not be confused
with eskers since they furnish a oemi-granular
material unsuitable for commercial aggregates.

Ftgure 29. A serles of parallel eskers in a
glacial drift area. While tbe eskers (rtdges of
gravel) themselves lndlcate a glactal area the
associ¿ted muck deposlts atrd general patter¡
are also lndlcatlve of glaclatlon.

Figure 30, Drumllus, a glacial form that
should ¡ot be histaketr for eskers. Eramin-
atlon of the elements of tbis pattera wlll indi-
cate a material less pervior¡s than the sands
and gravels in kames and eskers.

Other formations in glacial areas containing
s¿nds and gravels are directly assoeiatecl nith
stream channels. These take the form of out-
'rash plains (sand), granular drift, and rile¡ or
stream terraces. Outs'ash plains are also
found in mountainous country,and they repre-
sent areas in rrhich çater mol'ed with sufficient
veloeity to earry sand or larger size material.
They are usually level plains, having a rather
uniform color pattern, an absence of surface
drainage, and a sparse vegetative cover (Fig.
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23). Sands develop a color tone that çith ex-
petience becomes unmistakable in aerial photo-
graphs. Gravelly drift plains have the same

form of relief and lack of surface drainage but
they can be readily distinguished from sand

Figure 31. A: Au alrvlew of a gtavel plain.
Thesl plains although porous have a-pattern
that diõttnguishes them from sand (S,ee te¡t
and Fig. 25). B: Granular material in a
glacial terrace in Washington state'

ìreeause of lheir color pattern. Figure 31 is an
air vien' of sr¡eh a plain. Close observation
shol's tìre presence of an infinite number of
smnll irregular black spots. The general im-
pression is that the area has a rvorm-eaten ap-
pearanee. The difference in composition of

sand and sand-gravel mixtu¡es accounts for
this. The sand, being chiefly silica, is highly
resistant to wedthering while ühe gravels,
whether þeous or calcareous, weather and
form a silty or sandy clay horizon at the sur-
face. This horizon development partially re-
tards the donaward percolation of water and
insigniûcant sinls or solution ba¡ins form
where suficient water concentrat¿s to m¿ke a
moisture condition more favorable to vegeta-
tion which in turn promotes a slight increase
in organic material. This difference oeates
the pattern that identifies this class (No. 3)
of m¿terial in gravel plains throughout the
humid areas of glacial drift.

Gravel terraces occur in these areas in asso-

ciation with süreams boüh large and small'
Figure 18 shows this type of land form. These
granular terraees are usually high above the
present floodstage of the stream. They are
level, they vary in width, and they may or may
not be continuous. The adjoining uplands
are dissected with many gullies emptying water
onto the terrace, while the stream border of the
terrace usually drops abruptly to the flood
plains. The truly granular terraces abso¡b
the water that they receive from the upland
and remain undissected.

Glacial lake beds (See Fig. 3.) present one of
the most unsatisfactory subgrade soil areas.

Despitæ their plastic properties most have_ a

seriés of beach lines that often serve as the
only source of gravel and sand for many miles.

Fortunately beach lines are clearly visible
from the air since they present a striking pat-
tern in contrast to the adjacent areas. Figure
32 shows the pattern of a small section of an
ancient beach line striking across the bed of a
glacial lake; its light color, vegetative cover,

and form make it as a, source of granular bor-
row material so necessâry for subgrades in
these areas.

Since water transports and assorts these
granular materials, washing away the fine
particles, it is possible to generalize and app-ly

io most of the other areas of the country the
rule that granular deposits occur where the
velocity of water decreases. This is true
along the fall line in the east, at the bare of

-ountai.ts in the west and at the junctions of
streams in nearlyall areas. If the watershedof
a stream contains rock, sand, or gravel, then
assorted deposits of these materials will occur'

in or near the chaunel. Abrupt changes in
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cb¿nnel di¡ection are eaused by a body of re- white epoüs appearing in the picture are
sistant material that may either be rock or n¿tural deposits of "gas-well sand". These
buried gravel aud sand. Figure 33 shows a occur in many of the clay areas of this region

Figure 32. Â beach llne of sa¡d and gravel n¡lklng the border of oae rtagc of a glaclal lake.
these rldges of g¡anular aaterlal, 1¡ a level a¡ea of ûne-te¡turcd solls, rre rcadllrdetected tn
aerlal photographs. Co¡thuous da¡k ltnes mark tåe general bou¡d¿rlee of the be¿ch llne. The
stream ûows through a gap. A cross-sectto¡ sketch of the dralnage-vay ls showu at lower rlght.

Figure 33. Gravel terr¡ces at the junctlon of two rlvers ln New Zeal¡¡d. Braided stream
chan-nel at left. The contl¡uous ltnés (arrows) mark deûnlte stages of terr¿ce-develgp4e!!
while the less dlstinct scars are channel marks. On each terrace the surface is sufrclently level
for a safe landing by alrplanes. Being gravel, these soils are stable in all seasons. Courtesy of
New Zealand Àerial MaPPing, Ltd.

remarkable series of gravel terraces occurring and form ühe only source of granular borrow in

in New Zealand near the junction of tço rivers. many localities. They often have a textu¡e of
Figure 5 illustrates an unusual source of coarsesandandfinegravel,areroundinsha-pe,

gr"oul"t material peculiar to the coastal 10 to 50 fú. in diameter, and vary f¡om a few

plains in fukansas and Texas. The small inches to several feet high'
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These modes of occu¡rence apply also to
areas where mountains rise abruptly from the
sea. fn Figure 34 a slightly dissectêd grenu-
l¿r terrace stsnds above the se¿ level at the
ba,se of mountain slopes in a hot, arid slimaþ.

In areas showiug signß of past volca,nic
activiùy, cinder cones furnish, in most in-
stances, & Bource of granular material guitable
for base construction. These a¡e recopizeble
from the air as well as from the ground by

:.r, ïq*

S c.et'

Figure 34. å gravel terrace, 1, at a ehorell¡e traneltlon from mou¡talnous country to-se¡ level.
Slmpie gullies arä beglnntng tó diisect thls terrace. A belt of loose sand, S, separates tbe terrace
from the sea.

their distinctive cone shape. The cinder cone
in Figure 35 is typical of this type of deposit.
In dry areas where vegetation does not cover
'i;he slopes their form is more obvious. From
the air an observer has the added advantage of
detecting lava florps that stem f¡om the base of
the cone and form a pattern having fluid out-
lines.

Flgure 35. A ground view of a þplcal cinder
co¡e. The symmetrical peak and side slopes
mark this type of granular deposlt.

Gully erosion in arid areas is more severe, since
the total annual rainfall often falls during a
fen violent storms. Here the terrace, the
parent stream, and the steep slopes are in-
cluded in a small area.
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MAPS FOR CONSTRUCTION M¡.TERIRT,S'

Fra¡¡k E. Byrne, Geologist, United States Geological Survey

SYNOPSffT

The basic materials that the engineer needs for construction are the rocks and sediments of the
earth's crust, The geologist, because of his experience in mapping these same rocks and sedi-
ments, is well qualified to prepare the maps tlre engineer needs in his search for construction
materials, The completion of sñort- and long-range construction prograrns requires great
quantities of these basic materials. The use of the geologist in preparing materials maps will
result in considerable reduction in t}te cost of engineering construction.

The three principal kinds of construction-materiel maps are discussed: material-site, mate-
erial-distribution, and surface-geology.

I¿ferial-Site uaps -The material-site mapis the leastetqrensive of thethree kindsto prepare.
It is an excellent inventory of materials that have already been found and tested, but it lncludes
only those known to the compiler by reason of the basic data with which he has been supplied.
It does not show other construction materials that may be present in the same area but have not
previously been needed and tested. It is a poor basis for the search for additional materials.

lateria!-Distribution taps - The map is based onthegeologic maps available for a region.
Each outcropping formation shown on a geologic map is classified as to the kind of construction
material that can be produced from it. The area of outcrop of that geologic formation, then, is
tåe area of distribution of that material.

The cost of a material-distribution map is only moderate. The map is an exc¡llent lnventory
of all kinds of material available in a region, and it shows the potential production areas for each
material.

Surface-Çeology ltaps -The surface-geology map combines many of the useful features of tàe
other two kinds. It is constructed to a relatively large scale; it shows tle outcrop areas of all
geologic lormations and the locations of existing pits and quarries in the area.

A field party maps the geologic formations, both consolidated rocks and unconsolidated sedi-
ments, usually on aerial photographs. The party plots the locations of all existing pits and
quarries, locates additional materials, and collects samples for laboratory testing.

The surface-geology map is the most e)pensive of the three to prepare. The eryense, how-
ever, is a self -liquidating one and the money e:qpended is returned many times over. The map
itself serves indelinitely as a completely adequate base for the efficient search for materials,
and is also a valuable source of information lor the planning engineer, for tle design englneer,
and for the engineer estimating the cost of construction.

Basis of this Evaluaîion - This paper
is basedupon experiences as a geologist
assigned to the mapping of engineering
construction materials in Kansas and
the preparation of maps to be used in
the search for materials in the western
part of the United States. The work in
Kansas is a cooperetive project of the
Geological and Materials Departments
of the State Highway Commission of
Kansas and the Engineering Geology
Branch of the United States Geological
Survey. It is a continuing project that

tPublished by permission of the Director,
US Geological Survey.

was started in 1946. The work in
western United States is in cooperation
with the Military Geology Branch of the
Geological Survey.

Def init ion of Engineering Construction
Ialerials - As tlte term is used in this
paper, engineering construction mate-
rialsare defined as thenaturally occur-
ring materials of the earthrs crust that
require no more than ineryensive proc-
essingbefore useinconstruction. Sand,
gravel, silt, limestone, and granite ere
some of the materials included in this
restricted definition. Products derived
from the rocks of the earth's crust tìat
must be given expensive processing or
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manufacture before they can be used in
construction are excluded.

Need fot Constructicn llaterials - The
basic materials for engineering con-
struction, such as sand-gravel, lime-
stone, andgranite, are neededin greater
quantities than ever before. They are
needed under short-r:mge programs to
repair the damages resulting from the
shortages in manpower and materials
prevailing during the war years. They
are needed under long-range progrems
in ever greater quantities to complete
the construction already far along in the
planning stage.

These basic materials are a major
item of cost in every construction
project, whether it be a highway, an
airport, or a dam. Through the prep-
aration of adequate maps and by t}te
effective use of those maps in tÌ¡e field
exploration for materials, the neerest
source of acceptable materials to tìe
project can be located. Haulage costs,
therefore, can be reduced to the mini-
mum. In many cases this saving alone
will repay the erpense of map prepara-
tion many times over.

Kinds of laterials Yaps - There are
three principal kinds of materials
maps: (1) material-site, (2) material
distribution, ând (3) surface-geology.
The material-site map is a familiar
one; maps of this kind have been Pre-
pared for many regions of the United
States. The other two, the material-
distribution and surface-geology maPS,
have been ¡dapted for use in material
e:ploration as the result of the work
now being carried on in western United
States and Kansas.

MATERIAL-SITE MAPS

Description - The material-site map
shows the location of pits and quarries
that are now beingoperated or that have
been operated in the past. (See Fig. 1,
Example of a Material-Site Map. ) The
map is usually prepared to a relatively
small scale, 1 in. equals 10 or 15 mi. ,
but may be constructed to a much

larger scale if it is to be used as a
part of the construction program of a
single project. Although generally
constructed in the office trom available
pit and quarry data sheets, and not
field checked, this kind of map can be
checked very thoroughly in the field and
ampliÍied by that field work.

Scole

mlles

LEGEND

o Aggregole

¡ Slone

¿ Mrnerol filler

Figure l. Example of a Material-Site
ItltP

Most material-site maps show the
kind of material available at any one
place þ the use of identifying symbols,
which may be blackand white or may be
colored. In addition, each one of the
pit and quarry locations shown is keyed
through an index number to a source of
basic data on the test properties of tåat
material.

Advantages of llafer i a l -S i te llaps
Among the advantages inherent in a
material-site map is that of the rela-
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tively low cost of preparation. The
basic data needed by the compiler are
already available in the files of tìe
materials department. Probably the
cost of such a map for Kansas would
range from $10,000 to $15,000, and
would include the expenses of compila-
tion, drafting, and publication. It
would not, however, provide for eollect-
ing and testing additional samples of
materials.

A material-site map is of great
value in a short-range construction
program. It serves as the record of
materials known to be immediately
available il every part of a wide area,
and also indicates the existing pits and
quarries from which these materials
can be produced. The statistical data
correlated with the map will show the
quantity and quality of t}te material
available at each site as of the date of
compilation of the map. It is a useful
inventory of construction materials.

In some circumstances, the mate-
rial-site map is the only kind that can
be prepared for a region. During
World War II, for example, material-
site maps were prepared by the US
Geological Survey to show the available
sources of construction materials in
enemy-held territory. Even though
the maps were prepared from no more
than library data, they were found to
be very useful to Army engineers after
invasion had been accomplished.

Disadvanlages of llaterial-Sile llaps -
Several disadvantages are inherent in a
material-site map. It includes only
those material-site locations known to
the compiler by reason of the basic data
with which he has been supplied. It is
entirely possible that some agency
unknown to him has opened pits and
quarries in the region. Data on such
sites are not available for his use and,
therefore, his inventory of construction
materials cannot be complete.

Nor does a material-site map show
all of the kinds of construction materials
available in a region; it shows only the
sources of materials used in past con-
struction. In one year, for example, a
field party may explore an area for
sand-gravel. This party, seeking only
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sources of acceptable sand-gravel,
probably would take little note of otler
construction materials in tåe area. But
five years later a new construction-
project in the seme area might require
Iimestone for use as rþrap. A second
materials party would then have to go
over much of the aree covered earlier
by the first party. And with eech new
material requirement there would be
the accompanying elpense of re-erplor-
ing the area. A material-site map is
not a complete record of tÌ¡e past ex-
ploration for materials.

MATE RIAL-DISTRIBUTION MAPS

Descr i pt i on - The material-distribution
map can be used as t}te basis for ma-
terials exploration in regions in which
little e:.ploration has yet been done or
for q¡hich data are inadequate or are
not available. The map is usually
prepared to a small scale, one in.
equals 10 or 15 mi. However, it is
entirely possible to prepare such a ma¡r
to a larger scale, one in. equals one or
two mi. , if there is an adequete source
of information.

The map is genera.lly prepared in the
office, but a field check may be under-
taken if the circumstances indicate its
advisability. Maps of this ltind are now
being prepared for a number of states
in the western partof the United States.

The material-distribution map is
constructed on the basis of n¡hatever
geologic maps are available for tìe
region. Each outcropping formation
shown on the geologic map is classified
as to the kind of material tl¡at can be
produced from it. The area of outcrop
of a geologic formation, therefore, is the
area of outcrop of that construction
material. Instead of depicting the out-
crop arees of geologic formations, the
map shows the outcrop areas of sa¡rd-
gravel, limestone, granite, a¡d other
basic materials needed for engineering
construction.

In one part of western Montana (see
Fig. 2, Geologic Map of a Part of
Western Montana), the geologic map
shows the areas of outcrop of deposits
laid down by present-day streams (Qa),,
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Material-Distribution Map of a Part of WesÈerrr Montana
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somewhat older deposits laid down on
the floors of ancient lakes (TI), the
Madison limestone (Cm), the Siyeh
group þ€s), and the outcrop areas of
still otler geologic formations not
designated by symbols on tìe map. The
stream and lake deposits are known to
be composed predominantly of sand and
gravel, a¡d would be classified as a
single materials unit, sand-gravel.. The
areas in which tlre stream- and lake-
deposited sediments a¡e shown on tlre
geologic map would be the source areas
for sand-gravel shown on a material-
distributionmap. (Seefig. 3, Material-
Distribution Map of a Part of Western
Montana. )

The Madison limestone shown on the
geologic map would be classified as
limestone and so, too, would the Siyeh
group of formations, although tlre latter
includes some thi¡ beds of shale. (See
Fig. 2. ) The outcrop areas of the two
f ormations, when transferred to a
material-distribution map, would tl¡en
show the potential production areas of
limestone in this partof the State. (See
Fis. 3. )

ldvanlages of lt¿ter i al -Dì slr ibul ion ltaps -
The example described above demon-
strates t}te principal advantages of a
material-distribution map. It shows
the areas from which all kinds of con-
struction materials in the region might
be produced. Further, the map shows
also the areas in which anyone material
cannot occur. A materials party, using
this map as the basis for its field ex-
ploration, knows exactly the areas to
search for a specified material, areas
of outcrop of other materials can be
eliminatedfrom the explorationprogrem
even before the partygoes into thefield.
Time and money are saved.

As another point in its favor, the
material-distribution map seryes as a.n
adequate inventory of all the construction
materials in the region it depicts, in
which respect it is an improvement
over the material-site map. The ma-
terial-distribution map shows the areas
of outcrop of all available materials,
not just the places from which ma-
terials have been produced for past
construction.
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Although the preperation of a mate-
rial-distribution map is more ex¡rensive
tltan that of a material-site map, its
final cost is stitl moderate. Unless a
field check is undertaken, the only
expenses are the salaries of a geologist
to make the materials conversion e¡d e
draftsman, and the cost of publication.
Using Kansas as tl¡e basis for the esti-
mate, the total cost of tl¡e project
probably would be about $20,000, in-
cluding publication of tlre map.

Disadvantages of llaterial-Dislribution
ltaps - The priacipal disadvantage in-
herentin a material-distribution map is
the possible inadequacy of the geologic
maps available for a region. If the
geologic map is not adequate, the ma-
terial-distribution ma¡l cannot be ade-
quate. And, unfortunately, adequate
geologic maps are available for only a
smallpart of the United States, although
various State and Federal agencies
hope to remedy this deficiency by com-
pleting a series of long-range mapping
programs.

The map does not have in it the basis
for correlating test and per{ormance
data with the materials it shows. Some
limestones are sound and wear-resist-
ant; tley are acceptable sources of
riprap. Other limestones are unsound,
or wear or slake rapidly. The accept-
able limestones ere not distinguished
from the unacceptable on a material-
distribution map. Whatever their test
properties, all limestones are shown by
the same map symbol and pattern.

SURFACE -GEOLOGY MATERIALS
MÀPS

Descripfion - A surface-geology mate-
rials map combines many of the useful
features of the other two kinds. How-
ever, it is by far the most expensive
of the three to prepare. The map is
usually constructed to a relatively large
scale, one in. equals one mi. or two in.
equal one mi. It shows the areas of
outcrop of all geologic formations, both
the consolidated rocks and the uncon-
solidated sediments. And its scale is
large enough that all pits and quarries
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can be clearly and accurately shown and
indexed.

About 20 counties in Kansas have
been mappedwith the materials objective
as the primary one. Surface-geology
maps have already been published for
an even greater number of counties by
the cooperating Ground-Water Divisions
of the Kansas and United States Geolog-
icalSurveys; each ofthem canbe readily
adapted so as to show the areal dis-
tribution of sources of construction
materials.

Materials mapping in Kansas is done
in this wa¡ A two-man field party is
sent to a county in which there is a
known shortage of materials for con-
struction already in sight. One man is
employed by the Geological Department
of the Kansas Highway Commission,
and the other is a member of the Engi-
neering Geology Branch of the US
Geological Survey. The party generally
uses large-scale aerial photographs as
the ma¡l base. Eryerience has demon-
strated thatthe photos se¡nveas a means
of reùrcing field time without sacrific-
ing map accuracy. The outcrop areas
of all geologic formations in the county
are drawn directly on the photographs.

As thefield men map the distribution
of the geologic formations, they also

visit all pits and quarries reported in
the files of the Stete Highwey Depart-
ment's testing laboratory. The location
of each one is plotted on a map, and the
geologic formation f rom which the mate-
rial was obtained is noted for future
correlation. They also collect samples
from new prospective material sites
and send t}remto the testing laboratory.

The materials inventory for each
county consists of a combined surface-
geology and material-source map, a
tabulation of materials tests, and a

written text. The text describes the
geolory of the county and t}te construc-
tion materials available in the county.
The correlation of the test characteris-
tics of the various materials with the
geologÍc formations from which they
can be produced is also a Part of the
text.

Disadvanlage of a Surface-Geology llate-
riats uap - One dubious disadvantage is
inherent in a surface-geology map: it
is expensive to prepare. This kind of a
materials inventory costs about $5r300
for the avera€e county in Ka¡¡sas. But
this sum is close to the minimum; the
total cost mightbe several times greater
for many regions in the United St¿tes in
which more complicated geology is

Figure 4' C'eologic Formations of Northeastern l(ansas
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encountered. In preparing a cost esti-
mate for the average Kansas county,
$2, õ00 is allotted for the salaries and
subsistence of the field men; $900 for
transportation and other f ield expenses,
$200 for laboratory tests ol additional
samples collected in the course of
field work; $900 for the expense of
drafting illustrations and writing the
report; a¡d $800 to defray the cost of
publication.

possible sources of riprap. No one of
them contains a material useful as
riprap, as is shown in the descriptions
of these formations.

However, the two limestones and the
f lint formation are potentially productive
of acceptable riprap. The Florence
flint and the Wreford limestone are
flinty limestones and test data already
at hand show that they are unsound and
therefore fail to meet specifications.

But tests of the Fort Riley limestone
indicate that it is sound, develops little
abrasion loss, andhas a specific gravity
o1.2.6; obviously it is the best local
source of stone for riprap.

Using the surface-geology mapof the
area as its guide, tlte materials men
locate the quarry site in an outcrop of
the Fort Riley limestone at the most
accessible point nearest t}te construc-
tion project. (See Pr on Fig. 5, Sur-
face-Geology Map of a Part of North-
eastern Kansas. ) The absolute minimum
of field time and expense is required,
and the engineer can be confident that
riprap produced from the Fort Riley
limestone will give good service in the
construction.

Another example selected from an

Figure 6. Ceologic Formations of Northcentral Kansas
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entirely diJferent geologic setting
demonstrates t}re same usefulness of a
surface-geology map. The Sanborn and
Ogallala formations, tlre Smoky Hill
chalk member and the Fort Hays lime-
stone member of the Niobraraformation,
and the Carlile shale outcrop in a part
of north-central Kansas. (See Fig. 6,
Geologic Formations of Nortl¡-Central
Kansas. ) Sand-gravel for use as mixed
aggregate is needed for nearby con-
struction. The descriptions of four of
the geologic formations show that they
are not potential sources of sand-gravel.
The Sanborn formation is composed of
clayey silt, and if not too clayey, might
be a sourceof mineral filler; the Smoky

Hill is a chalking shale and is a source
of calcareous binder; the Fort Hays is
chalky limestone and is a source of
binder and dimension stone; and the
Carlile is a clay shale. But the Ogallala
formation contains numerous beds of
gravelly sand, and the test character-
istics of the Ogallala material indicate
that it probably will be acceptable for
use as mixed aggregate.

Basing its exploration on the surface-
geology map of the area, the materials
party eliminates the outcrop areas of

?1

the Sanborn formation, Smoþ Hill
chalk, Fort Hays limestone, and Carlile
shale f rom the field program. (See Fig.
7, Surface-Geology Map of a Part of
North-Central Kansas. ) ttre areas
nonproductive of sand-gravel are avoid-
ed, and the search is confined to tlte
outcrop areas of the Ogallala formation
as shown on the surface-geology map.
The most economic source of sand-
gravel is tl¡en located with the least
expenditure of field time and money.

It is possible also to estimate the
quantity of material available at any one
place and the overburden to be expected
there from i¡formation contained in the
surface-geologymap and the report that

EXPLANATION
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accompanies it. The physical charac-
teristics, including thickness, of a
geologic formation composed of con-
solidated rock are fairly consistent
over a moderately extensive area;
unconsolidated sediments vary more
rapidly. If a layer of limestone is
known to be 10 ft. tlick, the approxi-
mate quantity of it available at any one
place can be estimated by determining
the areal extent of its outcrop, as shown
on a surface-geology map, et thatplace.

The character and thickness of over-
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Éurden also can be interpreted from a
surface-geology map. A geologic for-
mation composed of consolidated rock
that overlies a potentially material-
productive formation probably will prove
more difficult and eryensive to remove
than an overburden formation composed
of unconsolidated sediment.

The surface-geology map is not only
useful as the basis for materials ex-
ploration, but it can be employed also
to advantage inengineering planning and
design. A flinty limestone, for example,
often discharges significant amounts of
water. Knowing that, the engineer may
want the alignment to avoid as many of
the outcrops of that limestone as possi-
ble, or will specify that appropriate
drains be designed for those places
where avoidance is not possible. Then,
too, the engineer can determine tlre kind
of excavation to be expected atall places
along an alignment from the information
presented to him bythe surface-geology
map. Some geologic lormations require
rock excavation, others require common
excavation, and the kind can be inter-
preted from the geologic map. Such a

hâp, therefore, serves a multiple
purpose in civil engineering.

SUMMARY

A material-site map seryes as a
useful inventory of construction mate-
rials immediately available in a region.
A material-distribution map provides
an excellent base for the exploration
for construction materials, and is a
complete inventory of all materials
available in a region.

A surface-geology mâpr although
expensive to prepare, is the most sat-
isfactoryof the three kinds of materials
maps because in itself it is a complete
inventory of all available construction
materials and provides the best possible
basis for the search for a material to
meetcertain specif ications. It is useful
also for estimating available quantities
of material, the characterand thickness
of overburden, the existence of possible
causes of failure ol' construction, and
the kind of excavation to be expected at
any one place.
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¡NTRODUCTION

The technique of interpreting imagery obtained from
remote sensors is becoming more important as the pace of
worldwide development increases. The technique is particu.
larly useful in developing generalized maps of existing
ground conditions in regions where either existing docu-
npnted data is not available or where ground surveys are
impractical becausc of timc and budgetary constraints.

Clearly documented data is preferable. For example,
standa¡d geological maps and agricultural (pedological) soils
maps along with their supporting reports a¡e useful to thE
enginecr, since he can rely on past experience to ident¡fy
the probable engineering and construction problemsassoci.
ated with the different gound conditions identifìed on
lhese maps. However, when these maps a¡e not available thc
engineer must depend upon generalized reports to establish
his preliminary plans and to set up his detailed surveys.
Under these conditions imagery from various remotc
sensors can be very useful to the engineer, especiallyifthe
imagery is to a fairly large scalc and it is alrcady availablc at
a relativeþ low cost.

Types of lmagery

The imagery that has been most often used in the past
and will undoubtedly continue to be the most widely used
by soil engineers for mapping puryroæs hæ been aerial
photography. Most of the aerial photography available
today is the monochrome or black and white format. It is
usually available in a variety ofscalesrangingfrom l:5,000
to 1:100,000. Scales on the order of l:15,000 to l:25,000
are generally the most useful for detailed interpretation of
tcrain characteristics. Nevertheless, smaller scale photog.
raphy in the range of 1:50000 can also be utilÞed to great
advantagg if nothing larger is available. Nume¡ous publica-
tions have appeared in the last 15 to 20 years on the
intcrp¡etation of black and white aerial photography. One
of the most useful is now being Íevised.ltisthe lglanual oî
PhotolnterpretøtTon published by thc American Society of
Photog¡aÍunetry.

Color photography hæ become more widely used also,
particularly in the last ten years. In some a¡eas of the world
today, color photography may be available at about the
same scales as mentioned above. The Manuøl of Color
Aerial Photogaplry has also been published by the Ameri-
can Society of Photogrammetry. lVhere color photogaphy
is not already available, it may be flown fo¡ a specifìc
project for oft€n its cost is only slightly higher than
panchtomatic, because a major po¡t¡on of the ¡erial
photography cost is related to the cost of t¡e aircraft and
crew time expended in obtairiing the photogaphy,

Color inf¡a¡ed (lR) of "false color" photography is also
frequenfly used. The¡e a¡e indications that in many cases
IR photogaphy is of greater value than natural colo¡ for
the inþrpretation of the geologic situation. lR photogaphy
is usually cxposed in approximateþ thc samc range of

CHAP'TER II
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scales as panchromatic also, but the fìlm is not readily
available in most areas of the world. Thereforc, it would bc
neccssary to contract for this special photography.

Cloud cover severely lirnits all types of photography in
tropical countries especially during the long wet season.
Thus, the periods when aerial photographs can be taken arc
limited and may be at variance with project requircments.
.It is undoubtedly for this reason that recently, more and
more usc has been made of radar imagery since it can be
obtained in all but the most severe weather conditions. The
Radam project in Brazil has been working for several years
wilh radar imagery at a scale of 1:250,000. In somc
resp€cts, radar imagery interpretation is similar to aerial
photography interpretation. lt is especially uscful in making
topographic maps where cloud cover exists during much of
the year. The extensive use of the information obtained
f¡om their Radam Project in Brazil will be discusscd again
in another section of this chapter.

Another relatively new type of imagery is now availa-
ble from the multispectral scan¡e¡ located in the Ea¡th
Resources Technological Satellite (ERTS:I) which is cur-
rently in polar orbit a¡ound the earth. The multispectral
scanner operates in various wave bands and æans con-
tinuously æ it orbits the ea¡th. It produces tremendous
amounts of data which can be utilized for various interpre-
tation purposes. Each image scanned by the satellite covers
an a¡ea about 100 by 100 nautical miles (185 by 185
kilometers) so that the scale of ihc imagery is on thc order
of 1f50,000. This imagery, however, can usually bc
cnlarged several times with little los ofdefinition. Furthe¡-
more, the a."allable information can be analyzed without
actually being t¡ânsformed into an image. This is accom-
plistred by working directly with the computer compatible
magrietic tape (CCT). The scanner cannot penetrate cloud
formation so much of the imagery coming back from
ERTS-I is useless as far as terain analysis is concerned. On
the other hand, all portions of the earth's surface are

æanned every l8 days. In addition the¡e is also a

considerable overlap of adjacent scanning orbits, thus the
opportunity to obtain almost cloud-free iráagery even
during the rainy seæon is possiblc. The utility of this
imagery is limited primarily by the ability to retrieve it
from the satellite and to process it. At thc present ti¡ne,
only United States and Cu¡ada have receiving stations
which can retrieve the information and make it available to
the rest of the world. However, Brazil is now in the process
of building a receiving station whfc ltaly and perhap
c¿ntral Africa will have stations ín the near future. Thesc
additional stations will greatly speed the procesing time of
imagery in all regions. It can therefore, bc anticipated that
more and more emphasis will be placed on interpretation of
satellite imagery, especially as its capabilities arc recogrizcd
outsidc ofthe United States and Canada.

PREVIOUS IMPORTANT WORK.

Numerous tenain clæsifìcations bascd primarily on
terrain evaluation proccdures have been developed in the
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l¡st dccade or so. All of these depend heavily upon the
interpretation of remotely ænsed imagery, usually aerial
t'rotography. For example, in South Africa, the National
lnstitute of Road Resea¡ch (1971) has developed a system
of land classification largely patterned aftei the È¡tish
scheme. The Inst¡tute is collecting information in the form
of a data bank to correlate with the various land classifì-
cat¡on pattems. Simila¡ work has been carried on in
Aùstralia under what hæ been called a ..pattem, unit,
component evaluation" (PUCE) again utilizing primarily a
land clæsification scheme bæed on the study of aeriat
photograpts with particular emphasis on vegetation and
rock type (Aitclúson and Grant, 1968). t-awence (1972)
has also described the use of aerial photography in the
tropical situation of lVest Malaysia.

ln addition to the Radam project previously men-
tioned, a geat deal of work has been dbne which pertains
directly to terrain evâluâtion in South America. Rat(1963)
cited its usefulness in making geologic maps. Vera (1964)
described the experience on an aerial photographic project
conducted through the cooperation of the pan-Ameriian
Union in Chile. Uang (1964) summarized the cha¡acter-
istics for the interpretation of tropical soils in a special
nport for the United States Air Force. The system
developed by Uang is shown in Table I l.l. Ricci and petri
(1965), described the principles of airphoto interpretation
f¡om the geologic standpoirit and Contori (1967) gave an
upto.date description of the principles of photo-interpreta-
tion. One of the most recent publicâtions is that o1 the
Erazilian Coffee Institute, Photo-lnterpretation Service of
the Executive Group of Rationalization of Colfee Culture
(IBC.CERCA, 1972). The technigues which are commonly
employed in the photo-interpretation procedure are
outlined very well in this lattei publication and for tl¡is
reæon will be only briefly reviewed here.

Techniques Employed

- In the procedure commonly followed, the fìnt step of
the geologic analysis tvas to look at the photo mosaic ofthe
a¡ea and to delineate regions of similar geomorphologr,
drainage pattems and land use, since theie a¡e no.matty
¡elated to pedologic aspects. In the pilot area of Minaì
Gerais (IBC-GERCA), photos were lú0,000 panchromaric.

The second step was to sketch the mãjor lithologic
units which cor¡elated with known soil types. This was
done by studying all available geologic liteiature for the
area, mapping out the major units from the characteristics
mentioned above; and then locating appropriate fìeld
sampling sites from visible outcrops and situaiions which
require boundary clarilìcations. The IBC g¡oup stated that
particular emphasis was given to geomorpfuc features,
draínage patterns, structural features, evidences of litho-
logy, such as stratification of sedimentary rock, and other
criteria, such as typê of vegetation and nrethods of
cultivation.

The third step was to take the map into the lìeld and
revisë it so that ¡t correlates with field observations and
fìndings of rock samples analysis.

. . . Lr.Uy, the fou¡th step was to prepare a geologic map
initially at. a scale of approximately l:50,00b, an¿ later

reduced to l:200,000 on the basis of the correlations
between the fìeld studies, the photo-interpretative mapped
units and the information conceming the geologic periods.

- The _second ânalysis in the process was to prepate a
sketch of the vegetâtion situation. First, various vegetative
a¡eas were identified on the l:60,000 photography. The
four units mapped were the forest; the cenado,-which is
essentially a twisted or stunted forest and g¡ass; the
grassland areas; and the cuhivated fields. These were
delineated on the basis of image structure, image texture,
qualities of the shapes of the boundaries, color tones, and
the topographic posit¡on. Finally on ihe basis of the field
investigation, the vegetation map wâs prepared and finally
conected.

The fìnal uralysis wæ to prepare the soils interpreta-
tion map. Photo påttem elements, particularly those
obæwed with stereo-pairs, were utili"ed in order to identify
the following map uûits in the pilot area: (l)soils with a
latosolic B, (2) soils with an argillic B, (3) weakly developed
soils, (4) soil asociations and (5) a lowland complex. ùch
unit was described in acco¡dance with Tables I 1.2 and I I .3
which are commonly used in photo.interpretation to
desc¡ibe the geomorpholory, drainage and pedology of the
afea.

liext, a preliminary soil legend wæ prepared through a
soil exploratory survey which was made along all existing
roads and lanes throughout the a¡ea under investigation.
Numerous soil profiles were studied, samples were taken of
both soil and rock and then brought to the laboratory for
testing.

Next lhe conected soil map wæ prepared by revising
the preliminary map based on photo.interpretation tech.
niques and then by delineating the new map units on the
l:60,000 photography.

Finally, all data was transferred to a¡ uncont¡olled
mosaic, again to an approximate scale of 157,000. From
this a manuscript map at a scale of l:100,000 was prepared.

Sigrificant conclusions wêre d¡awn on the basis of this
pilot study. They are very similar to those which have been
previously enumerated :

l) photo interpretation allows for an almost global
planning oi fìeld activities;

2) the fìeld control conducted with the use of aerial
photographs and of photo-interpretation tech-
niques is higlrly satisfactory and allows for the

-- preparation of a considerably detailed survey map;
3) time saving and precision which are gained in

delineating the mapping units have been ade-
quately confirmed through fìeld investigations;

4) rock and vegetâtion photo-interpretation provide
use ful information for mapping the soil;

5) the interaction of photo.interpretation with fìeld
and laboratory activities lead to a sound mapping
precision.

The authon of the pilot study conctuded lìnally,
"It is our opinion that the methodolory he¡e used has
presented sound results a¡rd therefore met the DÌo.
posed objectives for its ápplication."
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TABLE 11.1
Alrphoto lnterpret¡tion of Tropical Soilr - $tmmary

(aftcr Liang. t964)

&Íl Groupr Topognphy (bad Porm) ùdrl8e Ercion Gny Tonc Vcfstrt¡oû Rcmuk¡

l. I¡t€ritc Gust
tc

2. I¡têritê GnY¿l
LG

3. latcritc (H¡¡-
dcniry upon
cxposurc)
LH

4. låtefitic soi¡
IJ

Câp rock (rÊlstively fltt
hilltopr): læd¡es on Slo¡rs

Flat hilltops to rolling
ground

Subdued to rolling gound
intcrvened by flst val-
leys at high to inler-
mediate slopes

Rolling ground, at high
to inte¡mediatê slopes

Little su¡frc¿
drainrgÊ

Littlc s¡faæ
drainagc

ütllc aurf¿ce
drainage

Variable; lcss
surface
drainagc with
more advánced
stâge of ud
deepcr latet-
ization

Considenblc
surface d¡ain-
sge dwetop
ment

Little surfacc
drai¡aæ; high
wster tsble

Dry &a¡nagp
ch¡nnels

Tidal draineç
chåmels

Tidal drainage
chmnels

Liitle ¡u¡face
drainage

Va¡i¡ble

Littlc; rockfaus
on'cdçs of cap

Uttlc; gullying
erosion st8ft3
on slopes belov
fhe gravcl
layer

Little crosion

Udtt

LiSht

Lisht

Ught to medium

Gnrs or low
shrubs

Grus o¡ low sh¡ubs

Va¡iable;
Plen tations;
Swidden ag¡iculture

Variable; Pl¡ntations;
Swidden Egricu¡tu¡G
@mmon¡ Intensive
agriculrure i¡r high
¡ainf¡ll a¡eas

Variable ; inlensivc
agriculturc common

lntcnsive agricrrlturc

General absence

General aboence

Mugrove nd other
swmp vegctation

Recent-littlê vcgptation ;
Old-intensive agriculture

Variable ; no agriculturc
d€velopment

General abrcnce of lmd-
slides; suitable for golf
course or cemetery develo¡>
ment ; possibility of exca-
vation pits

lemite hills üe common

l\¡à6 5, Red¡nd8¡own
Oay¡
CR

6. BlackCtryr
CB

7. Descrt Soib
SD

E. Sali¡e Soils
ss

9. Swampr
sw

10. Alluvium
SA

ll. Roct¡ndThin
Soil¡
SR

Vrriüblê; aU fonns
cxcept in basins

Crntle lower dopcs rnd
flat depressionr

Va¡i¡ble

Low, coætal land; mtcr
table ncr¡ surfacc

Low, flat lud; water
table ¡t suilace

Iaw, flat laad bordcring
strøm

Rollhg to hilly, rt
high slopes

Va¡iablc ; Iess

€rosion with
more rdvmæd
stagp of and
de€per latcr-
ization

Gullying
erosion; depth
of tutlying
indication of
depth of mil
10 rock; dides

Little erosion

Wind erosion

L¡tllÊ crosion

Little crosion

Little Êrosion

Vari¿blê

Medium to d¿¡k

Duk

Udrt

Light patches (dük
in sÞ€cirl c$es)

Dak

Light to medium

Light to medium

Quality ofclay depends
on source of mateial
md mode of deposition

oo
3Eo
fg
c
3
O)

õtx.+
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TABLE 11.2
Main Characæristics Used to Determina physiogaphy

Ih¡¡nrgc P.ttcrn Depth of
We.therüB

Covq i*# Pemeeblty ffåäGcomo¡pìoloß¡ f¡rd UscStmdard Ch¡nctcri¡tic¡

lnteg:¿tion
degræ

Deep

Med.ium

Shallow

Outcrop¡

Hidr lgrcous

Medium Sedimentùy

Low Metamoryhic

Field Little - uæd

Savannah Modcnte

Forest ¡ntcnsc

Meadow

Subducd to Ridæ
roüing

Rolling Plain

Strongly Valley
rolling

Mountainou¡ Basin

Mounlainou3

Plaleåu

Modilìed Detrity

Dcgrec of
unifornity

Inte¡nal Orient¡tion

Degee of
confrol

Angte of
junction

A¡gr¡la¡ity

l.)è\o TABLE 11.3
Drainage Charactaristic¡

Drainege httems

Rectangular

ModiJìcation Contoured

Dichotomic

Pincer like

Aisymctric

Sub-dendritic

Algular

Pinnate

Subparallel

Pectinate

Colinear

Special features Illusory

A¡abranched

Kettle-hole Yazoo

sifeírm

Infìltration pits

oo
3oo
fq
c
3
o)
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IDENTI FICATION OF LATER¡TES AND
OTHER TROPICAL SOILS

The higtrly weathered lateritic soils occu¡ in a part of
the world where most of the other soils have high clay
contents. Thus, these soils containing concretionary mate.
rial are distinctive because of their generally coarser
texture, g¡eater permeability, and inability to retain water
and nutrient ions. A¡eas with such soils are usually zuitable
agriculturally as poor pasture or are not fa¡med at all.
Surrounding iueas may be forested but the coarse-grained
or indurated a¡ea will only support scattered scrubby trees
and sparse grass. ln addition the high permeability charac.
teristic applies even to well-indurated lateritic crusts.

True laterite crust, LC (Table ll.l) often appears in
association t¡/ith the rennants ofancient peneplain surfaces.
Dowling (1968) describes æveral occurrences in north-
eastern Nigeria where the soils have developed over yery

different geological parent materials. Liang (1964) states
that this association is a general characteristic of lateritic
crusts and cit€s examples with illustrations in Brazil,
Uganda and Australia. Nearly all of the peneplain rernnants
app€ar to be of ¡ather small size. At the most they are a few
square miles in area. Bates (1962) suggests that as erosion
encroaches upon the peneplain rernnant, it permits a

substantial lateral flow of groundwater and results in the
segegation of iron and aluminum oxidæ. The i¡on is

transported in solution to the exposed sides of the remnant
where it is precipitated as the groundwater enters a strongly
oxidizing environment. The interior of the remnant is
found to be less consolidated and to contain les iron oxide
and more aluminum oxide than the outside fringe. This
observation is confirmed by Brammer (19ó2) in discussing
the agricultural soils of Ghana. Apparently, laterite crust
occun typically as a ring surrounding a flat-topped pene-
plain remnant rather than as a caprock covering the
peneplain surface. Airphoto frequently shows only sparse

vegetation and no surface drainagc features because
r€mnânt surface soils have a high permeability. Slopes
leading downhill away from the mesa usually present
concave profìles. Encroaching gullies appear suddenly,
often at the bottom of almost vertical headwalls, tens of
feet in height, Uang (1964) notes the danger of confusing
the LC pattern with that of basalt or sandstone; which
often form a caprock over aåase ofless permeable, more
eæily eroded material.

The fact thât each peneplain surface was formed only a

few stages in geologic time is another clue to tJre identifìca-
tion of te¡rain ar€as with possible laterite crusts. Often the
approximate elevations of these surfaces may be known or
can be infe¡red from elevations of the surroundir¡¡ rrcas.
For example, the Voltaian basin of east-central Gh¡n¡ has
several surfaæs, which are discontinuous, but similar
enough in elevation to make a reliable correlation. The
most note$,orthy correlations occurs in the higher hills i.e,
elevation of 42o to 760 m (1100 to 2,500 ft) above sea

level (Brustr, 1962).
Ferricretc is a laterite.üke material forrned by the

æmentation of the sands and gravels in stream banks and
t€races. The formation of ferricrete is a continuing process
which takes place in areas close to present day stream
levels, which is where iron oxide is precipitated from

emerging groundwater. Ferricrete may also be associated
with tenace systems located above present day stream
systems, where the previou.sly stream regimen was stable for
a long period of time. In the Voltaian bæin terraces are
frequently found at levels of 18-23 m (60-75 ft), 30-36 m
(100-120 ft) and 75-91 m (250-300 ft) above present base
levels. The two lower ter¡ace levels often contain well-
æmented ferricrete deposits.

laterite gravel, LG, like the late¡ite cn:st, may occur as

a result of rveathering in-situ or by other processes which
produce accumulations of particles high in iron oxide. LG is

often found on highJying ancient erosion surfaces rvhere
the formation of LC is not conìplete. Erosion surfaces tend
to be flat-topped and show evidence of high surface
permeability, local aridity and infertility. The sharply
detned break at the heads of encroaching gullies which is
common in LC areas is usually subdued or missing in LG
areas as is the concave profìle of the slopes.

In northem Ghana some concretionary gravel is usually
present in the subsoil a foot or two below the sr¡¡face in
welldraíned areas. ln such areas, the vegetative cover is
usually grass and shrub rather than forest. A concentration
of gravel, analogous to a laterite crust, may be found nea¡
the upper convex portion of hillsides. If a crust is present,
an accumulation of detached talus material may be present.
Apparently, concentrations of gravel are leæt likely to be
found nea¡ mid-slope. Near the bottoms of the slopes, soil
aggregations may be enlarged or cemented by additions of
i¡on which has been precipitated from groundwater. If the
underþing material is quite impermeable, the enriched
material may remain permanently moist and become
plinthite, LH. At the bottom of the slope, deposits
contain¡ng lateritic detritus are usually buried by.fìne.
grained colluvium, sheet wash material or alluvium.

Even those late¡itic soils which do not contain appre.
ciable coane material are generally poor agicultural soils.
Liang (196a) states that such areas a¡e often devoted to
"swidden" agriculture, in whic.h an area is cleared, farmed
for a few years, and then abandoned to native vegetation
for many years. The resulting land pattem is often quite
apparent in aerial photography wfuch shows scattered small
fìelds, some of which are under cultivation and othen
which are in various natural vegetation regrowth stages. In
contrast, some nearby uncultivated areas are not farmed
because of their coarse lateritic soils and still other a¡eas
show patterns ofintensive perennial agriculture use because
of their weathered clay or alluviated soils.

Although sources of sound gravel are rare near the
ground surface in the tropics, materials other than laterite
¡nay sometimes be found. For example, layers of quartz
fragments concentrated at or near the ground surface can
be found in terrain where there has been a deep residual
weathering of rocks which contain veins or inclusions of
quartz. ln spite of its convenient location, it is unfortu.
nately, often too thin and scattered to be ofmuch use.

If a fairly thick layer is present it cân sometimes be
identified in aerial photography, It appean in areas of tonal
lightness and in areas with discontinuous vegetative cover.
Identilìcation is easier on sloping terrains to identify where
sheet erosion has washed the fìner material from tho
surfacc. It is also easier when the location of ufde¡lying
country rock which contains large veins or lenser ofquaitz
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is known. Occunences of this type are more Ukely to be
preænt in youthful terrains.

Surface drainage conditions a¡e often of considerable
engineering importance. Natu¡al color aerial photography
provides one useful means for evaluating drait uge slstãm,
æpecially when combined with considerations of the
topogaphic position ofthe drainage system. AIso variations
in the state of oddation and hydration ofiron compounds
are strongly reflected in soil color. Therefore, scif colo¡s
strould be obærved where land has been cleared for
agricultural use and where other occasional bate spots are
found. Brammer (1962) reports a change in color in typical
fo¡est soils of Ghana from red for the best d¡ained sàils in
*drich the iron is completely oxidized and not hydrated; to
brown and yellow in imperfectly drained soils in which the
i¡on becomes increasingly hydrated; and finally to g¡ay or
white in poorly drained soils which are perennially witer-
logged so that the iron has been reduced tó the ferrõus state
or completely leached from the soil.

Tropical black clays rich in montmorillonite have
attrâcted considerable interest because of the special
engineering problems which they present. They arã dis.
cussed in detail in Chapter 10. lVhere black clays occur as
residual soils, they are nearly always associated.with basic
bedrock materials. Topographically, occurrences are gener-
ally located in positions whe¡e soit drainage tends lo be
impeded. Thus, black clays are found in areas of gently
rolling topography or in IIat depressions, but seldõm in
a¡eas of mountainous ¡elief. Natural vegetative cover i\
usually savannah and not fo¡est even if the soil is located in
a region where fo¡est cover is common. In many tropical
a¡eas these soils a¡e farmed intensively. Even though
strinkage cracks may attain considerable size unde¡ dry
conditions, Uang reports that they were not apparent in
photographs ât a scale of I :20,000 of areas in Colõmbia and
Burma. In areas of Af¡ica with longer dry seasons and
sparser vegetation photo identification may be easier.
Certainly the use of largei-scale color photography should
make it easie¡ to locate black clay soils.

In most tropical areas unweathered country rock is
seldom found near the surface, but there a¡e exceptional
occurrences of isolated rock outcrops of inselbergs. Such
features frequently appear as isolated ..¡ock castleJ" which
rise many feet above the sunounding terrain and present a
relatively unwenther€d surface of bare bedrock. In most
cases, these featu¡es seem to beat little relation to the
nrrrounding deeply weathered terrain. They are useful
sou¡ces of aggregates and coa¡se material if they can be
found. Most inselbergs can be easily identified in aerial
photography by their light appearance which constrasts
with their shadows.

GENERAL CONCLUSIONS REGARDING TER.
RAIN EVALUATIONS

The preceeding discussions indicate that a considerable
amount of work is required in o¡der to perforrn an
adequate terrain evaluation of a particular a¡ea. The th¡ee
ßrajof steps are the interpretation of the remote sensor
imagery, a.review of all available bibliographic information

regarding the soils and geology of the region, and a selective
fìeld invcstigation of ttÍe geologic, vegetation and the
pedologic situation of the region.

In the conduct of the present inyestigation, it was
impossible to carry out such a comprehensive procedure. It
is important, however, to note that it can a¡rd has been
done. The degree of the detail involved will always depend
upon the purpose for which the evaluation is being
conducted. As far as engineering requi¡ements are con.
cemed it will not be n€cessary to make a detailed pedologic
survey, such æ that reported by the IBC. Nevertheless, the
survey must be suffìciently detailed to allow for the
sampling of typical soils and for the verification of the map
units. Once a map is completed a great deal would remain
to be done in actually correlating typical patterns as seen in
the imagery with such on.site items as the type of rock,
depth of residual soil, location of laterite crust, location of
lateritic gravels, and the identification ofsoil profiles which
have special implications f¡om the engineering performance
standpoint.

In this respect, the great signifìcance of fìeld correla-
tion is indicated by the statement which appeared in several
of the Radam project repotts;

"Initially, intention was to use data of previous work
and then to transpose the informatior to the radar
imagery. However, the complete failure of tlús proce-
dure led to direct field investigation to determine the
correspondence of imagery-geologiê features."

From. the beginning of this present project, it was
hoped that more time nr:ght be dtvoted to developing
procedures of photo interpretation tluoug¡l the correlation
of available imagery, particularly, black and white panchro-
matic aerial photography with both availabl¿ geologic data
and fìeld investigation. Some lR photogaphy was also
available for study. Unfortunately, it wæ impossible to
carry out this preliminary objective because of the short
time available a¡d because of the diffìculties in obtaining
necessary background data, photography a¡rd Íìeld
mapping. Thus, the present project has depended primarily
on the available geologic ard pedologic maps as a basis of
locating and clasifying laterite materials. There seems no
doubt, however, in view of the Radam report, the success
of the Radam project and the work done by the Br¡zilian
Coffee Institute in cooperation with the Brazilian Ministry
of Agriculture, that it is feasible to use aerial photogaphy
as well as the imagery obtainable from other types of
remote sensors to classify the terrain. Furthermore, various
map units can be developed from the imagery and
correlated with the characteristics ofsoil profìles which are
important to engineering projects, especially those related
to transportation.
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TECHNIOUES FOR THE INTERPRETAT¡ON OF REMOTE SENSING IMAGERY
FOR HIGHWAY ENGINEERING PURPOSES

ABSTRACT

Traditionally the interpretation of black-and-white aerial photographs has
played a significant role in highv¿y engineering. Recent increases in the
availability of different forms of remotely sensed data and improvements
in interpretative techniques have now resulted in recognition ofremote
sensing as a valuable tool for the highway engineer. This report summarises
some of the new forms of image data and specialised interpretative
techniques now available which can be selectively employed to provide
more information than that previously gained from standard photo-
interpretation procedures.

Proper use ofthese techniques requires a basic understanding of
how the imagery is obtained, what it represents and its limitations with
respect to spectral, spatial and brightness resoluticln, so that the best
remote sensor data may be selected, processed and analysed for a

particular problem to obtain the maximum amount of information with
the least expense.

Various forms of image enhancement or computer studies may be
employed to asist image discrirninations and classifìcations. Some

enhancement techniques involve visual image analysis such as colour
additive/subtractive r"iewing, stereoscopic and pseudo-stereoscopic
photointerpretation. A few procedures are ordinarily accomplished
through computer analysis (brigþtness ratioing, atmospheric correction
etc), but others are effective with either imagery or numerical data.
This latter group includes density slicing, contrast stretching, cluster
analysis, pattern recogrition, frequency analysis, and edge enhancement.

Most procedures can be accomplished in several ways, with the
accuracy ofthe results and effìciency ofthe operation largely dependent
on the equipment used. Consequently, the economics of a project may
often be the final consideration in the implementation of most interpretative
techniques.

1. INTRODUCTION

lncreasing arailability of remotely sensed data and advancements in interpretative techniques have resulted

in recognition ofremote sensing as a valuable tool for the geotechnical engineer. Technologícal development

of remote sensing systems, however, has at present outstripped conesponding development of interpretâtion
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techniques which are needed to convert remotely sensed data into usable information. lncreasing attention

must therefore now be directed towards the interpretation and analytical phases of remote sensing and the

application of these tecluiques foi solving specifìc problems such as those common to higþway engineering.

Traditionally, blackrnd-white aerial photognphs have been used in combination with ground investigations

for the preparation ofbase maps, route location and the presentation ofgeotechnical information. The

location of a highway route requires consideration of very many complex and interrelated factors (Fig 1).

lmage interpretation techniques have consequently been more extensively applied to higþway location surveys

than to any other stage ofhigþway engineering and have proven ofvalue in each ofthe steps as the zurvey

progresses from reconnaissance of an area to the final detailed investigtion on the ground.

Recent developments in photography and instrumentation have now produced a variety of new remote

sensing systems capable of providing a wide range of different forms of imagery. The acquisition of data

useful in planning, design, construction, maintenance and operation of higþway facilities can be attained

from these various types ofimagery by applying traditional photointerpretative techniques, but substantially

more info¡rration may be gained if specialised interpretative techniques are selectively employed. A basic

understanding of how the imagery is obtained, what it represents and limitations such as its spectral, spatial and

brigþtness resolution are essential requirements if proper use is to be made of the new interpretative techniques.

With these considerations in mind the most appropriate type of remote sensor data that will best apply to a

specifìc problem can be selected and then processed and analysed to obtain the maximum amount of

information with the least expense.

Information contained within an image produced by either photogaphic or electronic means has

consistently prove{ to be of major importance for many engineering investigations of terrain' The image data

available include high and low altitude aerial photography, thermal infra¡ed imagery, radar imagery, microwave

data, and a full range of multispectral imagery, although the more 'exotic' remote sensor data may only be

available for a few sites. However, earth resources satellite progranìmes (ERTS, LANDSAT and EREP) have

been particularly effective in focusing attention on the potential use of small-scale imagery, the b¡oad coverage

provided by the satellite systems being freely available through the EROS Data Centre in Sioux Falls,

South Dakota. Consequently anyone can now obtain photography or multispectral imagery for almost any

place in the world.

Figure 2 summarises the spectral ranges of common imaging sensors and illustrates some of the basic

distinctions. Non-imaging sensors can provide information for some specifìc, and usually higlrly specialised,

applications, but practical considerations limit most users to an analysis of photography and readiJy available

scanner imagery. In the location and design of new roads, any technique which can provide the engineer

with quantitative information on the factors affectingthe cost ofalternative routes and construction at the

reconnaissance, feasibility and (later) detailed survey stages will help to increase the efficiency ofthe site

investigation. Consequently, the more recently developed photointerpretation techniques outlined in this

report should further assist the geotechnical engineer to fully utilise and attain the maximum amount of

terrain inforrnation from any form of imagery available over the area ofinvestigation'
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A thorough discussion of all interpretative techniques used in remote sensing is beyond the scope of
this report, which will be limited to a brief outli¡re of non-standard interpretative methods which may be

employed in routine analyses. Reference should be made to the literature for more detailed and technical

coverage of the wider fìeldl. the interpretative methods will be discussed as they apply to forms of common

imagery readily available to engjneers, such as visible and near infrared multispectral photography from
ai¡craft and multispectral scarner imagery from the LANDSAT satellite.

2. CHARACTERISTICS OF REMOTE SENSING IMAGE DATA

In order to appreciate the use of remote sensor datà, it is primarily necessary to understand the basic

characteristics of the image data, especially with respect to how the image is formed and what it represents.

ln general, a brightness value recorded on a photograph or scanner image represents the total intensity of
electromagnetic radiation enteringthe receiverat a particular point. This energy consists of imagingradiation
received directly from the target or ground surface and non-imaging radiation that is scattered into the

receiver by molecules and particulate matter in the atmosphere. The non-imaging radiation appears as haze

and is generally detrimental to the recorded image.

Until recently, black-and-white photography was the only form of remotely-sensed data generally

available to the engineer. Now black-and-white, infrared, false colour infrared and colour photography,

multispectral photography, and multispectral scanner imagery are widely available. Colour photography is

more useful than black-and-white photography since it contains hue and chroma data in addition to tonal
and textural information and the human eye is capable of separating one hundred times more colour

combinations than grey scale values2,3. Utilisation of the photographic visible and near infrared spectrum,

however, may be best accomplished at present by means of multispectral aerial photography which probably

offers the optimum means of providing the most cost-effective information for engineering surveys.

Signifìcantly, in many tenain investigations the standard techniques of airphoto interpretation are now being

most effectively complemented by the use of colour and infrared false colour fìlms in multispectral
photography for detailed investigations.

A multispectral came¡a system records separate photographs at a single point in time and space

representing seve¡al spectral bands. These are generally obtained by a combined system of cameras, each

having a different lìlm/fìlter combination (Plate 1). For example, one camera migþt be fitted with a

Kodak Wratten fìlter 25 and panchromatic fìlm so that the 600-700 nm band (red) would be recorded, while
a second camera, fìtted with a Wratten 87 filter and infrared film, records the 720-900 nm band (infrared).

A suite ofmultispectral photographs need not cover the entire photographic spectral range and the different
'bands'mây or may not overlap. Multispectral photography may contain all the information available from
colour and colour infrared photography but, owing to its inherent greater flexibility, is better suited for the

application of both traditional and non-standard interpretative techniques since the image data can be more
readily manipulated. The camera and film/fìlter configuration is commonly dictated by a particular need or
preference, such as the discrimination of construction materials or natural drainage within the site investigation

area.

A multispectral scanner receives energy through a small, moving aperture (Fig 3). The incoming energy

is split into its various spectral components and converted into electric signals by means of photoelectric

detectors. Each individual signal can then be recorded on magnetic tape or displayed immediately on a cathode

ray tube. Multispectral scanners can record radiation in the visible and photographic infrared range and in
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spectral bands extending througþ the ultraviolet and thermal infrared (Fig. 2). Imagery obtained from the
scanners generally covers a complete spectral range in discrete vavelength increments. Althougþ scanner

imagery is very much like multispectral photography it has the additional advantage that spectral bands outside

the photographic range can be included. In addition to imagery covering complete spectral ranges in discrete

wavelen$h increments, other configurations are possible, but special requirements are commonly left to some

later phase of data manipulation.

Imaging radar and microwave radiometers produce images much like a scanner image but in spectral

bands well beyond the thermal range (Fig. 2). These longer-wavelen$h sensors employ antennâe rather than

optical detectors as receivers (Fig. a). The imaging capability of radar is dependent upon the reflected return

from the target of electromagnetic enerry supplied by the radar system itself, the nature of that energy retumed

to the radar sensor being dependent upon both the properties ofthe transmitted electromagnetic energ¡r and

the properties of the surface phenomena that are being sensed. Properties of the electromagretic eners/

include wavelengh, polarization and direction, whilst characteristic properties of surface phenomena that

must be considered arc dielectric and conducting properties, surface roughness in wavelength units, physical

resonances, surface slopes, subsurface effects and scatterin g^rr 4.

Multispectral photography, radar and scanner imagery may be interpreted in the same manner as a

standard photograph . The image interpreter can derive most of the information normally ayailable from

black-and-white photography from a single band of multispectral imagery, but the interpreter who wishes to
employ the additional capability of the nrultispectral imagery must understand both the potential and the

timitations of the data and the techniques that are available to help him in his interpretationss.

The chief potential of multispectral imagery lies in the increased recording range and the broad range of
applicable interpretative procedures. Recording a scene as a set of multiband images effectively spreads the

information normally recorded on a single photograph over several photographs. This increases the effective

dynamic range of the recording system so that smaller increments of scene contrast can be recorded. Recording

a scene as a gror¡p of images, each representing a specific wavelen$h band, allows subsequent presentation of

the information to be tailored to the application. The user can employ selected portions of the spectral data

or cornbine various image bands in such a wây as to enhance the signifìcant contrasts or minimize interfering

contrasts.

3. FACTORS AND LIMITATIONS INFLUENCING INTERPRETATION

The information required to undertake the wide range of engineering studies associated with a highway site

investigation is derived from an analysis of the pattems present on either the available photography or

relevant imagery. These patterns reflect the influence of the type of parent material; the geologic processes

undergone; the climatic, biotic and physiogaphic environment; and man's activity. The variety of patterns

developed due to the interplay ofthese various factors form the basis for the techniques ofimage interpretation.

The basic premise for this technique is that materials developed under the same geologic and environmental

conditions will have si¡nilar patterns on the imagery; dissimilar materials will have dissimilar patterns6.

Image interpretation techniques applied to engineering studies involve the recognition of basic landforms

and geomorphological processes as indicated by the pattern elements on the photography or imagery. The

elements comprising the pattern include: image tone - colour or shade of grey, texture, uniformity, sharpness

of boundary; topography - size, slupe, elevation; drainage - form, type, texture; erosion - form, type;
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vegetation - type, associations, indicator communities; and culture - man's i¡rfluence on landscape and

adjustment to variations in landforms and environment.

In addition to the equipment and analysis techniques used, success in the application of image

interpretation to engineering studies is dependent on photographic and imagery parameters, experience of
the interpreter and natural factors. lnterpreter qualifìcations and basic properties ofimagery pose few

unique problems in engineering studies as they are well documented in the literatu re,T ,8,9 but an understanding

of the factors influencing each of the abovelisted items and the limitations imposed by these factors is

important to the proper plaming and utilization of interpretation techniques for engineering inventories

and analyses.

No single scale of imagery will satisfy all of the requirements for the variety of engineering studies

performed. Indeed, it is customary for medium and larger scale aerial photography to be stereoscopically

examined in association with specially constructed controlled or uncontrolled photomosaics at scales of
l:80,000 to l:150,000. Scales of l:2,400 to t6,000 have been used for pavement-condition surveys; scales

of 18,000 to l:12,000 for detailed soils mapping; scales of 1:15,000 to 1:50,000 for terrain analyses; and

scales of 1:60,000 to 1:1,000,000 obtained from high altitude aircraft photography and satellite imagery have

been used for route selection and regional planning studies. Another imagery parameter requires sufficient

coverage of an area to determine the extent of local conditions and the expected variations. Numerous

instances have occurred where limited area coverage has been obtained for analysis ofa selected route location.

Some condition \ryas then uncovered which required shifting of the line outside the limits of the original route,

and sufficient coverage was not available to make a study of the new alignment. This caused a delay in the

project and required reflying of the route at a much geater cost than if suffìcient area coverage had been

obtained originally. Suffìcient breadth ofcoverage should therefore be obtained initially to cover all
possible contingencies.

ln considering natural factors, landforms and the soils developed on them are relatively stable, but
surface features resulting from moisture conditions, vegetation cover and land use may change rapidly and

affect the pattern elements discerned, For example, in a humid-temperate climate, spring is the best time
ofthe year to obtain aerial coverage, as the water-table is usrully at its highest level and the tonal contrasts

between coarse-textured and fìne-textured soils are greatest. Similarly, the presence of high water feeds the

springs and seepage areas and emphasises the most critical zones for locating unstable slopes. Thermal

infrared imagery would probably be flown at night to detect the seepage zones since at that time, maximum
temperature contrasts would occur between the warmer surface waters and the cooler seepage waters, and

the tenain would be cooler than both. If coverage were obtained for these studies later in the year, the
features the interpreter wishes to evaluate might be masked by vegetation and would be diffìcult to recognise.

Time of year is of critical importance when interpreting satellite imagery, for repeated coverage often exists

over an area ofinterest and seasonal differences in sun angle and vegetation may have a considerable effect

on the distribution of different patterns on the fìnal imagery.

ümitations of remote-sensor data are largely dictated by characteristics of the recorded radiation and

target materials and by system resolution factors that reflect the combined physical limitations of the sensor

systeml0. In the c¿se of multispectral camera systems, spatial resolution is a function of altitude, scene

contrast, the lens system, fìlm, ground speed, and platform stability. Spectral resolution depends upon scene

brigþtness, lens and fìlter t¡ansmíssion characteristics, film sensitivity and processing. Brightness resolution
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is dependent upon the sensitivity of the optical and recording systems and upolt the ratio of imaging/non-

imaging electromagnetic radiation¡eceived by the sensor. These three resolution factors combine to limit

the information ar¡ailable from the imagery and each must be considered separately with reprd to its influence

and the intended use of the imagery. For most photogeologic and engineering applications, absolute

brightness and spectral resolution factors are not critical so long as the relative values are accurately represented.

However, the spatial resolution of the system directly affects the information detail and the image utility.

When more sophisticated interpretative techniques are invoked, the importance of brightness and spectnl

resolution parameters increases because of the increasing reliance on subtle changes in band-to-band response.

These same resolution parameters also govern the utility of multispectral scan¡rer imageryl I and even radar

imagery. The signifìcance of spectral and brightness resolution factors, and the need to carefully mai¡¡tain

quality control in data gathering and processing, will become apparent in later discussions of the various

interpretative procedures. Appropriate quality-control measures may involve gBthering of field calibration

and refererrce data prior to and during data-gathering operations, and painstaking, step-by-step control of
the image processing. Once more however, the quality-control procedures must be dictated by the intended

application and economics.

4. INTERPRETATTON OF LANDSAT SATELL¡TE IMAGERY

Since its launching n l972,the ERTS - I satellite (now re-named LANDSAT-I) has acquired some

150,000 images of the earth's surface, so that at the present time good cloud-free imagery of over 90 per cent

of land areas is readily available. This satellite has so successfully achieved its objectives that a second,

LANDSAT-2, was launched in January 1975 and a third, with an extra range of sensors, has now been

approved for 19"17.

The satellites revolve around the earth at an altitude of915 km in a near-polar, circular, sun-synchronous

orbit so that with successive orbits each area is viewed every 18 days at the same sun angle and therefore the

same loc¿l time of day. Tlús cycle of complete global coverage allows the onboard sensor system to acquire

repetitive imagery under constant observation conditions of any area from 8lo north to 81o south, the

satellite crossing the equator at about 9.30 am local time on the north-to,south leg of each orbit. Previous

experience with aerial photography has shorvn that shadows cast on the ground at this time of day provide

the greatest assistance in interpretation of surface features. Repetitive coverage ofland surface areas by

satellite imagery provid.es signifìcant potential for monitoring timedependent changes in surface featu¡es

and may be useful for the transport planner and higþway engineer in monitoring construction or the visible

induced benefìts brought about by a road construction programme.

The satellite payload consists of the Return Beam Vidicon (RBV) and the Multispectral Scanner (lvf SS)

imagng systems and a data collection system (DCS) that relays telemetered infomlation from about 100

stations located in remote regions of North America collecting data on rainfall, water quality, seismic

.activity etc. The most successful imagery has been acquired by the MSS system which is a line-scanning

device that operates in four bands (labelled bands 4 to 7) of the electromagnetic spectrum: 0.5-0-6

microns (geen-yellow), 0.6-0.7 microns (orange-red), 0.7-0.8 microns (red/near infnred) and 0-8-1.1

microns (near infrared). An oscillating mirror in the scanning system causes electromagnetic enerÐ/ from a

185 km swath perpendicular to the satellite's path to be swept across the focus of a small telescope. At

the focus is a four-by-six array of 24 opticail fìbres, six for each band monitored. The fìbres cany the enerry

from each imaged spot througþ spectral filters to detectors that convert it to an electrical signal. Each
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detector observes a spot on the ground nominally 79 metres square. The oscillating mirror is timed so that

when it returns for the next sweep, the satellite has advanced 474 metres and the next six lines are adjacent

to the preceding six (Fig 5). Thus while the system is operating, it produces a continuous strip image of
the ground below the satellite. The series of scan sigrals produced by the detectors is multiplexed and

encoded to give a digital bit stream (a bit is a logical unit of information, ie 0 or 1) which is either recorded

on one ofthe satellite's wide band tape recorders and subsequently telemetered to a ground receiving station

or directly telemetered as it is produced (in real time) if the satellite is within range of a ground receiving

station.

All of the recorded imagery is available from the EROS Data Centre in America, either in the form of
computer compatible magnetic tapes (CCTs) or photographic products, all of which, at least for the present,

are extrernely cheap to purchase. The imagery is initially processed by NASA, using the computer tapes, to

provide the 70 mm Bulk Images at a scale of l:3,369,000 which are available as black-and-white film

transparencies or prints ofsingle bands and can also be purchased as 1:1,000,000, 1:500,000 or 1:250,000

enlargements. According to scale and product required the cost may range from $3.00 US to $15.00 US

per image, whilst a computer compatible tape including all four bands may be obtained for about $200 US.

Additional information may be obtained from the black-and-white images by assigning a different colour by

the use offìlters to each ofthe three or four spectral bands and superimposing them to produce highly

detailed false colour images. Using black-and-white positive transparencies, band 4 is generally assigned blue,

band 5 green and eilher band 6 or7, red. False colour composite images may also be purchased (for any

scene) direct from Sioux Falls at reasonable cost.

The interpretation of data obtained by the LANDSAT scanners may be carried out by visual

inspection of the fìlm transparencies or prints; by automated methods using the digital data directly; or by

a combitration of the two, utilising interactive computer facilities with visual display devices. Tape-recorded

digital data is often preferred for analysis and interpretation since transferring the satellite data on to film

results in a loss of accuracy in recording the radiometric information, which is also further degraded by

duplication. When fìlm is used, the fìnal product available for interpretation nray often be as much as 5 to

7 generations removed f¡om the original. Other advantages of using the tapes for analysis include easier

removal of enors and image distortions, consíderable analytical flexibility including radiometric enhancement

and geometric correction, reproducible results, and relatively reasonable costs. The CCTs, however, require

specialised equipment in addition to a computing facility in order to extract the image data.

Although the resolution of the satellite scanner is limited to a pixel size (a pixel is the smallest element

makingup a picture) of79 metres square on the ground, signifìcant surface features are revealed without

los of dehnition when the images are enlarged to scales of I :250,000 and above. Where tonal contrasts are

high between surface phenomena, features as small as l0 nletres wide have been identified; for example,

higþways whose linearity also assists in delineation. The imagery obtained from LANDSAT is orthophoto-

gaphic because of the satellite's height above the earth and consequently of great value as a base map,

especially as it is upto-date and, in many areas of the developing world, map coverage is inadequate or

totally non-existent I 2.

Text 5

89



Compendium 6

A disadvantage of multispectral scanner imagery is that it does not provide the endlap necessary to
produce a true stereoscopic model since the scanner does not image an entire scene from a single vantage

point as does a camera but rather builds an image line by line, as the scanner platform progreses along
the flight path (Fig 5). However, some sidelap stereoscopic analysís has been accomplished with LANDSAT
imagery as the overlap of images increases with latitude so that at the higþer latitudes 50 per cent or more
sidelap occurs. Such stereoscopy is not optimal however, since it is unidirectional rather than omnidirectional as

are conventional photographs, and also the stereopairs are acquired one day or more apart. The interpreter,

however, may use the pseudo-stereoscopic effect produced by viewing two different bands of a scanner image
as a stereo pair to produce the parallax necessary for stereoscopic viewingl3,l4. Although the impresion
ofreliefis seldom great, ability to view images stereoscopically, or at least to obtain binocular fusion, greatly
reduces the signal-to-noise ratio. This is so partly because twice as many silver grains are used to form the
composite image, and partly because of the benefits that result from 'binocular reinforcement' which occurs
when one assigns one eye to the study of an irrrage and the other to a study of its stereo-mate. The end-

overlap of 10 per cent betrveen images along the satellite path can only be used to advantage by binocular
reinforcement although stereo parallax may be obtained by using MSS images of an area taken at different
times, which is of particular bene{ìt in that each image has its particular look-angle with respect to the sun's
fays.

FiIm transparencies are generally superior to paper prints for purposes ofinterpretation because they
offer high resolution and present a greater range ofbrightness values. They also allow greater flexibility
in illumfulation and image combination, since viewing facilities are often equipped for variable intensity
illumination so that the interpreter can make adjustments for optimum viewing over a broad range of
image densities. The Carl Zeiss Jena Interpretoscope is such an instrument particularly well suited for
stereoscopic study of satellite trausparencies with its x l5 zoom magnifìcation, differential magnifìcation
ability allorving images at different scales to be fused without effort, and rotating optical axes for easy

oricntation of the images (Fig 6).

Temporal studies may also be undertaken with this instrument. These enable images of diffgrent dates

to be perfectly superimposed and changes examined by either switching the viewpoint from eye to eye or
using stereoscopic (or binocular) examination techniques. Another irnportant aspect of satellite temporal
data is that under a stereoscope the parallax exhibited by a shadow on repetitive images taken ofa site during
different seasons of the year enables a useful indication of relief to be obtained. Thus, by fusing overlapping

images of an area taken at different times of the year in order to obtain shadow parallax, there is a marked

increase in the ease ofinterpretability ofterrain featurcs, even though often very little parallax is discernible

in the features themselvesl4'15. Combination of true stereo parallax plus shadow parallax consequently

offers many possibilities to interpreters for making meaningful analyses of orbital irnagery.

4.1 Uses of LANDSAT irnage ¡nterpretat¡on for regional inventories

The need to develop a regional nlaster plan is common to many engineering progrâmmes, especially for
transportation systems, the accomplishment of which requires a comprehensive and continuous inventory
and analysis of existing conditions. Additionaliy, regional transportation plans must be coordinated with
other governmental and community planning organiz:tions, and, in the third world countries, with the overall

national development programme.
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The use ofsate oftrs unique advantages for prèparing regional inventories of importance

to engineering planning functions since the satellite imagery provides a broad view of an area ( i 85 km square

on one image) depicting conditions existing at a givert time; indicates the interrelationships between climate,

geology, and cultural and environmental factors that are of particular importance in evaluating the impact of

a new engineering facilíty; provides a method for monitoring changes occurring in a region by comparison of

sequential coverage; and provides a common base for comp^arison of analyses prepared by investigtors of

various disciplines in a coordinated planning.¡¡o416'17'18. L¡,NOSAT imagery may be interpreted for

regional inventories of constructional materials; preparation of regional engineering soils maps and terrain

evaluations; route selection and highway corridor studies; regional slope stability evaluations; inventories

of drainage networks and wate¡shed areas; land use and natural resource inventories; and regional urban

analyses.

Satellite imagery is of value to the engineer in that it presents the regional physiographic setting from which

the various landforms can be delineated by their characteristic photo patterns. Geomorphological knowledge

ofthe landforms enables the interpreter to predict the types of materials to be expected and to select the

most favourable sites for field investigation. The capability to discriminate surface materials and landforms

is improved as energy from the ground is recorded within four specifìc wavelength bands. The level of

enerry reflected or emitted from objects normally varies with wavelength throughout the electromagnetic

spectrum and consequently a r.rnique tonal signature (spectral characteristics) of an object or material may

often be identified if that energr is broken down into selected wavelength bands. Synoptic views provided

by satellite inragery also enable interpreters to determine regional geologic structure and regional trends not

noticeable on larger scale imagery or mosaics. This results in a better understanding of the origin of the

various landforms and the regional landscape, making it possible to predict with more confidence the types

of materials that might be encountered and the possibilities of locating buried deposits.

A major construction project is controlled by the natural terrain conditions, optimum location

requiring a minimum disturbance of the natural landscape as the cost of moving natural materials is usually

the largest in engineering corstruction. To minimize construction costs, engineering soil maps are often

prepared on a regional basis for planning and location purposes. Satellite imagery can play a vital role in

acquiring such knowledge as the greater range oftonal signatures available from the four bands ofimagery

improves discrimination of surface features over a very large area providing a base for optimum route selection

in relation to the physical and cultural environment and also for the selection of areas to be studied in more

detail either by aerial and/or ground survey methods. The scanner images from the LANDSAT satellite are

consequently proving to be inr¡¿luable as an initial reconnaissance tool. As with conventional airphoto

interpretation,a detailed study of all of the pattern elements that comprise the landforms is critical in

determiningthe soil and terrain characteristics. Analysis of topography gives some indication of massiveness

or hardness of rocks or texture of unconsolidated materials, whilst characteristics of the drainage, erosion,

vegetation and cultural patterns also provide clues to types of materials and to surface and subsurface ground

conditions.

Satellite imagery is of immense value for the regional interpretation of drainage networks, an evaluation

of the overall pattern, in addition to assessing the water resources of an area, providing information on

pneral porosity, dip of the rock strata and types of material present. The presence of a very dense drainage

pattern is generally indicative of an impervious, fìne-grained material, whereas sparse drainage patterns are

asociated with porous, coarse-grained materials. A detailed study of drainage pattern, including such items

as shape, texture, density and orientation, provides indication ofextent and location ofmaterials having
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significant differences; degree of uniformity of materials; location and extent of localiæd changes and

factors of control; existence of, and depth to, bedrock or hardpan, and origin of underlying bedrock. Near

infrared radiation is strongly absorbed by water so that land and water surfaces can be easily interpreted

and discriminated on the infrared wavelengh band 7 of the satellite imagery and regional drainage maps

prepared.

Regional drainage maps have many applications in engineering and have been used for determining
the size, shape and number of drainage basins in a regjon. Individual drainage basins, or portions of basins,

can be evaluated for calculating drainage structure requirements for various engineering facilities - eg

number of drainage structures required based on number of drainageways crossed, or size of a drainage

structure for a given drainage crossing. Other applications include determining the location, defìnition and

measured area of entire stream systems for use in design of flood control projects, location of water supply

and evaluation ofterrain and soil conditions for identifying regional structure and landforms for preparing

engineering soil maps.

Some of the most obvious applications and uses of LANDSAT imagery have been briefly outlined.

However, no single technique, or combination of technigues is applicable to all the various stages of highway

engineering for, where large regional areas are to be evaluated, satellites, radar and othe¡ sensors providing

broad coverage are applicable whereas aerial photography and other sensing systems operated from ai¡craft

are more suitable for specific detail. As both regional and detailed information are needed in almost every

stage of highway engineering, it is apparent that combinations of these two groups of coverage will be

required to completely evaluate all the pertinent factors.

The main advantages of LANDSAT satellite imagery to the intcrpreter of highway engineering information

lies in the synoptic view provided; the uniform illumination and tonal quality; the repetitive coverage; the

digital computerizeð, output; the ready availability, relatively low cost and up-todate character of the data and

finally the multispectral nature of the imagery. It is this latter characteristic which has a siqrificant potential

value with respect to the wide range of applicable interpretative procedures available for providing information

relevant to highway engineering investigation.

5. INTERPRETATIVE TECHNIOUES FOR IMAGE ANALYSIS

Equipment and techniques have changed as fast as advances in remote sensing systems. For many years

interpreters accomplished most of their work with pocket and mirror stereoscopes and occasionally use was

made of a photogrammetric plotter to identify and map a particular formation, slope or boundary. Today,

major reliance is still placed on this equipment but a wide variety of powerful tools that permit rapid extraction

of more information are available. Among these tools are techniques of image enhancement and density

slicing, and computer techniques for handling, classifying and analysing masses of data, as for example througþ

pattern recognition.

5.1 Density analysis

Density analysis refers to techniques by which fìlm densities (representing logarithms of scene brigþtnes

values) are accurately measured or subdivided in ord:r to detect and delineate subtle variations in the image tone.
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The analysis can be accomplished through photographic processing, photometric lneasurement and video

or digital processing, a typical procedure resulting in a density contour map or density slice.

5.1.1 Photographic density slicing A set of density slices can be produced photogr_aphically by making

a sequence of neptives, positives or prints with rnrious exposures on high-contrast puperl9. The resulting

high-contrast photographic products each represent a distinct band ofequal density (with ligþter areas

washed out and darker areas underexposed) and each image will consequently be a contrast'stretched version

of the original The various tonal values represented within the reproduced density slice will be stretched

across the entire density range ofthe photographic paper and the relative contrast between subtly different

featu¡es should be more apparent.

A set of density slices are illustrated in Plate 2 for the infrared band 7 image of a LANDSAT satellite

scene of central Sudan, which was utilised in a TRRL materials investigation of a proposed road alignment

connecting the towns of Wad Medani and Sennar on the Blue Nile with Kosti, to the west, on the White

Nile. The infrared band 7 image (a) has been sliced to reveal more clearly in (b) the distribution of available

road building materials comprising areas of ¡ed clayey quartzitic gravel, river sands and calcareous concretionary

materÍal and Jebel outcrops of bedrock protruding from the plainlands. In slice (d) the occurrence of surface

water in rivers, abandoned drainage courses and irrigtion canals is enhanced, whilst slice (c) emphasises the

distribution patterns of vegetation and various land use practices.

Satellite imagery proved valuable in this region for initially identifying areas where construction

materials were likely to be available for the proposed road alignment. Sands and gravels of varying properties,

often reflecting differences in mode of origin, were interpreted to be associated with the White and Blue Nile

river systems, deposits occurring either on old terraces and meander scars or as banks in the present river

channels.' In addition to the outstanding Jebel outcrops of bedrock, the most clearly discerned and important

materials to be identified were the distinct red soil areas of clayey quartzitic gravel clearly distinguished in

the field by their characteristic vegetation dominated by the C.ombretum tree. These areas of red soil, within

which are found the clayey gravels that are likely to be the main source of pavement material for the

Sennar-Kosti section, contrast markedly both on the satellite imagery and ground surface with the main black

clay soil types which cover most of the region traversed by the road alignment.

The satellite imagery also clearly shows the different areas occupied by the two road sectors. low-lying

alluvial soils irrigted by water from canals flowing from the Sennar Dam are characteristic of the Wad

Medani-sennar section along the Blue Nile, whilst, to the west of Sennar, an area of uniform grey clay is only

broken by the Jebels and their surrounding soil aureoles that protrude from the plain. At the westem end of

the road alignment that is proposed to follow the line of the visible railway track, the predominance of sand

is clearly d.istinguished, especially to the west of the White Nile which appears to act as an effective barrier

for dcposits blown from the west.

The objectives of enhancement modifications such as density slicing are to improve the interpretability

of the image, usually for a specific purpose, even though the process may completely destroy its aesthetic,

visual qualities. On the Sudan image, slices of the density or tonal range have been selected to emphasise

selected features such as nraterials, drainage and vegetation. Interpretation of these features is improved as

the rarious tonal values within each slice have been extended across the entire density range ofthe photographic

paper and the relative contrasts between subtly different features are more apparent than on the original.

Text 5

93



Compendium 6 Text 5

5.1.2 Electronic and microdensitometer techniques for density slicing Various instrumentation
systems are available that allow image densities to be measured and then coded or gouped according to
some. predetermined programme, the coded data then being redisplayed in the form of a density contour
map. Subtle film-density variations are displayed on the density contour map in strongly contrasting shades

or colours so that the interpreter can detect and map features that are ordinarily obscure2o.

Video analysis systems (eg Spatial Data Systems Model C703-32 Datacolour density analysis system)

utilise a television camera to scan the image, the resulting analogue signals being subdivided into intensity
groups which are individually coded (assigned a specific tone or colour) and redisplayed on a video monitor
as a density contour mup2l'22. Víd"o displays may lack the spatial and brigþtness resolution of sophisticated

computer systems or scanning microdensitometers but provide by comparison a 'real time'analysis capability
for a relatively modest cost. They also provide the interpreter with greater flexibility than the simple optical-
photographic processes, which consu¡ne much time and do not guarantee reproducible results. Density slicing

using a video system has been used previously with a fair degree ofsuccess to map soil conditions and,

speciflrcally, dense claypan subsoils23.

Density analysis by computer is readily applied to data in digitat form, such as LANDSAT satellite CCTs

and multispectral scanner tapes, and provides the least loss in brigþtness resolution for such data. Photographic

and other forms of image data must be scanned and digitized before being input to a computér, but once the

system has been set up it is very fleible, easily calibrated, extremely rapid and results are easily reproducible.

A digital system enables any level or levels oftone to be selected and displayed on a black¿nd-white or

colour monitor or alternatively output on a line printer, a flat-bed or drum plotter, or directly on to a

photographic fïlm writer.

An example of a microdensitometer trace across the Blue Nile River region on the LANDSAT infrared

satellite irnage (Plate 2) of the Sudan, shown in Fig 7, illustrates how this method of imagB analysis

quantifìes the tonal values occurring along a designated line. In addition to quantifying tonal values, the scan

depicts a far larger range of tones than would be separable by eye, and consequently a better understanding

can be obtained ofhow and why tones change in relation to ground conditions, especially iftraces are made

alongactual transects measured and studied in the field. Relative ordering of the microdensitometer readings

for natural targets such as soils, vegetation and roclctypes furnishes a type ofspectral signature which can be

used äs a discriminating functional property to enable extrapolation over larger areas. The trace across the

Blue Nile River region in Fig 7 clearly reveals the characteristic tone or spectral signature of the areas of red

clayey quartzitic gravel, black alluvial clay soils, the river charurel zone of the Blue Nile and the areas of
intense, canal-inigpted cultivation.

Scanning microdensitorneters, often equipped with colour fìlters for use with colour images, are able to

measure systematically rlensity values over an entire scene. The Joyce-Loebl Image Quantizer allows both
prints and transparencies to be converted into an isodensity plot with up to 20 different isodensity contours.

Density slicing is accomplished by changing the threshold level of the instrument, the range of isodensity

contours being varied so that only features ofthe required density are recorded, thereby símplifying the

image for subsequent interpretation.
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The Joyce-Inebl four-colour Isodensitracer can plot up to 64 different density contours as the

instrument automatically scans and measures the density of all points in a fìlm transparency and plots the

ralues as a çantitative, four colour, two-dimensional density map of the scanned area. This density output
is in the form ofa dropline chart, for, as density increases, the ñrst coloured pen scribes a sequence ofspace,

then dots, then dash and, with continuing increase, the second colour pen is activated and produces space,

then dots, then dash and so on. The large magnification ratios available (from I :1 to 1,000 : 1) makes this

instrument ideal for studying in detail the tonal variations on orbital images, as the visual - but quantitative -
recording output lends itself to easy field checking to determine the significance of the tonal va¡iations.

Microdensitometer density studies, often involving computer processing of the measured data, have

been applied to classifìcation and analysis ofterrain and should prove to be a useful analytical technique

for the interpreter involved with an engineering investigation of natural ground conditions. Examples of
densitometry for feature extraction include using colour infrared fìlm for maximum likelihood function

identification of terrain typer24'25 and multispectral satellite photography for crop, soil and geological

mappinf6.

5.2 Gontrast stretching

This technique is a widely employed image preprocessing function, which is used to make subtle

geyscale tonal diflerences, not readily detectable with the naked eye, more obvious for interpretation. Any

low contrast i;nage or, as outlined for density slicing, any portion of the greyscale of an image may be

enhanced by this procedure. I¡w contrast images may arise for various reasons; for example, certain scenes

may be of inherently low contrast in a given wavelen$h, or a contrasting scene may tre viewed through a

hazy atmosphere. Contrast may be improved by producing new negptives and positives through repeated

processing with high-pmma fìlm or by using a log-etronic processor.

The greatest control in stretching is maintained in digital processing which is undertaken most effectively

on LANDSAT satellite CCTs and multispectral scanner tapes. On the LANDSAT satellite the MSS system is

desigred to cover a large dynamic range in scene brightness to respond to the effects ofsun angle and albedo

variation as the spacecraft covers the globe. Consequently the brightness range ofany one image will
generally occupy only part of the dynamic range, resulting in a low-contrast image. ln reconst¡ucting an image

from the digital data, it is therefore desirable to stretch the DN range to increase the contrast. The di$tal
numbers (DN) on the computer compatible tapes (CCTs) represent data values that are linear with brightness

and range fronr 0 - 127. For convenielrce in using existing computer programmes, the MSS data have been

expanded into eight bits, resulting in a DN range of 0 - 255.

Stretching begins by forming a histogram plot of the number of pixels per DN value (Fig 8) so that

brightness values above and below which no appreciable data exist can then be located and used as stretch

limits. The stretch may be either linear or nonlinear, a linear stretch increasing the scene contrast uniformly

over the dynamic range of the output product. Umits to the stretch, determined from the histogram, are

placed at the extreme points of the dynamic range (that is, 0 to 255 DN values) and the other points are

spaced linearly between these end points (Fig 8). In a nonlinear stretch, the cube root of each DN value is

taken and the resulting DN range linearly stretched as above. This procedure increases loc¿l scene contrast

in the dark areas at the expense of contrast in the brightest areas. In an exponential stretch, the inverse

occurs.
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On moct images the peak of the histogram occurs towards the lowQst brightness ralues with a long

tail of relatively low ralues o4the brightest pixel side rvhich hæ the effect of greatly reducing the detail in
all but the brightest pixels (Fig 8). Stretching consequently produces more detail for interpretation and is
especially useful before colour combination of multispectral imagery in order to enhance the colour contrast.
Although there does not seem to be a general rule of thumb that c¿n be applietl to all images in determining
the required stretch parameters, it is essential that useful raw data at the extremes ofthe brightness range
are not saturated and lost.

5.3 lmaç masking and combination

Masking is a procedure in which one image is superimposed on another to enhance certain image features.
Probably the most commonly employed form of image masking is colour-additive image composition, a
technique by which false-colour images are constructed from various bands of multispectral imagery (plate 3).
Colour composite images can be produced electronically from digital or analogue tapes througþ a flying
spot recording device or cathode ray tube. Ifthe data are available in image form, other devices can be used

to produce false colour composites2T. For example, the four bands of black-and-white LANDSAT imagery-
can be transformed into a false-colour image using diazo equipment28, a colour additive 

"ir*.r29,30, 
,

multiple exposure printing system3l or video equipment.

A multiple exposure of colour film process for multispectral colour enhancement involves various
combinations of positives and ne5atives being produced from a number of multiband images. A colour is

then assigned to each combination by exposing it on to colour photographic material througþ an appropriate
fihteê2 - The various steps in the process arè indicated in Fig 9.

Colour additive viewers are projector systems which allow several images to be simultaneously projected
on a viewing screen, the black-and-white images being able to be filtered, brightened and scaled independently
so that the hue and brightness of the resulting false colour composite image can be adjusted to suit a
particular need. ln higþway engineering studies this may involve enhancing the distribution of a particular
soil type or construction material, areas of poor drainage, landslides and unstable ground or any other aspect

of the terrain which is visible on the combined multispectral images and which is likely to aft'ect a proposed

road construction. On more sophisticated additive viewen the saturation of the individual filters can also

be independently controlled.

Additive vi-eying equipment may be assembled by simply combining a set of standard slide projecton
and fìlter wheels33 or altematively a number of specially designed enhancement viervers are commercially
available from such firms as Fairey Surveys Ltd, lnternational Imagng Systems, USA, etc. A specially
designed additive viewer has been constructed at TRRL in order to analyse and enhance imagery obtained
from the LA\DSAT satellite and a multispectral camera system (Plate 1) desigred for operation in a ligþt
ai¡cnft used for highlvay engineering surveys in developing countries. Three multispectral images are able

to be superirnposed in register on a photographic base-board by using a separate independently scaled

colour enlarger projection system equipped with a dichroic filter head for each image (Plate 4). The colour
tone ofeach channel is controlled by exchangeable filters and the two outermost enlargers are fitted with
X-Y and rotation registration controls for exact image superimposition. A set of complementary filten in
each enlarger head enables both subtractive and additiye colour principles to be used3o with either fìlm
neptives or positives to achieve a full range of colour tones and control over colour saturation. Brigþtness

is controlled by an aperture setting for each enlarger projection lens. The final colour composite or enhanced
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image may be expæed directly on to colour film on the base-board or altematively photographed by

specially positioned camera to produce hard copy records. fur example of a satellite colour composite and

further enhanced image obtained by this technique on the TRRL system is shown in Plate 3.

The colour composite (Hate 3) forms a portion of the I,ANDSAT satellite scene immediately north of
the image density sliced in Hzte 2 and shows the region around the confluence of the Blue Nile and Rahad

riven. This false colour composite irnage was formed by projecting the 70 mm black-and-white fìlm positive

of green band 4 througþ a blue filter with the red band 5 image tfuough a green fìlter and the infrared band

7 imzge througþ a red fìlter. The resulting image closely resembles Infmred Ektachrome false coiour

photography in which the outstanding feature is that living vegetation, which strongly reflects near infrared

radíation is visible in shades of red.

The satellite imagery of this area, especially the colour composites, has been used to interpret where

suitable road construction materials may be found for road development associated with a project to extend

the inipted area east of the Blue Nile and Rahad rivers. Interpretation of the satellite imagery was based

on experience and extrapolation from the materials investigation undertaken in the region immediately to

the south ofthis area. The characteristic spectral signature ofthe red clayey gravels which form some of
the best road-making material in the area can be identified in several localities to the east of the Blue Nile

and Rahad rivers. Higþ ¡eflectance from the sand, quartzitic material and red soils, in addition to the very

sparse vegetation cover, is probably responsible for the characteristic yellow/white signature ofthese areas

which contrast with the darker tones of the black clay soils and striking red-toned pattern of the inigted
afeas.

The colour composite is easier to interpret as the human eye is capable of discriminating more hue

(colour) values than values of grey. kr addition to the potential sites of red clayey gravels, the colour

composite indicates more clearly the extensive deposits of sand in the major river charurels within which

layers of calcrete gravel may be found and the Jebel outcrops of bedrock protruding from the black clay

plains. Although interpretation has yet to be confirmed in the field for this area, it is highly likely, based

on previous field experience and interpretation of the satellite imagery, that an engineering materials

inventory can be put forward with some confidence.

The soil for the road development is a heavy clay, which beneath a sealed road would lrave a minimum

€BR of 4 per cent, and under most conditions would have a typical CBR of 7-8 per cent. Materials for

construction consist of old terrace deposits consisting ofclayey gravels, which are ideal for gravel roads or

sub'base but need stabilisation for base beneath a bitumen surface; calcrete gravels from the Nile and Rahad

wtrich would provide sub-base and could be stabilised for base beneath a bitumen surface; sands from the

Nile and Rahad would provide sub-base material; and weathered rock from the Jebels would provide sub-base

and base material for gravel roads but is unlikely to be suitable for a surfaced road base construction. In

some cases the rock outcrops could be quanied to provide stone.*

The enhanced colour composite in Plate 3 has been produced by varying the colour fìlter combinations,

saturation and brightness in each channel to produce the desired effect of discriminatingclearly the distribution
of red soil areas where suitable clayey gravels may be found. Using this enhancement technique, spectral

differences between individual images taken in different parts ofthe electromagnetic spectrum are distinguished

in the form of colour and characteristic spectral signatures associated with ground surface features, which

may not otherwise be apparent, can be emphasised and identifìed more clearly. In interpreting imagery covering

*Since writing this report subsequent fìeld investigations have confirmed the interpretation of the satelìite imagery.
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a proposed road construction project, natural features of the terrain of interest to the highway engineer,
such as poorly drained areas, potentially unstable ground, soil conditions, etc, may be enhanccd using theæ
techniques so that they may be studied in more detail and possibly related to other controlling
envi¡onmental parameters.

Repetitive'exposure printing on colour film or sandwiching of diazo colour film provides an economical
alternative to the colour-additive viewing but is dependent upon the scale-stability of the recording system

and may be more difficult to control with regrd to the colour balance and tone of the final product. Diazo
sandwiching may be the least flexible colour-additive technique, in that it allows no means of scale-change

and very little control of colour tones, but it is certainly one of the most economical ways to construct a

hard-copy, colour composite image. Recently, the capability of experimental video equipment has been
increased by the addition of auxiliary equipment to allow density analysis, edge enhancement, image-calibratioç,
and image combination'*. Colour addition is just one function of such analysis systems.

Colour-additive systems can be employed both in positive/positive image masking and in other forms such
as positive/negative masking which is accomplished by placing a negptive of an image over the positive of
another image of the same area for a different season or by placing a negative of one spectral band over a

positive transparency of another band. In either case, the image mask should serve to erùance differences

between the images. When a positive and negptive of the sarne image area are used, the features enhanced

should represent changes in contrast and overall brightness related to temporal changes in the scene while
the band-to-band image mask enhances features that differ in their spectral reflectance characteristic, If the
positive and negative of a single image mask are processed so that the brightness and contrast values are

complementary, the resulting composite should appear totally gey, 
^rry 

variation from the reversed contrast

should stand out sharply from this grey background.

Innumerable image-mask combinations are possible, since, with proper flexibility built into the equipment
used in constructing the image masks, masking techniques allow enhancement of the most subtle contrast in
hue and tone. Computqr processing can produce image ratios, image products or other complex combination
functions in addition to direct additive or subtractive masks.

The most recent advances in results obtained from digital computer processing of remotely sensed data,

especially those contained on the LA,NDSAT satellite CCTs, have been obtained using the technique of image

ratioing. In this process, two spectral band images that have been conected for atmospheric effects are

divided pixel by pixel, the resultant image showing the variations in the slopes of the spectral-reflectivity curves

between the two wavelength bands. Differences in albedo and topography are suppressed so that, using this

method, one type of material will appear the same or similar in a ratio image regardless of the local topographic

slope angle. One of the most successful studies has combined the use of digital computer processing and colour

compositing of LANDSAT images to detect and map hydrothermally altered areas and to discriminate most

major rock types in a semi-arid environment35.

The technique used is based on enlancement ofsubtle visible and near infrared reflectivity differences

associated with variations in bulk composition of the rocks. The LAND$AT spectral bands are ratioed,

picture element by picture element, by computer and are subsequently contrast stretched to enhance the

spectral differences. These stretched-ratio values are used to produce a new black-and-white image which

shows the subtle spectral-reflectivity differences and concurrently minimizes radiance variations due to albedo

and topography. Additional enhancement is achieved by preparing colour composites of two or more
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stretched-ratio images. Colour variations seen in these colour-ratio composites, representing spectral

reflectance differences, enable hydrothermally altered areas and most major rock types to be discriminated35.

The signifìcance ofthis technique is emphasised by the fact that the altered areas are not apparent on the

individual satêllite image bands, colour-infrared composites or even colour photographs of the area obtained

from NASA's Skylab mission.

The repetitive coverage of the LANDSAT satellite, in another study, has provided sequential image scenes

of the playa lakes in lran, from which, using digital comptìter processing techniques, hydrologic and morphologic

changes have been monitored with respect to an evaluation of their economic and engineering signifìcance36.

In north-central lran, the Great lGvir is a vast desert with extensive salt crusts and swamps. During the period

of maximum inundation and lowest bearing stren$hs, as inferred from thc LANDSAT satellite imagery in

1973,a preliminary road alignment was selected across this area. The selected route was able to avoid the

wettest or roughest areas, take advantage of the best terrain, and reduce the road distance between northern

and central Iran by as much as 700 km. In addition to the great savings in cost, this route would also reduce

the travel time by as much as ten hours36. Dut. derivpd from the analyses of LANDSAT satellite images

can thus provide a rational basis for planning the economic utilization (salts or water extraction and

agriculture) and engineering development (roads and airfìelds) ofthese playa areas.

Computer processing of remotely sensed data, as referred to in the two previously outlined studies,

provides the capability for the interpreter to have even more flexibility in his image enhancement

procedurer3T-4o. Th. interpreter may selectively remove unwanted image contrasts and increase residual

contrasts which may be more 'meaningful' in a particular application. Feature detection is limited only by

the image resolution and proper selection ofspectral bands.

5.4 Edç enhancement

Edge enhancement procedures aid the interpreter in definilg trends and area boundaries. Techniques

for producing edge enhancement are many. Density slicing may be used if the individual image density

values included in a coded group are restricted to very narrow limits, the coded density values then producing

a line, or series of density contours, corresponding to any signifìcant contrast change or 'edge'. A single-image

mask (two positives of the same image) can also be used simply by shifting one positive sligþtly with respect

to the other. Varying the direction of shift results in enhancement of different edges, the enhanced edges

being those that are largely perpendicular to the direction of shift. Mis-registration allows excess amounts

of light to pass through the image mask along the edges of highly contrasting objects. By shifting the

superimposed image in all directions relative to the other image, çdges of all orientations canbe observed.

Dgital or analogue image analysis systems may produce edge enhancement by sampling consecutive

data points and displaying the resulting density curves or by determining whether or not the rate'of-change

ofbrightness values exceeds a threshotd value. Those values where the brigþtness change is sufficient to

exceed the threshold may then be re-displayed in the form of an edge-enhanced image. These edge enhancement

procedures help the interpreter to defìne area boundaries regrdless of the shape or orientation of the contrast

changes defìned as edges. Other edge enhancement procedures can help an interpreter defìne only trends

or linear anomalies on an image.

One such technique consists of superimposing pattern grids on an image in various orientations. The

interference patterns formed between the image and the patterned grid may cause linear and/or curvilinear

features to stand out strongly as they become coincident with the grid pattems. A somewhat more
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sophisticated form of edge enhancement can be accomplished througþ frequency fìltering using an optical
bench. In this process, the image is illuminated with coherent light (laser), and the resulting transmitted

beam, which has been altered by-its passage througþ the image, is made to interfere with a reference be¿m.

The resulting interference pattern represents a frequency transform of the original image. Selective filtering
of the transform image, by blocking or masking selected elements, can remove unwanted elements of the

photograph4l. Arr.dg. enhanced or other special purpose image, especially useful to the highway engineer

for interpreting regional or local structural geologl, can then be reconstructed by a reverse optical proc€ss.

5.5 Cluster¡ng, pattern recognition and frequency analys¡s

The digital computer provides the interpreter with a capability for automatic discrimination and mapping

of features that are recorded on multispectral imagery. The relatively new need for rapid processing ôf
remotely sensed data has been created by the explosive growth in volume of earth resources imagery now

available from LANDSAT satellites, other space progrrìmmes such as Skylab and from numerous aerial

surveys. The magnitude of this need can be appreciated when it is realised that the LANDSAT satellite

circles the earth every I 03 minutes or roughly 14 times per day and that each multispectral scanner image,

containing 8 x 106 picture elements (pixels) in each of4 wavebands, can be recorded in only 25 seconds.

It is therefore evident that rapid processing and analysis necessitates an automatic system ifdata are not

merely to accumulate. Þrticularly for environmental, hydrological and land use problems, immediate

analysis and assessment are often essential. Automatic image analysis involves the use of selection criteria

programmed into the computer and can vary from single image density analysis to extremely complex

functionsl,42. Useful functions commonly take the general form of three basic styles of clasification:

clustering, pattern recog¡ition, or frequency analysis.

The conventional description ofimage classifìcation techniques can be broadly divided into two types:

zupervised learning, which involves the initial generation ofa spectral signature for each class to be recognised,

and unsupervised learning, which usually involves some form of cluster analysis. In the supervised method

the computer is trained by supplying it with spectral information for certaín predetermined areas (the

training samples) from which the spectral signatures are determined. The higþway engineer, in this context,

may choose characteristic areas of poorly drained ground, areas of suitable construction material or aty other

terrain parameter that is visible on the imagery. Disadvantages of this method of image classification arethú.

the reference signature may only apply at any one instant in space and time;the success rate of the fìnal

classification depends on the quality of the training sets and so may be lpw if these are not representative

of the required classes; and the ground truth information relating to the training areas must be acquired

beforehand.

Clusteringis a procedure in which band-to-band comparisons afe made for individual image points

or sets of points. Each point is assigred a position in an array on the basis ofthe relative response recorded

on the various bands of multispectral imagery or individual layers in colour fìlm emulsions. All points

with identical o¡ similar response on each spectral band or film layer will fall into a single gloup or tluster'.
When all irnage elements have been assigned, the clusters can be coded and printed in the form of a computer

m2p25,43 . The map may represent a finished classifìcation or may be used as an aid in image interpretation.

Different cluster maps can be produced by changing the boundary selection criteria for the clusters or by

using different sets of image bantts. The principal disadvantage of using clustering methods lies in the fact

that they may require a considerable computer store and processing time.
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An automatic computer analysis which uses a clustering procedure to classify an aerial false colour

infrared image covering an ar€â to the north of Maiduguri in North East Nigeria is illustrated in Plate 5

(analysis by Owen Jones of Bedford College). The computer classification map has been derived from an

analysis of microdensitometer data taken from the individual layers in the false colour infrared image which

is shown accompanying the classifìcation in black-and-white on Plate 5. This simple example indicates how

such techniques can be used in highway engineering to predict gqund conditions for road location. The

classification has identifìed well-drained sandy areas, silty clays watedogged for part ofthe year and expansive

black clays, making it relatively easy for the interpreter to select the most suitable road alignment. Although

this simple classifìcaticn could just as readily be interpreted by eye from the original image, the computer

system offers the advantage ofspeed with quite often a more accurate delineation ofboundaries and usually

almost an instantaneous measurement of the actual ground area covered within each class.

Some procedures use both the relative band-to-band response ofdata points and rates-of-change of
brightness values as selection cnte{a$. Consequently, maps produced througþ these analyses can represent

both spectral and spatial relationships of the original data. The general procedure is much the same as in

cluster analysis except that the groupingp take into consideration the value ofeach point relative to its

neigþbouring points, as well as similarity of response in each spectral band.

Frequency analysis is a further modific¿tion of procedures which employ the spatial relationships of
the data in classification4s. Th. relationship of each point is considered with respect to many of its

neighbours, both rates-of-change of brightness values and repetitive aspects of these brightness changes

being considered. Fourier analysis of image values is a frequency analysis procedure comparable to the

optical bench procedures described previously under 'edge enhancement'. Both techniques can be used to

enhance particular features by increasing certain frequency components relative to others.

Computer classification schemes can be used for automated discrimination and mapping or as aids to

the interpreter in making objective decisions. In general, features that are displayed in regular and predictable

relationships to one another, such as the regular pattern ofwell-drained sands and expansive, poorly drained

black clays in North East Nigeria, are best suited to automatic classification. The engineering geologist,

however, must often make decisions on the basis of characteristics of a particular data point, its relationship

to other points, and its context, while ignoring certain image elements which are considered to be noise.

These combined decision criteria are generally too complex and variable to be programmed at present, and

consequently the engineering geologist's use ofcomputer classifìcation procedures has seldom gone beyond

applications where the computer serves as an aid in making objective decisions or as a means of preliminary

analysis to define general areas of interest. The technolory for using dígital computer techniques in image

and remote sensing data analysis, however, is at the threshold of development and expanding so rapidly that

continuous reassessment ofthe potential application and cost-effective benefits of new digital techniques

for the engineering geologist will be necessary.

6. CONCLUSIONS

Until recently, black-and-white aerial photography was the only form of remotely sensed data generally

available to the highway engjneer. Now new forms of image data are becoming increasingly available from

the multispectral scanners on board the LANDSAT satellites, airborne radar and scanner systems and infrared,

colour and multispectral photognphy. Although much can be gained from applying traditional photo-

interprêtive techniques, in order to realise the full potential of these new tools, the highway engineer and
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çologist must understand and employ some rather specialised interpretative techniques. The application of
new interpretative techniques, such as those outlined in this report, is becoming increasingly inrportant for
the interpreter involved with highway engineering projects because of the advent of multisensor missions

collecting a great volume and variety o¡ 6u,.46-52.

The inundation problem facing the interpreter, owing to the large volumes of data collected by new

remote sensing systems, has bee n higþlighted by recent studies in Kansas, where 140 different sets of data

were collected over 5 investigted test sites46, and in Nepal where over 3,000 multispectral images were

obtained over a proposed road alignment of 55 km52. Analysis of this volume of data by traditional visual

methods is long and tedious. Consequently, various methods of data extraction and image analysis techniques

have been developed and, althougþ many systems are not used operationally at present for engineering

programmes, it is sigrifìcant that they do provide some unique capabilities thât may greatly assist future

highway engineering proj ects.

Fortunately many of the most useful techniques can be accomplished in several ways, but some methods

are quite expensive and require special equipment whilst others can be undertaken for a very modest invest-

ment and employ equipment that is widely available. The cost of a procedure may generally reflect the

speed or flexibility of the analysis rather than its quality or utility. It is important, however, that the inter-

pretative procedures employed and the equipment used should be governed by need and economics. The

highway engineer and user of remote sensing data must know the analysis alternatives that are available to

him in order to select those that will give him the greatest retum for his investment.

The technologl for acquiring remotely sensed data and the interpretation techniques required for
converting these data into usable information are being continuously developed. Research is continuing so

that the potential application and cost-effective benefìts ofnew techniques for the higþway engineer can be

fully evaluated. The potential benefits of using new types of imagery and associated analytical interpretative

techniques have been demonstrated, but it will only be after more successful applications of these new tools

in active highway engine'ering situations or road construction programmes that their use will become tully
operational.
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.+- Multispectral scanner 
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l+>| Multispectral photography

ÞJ ColourPhotography

l*-l colour infrared PhotosraPhY
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Fig.2 SPECTRAL SENSITIVITY RANGES OF IMAGING SENSORS
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Fig.3 DIAGRAM OF A MULTISPECTRAL SCANNER SYSTEM- (After Estes and Senger 197411
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Scanner Optics

Scanner mirror
(Oscillates
nominally t 2.89'l

Scanner mirror

6 detectors per band
24toral+2(ifaSth
band is used)

Area of
Landsat image

The earth's surface is scanned by
the oscillating mirror of the MSS
carried in the satellite. The light
values of 6 pixels in the direction
of flight for each of the 4 wave-
bands are sensed simultaneously
by the scanner system.
This results in data for an area
474mby 185km being recorded
by each 'sweep'.7?^ 

-1

Each 'sweep'scans 6 lines of
3240 pixels, each 79m by 79m.

Dírection
of scan

9
Þ

Direction of
spacecraft travel <+-/l¡n----+ <-79m--ù.

+_79ñ____+

PIXEL DISTRIEUTION ALONG SCAN LINES
The multispectrál scanner continuously records the
light values from a field of view 79m by 79m along
each scan line.The signals are sampled at 56m ¡nter-
vals so that there is an overlap of 23m in the ground
area viewed.

Fig.5 IMAGING OF THE EARTH'S SURFACE BY
LANDSAT SATELLITE
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1.
2.

3.

4.

lncident (reflectedl light equipment.
Scale for reading hori¿ontal parallax
differences.
Handles for shifting the objective
lenses in x and y dírections.
Panchratic system for stepless
magnification variations; elimination
of scale differences between left and
right images.
Change-over objectives for the
magnifica.tion steps x 2 to x 6 and
x5 to x15 respectively.

þ.

7.

8.
o

10.

Optícal rotat¡on of left and right
images.
Brightness control of transmitted and
íncident light for left and right images.
Parallax elimination.
lmage stage for putting on photographic
material. Beneath the glass plate is the
transm¡tted light equipment.
Removable roll-film holders

5,

Fis. 6 THE CARL ZEISS JENA ¡NTERPRETOSCOPE
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Scale 1:3 000 000

Plate2.(cont.) DENSITY SLICES (cland(d) FOR A SCENE OF CENTRAL
SUDAN TAKEN FROM THE 'LANDSAT'SATELLITE

INFRARED BAND 7 TMAGE (a)
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(b)

A Red clayey quartzitic gravel

B Jebel outcrops of bedrock
C River sands and calcareous

concretionary materíal

PIATC 2. A 'LANDSAT' SATELLITE INFRARED BAND 7 IMAGE (AI

'AND DENSITY SLICE (b} FOR A SCENE OF CENTRAL
SUDAN
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I fVOfn The origínal phot:ogrophs on this page are ín 

iI color. I

¡l

A. REO CLAYEY OUARTZITIC GRAVEL
8 - AREA OF INTENSE, CANAL IRRIGATED, CULTIVATION

{i¡¡ r'þ9. no'

PI.ÂTE. 3. A COTOUR COMPOSITE (iI Af\¡D ENHANCED COLOUR COMPOSITE {i¡I
GEI{ERATED FROM EANOS 4,5ANd7 OF THE 'LANDSAT'SATELLITE

MULTISPECTRAL IMAGERY.CENTßAL SUDAI{

l-R 753. Pl.3

Neg. no, C860/77

N¿9. no. C86lrt?
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P|ate 4 THE TRRL CONSTRUCTED ADDITIVE VIEWER

119



120

Compendium 6 Text 5

Neg. no. 846176

Plate 5 (a) THE BLACK-AND-WHITË IMAGE OF A FALSE COLOUR INFRARED
AERIAL PHOTOGRAPH OF AN AREA IN THE MAIDUGURI REGION

OF NORTH EAST NIGERIA
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A - Sand soils
B - Sand-silt-clay soils

C - Black clay soils

P|ate 5 (b}AN AUTOMATIC COMPUTER ANALYSIS MAP OF AN AREA IN
THE MAIDUGURI REGION OF NORTH EAST NIGERIA,
DERIVED FROM USING A CLUSTERING PROCEDURE

121



122

l- .j

Land forms in Ethiopia.



Compendium 6 Text 6

AUSTRATIAN ROAD RESEARCH BOARD

PROCEEDINGS FOURTH CONFERENCE

MELBOURNE, 19ó8

NOIE: This tert has been reprodueed with the permission 
I

of the ¡{ustrolian Road Research Board. I

____t

123



Compendium 6 Text 6

124

TERRAIN EVALUATION SYMPOSIUM

SESSIOÍrS 1,2, l,l 2, N2, and O2

Papers presented for discussion:

Paper No. 5l5T IHE USE OF TANDSCAPE CraSStFtCAI¡ON tN ptANNlNc ENG|NEER|NG WORKS

A. O. BARRIE, Minisrry of Defence, United Kingdom

Paper No. -514T THE RET.EvANCE FoR ENGTNEERTNG oF pRtNctptEs, uMtTAiloNs AND DEvEtop.
MENTS IN I.AND SYSTEM SURVEYS IN NEW GUINEA
H. A. HAANTJE.NS, Division of Land Research, C.S.I.R.O.

xit Pap€r No. -5 l3T TERRAIN EVATUATTON FOR Ctvil. ENG|NEER|NG PROJECTS tN SOUTH AFRTCA

B. A. KANTEY, Kantey and Templer, Cape Town, South Africa
M. J. MOUNTAIN, Kantey and Templer, Cape Town, South Africa

Paper No. 5l2T IAND ctAssrncAnoN AND DATA sroRAGE toR THE ENcINEERING USAGE oF
NATURAI 

'$ATERIALSA. Iì. A. BRINK, Department of Geology, University of Witwatersrand.
South Africa
T. C. PARTRIDGE, National Institute for Road Research, South Africa
R. WEBSTER, Department of Soil Science, University of Oxford, United
Kingdom
A. A. B. WILLIAI\4S. National Institute for Road Research, South
Af ricu

Paper No. 452T PRoPo'Ats tcR THE AppttcAiloN ot THE pucE PRoGRAM oF TERRATN crAsst-
TICAIION AND EVATUAIION TO SOME ENGINEERING PROBI.EMS

C. D. AITCHISON, Chief, Division of Soil Mechanics, C.S.I.R.O.
K. GRANT, Senior Research Scientist, Division of Soil Mechanics,
c.s.r.R.o.

Paper No. 452Ta ENGINEERING EXPECTAIIONS FROM TERRATN EVATUATTON

G. D, AITCHISON, Chief, Division of Soil Mechanics, C.S.I.R.O.

Paper No. 453T SToRAGE AND REIRtEvAt oF TNFoRMAIoN tN A TERRATN ctAsslncATtoN
SYSTEM

K. GRANT, Senior Research Scientist, Division of Soil Mechanics,
c.s.I.R.o.
G. D. LODWICK, Scientific Services Officer, Division of Soil Mechanics,
C.S.I.R.O.

Paper No. 525T SURVEY OF HIDDEN CAI,CRETE lN AttUVlAt PTAINS OF INDIA BY A]RPHOTO
INTERPRETATION

H. I-. UPPAL, Central Road Research Institute, India
R. L. NANDRA, Central Road Research Institute, India

DISCUSSIONS and SUMÀ,IARY CIOSURE (p. ló83)

Volume 4, Pa¡t 2 (1968) l58l
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B. A. KANTEY
Krnlcy rnd lamplcr, Conrulting Enginceru, Cape Town, South Afric¡

M. J. MOUNTAIN
conrulting Gcologirt. Krnrey rnd rcmprer, conrultÍng Enginccrr, crpc Town, sourh Afric¡

TERRAIN EVALUATION FOR CIVIL ENGINEERING
PROJECTS IN SOUTH AFRICA

(Peprr No. 5l3T)

The developmenrs in terrain classification, daîa storage and soils
engineering mapping in South Africa are traced, onl some co^_
ments rendered on the possible advantages and drawbacks ol the
current trends ol development. It is suggested that more empll^¡,
should be placed on geological and geographical concepts lor
classification systems, as q sysrem based oi local names íi rather
meaningless. It is lurther suggested that the projecr level approach
to soils engineering mappíng provides much- vaiuabte infoimation,
applicable to -any form ol data storage. The standard'meth,od oi
mapping and presentation ol data in the production ol soiis
engineering maps at project rever is des,ibed ana tn" urripiiteâ
benefits that have accrued indicated.

THE DEVELOPMENT OF CURRENT
APPROACHES TO TERRAIN EV.AIUATION

IN SOUTH AFRICA
1. The terrain classification system as
it exists in South Africa has come 

-about 
as

a logical development of advances made in
the techniques and requirements of soils
engineering for roads. In South Africa suit-
able construction materials have had to be
found in areas where the engineer has had
very little basic informarion from which to
work. Pedological maps, the basis of infor-
mation in other countries such as the United
States of America and Europe, are not avail-
able and geological maps are mainly of a
regional nature.

2. With the introduction of proven
techniques of airphoto interpretation to
mapping for road projects a new and valu-
able tool became available for the engin-
ee-r's. usage. Brink (Ref. l), Kantey and
Williams (Ref. 2) and Brink and Williams
(Ref. 3) have described the development of

Volume 4, Part 2 ( 1968 )

soil engineering mapping for roads in South
Africa, based on the application of airphoto
interpretarion. Not long after this iì Ue_
came evident that two trends of develop_
ment in terrain evaluation were taking plaòe
depending upon circumstances su.rounding
the individuals concerned with soil engineer_
ing mapping. On the one hand, a data stor_
age system was proposed which would be
based on physiographic classification of
terrain as developed by Beckett and others
(Ref. 4). Its development in South Africa
to the present stage is described by Brink
and Partridge (Ref. 5). On the othêr hand
a number of soil engineering mappers were
working in close association with 

-engineers

on many varying practical projects and in
these cases the accent was concentrated on
producine the specific requirements of the
engineer as efficiently and as quicklv as Dos-
sible, The fact thai the infoimatión cåuld
also be used for data storage purposes was
of secondary importance.

l6t:ì
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IN SOUTH AFRICA

3. V/hether the long term approach,
that of an adequate data storage system,
satisfactorily developed for the whole coun-
try. is actually better than the short term
project approach, is a highly debatable
question. The fact remains that while a

terrain data classification system has been
gettin-q under way, soil engineering mappers
have continued to perform a most useful
function on civil engineering projects. It is
suggested that the project approach, with its
increasing popularity amongst practising
civil engineers, is the more likely to be
generalll, accepted although it has not re-
ceived the same publicity as that the terrain
dafa classication system.

4. The development of the project ap-
proach has been due to a growing rcaliza-
tion that aerial photography provides a pic-
ture of the terrain in adequale detail. Equally
important is the growing recognition by the
engineer of the importance of the interpreter
as the link between aerial photography and
himself. Most practising engineers accept
the specialist interpreter without concern as

he can be adequately replaced by another
person of similar training and experience. It
is accepted that a particular interpreter is not
the 'end of the line'. What is of vital import-
ance to the successful functioning of the
aerial photograph-interpreter-engineer ap-
proach is a mutual understanding and ac-
ceptance of the capabilities and limitations
of the system. Assuming there is aerial
photography of a reasonable scale available,
which in fact is the case in South Africa, it
will show most of the significant detail that
could be discerned from the ground as well
as much information that is normally indis-
cernible from the ground. The interpreter,
to quote Lueder (Ref. 6), 'must be con-
vinced that these details can be successfully
evaluated to provide an intelligent, reliable
estimate of ground conditions by using the
process of deduction and induction in con-
formance with logic and physical laws'.
Lueder states further that the interpreter
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should have a conviction that failure to ob-
tain reliable information is due to interpreta-
tion failure, or lack of proper selective field
work (or both) rather than to a deficiency
of the photography within the limitations of
equipment and material. The writers are in
accord rvith these views of Lueder as it is
their experience that the degree of reliance
that can be placed on information is directly
related to the extent of experience of the
interpreter. There appears to be little doubt
that the amount of information obtained
from interpretation is proportional to the
amount of the interpreter's experience be-
yond his basic training.

5. Apart from the relationship between
the interpreter and aerial photography a

further important factor in the aerial photo-
graph-interpreter-engineer approach is that
of communication between the interpreter
and the engineer. This aspect has to date
not presented a great deal of difficulty since
the very nature of the development of the
technique has arisen out of a mutual under-
standing of the requirements and limita-
tions of the method. It is the duty of the
interpreter to inform the engineer of a pos-
sible weakness in the link which may lie
in either the lack of the desired information
on the aerial photographs, or in his own
inability to adequately interpret the photo-
graphs, or in the lack of clarity as to what
the engineer himself requires. Complete in-
tegrity is required on the part of the inter-
preter. The requirements of the engineer
may vary considerably from the straighr
forward case of possible sources of under-
ground water to the more complicated case

of a complete inventory of all materials in
an area, in order to form an assessment of
foundation conditions and sources of con-
struction materials.

6. It is against this background that the

aerial photograph-interpreter-engineer ap-

proach to terrain evaluation in South Africa
has developed. Firstly, the combination has
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proved itself as a working team and
secondly, because of the economic necessity
of consulting work, it is sufficiently flexible
to adapt itself to a specific requirement,
without rvasting effort on unnecessary detail.
Furthcr. it is important to realize that the
method can be equally adapted to the ex-
ploration geologists', the a_ericulturists', the
pedologists' or the military engineers' re-
quircments although more than one inter-
preter may be required to act as the links
betucen the aerial photography and these
earth sciences. By the same token it is
doubtful if a single terrain classication and
data storage s)'stenl could adequately store
all the information on all the various earth
sciences.

7. The terrain classification and data
storage s),stem in South Africa as envisaged
by Brink and Partridge, reco-enizes the value
of the interpreter. In their system is built
around the land facet, is the smallest area
which can be delineated on aerial photo-
graphi, of the available scales is the 1and
facet. Their entire concept, of extending in-
formation from a type area to the site under
consideration, depends on the ability of the
user to recognise at the site the same facets
that were described and classified in the type
area. This is a 'tall order' for the average
practitioncr not well versed in airphoto in-
terpretation and this is a weakness in the
systenr. It is also clear that if incorrect in-
fornration is fed into the data store at any
level c¡f classication, the system will noi
operatr- successfully, whereas in the airphoto-
rnterprrtcr-engineer approach the incorrect
placing of a boundary is not likely to have
a lastinc effect on an individual pioject. It
is clear therefore that. in the land system
classication, the services of the expert inter-
preter cannot be eliminated when used for
en gi neerin_r projects.
8. However, the greatest weakness in
the concept of the land system classification
as.no\\, beinc developed lies in the fact that
It rs not readily assimilated within the nor-

Volunre 4, Part 2 (1968)

mal experience of the intended user. It tends
to mystify with new terminology and re-
quires extensive reading and study to grasp
the detail that is available to the experienced.
The project level approach on the contrary,
records and reports the necessary informa-
tion in terms of the terminology and ex-
perience of the intended user because that
user has himself dictated the terms of re-
ference.

A NEW APPROACH TO STORAGE OF
TERRAIN DATA

9. In spite of the successful functioning
of the airphoto-interpreter-engineer method
at project leveì, the need for terrain classi-
fication and data storage is fully recognized.
Although much valuable work is being done
in this resfect, the authors believe i¡at it
will still be some time before any proposed
system is sufficiently advanced to result in
valid information beioming readily available
for use at project level. It seems logical
therefore that maximum encouragement
should be given to techniques whiðh will
lead to the rapid development of a fully
functional terrain classification and datâ
storage system.

10. In this respect it is surprising that
the various classification systems proposed
apparently overlook or ignore so much of
the valuable work that has already been
carried out on terrain evaluation, particu-

farly by geologists and physical geogiaphers.
This uork has long been considered- as a
science of terrain evaluation, to which a
wider interpretation is now being given. For
virtually all modern projects conceìned with
terrain evaluation, it is the recognised prac-
tice to obtain information on such factors
as geology, soils, vegetation and land use
prior to the interpretation study. It seems
logical to assume that a readily accepted
classification system should be- based to
some extent on these existing sources of
information.
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I l. ln South Africa, where soils are thin
and pedologically immature, the importance
of geology is recognized by the soils en-
gineering mapper but does not appear to be
accorded sufficient emphasis in the land sys-
tem type of classification, which places maxi-
mum enrphasis on physiography.

12, An experienced interpreter can re-
cognize on aerial photographs, nearly all
the different rock types known to the en-
gineer that occur in South Africa, no matter
what climatic conditions prevail. Geology
should thus form the starting point for any
classification system in this country. Further,
as geology is the most important factor in-
fluencing variations in physiography, it
should be placed before physiography in a
classification system.

13. Accepting the contributions of pre-
vious workers, a terrain classification system,
based on their work, could immediately be
put into operation. It is suggested that the
broadest framework for terrain classiûcation
would be the geological map of a country
with the boundaries of the physiographic
regions superimposed upon it. Fig. 1 illus-
trates the combination of the major South-
ern African geological systems, after du Toit
(Ref. 7), combined with the main physio-
graphic regions, after Wellington (Ref. 8).
The small scale of the map used to illus-
trate the concept indicates the principal in
broadest outline only, whereas for data stor-
age or project level mapping a larger scale
could be easily chosen. For data storage
purposes selected annotated stereograms

Fig. I 
- 

Map of Southern Africa showing maior geological
regions shown by thick lines (Ref.8)

systems (Ref.7) and maior physiogra phic
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showing typical mapping units could then
be kept for each geological/physiographic
region. The degree of detail coúld eventu-
ally lead to annotated stereograms for in-
dividual rock types of a particular geological
series in a particular physiographic iub-
region. For retrieval of dãta, foi example,
one could request the annotated stereo-
grams for the Table Mountain sandstone
series of the Southern Cape, Folded Belt
region.

14. In essence, this proposal is not un-
like that of Brink and Partridge. However,
it suggests that the generally accepted
physical (geologic/physiographic) division
of a country forms the logical framework
in which to build a classification system.
These divisions are preferable to the iather
ill-defined land system boundaries and also,
as suggested by Floyd (Ref. 9), preferable
10 the usage of rather meaningless local
names for land systems. Further, the system
does not claim that the typical stereógram
wjll contain a type example of every map-
ping unit likely to be found in thè givèn
division.

FORA,IS OF PRESENTATION OF
ENGINEERING INFORMATION

15, Presentation of information in the
airphoto-interpreter-engineer system may
take several different forms depending oir
the specific requirements of the engineer.
The currently standard form, which will it-
self yield data for storage purposes, is the
normal soils engineering map, as understood
in South Africa. However, for some pro-
jects, the time and finances available and
the information required, do not in them-
selves justify the production of a fully de-
tailed soils engineering map. In such ðases,
it is obviously a more practical approach to
carry out the work in accordance with the
terms of reference than to lose the oppor-
tunity of proving the validity of the tech-
nique and widen the experienôe of the inter-

Volume 4, Part 2 (1968)

preter. A typical example arises when, on
a specific project, a contractor finds himself
apparently short of construction materials
and is experiencing difficulty in locating
additional sourees of supply. 

- 
Further pos-

sible sources of supply may-often be locàted
from airphoto interpietation and the loca-
tions pointed out to the contractor, with the
result that he is satisfied and places greater
confidence in the methods used. This is a
type of service which no existing terrain
data storage system can supply but the re-
sults of this service can usefully be fed into
the data storage system direct from anno-
tated airphotos, without any map having
been prepared. While the writers strongly
favour the production of soil engineering
maps wherever possible, and particularly in
little known areas, it is obvious that it would
be unwise to adopt the viewpoint that a
map must be produced at all costs. On the
other hand, the production of detailed soils
engineering maps, at an early stage, has
often been shown to be of great benefit in
the final route location and has thus fully
justified the cost of production. Howevei,
it is considered vital that, irrespective of the
scale or scope of the project, any informa-
tion obtained by airphoto interpretation
should be recorded for subsequent transmis-
sion to a data storage system.

16. Where soils engineering maps are
not prepared, the engineering information
may usefully be added to an existing base
map, whether or not the base map has itself
been photogrammetrically compiled. It is a
relatively simple matter to transfer informa-
tion from a set of airphotos even though
there may be a difference in scale between
the photos and the base map. If time and
cost justify the desired accuracy and the
base map has been photogrammetrically
compiledn the same stereoplotting instru-
ments may be used to plot the additional
information.
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t7. It may also be that the airphotos
themselves could be regarded as the princi-
pal source of information for data storage
in which case the use of overlays could use-
fully be developed to present a great mass
of data on the different earth sciences, in
forms which could be easily assimilated by
the intended user. Using an airphoto mosaic
as a base map, overlays, used singly or in
combination, could give information on
physiography, geology, soils, natural vege-
tation, land use and project study data. This
method is not new, being an accepted part
of photo-geological studies, particularly in
petroleum exploration.

18. For civil engineering purposes, how-
ever, it may well be that the soils engineer-
ing maps themselves may become the base

maps to which overlays, showing additional
information, may be added.

THE SOITS ENGINEERING MAP, ITS

PREPARATION AND APPLICATION
AT PROJECT LEVEL

19. lt has been stated above that terrain
classification and mapping in South Africa
has developed basically from the experience
gained in the preparation of soil engineering
maps for specific highway projects and
various references have been given which
indicate the pattern of development in the
preparation of soil engiheering mapping. The
earlier work discussed in these references
has generally been connected with the pre-
paration of contract documents for con-
struction purposes but this work has r.tow

been extended to the preparation of soil
engineering maps for projects which are
still in the planning stage. The programme
of work differs materially between the pre-
paration of a map for contract purposes
and the preparation of a map for planning
purposes although the two maps, as pre-
sented, should virtually be identical. This
arises from the fact that, in the preparation
of the map for contract purposes, the inter-

l6l8

preter has available in the field, a working
party which is engaged in the detailed
sampling of selected borrow pits as well as

the routine sampling of the in situ materials
along the centreline of the proposed high-
way, all of which information is required
for the materials design. When preparing
a soils engineering map for planning pur-
poses, however, all necessary information
has to be obtained from preplanned field
trips and the efficiency of the project will
then depend on the efficiency of this pre-
planning. The experience gained in these
later projects has been of considerable value
for soil engineering mapping and has led
to the development of a standard method
of mapping and presentation of data with
some variations dependent on the project
itself.

20. The method is described below and,
while it is probable that further experience
will result in modifications of the techniques,
it has led to a high degree of efficiency in
the preparation of soils engineering maps.

(a) The first step is the obvious one of
ordering two sets of aerial photographl
of the area to be mapped. In sonrc
cases, it may be found that more than
one set of photography is available duc
to the area having been flown on differ-
ent occasions and sets are consequentll
ordered of all such coverage. These
photographs are ordered on semi-matt
paper since this type of print is more
amenable to annotation than the gloss¡'
type with resultant greater accuracy in
the annotation which is carried out
directlv on the photographs.

(b) While awaiting the arrival of the photo-
graphs, a search of the literature cover-
ing the area involved, is carried out
and information on local geology, soils.
natural vegetation, land use, toPo-
graphy, communications, cadastral
boundaries and farm names collected'
If large scale topographic maps of the
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area are available, copies of these are
ordered.

(c) On the arrival of the photographs, an
uncontrolled airphoto mosaic is com-
piled, using alternate photographs from
one set of the most recent coverage.
This mosaic should always cover a
greater area than that to be mapped
in order to obtain an overall picture
of the area involved.

(d) The mosaic is now studied from all
angles in order to obtain a picture of
the regional trends. At this stage, the
experienced interpreter will have recog-
nized to some extent the bulk of the
rock and soil types of the area and
many preliminary boundaries may be
sketched on the mosaic. In addition,
certain basic information such as
roads, tracks, watercourses, farm boun-
daries and the approximate position of
a proposed road centreline may also be
sketched or defined on the mosaic.

(e) F¡om the basic knowledge of the
general geology and soils of the area,
an approximate assessment of the prob-
able construction materials is made,
i.e. alluvial terraces, talus deposits, etc.
are noted and the possible occurrence
of pedogenic materials considered. The
rocks, whether in the weathered or
fresh condition are also assessed with
a view to their probable use. All the
above is considered as an extension
and revision of the earlier literature
search, revised in the light of the pre-
liminary airphoto study.

(f) The stereoscopic study is now com-
menced directly on the mosaic. De-
pending on the experience of the inter-
preter, a considerable amount of pre-
liminary annotation can be done. At
the stage where unreliability is sus-
pected various localities are pinpointed
for field identification. These localities

Volume 4, Part 2 (1968)

are selected such that they are acces-
sible, will yield information on geo-
logical and/or soil boundaries and
cover potential sources of construction
material. All such localities are marked
on the second set of airphotos and
the preliminary annotation similarly
marked.

(g) The interpreter is now in a position to
make his field trip and takes with him
the second set of airphotos and a
stereoscope. In the field, trial holes are
dug at the selected localities and a
more detailed stereoscopic study of the
airphotos made in the light of the in-
formation obtained from the trial holes
and on the spot examination of ex-
posures, gully sides etc. Samples are
selected for laboratory testing in suf-
ficient detail to obtain information on
the performance of the available con-
struction material. In most instances,
it will be found that sufficient informa-
tion is obtained from this single field
trip for the work to be completed but,
in some instances, the results of the
laboratory testing may dictate the
necessity for a second field trip to de-
fine in greater detail suitable materials
within economical haul distances.

(h) A statistical analysis of the test results
of the samples taken from various
mapping units is carried out in order
to indicate the probable performance
characteristics and variability of the
various significant construction mater-
ials as a guide to final route location
and preliminary design.

(i) The final map and report can now be
completed. If large scale topographic
maps of the scale of 1:50,000, 1:36,000
or 1:18,000 are available, such maps
form the base map for the soils engin-
eering map, and topo features, farm
boundaries, etc. are used for orienting
the annotation made on the airphotos.

1619

131



Ol
No

TAB1E I

T
,,l
Èt¡(

;
o
ezr{
2
I

¡.1tt
7v
Èz

Zd

EÉ
TEüt
>F
;¿2
ô¡ll
>o

F
Õ

s
F
Ètzo
2,
ttt
ìrt
ll
z
o
¡E
a
e
Hú

sul t^^RY OF ENGINEERING PROPERTIES OF TBGEI{D UNIlS

Pn
F
F
-Ú
?
llth

I

loTE: Hmtü.rty *rs P00R lor A, H âd Cf. ed GOoD ld S, n ñd B.

REfARxSi Fo¡ Â: st! lÉavin8 cddilids nây ha arp.clrd, cï.c¡¡lly in A I ea¡s.

For ll: es lù Â, lþray.r ûposils 8!Ë¿lly lhrÉr lir A.

For S: sld bcoæs cl¡yay rrlh dcplh, or rr úc¡illy of crl¿¡n dr¡in¿F dap.as96s.

ForCR,RffdE: lñaspr$lofreelts¡clromhilltrâsh$ils.¡hilêllÈl@*almßllErrlidúåloir!¡lkcdûI.

Syûbl Iåtrri¡l $hrd. gffie Br$drs

At¡fl|ilt
br Bilûm
Cåqd rd

Cdcrrta Coårs!
Erodar

CdcrdÈ
Sad

LL FI LS Qølily 0ûhñhn ñi.lËr 0.|ü ol
lrafrüi'a

!åssinr d lot¡l sftla
t l $ilF¡r

ñtrrr I nntr¡¡¡ nntg,. lñM'

^
^lluviomñd

Alluvi¡l ld

bssiblê sdl
;l ; 

I 
;|;l ì l;|;|;l;|;|;l;|;I;lT:l;|;|ll: I hê tD b ' l0n.

ËC ol ûdn
rdd.

¡t HilhâCt Soils

ms sls r¡
los grorinity

b S ¡ra¡s

tttttr
Fãltsof ür. h¡llrrCl sils. tiû blor, æ tm4.d *ith üÈ ltdt

, . målrriC oËr rhró lt y oid¡.¡ Lf¡. h 0lorlfr.

Aæli, Sùd
(tirdblffi)

fr$ilùa ¡s r!
Rlqiras

ndil¡c¡lifi
To Finc

*l' l'l'1' l'l'l :l' 11' r l',1"1'l 
o 
I'l' l'l' lo

Urlirilrd, dly
ia ûth.m
Flid

lft Itp lo ?0 lL+

CR
Crêlæd!
d@¡¡ts

C.nù¡lly 16
Olaslic ¡d

veftrbh

Gærdly bo
tlårlic ñd

Er¡âbl!

To 0lásl¡c
rd var¡lbla rï 

'3 
I,il ::l liH r 

| 
ïl illr Ë lrI ti I 

I I'l lt 
| 
; 

| 
ïl lï 

| 
i 

| 
: ljrlimrl.ó 0lo!ãllt. 0to! l]ñ. H¡ó

R Rhyol¡þ
Rlsidùrl $¡ls

rcb.ôly $ildrr iåó'l¡4d ftlh Ð
plåstiçlmdar q

FrlS cru$d
m m¡lùi¡l
soilablr t@

CruSã ru¡
n¡lar¡l prob¡b¡

tltl.!Pjg-{!
QMrúd
prodúl il13 I slrTlÏËlrfïå|:ill_|rjt:ilålitä l,1l$l,il: li lhl¡¡itld 0bi2!lt. 50n. . Lúrdm

rlçtor!0ít.

I B¡ell R6id¡l $ilg
rcbuy $itab¡r

^! 
rbÉ, bol

lass $il¡ble
mlãrâldÈ lo

åcl¡vê dàß.

Às ahÈ
Cruslg run

r¿lari¡l siteòb
Ir chips

Qâír Éd
podocl i:l,: l,:lä î:Ë i|î:l::li:l î11ïl ïl,l llil Íll,å 

I 
1ål ììl I 

I 
I Uol'nibd 0lor20i. 9ft.! Astu

t=AcMllÊfi: S.Stúd¡rddevrâhm: C=CollÍcrñl dv¡rrånon: v SuitåUaas¡s.

(.)
N

oo
3'(f
o
fq
c
3
O)

õtx..+
o,



Compendium 6 Text 6

xANrEY. MorrNrA¡N - ranRAlxr*w#rffitÎR crv-Il. BNcrNEarrNo rloJBcÌE

lAtlE I
;ld,D DtsctlTÍtox of tlGËND uNtls

gflbl Colqr Cß¡31*y llndun ¡o¡l lr ü ùal Tqtu. ¡irr¡1./ÈdCrdll
þUlt
I ' D¡ln
I = ll¡tlrV¡¡L

)¿r* ùoñ b rle{ tt¡ct Ftr¡ S¡¡tlãd (dry) lsdy.l¡ys, hdy s¡lts. * Itiólr a-5

ff

s

Vai@s $ds ol ût fiE $¡ttã.d S¡dy tl.y!. !¡út clr¡¡lli Yti¡d. t-5

LrSnl ùm lo lon Læ fd b rdiü s- Srd, !iliø6 l-t

CR flllor, Ml. tfay
Vi¡.U!, ftril. l¡f.
tls bdilarl¡t ba(bú

f'il trtiild 9nd¡lú.!, ¡xdy rl¡y9
(C¡las) !rçli qJ¡l¡iþ, ùlt. F¡¡rs {-5

R ñrli!¡ rid, ùll. cd Pú!àrrlc. brt{. lccil.d
tuf*t3

orll¡al&, ¡¡i?sm
tûU, ¡til. 3-?b.r. c*Ìl(t Cr þ |oild {Ì.$)

I Yallæbffi. ol¡É
¡at ls ¡bË Clysl.llÊ. .ryillcryldlii.

ryadrùd.|, Ér¡cd¡r
¡l-i|., *Ji. ¡r|ir.
livr,rfÈliþ. ¡¡lil.i 3-2

lilhe such mapc arc urt errailable,
the soils engineering map is traced
direct from the annotated mosaic on
to which all the additional inforrration
obtained from the ñeld tripls has been
placed. In such a case, any prominent
features which can assist the user to
locate himself in the ûeld, are noted
and mapped. Typical examples of the
type of information supplied with the
soils engineering map are shown in
T¡¡r¡s I, II and III.

21. The above procedure has been
found to be efficient jn the preparation of
soils engineering maps for planning pur-
poses, but where such a map is required for
the materials design for an actual contract
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p¡oþ4 tlæ proocdure ha¡ of æocssity to öe
altered to allow for the minimum of delay
in the detailed location and testing of bonow
pits for construction materials. In such
cases the planning of the field work is va¡ied
as described below while, in addition, tåe
interpreter has available in the field, not
only a party which can rapidly obtain any
additional information he may require, but
also a small mobile laboratory which can
carry out preliminary indicator tests on
selected samples from various mapping
units.

22. Under tlese circumstances, as soon
as the interpreter has made a preliminary
assessment of the possible sources of
materials as described in (d) and (e) above,
under the guidance of the engineer respon-
sible, desirable spacing of borrow pis is
agreed upon. Several of the most promising
sources of materials a¡e then selected and
pinpointed on a spare set of airphotos. The
ûeld party can now leave and commence
saurpling and testing possible sources while
the interpreter commenc€s his stereoscopic
study. He does not carry this interpretation
as far as indicated in (f) above but follows
the field party a sho¡t time afterwards, hav-
ing allowed sufficient time for the field party
to obtain much valuable information. He
then continues his stereoscopic study in the
field, making use of the findings to date and
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indicating further possible sources of con-
struction material. In this way, annotation
of thc photographs and an inventory of the
available materials proceeds hand in hand.
The interpreter can then leave the field be-
forc the full materials investigation is com-
pletc having a party in the field to whom
hc nray send individual airphotos on which
he has nlarked any locations from which he

requires more detailed information, thus ob-
viating the necessity for a further field trip.

ENGINEERING BENEFITS DERIVED FROM THE

USE OF SOILS ENGINEERING MAPS

23. lt should be obvious that the use of
thc above techniques will enable the loca-
tion and testing of construction materials
to bc proceeded with in a logical and pre-
planned manner which will not only result
in a high degree of efficiency but also en-
surc that, as far as is possible, all possible
sources of supply have been located and
tested. It follows too, that the existence of
a detailed picture of the materials avail-
ability and the characteristics of the in-situ
soils, allows a more accurate assessment of
the problems that may be encountered to
be made, thus leading to a possibly more
efficient final route location. This aspect is
most marked in areas where potential slope
instability may occur as the location and
mapping of such areas forms an integral
part of the study. But this is not the com-
plere picture and experience has revealed
several unexpected benefits not envisaged in
the ori-sinal concept of an efficient materials
survey.

24. An unexpected dividend has, on
several occasions, been reaped by an intelli-
gent study of the soils engineering map and
its accompanying reports by contractors who
plan to tender for the construction of the
project. The availability of a complete pic-
ture of the soils and materials position along
the entire project has, in such instances,
allowed the contractor to preplan his works
programme so as to balance his require-
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ments for short and long haul earthmoving
equipment and thus reduce his unit rates.
In arid areas too, the availability of the map
has allowed the contractor to plan his de-
sirable water points and obtain the assist-
ance of the interpreter in locating possible
borehole sites in reasonable proximity to his
desired location. But possibly the greatest
unexpected benefit that has accrued from
the production of soils engineering maps has
been its value for communication purposes
on construction projects.

25. The soils engineering map presents,
on the spot, a valid picture of the materials
and soils position. This picture is available
in the field office and the head office of all
parties concerned. When unexpected diffi-
culties arise, their location can be pinpointed
on the map and, in many instances, the
problem resolved by telephone without the
necessity for a hurried field trip to a remote
area of the country.

26. It has been shown above, that the
development of soils engineering mapping
in South Africa arose out of the develop
ment of an efficiently designed highway sys-
tem. It is considered, however, that the
principles involved can apply to the bulk
of civil engineering development. In many
instances, such endeavour will not require
the full detail shown on a soils engineering
map but the desired information can be
readily and efficiently obtained from air-
photo interpretation. For example, on a
recent railroad project, where route location
and grading were dictated by other factors,
a partial study was undertaken and a partial
map produced which depicted areas of
potential slope instability, areas of potential
seepage problems and areas of potentially
erodible soils. This map was sufficient for
the users' requirements but, at the same
time, much additional information of value
was automatically obtained which could be
fed into an established data storage system.

A.R.R.B. PnocBrorxcs
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KANTEY, MOUNTAIN _ TERRAIN EVALUATION FOR CIVIL ENGINEERING PROJECTS
IN SOUTH AFRICA

coNctustoN
27. It is apparent that an acceptable
system of terrain classification and data
storage must automatically lead to the more
effìcient planning of developing areas. Such
a s)'stem is vitally dependent on the quality
and validity of the information fed into the
system. In the long term view, it is not
difficult to envisage that vital civil engineer-
ing information could be retrieved from such
a system but in the short term view, de-

velopment must proceed. The authors be-
lieve that in the overall global view far too
much emphasis has been placed on the long
term picture of terrain classification and data
storage to the neglect of the short term pro-
ject level approach. It is believed that the
approach described above provides valuable
information in a form that could be readily
recorded in any agreed form of classifica-
tion and data storage and provides a valu-
able tool to the civil engineer while thc
overall picture is being clarified.
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DEVELOPMENT OF GEOPHYSICAL METHODS OF

SUBSURFACE EXPLORATION IN THE FIELD

OF HIGHWAY CONSTRUCTION

R. Woodward Moore, Highway Engineer
Physical Research Branch, Bureau of Public Roads

Since 1933 the Bureau of Public
Roads, through its Physical Research
Branch, has had in progress a study of
geophysical methods of e:rploring the
substrata as applied to highway engi-
neering problems, including the devel-
opment of instruments and of methods of
interpretation of the data obtained.
Early developments rpere reported in
papers publiihed in 1935 (15)r and in
1936 (1?). Both earth resistivity and
refraction seismic apparatus were
adapted or developed for use in the
shallow subsurf ace explorations usually
associated with highway construction.
Special attention was given to the ne-
cessity for portable units capable of
being transported by hand into areas
where reconnaissance surveys might be
required. Figures 1 and 2 show re-
spectively the seismic equipment and
earth resistivity apparatus now in use.

A large amount of data has been
obtained by the Bureau of Public Roads
with this equipment applied to such
problems as slope desþn, classification
of excavation materials on grading
projects, foundation studies for bridges,
buildings and other structures, in-
vestigation of tunnel sites, location oI
sand, gravel, solid rock and sPecial
soils for use in construction, determina-
tion of depth of peatand muck inswampy
areas, and studies of existing and
potential slide areas.

These field studies have been carried
out in thefollowing States: lilashington,
Oregon, Calif ornia, Montana, Idaho,
Colorado, Arkansas, Missouri, Iowa,
Michigan, New York, Connecticut,
New Hampshire, New Jersey, PennsYI-
rNumbers in parentheses refer to a list of
references at the end of this paper.

vania, Maryland, Virginia, North
Carolina, Tennessee, Georgia, Florida,
and in t}le District of Columbia.

ln general, the data obtained have
shown that both the seismic and the
resistivity methods of test have merit,
particularly as rapid and rela.tively
ine:<pensive methods of e<ploration for
use in preliminary surveys. As à
resultof demonstrationwork done in tle
State3 of New York, Connecticut and
New Eampshire, the Corps of Engi-
neers, US Army, adopted the seismic
test as a more or less standard pro-
cedure in preliminary subsurface
eryIorations in connection wit}t investi-
gations of possible dam sites for flood
control. Hundreds of dam sites have
been investigated þ this method since
tlre latter part of 1938 (19, 21, 23).

World War II caused curtailment of
the use of the geophysical methods of ex-
ploration with the general decrease in
civilian construction, but an increased
intqrest is being manifested at the
presenttime. The NewYorkDepartment
of Public Works has purchased equip-
ment of both types and has assigned
personnel to a continuing program of
geophysical test as apart of a regularly
instituted program of subsurface ex-
ploration. The geophysical work has
been in progress since the early part
of 1948, and it is hoped that reports of
the successful application of both seismic
and resistivity tests to the solution of
constructionproblems within the State of
New York will be made available in the
nearfuture. The PennsylvaniaTurnpike
Commission has kept two earth resis-
tivity parties in the field since JuIy
1948 in a systematic resistivity survey
of weII over 100 mi. of right-of-way
for extensions to the present TurnpÍke
system. The Michigan State Highway
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Department has purchased resistivity
apparatus for use in tocating construc-
tion materia.ls and on other construction
and maintenance problems of that State.
The Massachusetts Department of Public
\ilorks has had in progress since 1944
aprogr¿rm involving tìe use of ref raction
seismic tests in studies of highvay
grading projects and structure sites in
Massachusetts. A report on tl¡is work
was made at the 27th Annual Meeting of
the Highway Research Board (29). The
States of Wisconsin, Minnesota, Mis-
souri, California, Texas and lllinois
have each had some e:<perience in the

application of eartì resistivity tests to
highway constructionproblems (5, 9, 10,
14). The State highway departments of
Georgia and Arkansas have e:ipressed
an activeinterest in anearly application
of earth resistivity tests to construction
problems peculiar to their respective
States.

\ilith this brief summary of the
present status of geophysics as¡ an

integral part of our highway construction
progr¿rm, it may be of interest to review
briefly the theoretical aspects of the
two metÌ¡ods of test and to consider in
more detail their application in the f ield.

BRIEF DISICUSSION OF THE THEORY
INVOLVED IN THE GEOPHYSICAL

TESTS

Refracfio4 Seisaic lestz - The seismic
method of subsurface exploration con-
sists of creating sound or vibration
rÃ¡eves within the earth, usually by

s;n
.'r'j-:

Figrre I. Refraction Seismograph Developed by the B¡reau of Public Roads for Use in
Shal low Subsurface Exploraeions

eryloding small charges of dynamite
buried three or four ft beneatl the
surface, and measuring the time of

'For a more detailed description of the
apparatus see reference 15, and for addt-
tional discussion of the interpretation of
refraction seismic data, together with their
application to various field problems see
references 19, 21 and 23.
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travel of these waves from their point
of origin to each of several detectors
placed at known distances from tl¡e
sor¡rce. The variation in mechanical
energ:y trar¡smitted to the detectors,
or "seismic pick-ups" are converted
into variations in electrical energy
which, in turn, ere used to deflect
light rays reflected from small mirrors
that are a part of sensitive galvanom-
eters and these deflections are recorded

Figure 2, Apparat-us lJsed by the Bureau
of Public Roads in Shallow Earth-Resis-

t,ivity Qerations

photographically on rapidly movingf ilm.
Electrical circuits are so arranged as to
obtain one impulse at the instant of f iring
the shot and another as the first wave
reaches each detector. Figure 3 shows
typical seismic records, the small
break in tlte rightìand trace on each
film indicating the start of the wave and
t]¡e three separate breaks in the three
traces on each of the films shown in-
dicating the arrival of the wave front at
each detector. The space between the
transverse lines on the film corresponds

75

to a time interval of 0.005 sec. It is
usually possible to estimate to one-tenth
part of this,time interval.

The time lines are placed on the film
by means of a suitably placed light
source and a tuning fork operating at
100 cycles per sec and equipped with
thin phosphor-bronze plates on each
tine having narrow slots which cause
200 flashes of light to reach the film
during each sec of time.

Figure 3. Typical Seisnic Reco¡ds -
Note: For clarity in ilìustratir¡n the
light traces were inked in before this

print was made.

The time data obtained from film
records and the measured distar¡ces
along the ground surface, between the
shot point and the detectors, are plotted
in the form of time-distance graphs
from which the depth and Probable
character of the various subsurface
formations ar e determined. Wave
velocities range from approximately
600 ft per sec in light, loose soils to
about 18,000 to 20,000 ft per sec in
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dense solid rock. This wide range in
\,vave velocities mahes possible de-
termination of the general character
of the materials encountered and by use
of simple formulas the average depth
to the va¡ious substrata can be calcu-
lated. A knowledge of the local geology
heþs materially in a more accurate
identif ication of the formations en-
countered.

Figure 4 to better illustrate tlte wave
travel for short distar¡ces involving the
Iow velocity soil and the longer dis-
tances in the rock stratum, only three
detectors are required for the three-
channel seismograph used by the Bureau
of Public Roads. The usual procer'ure
when using this type of equipment is to
place the three detectors on the ground
in a line and at intervals of 25 to 50 ft

oETERMINATT0N OF DEPrH:TO SoL|D ROCK.å
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THOD.

Principlcr of Seismograph llethod

apart. Shots aretlen firedsuccessively
at increasing distances along the detec-
tor line .extended, beginning with a point
10 or 15 ft ftom tìe center detector and
extending the shooting distances by
increments to some greater value as,
for example, õ0, 85, 125, 165, 225 and
300 ft from the center detector. There
is an approximate relation between
shot distance and the effective depth of
tlte test such that this depth is about
equal to one-third the shot distance.
The relation depends somewhat on the
relative wave velocities in the materials
involved. If the depth to rock were more
than about 80 ft, additional shot dis-
tances greater thanthe 300 ft mentioned
above would be required to adequately
show a rock formation. A duplicate
line of shots is usually placed in tl¡e
opposite direction from the center
detector to expand the data to allow

TIHÊ 6 EXROCO¡

Figure 4.

EXPTOSION R€ÆH IXE OEÍECIORS AT TffEf MIS

Sketch Shoving Fundasental

The theory of refraction shooting
and the derivationof approximate work-
ing formulas for depth determinations
are shownin Figure4. Theseequations,
as will be seen, are developed on the
assumption that t}re path of tìe seismic
wave is vertical from the shot point to
the rock or other dense stratum, tìence
alongthe rock to apointdirectly beneath
the detector a¡d tlence vertical to the
detector. Although this assumption
gives satisfactory values forthe shallow
depths involved in most highway prob-
lems, it is preferable to use a more
exactformula for tests to greater depths
such as are encountered in exploring
locations for dams and certain otler
structures. The derivation and applica-
tion of these formulas may be found in
published papers (18, 19) and will not
be discussed furtìer.

Atttrough four detectors are shown in

I (DI5TANG IN FITI OT
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depth determinations to be made when
the interface between the overburden and
the rock is not parallel to the surface
but on a slope.

A theoretical time-distance curve is
shown in Figure 5. As shown, a straight
line through the origin will result so
long as a uniJorm homogeneous material
comprises the surface layer. The
velocity of wave propagation is consta¡¡t
in such a medium and time of wave
travel is proportional to travel distance.
The reciprocal of the slope of the line,
OC, passing through the origin, reP-
resents the velocity in the medium,
since velocity is equal to distance
divided by time.

Figure 5. Time-Distânce Curves, fron
rhich Soil Frofile fÞterminaLions are

Iliade

If, at some greater depth, a second
layer of homogeneous material of
greater density is present, such as that
designated as shale, there will be a
point, F, at which there is a simulta-
neous arrival of a slower wave through
the less dense surface soil and one
traveling over the longer but faster
route alongthe top of t}te shalestratum.
Beyond this "critical distanee", OF, a
new slope, CD, exists, the reciprocal
of which represents the faster wave
travel in the shale, and for a path,
STVR, the time, PQ or OA' is that
required for the '¡lave to travel through
the surface soil from S to T and again
from V to R. QN representsthe time of
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travel from T to V in tÌ¡e shale. If Hr
is the thickness of the surface soil ,
we have t]¡e relation:

¡¡r=vr|94

Similarly, for a tlird layer having
an even greater density, such as that
designated as rock, there will be a
second "critical distance". OG, and a
second breah in the curve to a new
slope, D\il, the reciprocal of which will
give the velocity in the rock. The time
intercept MK or AB in tlis instance
represents the time required for the
wave to travel down through the shale

.. 2.r¡t!50 -^,",'--õ-' í.i., u..*, **
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Figure 6. Time-Distance Graph for Seis-
mic Recc,rds Shown in Fi5ure 3

and back again. If H, is the thickness
of the shale then:

Hz=

Usually in plotting the time-distance
data, t}te time units of 1/200 sec, as
taken directly from the film records,
are used and the denominator in tf¡e
foregoing equations becomes 400 in-
stead of 2.

When the geologic conditions existing
at a particular test location actually
approach those assumed in a theoretical
analysis of the data obtained from re-
frection seismic tests, tlere is a re-
markable similarity between the field
curves obtained and the theoretical
curve as it appears in Figure 5. This

Yrx4Þ
2

*OPE tr LINE INOICAIES VELOC¡IY
IN UNDERLYING MAIERIAL,
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is illustrated by the time-dista¡rce curye
shown in Figure 6 which was prepared
from tÌ¡e field data shown in Figure 3,
supplemented by two additional shots

of electrolytic nature in which the
moisture in the soils and rocks togetler
with the dissolved impurities give to the
several materials characteristic re-
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Figure 7.

placed at greater distances from the
detectors. The data for this graph
were obtained in New England where a
relatively thin layer of loose soil was
underlain by glacial tilt which rested
upon solid rock.

Earth Resistivify telhod 3 - Experience
hasdemonstratedthat many of the mate-
rials making uptlre earth's crust can be
identified, in some degree at least, by
their reaction to the flow of a direct
current of electricity. This is an action

tFor a detailed description of the apparatus
and a more comprehensive discussion of the
earth resistivity method of test see refer-
ences 1, 3, 7, L5, 25 and 26.

sistances to a current flow. These
characteristic resistar¡ces or resis.-
tivities may be used for locating and,
to some degree, identifying subsurface
formations. Figure 7 illustrates
diagramatically tÌ¡e earth resistivity
test and the \ilenner electrode eon
figuration (1) used by most investiga-
tors. In this test a prediction of the
character of the subsurface materials
is attempted by measurements indicat-
ing tlte magnitude of the resistance to
direct current flow. Ordinary moist
soils containing moderate amounts of
clay or silt with some electrolytic
agent more or less active, have a
comparatively low resistance. In
contrast, sand, gravel, extremely dry,
loose soils and solid rock usually have

rLrctRoDÈs \ t5 STEEL PrN ELECTRODE--
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relatively high resistivity values. How-
ever, these classifications are too
general to be useful and it is very
necessary to calibrate the instrument
with tests made on local materials which
can be identified by exposed faces, test
pits, drill logs or otàer means. Curves
obtained later for unknown conditions
may then be compared with those for
knownconditions ar¡d aprediction can be
made as to the materials lying below the
surface.

Referring to Figure 7, an electric
current is passed through the ground
from a direct current sr¡pPly, usually
one or more radio "C" batteries, using
the two outside electrodes. Measure-
ment is then made of the potential drop
between two intermediate points sym-
metrically spaced at the third points
between the current electrodes as
shown. The current flow is determined
with the milliammeter and the voltage
orpotential drop with the potentiometer,
from which tÌ¡e resistivity of tìe mate-
rial is computed by use of the formulæ

p =2tAE
I

in which A is the electrode spacing in
centimeters, E is the potential drop in
volts, and I is the current, in amperes,
flowing in the circuit.

There is an empirical relation such
that the "effective" current flows with-
in a depth below the surface equal to A.
That is to say, if A = 10 ft, tìe resis-
tivity obtained with the formula repre-
sents an average of all material existing
with 10 ft of the surface. Thus, as the
electrode spacings of tìe system are
expanded the current flow lines en-
counter the deeper portions of the under-
lying formations a.s, for examPle, a
rock formation, as shown. this mate-
rial, having an appreciablY higher
resistivity than the overlying soil,
affects the average resistivity values,
the effect of the lower bed increasing
progressively as the test is carried to
greater depths.

l{hen using the empirical method of
interpretation proposed by Gish and
Rooney (2) the apparent resistivity,
Pa, obtained by inserting the measured
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values of A, E, and I, from the field
tests in the formula for resistivity as
given above, is plotted as the ordinate
against the electrode spacing, A, as
the abscissa The inflections in the
resulting curve are interpreted asi
indicating changes in the materi¡ls
underlying the sur{ace. lVhere cl a y
overlays rock a curve simila¡ to that
shown in the lower right-hand portion
of Figure 7 is usually obtained. The
depth of the surface soil is tahen as the
value of A (electrode spacing) at which
the upward i¡rflection of tlte resistivity
curve occurs. This empirical solution
has been used in analyzing d¿ta from
many tests in the past. Ca-ses were
found, however, wùere the plotted curve
was smoothly rounded with no inflection
point, affording no criterion for pre-
dicting the depth of tìe sur{ace material.
Another empirical method of analysis
has been proposed (25) for interpreting
such curves, a brief summary of which
follows.

In Figure I the smooth rounded
Gish-Rooney curve is shown as a dash-
line curve determined by the plotted
crosses. The same field data are
shown below this curve in tlte form of a
cumulative resistivity curve determin-
ed by the plotted circles. When the
values of apparent resistivity are
plottedas acumulative curve, a straight
line or a curved line of gentle curvature
is usuallyobtained solong as the "effec-
tive" current flow remains withi¡ the
surface layer. When the electrode
spacing is expanded to include increas-
ing amounts of the deeper lying rock
formation the cumulative curve shows
an increased curvature upward, ref lect-
ing tlte influence of the higher resis-
tivity of the rock formation. It has been
found that straight Iines drawn through
es many points as practicable on the
cumulative curve and intersecting in the
region of increased curvature will give
a good approximation of the thickness of
the surface material iJ t}te pointof
intersection of the straight lines is
projected to the horizontal or dimen-
sional axis. This is a purely empirical
relation with no theoretical basis what-
soever. It has given rather close
approximations of the depth of the sur-
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face layer in simple two-layer forma-
tions, however.

Referring to Figure 8, it wiII be seen
that the relatively shallow depth of 14.0
ft to rock, as determined by the test
pit, affects strongly the measured
values of apparent re3istivity beyond an
electrode spacing of about 10 ft. For
this reason the plotted values of cumu-
lative resistivity continue to show a
rather marked degree of curvature well
beyond what might be termed the "crit-
ical point" in the curve. The trend of
theGish-Rooney curve is used to
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Figure B. rror";'";.:i.i'î'tr" ".0Method of Analysis Using the Cumulative
Resistivity Curve

determine the approximate "critical
point" which in this curve appears to be
at an electrode spacing of 10 to 12 ft.
Guided by the indications of the Gish-
Rooney curve and such other correlating
data as may be available from test
pits or borings in the general area,
t}te additional tangent intersections
beyond the "critical poi¡tf' may or may
not be disregarded.

Other methods of analysis of earth
resistivity data based upon theoretical
studies have been presented by Tagg
(?), Ilummel (4), Roman (6, 22), Wetzel,
and McMurry (20), and others. Sets
of theoretical curves for various ¿rssum-

ed resistivities andthicknessesof mate-
rials involved have been prepared for
use by the operator as control for
interpreting the fietd curves obtained.
In some instances the field data are
plotted to the same scale as that used
in the theoretical curyes and on iden-
tical sheets and are superimposed
upon the theoretical curves and where
a "fit" is obtained the depths of the
layers i¡volved as well as the resis-
tivities of each layer are obtained.
Attempts to use these methods in
analyzing the data obtained i¡ the rel-

.;,"." r:"-ï; *"";î o*ï ;;"",. .,
SanCy Gravel - Electrode Spacing 20 Fc

atively shallow work doneby the Bureau
of Public Roads have been discouraging
due to the time required for such studies
and the frequency with which the field
conditions failed to conform to those
essumed in developing the theoretical
curves. The empirical solutions here-
tofore described have been found to be
more practical from the standpoint of
time and cost in connection with a
given exploration. This might be, in
some cases, a deciding consideration
between the geophysical tests and tÌ¡e
direct metìods of e:çloration ordina¡-
ily used.

lVhen making suryeys of areas a
somewhat different test procedure, one
which might be termed the "resistivity
traverse" or t'constant depth traverse",
is often used. In this, a succession of
tests using a fixed electrode specing is
mede along the selected traverse line,
the interval betyeen test sites being
equal to the electrode spacing. The
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measured resistivity values are then
plotted as ordinates against traverse
distance as abscissas and tìe resultilg
graph shows the variation in resistivity
along the traverse li¡e for a depth equal
to the electrode spacing chosen. A
typical example of such data is shown in
Figure 9, the rise inresistivity between
the f00-ft and 500-ft points on the
traverse distance scale indicating the

13å"
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INCREASING NEED FOR RAPID AND
INEXPENSIVE METHODS OF EXPLOR-

ING THE SUBSURFACE

Development during recent years of
earth-moving equipment of ever in-
creasing capacity has made possible the
removal of huge quantities of excavation
materials quickly and economically.
However, operating costs of such equþ-
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ment are high and a reasonably certain
knowledge that the equipment selected
will be able to handle all or a major
portion of tÌ¡e materials on a given
grading project, without costly delays
from unforeseen adverse conditions,
can be extremely helpful to contractors
in establishing reasonable unit prices
in bidding for the job. A thorough
investigation of the subsurf ace formation
prior to design of slopes i¡ cut sections
when preparing plans for a proposed
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presence of higher resistance material
within the depth explored. Traverse
lines of this type carried out system-
atically over an area permit tlre prep-
aration of a resistivity contour ma¡1,
such as that shown in Figure 10. Such
a map may be of considerable aid in
rapidly locating and delineating critical
areas that require more detailed study
or that containvaluable isolated deposits
of granular materials or rock in areas
where such mate¡ials are scarce.

Figure 10. Resistivity C.ontour l4ap of a Deposit of Sandy Gravel
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roeùray will help to avoid the confusion
that results when solid rock cuts as
Shown on the plans actually are found
to be soil or other easily removable
materials. Such errors in the classi-
fication of materials may lead to in-
creased costs and to the necessity for
changes in design.

Stoney soil, talus materials and thin
bt¡t continr¡ous stringers of quartz or
otåer ha¡d materials extending ttrrough-
out a cut may present insurmountable
rliffisultlss when attenpting to e:plore
subsurfæe conditions with ha¡d or
power o¡rcrated auger eqripment. Such
troublesome conditions, although they
may result i¡ micls¿ding data when the
anger is used, will not affect the data
ob'tained vità geophysical tests to any
appreciåble extent. For tàis reason,
preliminary sur¡reys by geophysical
metìods can be used to considerable
advantage in determining the overall
character of the materials to be exca-
vated end tìus avoid errors of the type
just mentioned. Complete and depend-
able information will make r¡nnecessa¡y
hurried changes of allnement and grades
to ca¡e for Íncreased or decreased
quantities of exc av ation materials,
with possible delays of construction
operations.

APPLICATION OF GEOPHYSICAL
TESTS TO HIGHI¡YAY CONSTRUCTION

PROBLEMS DESCRIBED

It has been found that both seismic
and resistivity methods of test are
practical for use in the study of many
highway construction problems. The
earth resistivity apparatus, by reason
of its simplicity of operation and the
rapidity with which the shallow tests
can be made is believed to have a more
universal application t]¡an does the
seismograph. Accordingly, when
making a detailed geophysical survey
of a grading project it has been the
practice of tìe Bureau of Public Roads
to mahe a resistivity survey first and,
if necessary, to follow with a limited
number of check tests with the seismo-
graph in areas where the resistivity data
have failed to adequately identify the

subsurface formation. This procedure
has been applied to l0 highway construc-
tion projects ranging f.rom L-L/2 to 12
mi. in length and located in the States
of Virginia, North Carolina, Tennessee,
Georgia, Artansas, Missouri and in t}e
District of Columbia, Reports have
been received on four of these which
have since been constructed and the
conditions found during construction
were substantially as predicted from
results of the geophysical tests.

The following discussion will deal
witì tìe field data obtained with both
t¡ryes of apparatus. The discussion of
the seismic method is ratl¡er brief in
view of its somewhat limited use by the
Bureau of Public Roads.

,Qasu/f.s of Seisaic fests Describeci - ln
general, the velocity of the transmitted
sound waves iñcreases with ar¡ i¡crease
in tÌ¡e density of tl¡e transmission
mediu¡r (soil, rock, etc. ). Loose
unconsolidated soil layers have wave
velocities ranging from 600 to 1,500 ft
per sec. More compact subsurface
layers range from 2, fi)O to 9,000 ft per
sec witl¡ tìe lower ranges 21 000 to 3, 500
usually associated with clay materials
and the higher renges 4,0ü) to 9,000
with compact gravels, badly broken or
weathered rock, and soil-boulder mix-
tures. Solid rock usually has u/ave
transmission velocities between 10,000
and 201000 ftper sec, depending upon
the type of rock and its degree of
weathering or fracture. In predicting
the cha¡acter of material that may be
found, particularly in the intermediate
velocity group (4,000 to9,000 ft per
sec), considera.ble judgment, as qrell
as some knowledge of local geologic
conditions, is required. Calibration
tests over known suhsurface formations
are essential for a successful interpre-
tation of tlte data obtaineò

Actual identijication of the materials
involved is not always necessery, how-
ever. For example, broken rock or
badly seamed rock, a highly compacted
shale or a cemented gravel, having
similar velocity characteristics, mey
also be expected to offer simila¡ dif-
ficulties in excavation operations,
possibly requiring some bla.sting urd
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special handling urddistribution. Thesesame materials will probably showsimilar load carrying capacitiôs when
considered for foundetiõn purposes,
particularly where surrounOìa Uj,materials which have been left in a¡undisturbed state. As an exampler-
seismic tests made at Lincoln, ñ"ri,Hampslire, at a proposed bridgeó"ò""_
ing of the pæmigewasset River] sf¡ñãa
a cgmgg$ively high wave velocity for
material lying only a few ft betow Ure

Figure ll. View ShoringTightlyC.ementcd
Boul der Foru¡aÈion prediãreJ f";Ei;;i;
TesÈs at Pemigerasset RiverC¡ossirg lh".

LincoJn, Ner Bampshire

:o{1""- anq epparenily continuing to a
depth of at least 40 ft. fms matãriat,
with a wave velocity of g,400 to g,60ó
ft per sec, was predicted io be a tiántr"
cemented boulder formation with" ex"_
cellent load.carrying capacity. Figurerr snows avievr of subsequent excavation
being made for one of t¡e pie"" at tt i"Iocation. The materiaf w-as so tiehtiv
cem_ented together that only a siirptä
sandbag cofferdam was required.
Soundings and drill holes tìrougÌ, ma_terial oJ this t¡pe would be impãssiUieor made. only with great d.ifficutty anO
at considerable cost.

Another bridge location, nea¡ Crater
Lake, Oregon, ,wzÌs investigated by theseismic method in about S h.,s-time
ar¡d the data obtained showed tt e srr¡_surface formation to be a very dense
T"j:ji"Ì^providing a wave vetocity of
8r400 to 8-r600 ft per sec. Here, again,
tl¡ere could be no doubt recaráirË thå
existence of adequate foundátion rñate_
1ials, Figure 12 shows, the seismic
data for two of the three iests maae ai

83

this location.
Enperience is needed to determine

th9 particular slope design that ls
adequate v¡ìere certain materials wiÛr-in a local a¡ea a¡e involved. Withproper calibration data, the seismic
method often ca¡r be relied upon to
establish definitely tåe presence of üre
materials. As an example the data in
Figure 13 show the presence and depthto the predominant material, shaie.

As mentioned previously, portability
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of equipment is of primary importance
to the successful applicationof geophys_
ieal methods of test in p""ti-irrary
surveys for a highway location. Figurã
14 shows a view that is ,no"" o" fes"
typical of much of the terrain Ûrat is
sometimes encountered in Ûre construc_
tion of National park andNational Forest
roads in various parts of the country.In
designi¡g for a modern highway thróugh
such country any information ieeardi;s
the materials likely to be encountãred ií
excavating cut sections is important.
A close balance of quantities must be
maintained in the interest of economv
and of preserving the natural sceniå
beauty of the area. Unsighily borrowor
waste areas are to be avoided. There_
fore, a design prepared for solid rockwith its l/4 or l/2 to I slopes in a cui
section, such as the one shown in Fig_ure 14, could lead to embarrassitig
difficulties should a comparativeiy
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looseearth ortalus material be encoun-
tered. Shoutd that happen a l-l/4 ot
l-L/Z to 1 slope reaching high up the

are prevalent. In some cases the loose
talus material frequently involved in a
slide rests upon e sloping shale forma-
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Figure 13. Refraction Seismic Test Over
a Shale Fornration

mountainside would be required with
large quantities of material to be wasted
or cared for by substa¡rtial changes in
alignment and grade. ConverselY,
whére earth sloPes are eryected and
rock is found a source of borrow would
be required for adjacent large fills
unless major grade changeswere made.

The ridge from which the photograph
shown in Figure 14 was taken had been
originally assumed to contain solid
rock. A tunnel several hundred ft in
lengttr was proposed to carry the 1o-ad-
way ttrrough the ridge, some 100 ft
below the top. Test pits dug to obtain
design data for portal construction failed
to encounter rock abovegrade. Several
weekswere requiredfor this e:çloration
work which cost hundreds of dollars,
and finally a redesign for an open cut
was found necessary. Seismic tests
requiring nomore thantwo orthree hr's
time rpere sufficient to adequately
esta.blish ttre fact that no solid rock
existed in the hiU. The excavation
during eonstruction ças made with the
usual heavy earth-movirg equipment.
Sh¡dies made with seismic equipment
at otlrer sites have been of value in
portal design and in indicating the
probable need for lining in the tunnel.

Anotåer problem to which refraction
seismic equþment has been aPPlied
occurs in regionswhere slide conditions

Figure 14. Rugged Construction Condiuions
for Highray Ïhrough National ForesL Arca

in Oregon

tion which constitutes the sliding sur-
face. This talus material has velocity
characteristics differing from those of
the more comPact shales, making'
possible tìe location of the plane of
separation.

Although tlre refraction seismic test
has proved of value in preliminary sur-
veys in various phases of highway con-
struction, as ha.s been pointed out, it
has not been used to the same extent as
tlre eartl resistivity test in recent years
because of the greater time required
for a seismic test. Six or 8 seismic
tests per 8-hr day is about the max
number to be epected ar¡d under some
fietd eonditions even this number is not
possible. Fifteen to 20 resistivity tests
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are usually possible under similar field
conditions. Seismic tests can be utilized
as-acompletely independent check of the
indications of the more rapid resistiviiy
tests, however, and a¡e used for thiåimportant purpose in the rout¡ne wãrtrdone by the Bureau of public no"¿s.-

85

in the Ozarks National Forest, tn tl¡e
course of a resistivity survey of about
22- mi. of proposed- roadway. -Th;
calibration curves on the leit were
obtained-for heavy sar¡dstone ledges
interbedded with shales and for the sõilS
and decomposed shales typical of the
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ligure 15. Resistivity CalibraLion Cur'es (Lefr) and Typical Field Curves Obt,ained inthe ozark Nariona.l Foresr Near Russellrlii",-Ã"k"n"u"

Earth Resislivily Tesfs Appl ied to Higt,
ray Gradir,g Projects -ln a subsurface
survey in the field it is an established
procedure to mat<e calibration testswith the resistivity apparatus over
exposures of formations believed to be
typical of those in the area of immedi-
ate interest. Resistivity curves for üe
known conditions are then used for
comparison with curves obtained over
unknown conditions elsewhere in thearea. From these comparisons rea_
sonably accurate predictions c¿u1 be
made regarding the materials to be en-
countered below the sur{ace and theirlocation. Figure 15 shows typical
resistivity curves obtained in Arkanlas,

region. These latter are materials that
could be handled with the heavy self_
loading carryall scraper. Those
curv€s of the right-hand graph are ex_
amples of the field curves obtained in
the survey along the right-of-way of theproposed roadway. Litile difficulty
would be e:rperienced in predicting thä
type of materials involvedfor the severat
curves shown. Figure 16 shows views
of the twogeneral typesof materialover
which calibration tests were mede.

Based upon the usual methods of
direct eqploration, the original slope
design called for rock slopes over e
considerable portion of the right-of_way.
Actually, earth conditions, as predictäd
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f rom the results of the resistivity
survey, were found in a majority of the
cuts during the construction of about 14

mi of roadway thus far comPleted.
The entire 22 mi was investigated in

about 12 working days, one 8-mi project
being covered in 3-1/2 days.

In northwest Georgia, resistivitY
calibration tests over solid rock and

Figure 16. Views of Locations Where

Resistivity Calibracion Tests Were lt'iade

Over Bock (Upper) and Earth in Arkansas

over earth formations produced curves
as shown in the left and in the lower
right-hand gra¡rhs, respectively, of
Figure 17. Here again, although tlte
shapes obtained are quite dilferent from
those obtained for materiafs of the
same general classiJication in Arkansas,
the two materials, rock and earth, can
very easily be distinguished one from
the other. On tlre basis of these cali-
bration data, the typical field curves
shown in the upper right-hand corner
were all interpreted as "earth" curves
representing materials easily removed
by sell-Ioading "pans". Figure 18

shows the two types of material over
which calibrations were made.

In the Great Smoþ Mountains Na-
tional Park in western North Carolina,
the dense granite rock formations
typical of that area weather into a highly
micaceous decomposed rock material
that can be removed with self-loading
"pans". As shown by the calibration
curves presented in Figure 19 (solid
line curves), this material has an
extremely high resistivity, 1r 500,000
ohm-cms, which is 10 times as great as
resistivities found in some solid rock
in other parts of the country. Due to
the fact ttrat the parent rock in a solid
unweathered state has even higher
resistivities (4,000,000 to 5,000,000
ohm-cms), it is again possible to diJ-
ferentiate between "earth" and rock
excavation. The appearance of tìe
materials over which the calibrations
were obtained is shown in Figure 20.
That section of the Blue Ridge Parkway
on which the resistivity survey was
made has not yet been built and no
confirming correlations are available
at the present time.

In southea.st Missouri¡ the porphyry
rock found in the vicinity of Farmington
has a resistivity as indicated by the
upper curve of Figure 21, while a
calibration test over the soil common
in the same area produced the lower
curve of tlte figure, indicating almost
no resistance to direct current flow.
No difficulty was encountered in de-
termining the type of material present
inall but onecut of allthoseinvestigated
on a 4-mi project.

Other resistivity surveys on con-
struction projects in Tennessee, Vir-
ginia, Maryland, and in the District of
Columbia have developed information
regarding the subsurface formations
that hasbeen found to agreeclosely with
conditions as actually found during
construction.

Resislivify fesls Applied fo Foundaîion
Problens - Earth resistivity tests can
be of assistance also in a subsurface
study of the foundation conditions exist-
ing at proposed building sites, bridge
Iocations, and in other areas where
solid rock foundations are required or
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Figure l7' Resistivity calibration curres obtained over Earth and Rock FormationsNorLhwest Georgia and Typical Field curves o¡t"ir.¿ -"r- pi.p"".a Road project North
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the depth to rock throughout the reserva-
tion. Altogether, over b00 depth tests
and upwards oL L}-L/2 mi of consta¡rt-
depth resistivity traverse were made in
carrying out the survey. From the
information obtained a rock contour
map, shown in Figure 22, was drawn up
showing rock elevations on 2-ft contourè
over the entire area. An âccuracy oft 2 ft at any point in the area mapped
was predicted. In 1944 an existing
building with a width of 120 ft was ex-
tended for 11 800 ft in the area that had
been mapped. Cross sections of therock surface as found, obta_ined at
intervals of l0 ft, along the building
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axis, showed a difference in total
amount of stripping of less than 6 per-
cent from that computed from t}te rock
contour map prepared in 1942. About
1001 000 cu yd of stripping were involved.

Figure 23 shows t¡rpical traverse
data obtained in tl¡is study and it illus-

trates how the resistivity test can be
used in a preliminary survey to obtain
information that may be used to guide a
detailed survey by borings and eliminate
many unnecessary soundings or borings.
The flat-Iying portion of the curve
suggests a uni-form condition for much
of the distance traversed. The peaks
in resistivity indicate those areâs
where direct borings should be concen-
trated to delineate in detail the obvious
anomaly. These buried ridges of rock
can be traced across wide areas, in-
dicating regions where excavation will
be di-fficult or where foundation con-
ditions will be excellent at shallow

desirable.
In 1942, at üe request of the Navy

Department, a resistivity survey wai
made of a 150-acre tract àt Carderock,
Maryland, where a model testing basii
is situated. The site is underliin with
rock and information was desired as to

tn
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depth. The figures shown underlined
are dept}s to solid rock obtained by
resistivity deptl tests made at 100-ft
inten¡als along the line of the traverse.
The two deptì curves shown in tìe in-
set a¡e a striling i¡dication of 'radical
changes in the subsurface at stations
2+00 and 13+00 of the traverse.

In bridge foundation studies there
have been numerous instances when tìe
routine subsurface survey using the

of a bridge crossing of tl¡e Flint River
in southwest Georgia. The individual
graphs show the plan data for dePth
of rock, the depth to rock as found
during construction, iurd tlre depth to
rock as preöcted from the resistivity
data. The general agreement between
the results of the resistivity tests and
the actual conditions existing is appar-
ent.

Although it is not possible to make an

Figure 18. Locations of Resistivity Calibracion Tests ùlade Over Earuh and Solid Rock

FornaLions in Georgia

usual methods of probing, .wash boring,
etc., has failed to disclose unusual
conditÍons later found during construc-
tion. Piers designed originally for
solid rock foundations have had to be
carried to considerably greater depths
than tl¡ose shown on the original plans,
or supported upon piling extending to
rock at a lower elevation. Figure 24
shows several resistivity depth curves
obtained in a post-construction survey

unqualified statement regarding the
effectiveness of the resistivity test
generally in all localities and under all
possible combinations of geologic for-
mations, the fact remains that one or
two hr's work at a particular location
wiII usuatly determine the extent of its
usefulness in solving the particular
problem at hand. The data from the
tests made in Georgia are similar to
those that have been obtained elsewhere

a
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in areas where the river deposits have
shown resistivity characteristics dif-
fering from that of an underlying rock
formation.

Resistivily Tests over peaf fugs and
Svanpy,{re¿s -The investigation of
swamps, peat bogs and salt marsh areas
by geophysical tests constitutes what
might be termed a marginal application
of such methods since simple þrobings

89

ciably affected by thin sand lenses andwill indicate depÛr to a true bottom
formation.

The curves shown in Figure 25 were
obtained in a study of tàe application of
resistivity tests to determine the depttr
of peat bogs. This study, ca¡ried òut
in Michigan in 1941, cor¡firmed earlier
test results obtained in a study of peat
formations in Wisconsin and reported
on by Kurtenacker (9, l0) and aem_
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are often effective in such areas. How_
ever, since a resistivity depÛr test to
depths of 60 ft can be made in a period
of 12 to 15 min, the deeper muck de-
posits can be studied economically incompetition with direct probings.
Where sand lenses are likely to be
present within a relatively deep layer
of muck or peat, probings can result
in erroneous information, being stopped
by relatively tlrin sand layers. itre
resistivity test, due to the large volume
of material involved, will not be appre-

onstrated t]¡at resistivity tests can be
used successfutly in determining the
depth of 'peat and muck layers.

Figure 26 shows results of a resis-
tivity survey along a taxiway at tlre
National Airport, in Arlington County,
Virginia, just south of Washington, D.
Ç. The resistivity tests not only in-
dicated the bottom of the floating sand-
gravel fill upon which the taxiway was
placed, but they also rather effeciively
located a second horizon comprising
tlte sand and gravel bed of the river.

E
ts

z
;rz'

tto^
o

2

32
o
F

I

Lr
F

õ
t

155



Compendium 6 Text 7

156

90

The conditions as theY exist were
determined by the auger holes shown in
the figure. It is of interest to note the
resistivity peahs occurring in the 10-ft
depth resistivity traverse, shown in the
lower portion of the figure, which coin-
cide with ttre tÌ¡icker portions of the
granular fill. Even the small difference
of a few ft in the overall depths of the
muck from place to Place had caused
differential se ttle ment sufficient to
affect the pavement of the taxiway.

almost to the surface, the lower one
made over a sand and gravel deposit.
The similarity of the two curves might
lead to error in predicting the type of
material wit]¡out at least a general
knowledge of the local geology. The
depth tests shown on the right of Fig-
ure 27, however, offer some clue as
to the actualmaterial involved. Usually
when a solid rock formation is present
beneath a soil overburden a sharply
rising curve is obtained similar to the

FiSrre 20. Views of Resistivit.y Celibration Test Locations on North Carolina Project
fnvolving Earth Excavation and Solid Rock

Knotledge of Local Geology Esscntial lo
an tnlellígenl lnferpretafion of Resis-
tivily Data - Just as with the seismic
test, a working knowledge of the local
geology is necessary when attempting
to predict tl¡e actual cha¡acter of the
materials below the surf ace as ln-
dicated by resistivity tests. Figrrre 27

-shows two resistiviþ traverses, the
upper onemade over arock ridge rising

curve shown in tìe upper right-hutd
graph. The dipping curve shown in the'
lower right-hand graph for tlre sand ar¡d
gravel formetion suggests to the e:rpe-
rienced operator, acquainted with the
local geology, that such a formation is
likely tobepresent. However, cun¡esof
this same general type, obtained, for
example, in Arkansas might involve a
sandstone ledge underlain by decom-
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posed shales. Or, in southwest Colorado
a c-urve of this type might be obtained
with talus material overlying low re-sistivity shales. It is nec--essary to
depend upon a study of tocd gáoiogy
and upon calibration tests over ðrço"ãä
materials in the same region when
attempting a classification oithe mate-
rials involved.

In Pennsylvania, a depth test was
made at the location of a piopose¿ ariähole in an investigation of founAatiãï
conditions for a bridge to carry the
Pennsylvania Turnpike 

"""o"" tn"
Susquehanna River. The depth test
data. indicated a.definite ctra"ge aiì
depth of 27.O f.t a.õ shown in Figu--re 2g.
The consultant geologist suggeõted that
the underlying formation migä ue snJe.-
The data for tl¡is curve wãre obtainedin about o¡rc hr's time. In contrast,
a. drill crew, starting simultaneously
yith the resistivity test, spe* 2_[fh
days in reaching t}re shale Ãt ZO. S ít.

ADVANTAGES AND LIMITATIONS OF
THE GEOPHYSICAL METHODS

OF TEST

The seismic test is particularly
useful for determining the pr"sence o"
absence of dense solid rocir. fhe hilh
velocity usually associated with suõh
formations mahes the determination
quite dependable. Although the resis_
tivity test-will, in most instances, in_
dicate a depth of overburden to a'trgtrresistivity formation, such as rockr'it
cannot, in the absence of confirmino
geolggic data, furnish a completely del
pendable basis for predicting the jres_
ence of rock in all cases. Às has been
shown, sa¡rd and gravel under speciJ
conditions can have reasonably high
resistar¡ce and show subsurface anorñ_
alies quite similar to those shown bysolid rock. However, in a¡eas wtrerä
solid rock layers are interbedded with
less dense materials such as shales, asoccurs in Arkansas and in many other
ereas, the resistivity test is much the
better tool since it is possible to detectthe change from hard rock to softer,less resistant shales. The seismiótest under such geologic conditions

9l

would be limited to a¡r ind.ication of the
depth of overburden td t¡e high velocity
sandstone or limestone a¡¡d the lower
velociþ shales could not be located.
This results from the fact that the first
wave to reach the detector will usuallv
cause such high degreeof activity in thä
gdvanometer elements controliing the
deflections of the photograptred light
Tays as to preclude üre possibility of
detecting any subsequent wave a"ii"al
!h"oug.! the underlying low velocity
formation.

Figure 21, Typical Resistiviry Calibra_tion fürves Over Soì id Fock "nã f""if,Formations Near Farrnington, Missouri

^.,Th". 
res.istivity test, particularly

the ¡esistivity traverse, offers aprag_tical means for the rapid investiiationoï large areas in search of tociized
deposits of gravel, sand, or ottrergranular materials useful in road con_struction. The method can be used also
to determine the extent of special soils,
such as impervious silt¡ and ctayeisoils, which might be usôtut tor eutír
dam and levee construction.

The seismic test is not well adaptedfor ar¡ erea survey, but is nest appìiea

¡l¡C?iOOC !flCtr.O ü E"trl- F¡€Ì
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to the determination of conditions at a
single designated spot or limited area
such as a dam site, bridge location,
etc. Even in tl¡e limited areas, if

sharp irregula¡ities of the rock surface
present unfavorable conditions for con-
sistent interpretation of the seismic
data (24). To the writer's knowledge,
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Figure 25. Resistivity Depth Tests Over Peat Bog Fororations

differential weathering has been in
progress, leaving pinnacles and deep
valleys in otherwise hard rock, a con-
dition sometimes encountered in lime-
stone formations, the resistivity test
may possibly prove the more valua.ble
of tlte two methods. In such cases the

however, there has been no report on
results of resistivity tests carried or¡t
in such a¡etrs.

The use of e:plosives as required in
tìe seismic method is not desirable in
thickly populated ¿ìreas. Compliance
with local regulations regarding pos-
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party may require one
tJ¡an are necessary for

or more men
the efficient

session and transportation of explo-
sives, sometimes rather stricfly en-
forced, car¡ be troublesome at¡¿ in-
convenient, placing a further handicap
upon seismic exploration.

As mentioned previously, the time
required for conducting a ieismic test
can vary from one to two or three hr,
depending upon local condltions, whilê
resistivity tests can be made at a rate
of three per hr to depttrs of 60 ft in
rugged mountainous terrain. A seismic

95

despite limitations ürat have been
enumerated and otlers which may arise
in {uture e;çloration work, tåe geophys-
ical methods of test under consideiation
have definitely established ürelr value in
conn_ection with highway work, partic_
ll-Jy for_use in prelimine¡? suryeys.
Their useby the Bureau ofpúbuc noä¿s
and other Federal agencies has empha-
sized tl¡e usefulness of these relatively
inexpensive metÌ¡ods of test in shalloi
s'rhsurface exp lo r ation ln obtaining
information to be used as control foi
desiga purposes or as control for more

detaited subsurface suryeys by coredrilling and other commonly- used
direct methods. The fundamental
principles of the two metìods differ so
widely that where botÌ¡ meü¡ods give
concordant data they may be acceptedwith considerable assur¡urce. As r
result, when they are used joinily on agiven prcject, a limited amount of
confirming data from t}te seismic test
can serve as a valuable check on a
considerable number of the more in_
e:çensive resistivity tests, at times
obviating the need for test piis or auler
holes for locating and ldentifying süb-
surf ace formations. This does nol impty
that test pits or auger holes may noCUó

RESULÌS OF E¡NIH NESISfIVITY DEPIX IESÍS AND AUGEf, gORINGS ALOI{G LIIIE Of NESISIIVITY
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Figure 26. Results <r.f Earth Resistivity Tests Along East Edge of raxirey No. 4, Na-cional Àirport, Washington, D. C. Tra"eise Srarion 0+g¿ = Sta;ion ll+l? Taxiway No. 4

operation of the reSistivity apparatus,
particularly in isolated areas where
suppliesof e:plosives ar¡d film develop-
ing equipment must be carried in by
hand. However, stray currents leaving
cross-county pipe lines or emalating
from electric railway systems in urba-ã
areas, and buriedutilities such as water
and gas pipes can, at time, be trouble-
some when mahing a resistivity survey.
These will not affeet the efficient uie
of the seismograph.

CONCLUSION

In conclusion it ca¡r be stated that,

¡uc(r 9N0 ¡ srL?

n€srsfrvrTy TnAyERSE ALollG UNE ó fÊet EASÍ 0f E^ST E06E Ot PAVEMÊN1
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necessary for obtaining samples of soil
and other materials for detirmination
of their physical and other properties.

97

4. Hummel, J. N., "Â Theoretical
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producfs. p. 82,
Juty 1934.
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H. , "Seismic Refraction Methodi
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Figure 28. Resistivity Deprh Tesr ar
Location of Dl No. 2' 19 in Righr of
Suation 52 + L9, Susquehana River õ-ross-ing of the Pennsylvania Turnpike at

llar ri sburg

Even though there might exist someuncertainty that the geophysical methodsof test would prove applicable to a.particular subsurface condition, the
simplicity, low cost and rapidity with
which the tests canbe made rLcommend
their triat before resorting to tlre more
costly and tedious methods of direct
exploration ofttimes employed.
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DISCUSSION

E. R. Shepard, 0ffice of the Chief of
Engineers - This paper is of particular
interest to me, es x¡e in the Corps ot
Engineers have been doingvery simila¡
work now for some l0 yr. TLe author
has described very clearly tlte relative
merits of the two methods of e¡ploration
and the particular t¡'pes of pro-blems to
which each is most applicebie.

Because of the relatively shallow
depths with wl¡ich highway construction
is concerned, Mr. Moore has found the
resistivity method generally preferable
to the seismic method. Our explora_
tions fortàe mostpart have beenoi dam
sites a¡rd proposed canals, where the
purpose of the test is to determine the
depth to firm rock and here the seismic
method has proved to be admirablv
suited. Best results are obtained ií
glaciated regions and in river flood
plains where hard rock exists under
alluvial or glacial deposits. Where tÌ¡erock is shallow and tfie top deeply
weathered or seamed and frãctured,
velocities are often no greater than
those prevailing in some tlpes of soil.
Under tìese circumstar¡cei there is
often a question as to the character ofthe material. Moisture is a major
factor influencingvelocity. In relativäIydry overburden, veloclties of about
1000 ft per sec or less a¡e observed.
With increasing moisture the velocity
increases and in saturated sand anä
other coa¡se grained material attai¡s
a critical speed of b000 ft per sec, or
approximately that in water. In clays
and otler fine grained soils the critical
velocity of 5000 ft per sec does not
necessarily occur even though they may
be fully saturated.

99

The fractured and sea¡ned top zone
of rock, particularly wàen dry urd
carrying only a thin overburden often
exhibits a remarkably low velocity urdfor this reason may be mlstaken for
saturated sand or otlrer unconsolidated
material. A correct interpretation
under such conditions may ble highly
important where excavation costs -a¡ä
concerned. Where the top of rock is ator near tåe water table, it is often
difficult to determine whetåer the in-
termediate zone between low velocity
top soil and hard, high velocity rock,is saturated sand or fractured rock.
\ilher_ethe top of rockisrelatively deep,
say 30 ft or more, the presence of
moisture ar¡d the heavy load which
closes up seerns and fractures, tend to
increase t}te velocity in the rock, leav-
ing little question as to its presence and
character. For tlese reasons better
results are obtained by the seismic
method at moderate and great depths
tf¡an at shallow depths.

The cumulative method of interpret-
ing resistivity data developed and used
extensively by Mr. Moore appears to
have been of great value in his erylor-
ation forhighway construction and ôther
shallow determinations. Seldom in
nature do we find soils in layered for_
mdtions to which theoretical formulae
and curves are applicable. The man in
thefield is usually frustrated and dis-
couraged in attempting to apply these
principles to his data and is usually
forced to fatl back on some simple anä
Iapid emperical method of analysis.
The cumulative method, alÛrough not
infallible, appears to give satisf-actory
results on tl¡e type of work describeâ
by the author and should receive the
attention of other investigations engaged
on simila¡ projects.
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Typical borrow pit (0.6 km from roadway) with gravel usd as road-surfacing material, Brazil.
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l. Purpose
This manual is designed as a, guide for

military personnel engaged in the selection
and operation of pits and quarries.

2. Scope
ø. This manual ouilines methods and pro-

cedures used in exploration for an operation
of pits and quarries.

b. It provides information on equipment
required to operate pits and to supply crush-
ed stone; however, it does not cover opera-
tion of this equipment.

c. The information contained herein is ap
plicable to both nuclear and nonnuclear war-
fare.

3. Reference¡
The reader should have a knowledge of en-

gineer intelligence, engineer geology, control
of soils in milÍtary construction, explosives
and demolitions, and the utilization, c&pa-
bilities, and limitations of engineer equlp-
ment. Appendix A lists appropriate texts. 

-

4, Definitions qnd Clossificotions
(t. Definítions. pits and quarries are sttes

where select materials antt aggregates suit-
able for construction may be o¡t¿UeA m
quantity.

(l) Pits are sites from which materials
can be removed, generally without
blasting.

(2) Quarries are sites where open ex-
cavations are made for the purpose
of removing rock which is suitable
in quality and quantity for construc-
tion, usually by drilling, cutting, or
blasting.

(3) Overburden is that waste material
which often overlies pits and quar-
ries and which must be removed
prior to excavation of the construc-
tion materials below. The term is
commonly applied only to loose ma-
terials, but locally it may i¡rclude
solid rock lying above some desired
material.

(4) Burden is the construction material
on the face of a quarry. Depth of
burden may be considered as the
distance from a, charge measured
perpendicular to the nearest free
face and in the direction in which
displacement will most likely occur
upon charge detonafion.

D. Classifìcotions. pits and quarries are
classified according to the type of material
contained in them and the methods of ob
tainlng the materials as ouilined in table l.

Table 1. Classlllcatlon ol ptts and euarrbs

Grevel:
(Bank-hltl)

Motctíol

Select soll other
fhen gravel and
sand.

Gravel and sa,nd
wlth clay.

Prinary urc

Embankment end
subgrades.

Base courSes,
¡urfaclng, and
flllr.

W ¿¿c¡
co¡ditío¡

Dry------------

Dry------------

Earth movlng equlp-
ment, dozer, power
shovel, rooter,
front loader, or
dragllne.

Power shovel, front
loader or hand.

Ítp. Opcutions and
¿güipnúnt

PTI:

Borrow

CHA?TET T
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To.ble 1.

Àl¿te'r¡Ì

Classilicøtíon oÍ Ptts and Quarrles - Continued

Ttpe

(Alluvial ) CIean gravel
and sand.

Prrrr¿rr us¡

Aggregate for
concrete and
bituminous
mixes.

Surfacing and
aggregates.

\l u¡cr
. ondrlro¡

Wet (or dry).

Optnuons oaì
¿qrr¡ì¡€rl

Earth moving equip-
ment, dragline,
power shovel,
clamshell, or
hand.

Power shovel, front
loader or hand.

Miscellaneous
(dumps)

QUAR.R,Y:

Hard rockr

Mine spoil, slag,
cinders, etc.

Dry------------

Aggregate Base courses,
surfacing, and
aggregate for
concrete and
bituminous
mixes.

Base courses.
surfacing.

Dry------------ Drilling tools, blast-
lng, power shovel,
crushing, screen-
ing (and washing)
plant.

Drilling tools,
blasting, power
shovel and
crushing, screen-
ing land washingt
plant.

Rooter, power
shovel, front
loader, earth
moving
equipment.

Medium rock- Aggregate

Soft rock' Cenìentaceous
nraterial

Base courses DrY- - - -
and surfacing
on roads and
airfields,

rHsrd rock - granlte, trêp, schlst, gnelss, et¡.
2Mrdlum rock - lome llmestone, some sÊndstoné, etc
38ott récf, - soft co¡ÈÌ, tuff. caltche, ch¡lk. some llmestone. some scndstone, ¡sterlt€s, etc

5. Suggestions qnd Recommendolions
Users of this manual are encouraged to

submit recommended changes or comments
to improve the manual. Comments should
be keyed to the specific page, paragraph, and
line of the text. Reasons should be given for

each comment to insure complete understand'
ing and permit evaluation. Comments should
be forwarded directly to Commandant, U.S.

Army Engineer School, Fort Belvoir, Va.
22060.
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Section l. PREIIMINARY AND FtEtD RECONNATSSANCE

6. Reconnoissonce Plonning
Site reconnaissance is divided into pre-

liminary reconnaissance and field reconnais-
sance. Preliminary reconnaissance is the col-
Iection and study of all information relative
to possible sites before going into the field. A
thorough preliminary reconnaissance saves
time by limiting the areas to be searched to
those having definitb possibilities. The
amount of planning for reconnaissance for
pit and quarry sites will vary according to
time limitations dictated by tactical con-
slderations; however, in all eases, as many
sources of data as possible should be used in
formulating the reconnaissance plan to locate
the best source of pit and quarry material.

7. Sources of lnformotion
o,. Strøtegic Intelligence. Information on

soil types, rock formations, and on the loca_
tion of existing pits and quarries is included
in intelligence reports published by the De-
fense Intetligence Agency and thã Central
Intelligence Agency. These are important
sources for long-range planning and can
serve as a basis for the engineer to make
reconnaissance plans for his sector before the
area is entered. Strategic engineer analyses
prepared by the Office, Chief of Enginéers,
and the engineer sections of specifiðd and
unit commands are also good sõurces of in-
formation.

.!..C19to_Oic Maps. These maps are a good
aid in Ïinding pit or quarry loõations, ttrey
reveal information on existing pits and quar_
ries and provide informatiõn- on geoiogic
formations that lie beneath the surfäce and
the strike and dip of beds. The information
clepicted on these maps about an area may
greatly reduce the amount of field reconnais-
sance necessary to locate suitable sources of
construction materials. It must be recognized

that geologic maps are not available for all
areas of the world, nor will there be complete
information on all categories of potential ag-
gregates on the maps which may be available.
Therefore it may be necessary to depend more
on topographic or soil maps when available.

c. Topographic Maps. These maps indicate
existing pit and quarry locations, streams,
roads, railway cuts, cliffs, routes of communi-
cation, and other pertinent features. If the
contour intervals of these maps are l0 meters
or greater, sharp irregularities of the land
surface may not appear on the map and
some important features such as ravines, low
escarpments, knobs, and sinkholes may not
appear at all. When a topographic map is
used together with a geologic map, interpreta-
tions can often be made that could not t¡e
made by using either map alone. Thus
through geologic inference, topographic meps
may yield considerable information other
than topography to locate good quarry sites.
Close inspeetion of the patterns of topo-
graphy, such as steepness of slopes and steam
patterns, can provide considerable clues to
the relative,nature of rocks, depth of weather-
ing, soil, and drainage.

d. Agricultural Soit Maps. These maps are
suited for use in selection of pit locations. An
intent of soil maps is to show the exüent of
soil units that are classified on the basis of
the characteristics of the different soil hori_
zons and the texture of the surface sofl. It
is best to use soil maps in conjunction with
geologic maps, as they can be used to clarify
the details of ground interpretation.

e. Special Aerial photograpl?s. These may
be requested when the previously mentioned
maps do not present a complete or up-to_date
picture of the area of immediate interest or
when maps are not available, Often maps
may be out-of-date, and aerial photos aie

CHAPTER 2
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needed to present a current picture of the
area of interest and to supplement maps for
more up-to-date interpretation. Many fea-
tures such as excavations, quarries, cliffs, out-
crops, roads, railroad tracks, and streambeds
can be located from aerial photographs. An
experienced interpreter can determine many
soil facts from photographs alone, but they
are most reliable when used in conjunction
with other information or with ground in-
vestigation. Often aerial photographs may
be the only source of information.

1. Foreign Maps and Publications. These
normally will contain the same basic informa-
tion as topographic maps. They may, how-
ever, contain additional information not in-
cluded in our own maps; therefore, they
should be used in conjunction with them
wherever possible. Foreign publications can
be of value in supplementing foreign maps as
they often point out inadequacies or discre-
pancies in them. Additionally the U.S. Army
Map Service and U.S. Defense Intelligence
Agency produce information of both strategic
and tactical nature which will complement
or supplement foreign maps.

g. Tactical Intelligence. Intelligence re-
ports compiled by intelligence and reconnais-
sance officers at all echelons are excellent
sources of information on terrain and potenti-
al quarry or pit sites. The engineer can ex-
tract the applicable information from those
reports in his continual search for construc-
tion material locations. Units located in an
area of interest should be contacted if possi-
ble. Individuals who have been in the area
are a good source of information.

h. Local Inhabitants. These persons, par-
ticularly surveyors, engineers, miners, con-
tractors, and quarrymen, may provide much
useful data on local geology and engineering
problems that may be encountered, They
normally are a quick source of information
on types and kinds of rock and soil in the
area, and locations of readily available ex-
posures or deposits. Farmers are a good
source of information as they are familiar
with outcroppings on their land.

¿. Miscellaneous Records. In areas where
drilling has been conducted for wells,

a

petroleum, or mine shafts, records normally
are available showing locations and results
of the exploration. These records, coupled
with scientific literature available on the
area in question, will constitute a valuable
source of information. Active or abandoned
mines can often be an excellent source of con-
struction materials or of information,

8. Geologic lnvestigolion
Geologic investigations are preformed at

the start of the project with the objective of
locating favorable sites and determining the
engineering feasibility of site development.
The importance of accuracy in these prelimi-
nary investigations cannot be overemphasi-
zed.

&. Reseørch. The research phase of in-
vestigation includes a careful search through
published and unpublished papers, reports,
maps, and records and consultation with local
authorities for information on the project or
problem. From a combination of geological
and topographic maps certain information
can be inferred. Topography tends to reflect
the geologic structure and composition of the
underlying rocks. Geologic features, however,
are not equa[y apparent on all topographic
maps. It therefore becomes apparent that
whenever possible, the two types should be
used as a combination. Information of en-
gineering significance that may be obtained
or inferred from this study may be classified
as follows:

(1\ Phgsiography Significant topo-
graphic features; physiographic his-
tory pertaining to engineering.

(2) General rock types - Crystalline or
noncrystalline; massive or thin
bedded; alternating hard or soft
rocks; glacial terrain.

(3) Rock structure - Dip and strike
Folding; Faults; Joints; Slide areas;
Soil types glacial, alluvial, or
residual.

b. Topographic and GeologicøI Aspects.
Töpographic and geological aspects which
would affect production include the following:

(l) Assessment. . Topographic assess-
ment of an area will provide informa-
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tion on geologic form, pattern of sur-
faee drainage, results of erosion, soil
color, vegetation cover, and land use.
By a careful evaluation of availabte
data, it can be determined if it is
feasible to enter the area for pit or
quarry operations. The geologic
composition and structure of ma-
terials of potential interest are high-
ly important aspects of investigation.
It is of utmost importance that the
materials used be suitable for the
construction project anticipated.
Sedimentary rocks were deposited in
horizontal beds, and accordingly we
can infer that internal earth forces
contorted them into the folds, faults,
and joints to be seen in many forma-
tions,

(2) Folds. In regions characterized by
crustal instability, the stratified
rocks commonly yield to forces of
earth movement by bending and
crumpling. This folding occasionally
is on a scale small enough to be ob-
served in a single exposure, but more
often it may only be inferred from
rfdges of relativety durable rock that
are tilted at different angles in near-
by outcrops. The position and inclin-
ation of these strata in the ground,
referred to as th'e attitude of the
beds, are aceurately defined by two
measurements called strike and dip.
The term dip designates the maxi-
mum angular departure of an in-
clined bed from the horizontal; the
strike is the direction of the line
formed by interseetion of the bedding
plane of the rock strata with a
horizontal plane. Dip, expressed in
degrees, is always measured at right
angles to the line of strike. The
strike direction, determined by
means of a cornpass, is always given
with reference to north.

(a) In a series of folds, the up-arched
parts are called anticlines, the
trough-like parts are called sgz-
clines. An up-arched qtructure in
which the beds dip away from a

central point at its a¡æx is called
ø, dome. A local steepening of
stratum whieh is otherwise hori-
zontal or genily dipping is refer-
red to as a monocline.

(D) Monoclinal structures should not
be confused with regional or struc-
tural dip, a characteristic where
the roeks over a large area have a
gentle dip in the same general di-
rection. Where the underlying
sediments dip more steeply than
the ground surface, the truncated
ends of the most resistant rock
layers stand out in low ridges or
mountains.

(3) Faults. Any fractured surface along
which there has been relative dis-
placement of rock in any direction
parallel to the fractured surface is
called a fault. The magnitude of
linear displacement may vary from
inches to many feet or miles along
the fault surface, and the lateral
disturbance may be spread over a
considerable area adjacent to the
fault surface. This laterally frac-
tured area, called the Íøult zone,
usually contains pulverized rock or
gouge and angular fragments of
crushed rock or brecciø that were
produced during the movement of
the fault blocks. Recognition of
faults is of great importance to the
engineer because faults represent
zones of weakness in the earth's
crust. In outcrops they are easy to
recognize as are many that appear
in aerial photographs. Faults that
are not visible, however, may be de-
termined by field observation or drill
logs or from geologic maps.

(4) Joints. Fractures along which there
has been little or no displacement
parallel to the fractured surface are
called joints. They cut across rock
masses in different directions and
various angles, forming a system of
intersecting joints that divide the
rock into blocks.
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c. Field Reconnaissance. A geotogic field
reconnaissance follows geologic research and
is a preliminary investigation involving one
or more trips to potential pit and quarry sites
for the purpose of gathering such information
as is obtainable without subsurface explora-
tion. Before plans for detailed surface or sub-
surface investigations are prepared, the en-
gineer responsible for planning the investiga-
tions has obtained advance knowledge
through geologic research regarding the geo-
logy, physiography, and cultural features of
the potential sites involved. During the field
reconnaissance, records should be made on
map overlays of all the geologic and topo-
graphic features which may have a bearing
on the suitability of the potential pit and
quarry sites. It is essential at this time to
obtain as much information as possible on
landforms, soil types and thickness, bedrock
types and structure, ground water conditions,
volume of construction materials, and any
other factors that may influence the selec-
tion of a site for the production of construc-
tion materials.

(1) Szbszrlaee borings. A number of
types of subsurface borings are
utilized in site evaluation. Some of
these are used extensively in the
Army, while others require equip-
ment normally not available to mili-
tary units.

(2) Probings. These normally consist of
driving a steel rod into the ground
and noting the variations in pene-
tration resistance, These rods may
be of any size; however, they norm-
ally are round or hexagonal, between
5 /8 and 7 zB inch in diameter. They
may be pointed or have a driving
point attached. Penetration of the
probe may be accomplished by driv-
ing the rod manually or by mechani-
cal means. Probings generally are in-
tended to determine the presence or
absence of bedrock within acceptable
depths. Resistance to penetration
can be roughly interpreted in terms
of the character of the material
penetrated. Probings are not always
completely reliable because a pene-

ô

tration refusal, which may be er-
roneously interpreted as bedrock,
may actually prove to be a cobble or
boulder in a cemented soil condition.
Probings should never be used for
other than preliminary exploration
and should always be checked with
other investigative methods.

Wash borings. These consist essenti-
ally of forcing a wash pipe or hollow
drill rod through overburden by
chopping and jetting while water is
pumped through the boring device.
Usually a chopping bit is attached
to the bottom end of a wash pipe.
Displaced soil is washed to the sur-
face where it may be caught in a
container for sampling and testing.
Wash borings are used principally to
advance holes through overburden
materials between zones of drive
sampllng or to obtain a borehole
through overburden to rock prepara-
tory to rock drilling. Again, this
method cannot be used as a final
analysis for determining subsurface
conditions. It should be used only as
an expedient prior to final evalua-
tion of an area.

Core drillirtg. This process involves
the cutting and recovery of core
samples of the particular area in
question. The term includes certain
methods of soil drilling and samp-
ling, but is most commonly applied
to the drilling and recovery of con-
tinuous cores from bedrock. As core
drills normally are not available to
field troops, no further mention of
this equipment will be made in this
manual.

Wagon and jackhammer drilling.
This drilling uses percussion-type
drills. As the term implies, the wagon
driil is mounted on a wheeled car-
riage, while the jackhammer drill is
handheld. Exploration with these
drills consists of drilling holes in rock
and observing the rate of,.and resis-
tance to, penetration of the drill as
well as the color of cuttings from the

(3)

(4)

(5)
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hole. These observations are inter-
preted in terms of bedrock condi-
tion. These explorations are useful
as supplementary investigations for
searching out shallow cavities, solu-
tion channels, and soft zones after
overburden has been stripped from
foundation rock.

(6) Test pits ønd trenehes. Test pits are
openings excavated vertically from
the ground surface to expose the sub-
surface materials for examination in
place. They may also be excavated
as a means of taking undisturbed
samples of soil materials. Test pits
have their greatest use in connection
with soils exploration and testing.
They may also be used to study the
character of the overburden bedrock
content and the position, character,
and condition of the bedrock surface.
Trenches are similar, functionally, to
test pits except that they usually are
limited to relatively shallow depths
below ground surface. They are
particularly useful for exploring, ex-
amining, and correlating bedrock
surface conditions that elude accu-
rate identification by conventional
drilling and sampling methods. Com-

Seclion ll. EVATUATING ptT

t0. Quolity Determinotion
The contemplated use of the material is the

determining factor in the quality required. In
general, materials used for fills or subgrades
do not have to meet the same specificãtions
as materials used in compacted rock surfac-
ing, concrete construction, or asphalt pave-
ment, TM 5-541 provides information con_
cerning characteristics of materials usecl for
construction purposes and TM 5-580 discusses
tests for evaluation of these characteristics.

a. " Hørdness,- Toughness, and Durøbilitg.
Hardness, toughness, and durability are re-
lated to one another, but they are not the
same thing.

(11 Hørd,ness. The hardness of a mineral
is a measure of the ability of one

bined with test pits, exploratory
trenches are a highly reliable method
of determining the occurrence, com-
position, distribution, structure, and
stability of unsatisfactory materials
in deep alluvial and residual soll
deposits.

9. Site Reconnoissonce plonning
Once all the inteltigence on potential pit

and quarry sites has been assembled and eval-
uated, the planner establishes priorities for
finalized investigations. The three priorities
for these investigations generally consist of
known sites, probable Sites, and possibilities.

o,. Known Sites. These consist of those
sites currently or previously used as pits or
quarries and close enough to the construction
site to warrant further investigation.

b. Probable ^Siúes. These are those sites
that contain desirable construction materials
as found by the preliminary investigation.

c. Possible Siúes. These are sites for which
available data indicates a possibility that con-
struction materials exist. Information on
these sites may have been obtained from
visual or aerial photo coverages and must be
confirmed by individual investigation.

AND QUARRY SITES

mineral to scratch another. Loose
particles on or just below the sur-
face of a gravelled road must resist
abrasion or they will wear away to
dust. Hardness has nothing to do
with the ease with which a mineral
can be broken. A diamond, the hard-
est mineral, ean be broken with the
tap of a hammer. Ten minerals
have been chosen, against which the
hardness of all others is tested. ThÍs
listing, known as Moh,s scale, ap-
pears in table 2. It is difficult to
measure rocks for hardness using
the Moh scale. Most rocks are com-
posed of several minerals, but onty
single minerals can be tested in thls
way. If a rock is composed of just
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one mineral, or is very fine-grained
in texture, the Moh scale will give
an indication of hardness. The
higher the number on the scale the
harder the mineral. The scale does
not indicate an exact hardness, that
is, the number 9 is not three times
as hard as the number 3. It means
only that any mineral can scratch
all those beneath it in the scale and
can be scratched by all those above
it. Two minerals of the same num-
ber will scratch each other. In the
absence of this scale, tests can be
made quickly in the field by sub
stituting a few familiar objects, such
as fingernail (2.5); copper coin (3);
knife blade or window glass (5.5);
steel file (6.5). If, for example, the
mineral scratches the blade of the
knife, it is harder than the blade,
and since steel is near the middle
of the standard scale (5.5) the
mineral is hard. If the mineral does
not scratch the blade, try to scratch
it with the blade. Soft minerals will
be scratched in this way without
dulling the blade very much.

Table 2. Moh's Scale
Minercl

Dlamond
Corundum
Topaz or Beryl
Quartz
Feldspar
Apatlte
Fluorite
Calctte
Gypsum
Talc

Erpedlent Scole
Steel flle 6.5
Knlfe blade or wlndow glass -------- 5.5
Copper coln ------- 3.0
Flngernall 2.5

(21 Toughness. This is resistance to
fracture. Marble, used for statues
and tombstones, is tough, even
though not very hard. The rock on
or close to the surface of a road or
airstrip should be tough, so as to
withstand the impact of passing
vehicles, and not break easily into
smaller pieces. To test a fragment of

rock for toughness, try to break lt
by striking it with a hammer. Tough
rock will be hard to break; weak rock
can be broken easily. A large boulder
of tough rock will cause the hammer
to make a ringing sound. Without
using a hammer, the toughness of
a rock may be judged from the ap
pearance of a fragment already
broken from a larger piece in the
field. Flat or slightly curved sur-
faces, sþarp edges, and equidimen-
sional shape indicate toughness.
Some rocks, when they break at all,
disintegrate into a powder. Resist-
ance to powdering is desirable in ad-
dition to toughness.

(3) Durøbiliúgr. This is literally the abili-
ty to endure, but it is here restricted
to resisting the attacks of tempera-
ture, moisture, and natural chemi-
cals. A rock'may be durable in one
environment and not in another. A
rock that fractures when alternately
heated and eooled, as a cold water
tumbler does when boiling water is
poured into it, will not be durable in
a climate where the temperature is
much higher in the daytime than
in the night. A rock that deterior-
ates when wetted or dried or alter-
nately wetted and dried is not dur-
able unless protected.

(ø) Acids. Carbon dioxide and orygen
combine with water vapor in the
air to make dilute acids that at-
tack rocks. Surface water and
ground water almost always con-
tain such acids. Chemically inert
rocks withstand such attacks. To
test a rock for resistanee to attack
by acid, place a drop of dilute hy-
drochloric acid on a freshly broken
surface. If there is effervescence
(bubbling) the rock is being at-
tacked. Limestone, coral, and
marble will show this. So will
sandstone in which the grains are
cemented by caleium carbonate.
If hydrochloric acid cannot be ob-
tained, then acetic acid or vinegar

H¿rd¡css

l0
I
I
7
6
5

4
3

2
I
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locally procured from a store or
a photographic supply house may
be used, Do not get the acid on
your clothes or on your hands.
This test is. a good way to distin-
guish dark-colored fine-grained
limestone from traprock or basalt.

(b) Weøthering. Deterioration from
any of the above kinds of attack is
called weathering. Weathering
generally reduces the strength of
a rock, decreases its chemical in_
ertness, produces impurities, and
causes the rock to lose its coher_
ence.

b. Suitability ol Materials, The engineer.
must be able to evaluate the suitability of
materials for construction purposes. Aggre_
gates for construction should have a hardness
of 5 to ?. Materials with a hardness over ?
should be avoided as they tend to cause ex-
cessive damage to the crushers. Materials
with a hardness of less than 5 may be used

quarry floor or bottom of a pit, and comput-
ing the volume either direcfly or by dividing
into segments and summing the volume of
these segments, The thiekness of a deposit
is measured at right angles to the reference
plane, Unusable materials such as weathered
rock and overburden should not be included
in the volume calculations.

a. Pit Material. When placed in well com-
pacted fills, pit material can be corÍsidered to
retain approximately the same volume as in
its original pit state; however, when it is re-
moved from a deposit, it has a greater volume
than before excavation. The depth of pit ma-
terial can be determined from hand auger
boring, trenches, or test pits. There are two
methods of determining the volume of ma-
terial contained in a pit:

(l) Hasty method. Take cross sections
at right angles to a convenient base_
line, determine the average cross-
sectional area; then determine the
estimated volume.

(2) Deliberate method. Divide an iso-
metric view (fig, 1) of a pit into a
system of squares or rectangles, 20
to 50 feet on a side; determine the
difference in elevation of the ori-
ginal ground level and the grade of
the excavation at the corners of the
squares or rectangles; compute the
volume of each cube prism, or wedge,
and total these volumes. It is to be
remembered that the surface of us_
able pit material or pit floor will
seldom ever be level, so this must be
taken into consideration in the com_
putations by averaging their depths.
When the depth of excavation is uni_
form or averaged throughout the pit,
the computation by this method may
be expressed as follows (figure l) :

v _ N(abd) l- M qrg
2

where:
V = volume in cubic yards
N = number of rectangles or

squares
d - depth of excavation
a, a', b = length of sides in feet
M = nümber of triangles

providing no other economical source of ag_
gregate exists. The requirements as to shape,
strength, durability, resistance to weathering,
and toughness of aggregates will vary, dã_
pending on the type of construction antici_
pated. The shorter life spans characteristic
of military construction in the theater of
operations often permit the military engineer
a wider choice of materials for a given type
of construction.

I t. Quontity Determinotion
The quantity of material available at a

site must be carefully estimated to include
a margin of safety, especially at proposed
quarry sites, due to the expenditure of man-
power, material, and time involved in mov_
ing into a neç site. Unforeseen difficulties
such as deterioration of quality of materials
or the presence of water may arise which can
reduce the estimated output. For this reason
all estimates of quantity should be conserva_
tive. All other factors being equal, it is ad_
visable, so far as possible, to setect a site con-
taining a greater volume of potential aggre-
gate than is required, rather than one which
is estimated to meet the immediate require_
ments. The volume of material is estimated
by selecting a reference plane, such as a
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Figure 1. Layout lot determining aolume ol ptt'
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b. Quany Material. The quantity of rock

may be estimated by multiplying the average
depth of the face by the working area, deduct-
ing for overlying waste rock and other over-
burden. To convert from quantity in place
to quantity when broken, a multiplying factor
of 1.75 is used. To estimate tonnage in place,
a multiplying faetor of 2.25 tons per cubic
yard may be used (table B). Estimates of
quantity of rock available are more easily
made from the face of existing quarries than

from new developments and generally are
more accurate. When estimating quantity of
materials, one must consider the possibility
of encountering springs that will demand pro-
visÍon of drainage to the quarry; however,
springs or seepage may be beneficial tn the
crushing, screening, and washing plants as
the water may be used to wash the materlal,s
or may be sprayed on the conveyer belts to
reduce dust.

Table 3. Weight ol Rocks

Povads pct cubtc loot (lubrc {cct ¡tet ton Tons pct rrrbrc yord
M atc¡tal

ln pluc LoÀ¿n

Andeslte ____lgl 9?

Basalt ____lg1 g?

Dlabase ____lg? 94

Dlorite _- _ tB'/ 94

Gnelss _-__16g 96

Granlte ____l?0 91

Limestone -___________16g 96

Porphry ______________t?0 g7

Rhyollte _____________lõ0 86

Quartzite _____-______165 94

Sandstone __-_151 86

Schlst ____168 9t

ôhale ----- _---l?5 95

Siate ____1?5 95

12, Foclors Affecting Operotionr
o.. Ground and Surløce Wa,ter. Test ptts

or earth auger borÍngs are used to determi¡re
the approximate amount of ground water
and the height of the water table. These
findings may be determinlng factors in the
selection of a site. Many existing quarries
contain standing water from seepage or rain-
fall which, in most cases, can be drained with
organizational pumping equipment; how-
ever, pumping is the least preferred method
of removing water. Care should be taken to
insure that rock and soil particles do not
damage the pump. The feasibility of remov-

ing water may be ascertalned by installing
a pump and gaging the rate of fall of the
water surface after a perlod of time. It ts
essential that most borrow pits be worked
in a dry condition because tt ls dtfftcult to
move borrow material when it contaln¡ an
excessive amount of molsture. Gravel pits
containing little or no clay may be worked
wet with little loss of efflclency, provlded
proper equipment for wet operatlons fs
available. Quarries are worked dry unless
it is impracticable or lmposslble, as ln opera-
tions involving eorbl reefs. Hiltslde or slop
ing locations simpllfy surface drainage prob,
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lems as interceptor ditches can be opened on
the uphill side to prevent drainage into the
pit or quarry. Extensive drainage projects,
such as diverting a stream or draining a lake,
should be considered only when an extended
operation is planned or when other sites are
not available.

b. Location. Choose a location as close as
possible to the construction site and conveni-
ent to good routes of transportation. This
allows more efficient hauling by decreasing
the length of access roads. Quarry haulage
ordinarily is done by trucks; however, for
large operations in the communications zone,
railways and water transportation are some-
times used. When large quantities are being
shipped by rail, a siding should be laid into
the pit or quarry to eliminate trucking from
source to railroad.

c. Ouerburden. Sites containing quality
materials with the least overburden are more
desirable. Stripping the overburden is some-
times as large an operation as excavating the
material itself. Usually, it is not profitable to
operate the site if the depth of overburden
exceeds one-third of the depth of the usable
material. Normally overburden should not be
more than l5 feet in depth. For some types
of road construction, the overburden may be
removed and used together with sand and
gravel. Clearing of vegetation may some-
times present hazardous conditions or even
render a site uneconomically feasible. There-
fore, the engineer must take this into con-
sideration when making his decision on a
site.

d. Slopes. Slopes are most desirable in all
types of pit and quarry operations, with the
exception of underwater gravel pits. Down-
hill loading is highly desirable, since the
force of gravity aids in obtaining larger loads
in less time than can be obtained using other
directions for loading. Similarly, locating a
quarry on a hillside permits a flow of ma-
terial from face to crusher, crusher to stor-
age, and storage to truck.

e. Utilities. Certain utilities are desirable
to increase the operational efficiency of
quarrying operations:

(l) Electricity. Lighting is essential for

t2

efficient, safe operations during peri-
ods of poor visibility and two-shift
operations including night work.
Frequently, adequate tighting is also
required for maintenance, major re-
pair operations, and security pur-
poses. Power requirements for utili-
ties must be included when deter-
mining sources and total require-
ments.

(2) Wøter. Clean water is essential in
everyday operations, equipment use,
and cleaning for maintenance, and
is needed in large volume when the
aggregate is to be washed for con-
crete and bituminous uses. Water
and other natural resources in suffi-
cient quantity located in the im-
mediate vicinity of pits and quarries
mean a great saving in equipment
requirements.

(3) Communications. Communication
facilities (telephone) are required
for each quarry bench, maintenance
area, and operational site,

l. Equipment. T};re availability of engineer
equipment is a determining factor in both the
extent and method of operation at pits and
quarries. Maximum use should be made of
operable equipment found in place when uti-
lizing an existing quarry site,

g. Training, The state of training of per-
sonnel must be kept in mind at all times. It
may be necessary, in extensive operations, to
institute special training programs even in
the theater of operations. Adequate equip-
ment may be rendered inoperable by untrain;
ed personnel, or the logistieal repair parts
load may be increased to an unacceptable
level. lVith the increase of accidents, the out-
put decreases.

h. Seeurity. Pit and quarry equipment is
susceptible to enemy cperations. Any major
item of equipment destroyed at the site may
close down the entire operation until a re-
placement is received. It is necessary to pro,
vide security for all equipment and personnel
at an operational site, particularly in the
theater. of operations. Many items essential
to the total operations are also vulnerable to
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pilferage which can easily car¡se cosüy
damage.

i. Erßting Sites. Whenever possible, &n
existing site should be used. For existing pits
and quarries, the quantity and quality of
the material are easily.determined. Existing
sites generally are located near good haul
roads with access roads already constructed.

The amount of work required to remove
the overburden is greaüy reduced. Existing
quarries may be found with some facilities
available for use. When possible, the local
operating personnel of exisüng quarries
should be employed.

13. Finol Selection
Pit and quarry sites are selected on the

P*if of quality and quantity of materiat,
location of site, factors affectfung ease of
operation, and ühe equipment and personnel
available. Final selection of the stte is made
after all reconnaissance data has been col-
lected, analyzed, and evaluated. To deter_
mine the most suitable site, the requirements
of quality and quantity must ftrst be meü. If
more than one site satisfies these require,
ments, the ultimate choice is based on loca-
tion, equipment and personnel required, and
ease of operatlon.

l3
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CHAPTER 5

PIT OPERATIONS

43. Clossificotion¡
Any site where unconsolidated earth or

rock particles suitable for engineer construc-
tlon can be obtained in quantity mey be

called a pit. Pits are classified according to
the type of material produced and the man-
ner of operation.

ø. Bortous Pit. A borrow pit is a site where
material suitable for fill, surfacing, or blend-
lng can be removed with earthmoving equip
ment. The greatest yardage of pit material
for theater-of-operations construction is tek-
en from this type of pit. Borrow pits should
be worked dry.

b. Graaet Pit. A gravel pit is a source of
coarse-grained soil, consisting predominantly
of particles of gravel size. Pit-run gravel is
used extensively for surfaclng secondary
ro&ds, in base courses for pavements for roads,
taxiways, and runways, and as aggregate in
concrete and bltuminous construction.

Q\ The alluaial graael pit derives its
name from the origin of the dePosit,
as the material ls stream-deposited.
The gravel or sandy gravel obtained
from alluvial pits is often very clean
and free of claY and humus, &nd
therefore particularly desirable for
concrete and bituminor¡s work. This
type of pit may be worked either wet
or dr¡r, depending upon whether ope-
ratlons are belng carried oR above
or below stream-, leke-, or gtound-
water level.

(2) A banlc or hill grøael plt produces a
clayey gravel or elayey sandy gravel.
Such materials are very desirable for
surfaclng work because of their bind-
lng qualities. Bank gravel pits are
worked dry.

(31 Dltscell¿;neous pdts (dumps) contain
mine t¿llings, slag, cinders, or .the

like, t¡sed for surfaclng and tn ag-

gregates. They are usuallY worked
dry with a power shovel, scoop loader,
or by hand. Volcanic cinders are
easily washed, drain well, but break
down easily. Some are excellent for
fill and railroad ballast.

c. Princíples ol Operatb¿. The princlples
of pit operation take into account whether
the pit is worked dry or wet, on a slope or on
the level, and with what type of earthmoving
equipment. For this reason pit operations wlll
be discussed in this chapter without reference
to the particular class of pit being operated.
It should be remembered that ln pit opers-
tions there are normal requirements to screen
and crush material,s to specifications for con-
struction other than for u¡e as flll materlal.

M. Site Preporolion
Site preparation inetudes making an opera-

tions plan, clearing and stripping, removlng
any overburden, drainage the area, building
acóess roads, and installtng equlpment and
utilities.

o. Operations Pl¿n. The operations plan is
preparðd before moving any earth. Tlre
limits of the area to be developed are deter-
mined; methods of excavation are chosen;
equiprnent is selected; locatloru for all struc-
tu-res and equipment are determined; and a
plan for supervision of trafflc control t8

established.

Þ. Clearing øntl GrubÙlng. If the area ls
wooded, the first operation irn prepartng the
site is the clearlng of timber, standlng and
fallen. If camouflage ls necessa^ry, no more
trees should be removed than 18 absolutely
necessary. Brush may be dlsposed of by burn-
ing on the site, but larger tlmber should be

moved clear of the perimeter of tJre slte.
Timbers of suitable dimensions should be
stockpited for possible ru¡e tn the corætruc-
tion of loading ramps. All stumps and large
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boulders shoutd ttðixcavffiãnã the motorized grader may atso Ue

used.

d. Drainøge. As pointed out earlier, borrow
pits should be worked in a dry condition. Ade_
quate drainage to eliminate surface and see.
page water is an essential part of borrow-
pit operation, and should be provided for as
Soon as possible. Hillside locations are com-
paratively easy to drain of surface flow or
:.eepagg 

by making an interceptor ditch along
the uphill side with a scraper, bulldozer, or
grader, or by making a single furrow with a
breaking plow. Where the floor of a site gen-
erally is below ground level, both surface and
seepage water must be disposed of. If open
ditches cannot be dug to take advantagó ofgravity flow, then all water should be dirõcted
to a sump in the lowest part of the floor, pre_
ferably in an area out of the way. Here the
water may be left to seep into thä ground orif necessary be removed by pumps. -

e. Access Roads.

(l) To bortow piús. Access roads to bor-
row pits should be graded and com-
pacted to reduce rolling resistance
for both tracked and wheeled veh!
cles. IVhere motorized scrapers and
other pneumatic_tired vehictes &re
used on the haul, the roads should
be kept smooth by constant shaping
with a grader. Unless the roads tra-

of the site.

c. Remoual ol OaerAurdnn.
(l) Stripping. The removal of over-

burden from pits usually is done by
a continuous process of stripping.
The spoil should be dumped far
enough to the right or to the left
of the longitudinal axis of the pit to
avoid doubte handting. On hillside
locations the waste material should
be placed in spoil banlcs located on
the downhill side, outside of the pit
area. Spoil banks should be brought
up evenly so they can be negotiated
without difficulty by excavation
equipment. Stripping by zones
should be done concurrenfly with
excavation. That is, zone I should
be stripped before excavation starts,
then zone 2 should be stripped while
zone I is being excavated, and so on.
Both stripping and excavation are
usually done with the same equip_
ment.

(2) Bullilozers ønd sûapeîs. Bulldozers
are used to remove topsoil, humus.
and other light overburden from pils
up to a distance of 800 feet. Beyond
this distance it is more economical
to use scrapers if available. For best
efficiency, dozing and scraping
should be downhill.

(3) Other equiptnent \lrhere the shovelor front loader is the excavating
equipment, it may be used to do its
own stripping on small operations.
On _large operations, stripping with
a shovel is uneconomical, since its
short dumping radius makes it
necess¡ary to rehandle the overburd-
en or to use trucks to haul the over-
burden a\pay. Draglines normally
strip their own pits, casting over-
burden beyond the boundariei of thepit or into an exhausted cut. Where
the overburden is thick and the haul
distance short, draglines may be use_
ful for stripping purposes alóne. F'or
sm¿Il areas with thin overburden

verse wet ground or low CBR soils,
there is very titile need for surfacing
as borrow pits ordinarity are not
workable during wet weather. If thepit is to be worked in wet weather,
consideration should be given to sur-
facing the road. Dust shõuld be con_
trolled during dry weather, with application of water, membrane, or
asphalt.

(21 To graaet pits. Construction of ac_
cess roads to gravel pits should start
as soon as the operational plan is
completed to take advantage of any
usable surfacing materiai t¡r th¿
overburden and to permit hauling in
crushing and screentng equipmeñt f
required. These roads shóu¡A follow
the shortest and easiest route wtth

tt
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a minimum of sharP curves and
stèep grades. TheY must be of all-
weather construction. The maximum
grade for truck operatlon ls 10 per-
cent, but tractors with scrapers can
ctimb Z0-Percent gradæ for short
distances. \ilith the exceptlon of the
loop at the loading site, the access
roads should Provide for two-waY
traffic.

1. Choice ol Equiprnent. The choice of ptt
equipment is largely determined by whether
the pit material is to be used for concrete or
bitr¡minous aggregate, for earth fills, or for
road and airfield surfacing. In the case of
alluvial gravel, choice of equipment fi¡¡ther
depends on whether the pit ts worked wet
or dry and whether materials for aggregate
require washing. Additional factors to be

considered are whether or not the pit is to be

started on flat ground or from a bank or hlll-
side location, and the extent of stripplng re'
quired.

g. Trallie Contro\. Traffic control lncludes
routing traffic to and from the plt and regu-

lating traffic flow within the operational
area. To avoid traffic delays, all plt roads are
designed for loop traffic so that routes of
loaded and empty vehicles do not cro$¡.

h. Pit Mainte¡wnce. Dependlng on the slze

of the operations, one or more bulldozers
should be kept near the ptt to strlp over-
brrrden, maintain pit roads, and keep the
floor of the pit free of holes and depressions
in which surface water mey accumulate.
Humps, ruts, and ridges must also be avoided
in scraper-operated plts, as they lnterfree
with loading screpers. In shovel-operated
pits, a bulldozer is al,so r¡sed to start lnitial
cuts and to windrow spillage. The bulldozer
can be used with a dragllne to level travel-
ways and heap up materl¡I scattered from
stockpiles.

í. Superußlon. PIt operations should be
properly supervised. Pit foremen, consisting
of one or more officers or noncomlnissloned
officers, are required, the number depending
on the slze of plt, amount and klnd of equtP
ment, and the nature and magnltude of oper-
ations. Duties lnclude controlling strtpptng

equipment, spottlng scrapers, directing push-
ers, supervising rooters, spotting trucks, de-
signating digging locations and moves for
shovels and draglines, directing stockpillng
and hopper loading, maintai¡ring the plt, con'
trolling traffic, and coordinating these varl-
ous operations. Generatly the greatest delay
in pit operation is the loading of hauling
equipment.

45. Excovoling With Scropers

o. Tqpes ond Ase of Scrøpers. Tlactor-
drawn and motorized scrapers are the most
efficient items of equipment avallable to mill-
tary units for moving large quantlties of plt
material t¡r the minimum length of time. The
maximum efficient one-way haul for tractor-
drawn scrapers is about 1,500 feet. Motorlzed
scrapers haul efficiently over good roads up
to 5,000 feet, one way, and may even haul
as far as ã or 6 miles if the need for certaln
types of material ls urgent. Because they
have pneumatic tires, motorized scrapers
operate over surfaced roads without damag-
ing the surface. Except under unusual condi-
tions, it is necessary for a pusher-tractor to
assist a motorized scraper in loading, and
sometimes in unloading. The rear of the
scraper and the bulldozer blade of the pusher-
tractor should be equipped with pusher
blocks. The pusher-tractor, usually the larg-
est tractor available, aceommodates from
four to eight motorized scrapers, depending on
the length of haul. (Ttre number of hauling
unlts per pusher equals the hauling untt
cycle time divtded by the pusher cycle time.)
\ilhere it ls dtfflcult for a tractor-drawn
scraper to ptck up a load in a reasonabte dlst-
ance, a ro9ter should be used first. If the
loadtng dlstance ls sttll too long, then a push'
er ls used.

b. Use ol Rooters, Rippers, and ExVlosloel
In consolldated gravels or soft rock, when
scrapers assisüed by pusher-tractors wlll itot
ptck up a heaping load in about 100 feet, a
rooter should be used to increase the loadlng
efficiency. A 110 to 140 drawbar horse¡rower
tractor towtng a heavy rooter can loosen 600

to 1,200 eubic yards per hour. Rooters are
operated downhlll and an entlre zßne lr
rooted at one time while the scrapers are
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hautlng from another. Co¡rslderation should
also be gÍven to the use of back rtppen¡ on
tractor blades. By dropptng these rippers and
reverslng dlrectlon, sufflclent material wlll
often be ¿vallable for the next pass. If the
materlal ls too consolldated for efflclent root-
er or rlpper o¡æratlon, blasüng may be neces-
sar5r, but for extenslve o¡æraüons, blasting ls
impractical.

c. Excaaatlon. Excavaüon includes both
the removal of materi¿l from its natural bed
and lts transportaüon ta the construcüon
$t". It may also lnclude rooting and btast-
tng. Scrapens are loaded downhtU to obtal¡r
ma¡mum load and for ease in loading, Ma_
terl¡rl ls removed from the floor of thJplt in

successive thin layers over the entire width
of the zone, using the straddle method of
loading. During excavafion, scrapers should
be carefully spotted to malntain an even
downgrade and prevent cutHng holes below
the general level of the floor. If the pit ls
much longer than 100 feet ln the directfon
of loading, the scrapers should be staggered
along the length of the cut as well as across
the width of the zone.

d. Pit Løyout For coordinated stripping,
excavation, and maintenance of scrapper-ope-
rated sites, the pit should be divided into
zones at right angles to ground contours.
Figure 24 shows the layout of a typical side-
hill pit.

t0
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6. Excovoting With Power Shovel ond

Truckc or Fronl Looder ond Truck¡
(t. Operating prínciplcs. The shovel-and_

truek combination or front loader and truck
ordinarlly is used in pits consisting of above-
water gravel deposits because, as & rule, re-
quired quantities are less, and hauling dist-
ances are greater than for earth borrow pits.
The power shovel is particularly weil aaa¡iteA
to hillside deposits whtch have slopes too
great for the practical operation of e¿rthmov-
lng equipment. It may also be profitably
adaptcd to horizontal deposits provlaed tnat
a worklng face of the proper height is main-
tained. The minimum economical height of
face or bench is about 5 feet. The maximum
eeonomical height of face f.or a B/4-cubic_yard
shovel is about 22 feet, and for a 2-cubic-yard
shovel about 34 feet. When faces are exces-
sive in height, a bulldozer should either be
used to feed the shovel from above to prevent
dangerous overhang or a multiple.face opera_
tion should be used. The shovel-and-truck
comblnatlon is prlmarily designed for maxi_
mum efficlency in long hauls of 3,ã00 feet or
more. The shovet cycle conslsts of digging,
swinglng, dumping, and swingtng back tã
dig. Expert operators sometimes combine the
last two operations for greater speed. A rough
estimate of shovel productton in cubic ysrds
per hour ls 100 times the bucket capacity. to
obtain maximum production ana efficiency
ln shovel-and-trt¡ck operaüon, the following
rules should be adhered to:

(1) Keep a sufflclent number of trucks
working with the shovel so that it
operates conilnuously.

(2) Keep the floor of the pit slighily
higher at the face to aid draináge.-

(3) Dtg ln long, thln cuts up the face of
the pit.

(4) Increase dtgglng speed by operating
against a face not less than 5 feel
h-iSh nor greater than the helght of
the boom.

(5) If the face ls too hlgh, use a bull-
dozer to shove off the top or work it
l¡r terraces.

(6) Keep the swing dlstance as shôrü as
posslble, never exceeding g0 degrees.

52

(7) Spot trucks on both sides of the
shovel, if possible, to decrease swing
and to keep one truck always in posi-
tion to be loaded.

(8) Keep long dimension of the truck
bed tangent to the arc of swing of
the shovel.

(9) Keep an atert spotter in the pit to
direct the prompt and proper spot-
ting of trucks.

(10) Keep trucks on about the same level
as the shovel to aid loading.

( 11) Swing over the rear of the truck, not
over the cab. Never swing over the
cab with the driver in the seat.

(12) Keep shovel level.
(13) When working on soft ground, sup-

port crawlers on timber mats.
(14) Keep haul roads in good shape to

minimize the number of trucks re-
quired.

(15) Give constant supervision to servic-
ing and maintenance of equipment.

(16) Keep loading area clear.

b. Hilßide Deposits. Deposits are excavated
by power shovels or front end loaders inl
benches in successive cuts pørøIlet to the
contour lines (fig. 25). First, a road is cut
and leveled with a bulldozer along the toeof tlte slope of the hitt. Starting ]rom the
road, the shovel is used to cut into the bankuntil the shovel is off the road, but still inposition to reach trucks parked there. T?refirst cut is completed andL second cut made
while the truclçs use the fÍrst cut as a road.
When the shovel is advanced into the hill
to a point where the maximum working-face
height is reached, a second road is dozed
above the cut and a new bench started. IVhen
the second face reaches a maximum height,
a third bench is started or the shovel is movedback to the first bench and that face ad-
vanced. When more than one shovel is used,
several benches may be operated simultane_
ously. If the benches are of sufficient length,
two or more shovels may be operated on the
same bench. The floor of the benches should
always be kept sloping slighfly away from the
face to provide dralnage.
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c. Horiæntol Deposits. In level counüry it

ls sometimes necessary to use power shovels
to exc¿vate m¿terlal from deposits below the
surroundl¡rg groturd level. This t¡pe of ptt ls
partlcularly adaptable to gravel deposits
where drainage ls not a problem.

(ll Large fiús. Where depcsits are suffi-
ciently large, plts are best developed
by the circular bench method (fig.
26). The best method is to exeavate
an initial trench of the desired depth
with a bulldozer. Another method is
to begtn the shovel digging on a
downgrade of not over 10 ¡ærcent un-
tU it ls workirng agairut a face of
sultable height. When the iniüal cut
ls advanced by the shovel and the
face ls not more than 6 or I feet
high, trucks are kept on the surface
for loadlng in order to keep the swing
of the shovel as short as possible.
ïl¡hen the initial cut ls completed,
the shovel widens the pit by making
additional cuts. Trucks are s¡ntted
in the first cut for loading while the

shovel is making the second cut, and
so on. The shovel contl¡rues to dig
deeper with each successive cut until
the desired maximum height of
working face is reached. In order to
keep the floor of the pit falrly level,
it may be necessary for the shovel
to remove a second layer from the
first or second cuts. As the ptt
widens from successlve cuts, lt as-
sumes a clrcular shape. Either loop
traffic wtthin the pit or one-\ray
through trafflc rnay be establtshed
dependlng on such factors as gradl-
ent of entrance outside trafftc pat-
tern, trafftcabiltty of ptt floor, area
within the pit, and amount of equtp,
ment in the pit. If more shovels are
available than can operate efflctent-
ly on the face around one level, then
a second lower level ls started t¡r-
side the first, beginnlng near the
middle of the flrst. Development of
the second and succeedlng levels ls
the same as for the flrst.

A
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(2) Nønout pits. Certat!Ì type¡ of de-

posits, such as those of old stream-
bed origln, are not of sufflclent width
for clreular development. A sùnllar
method of o¡æration lnvolves de-
velopment in stralght-li¡re benches
(11g. 271. The shovel or a bulldozer
digs the first cut to a depth suffi-
clent to provlde a deslr¡ble height
of working face. The cut k continued
at thls level, loadlng trucks over the
bank. Then the shovel reverses lts
directlon, maf,irng a second cut along-
side the ftrst. A bulldozer !B used to
level the fl¡st cut for the trucks.

Succeeding exc¿vatlon operatlons
are in parallel straight cuts. If the
deposit is deep enough, even I sec-

ond and third level are developed,
beginning at one side of the plt
rather than in the center. The
ground water table, drainage, and
area rainfall may be factors l¡n the
depth to which this deposit may be
worked and the equipment to be
used. Exc¿vation of deep narrow de-
posits tends to develop faces of great
heights. Cautlon must be exercised
to avold endangerlng personnel and
equipment by cave-tns or slldes.

¡ó
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17. Ercovoting With Droglinet

o. Use. Draglines are best used to excavate
loose rn¿terials below the track level .of the
machine. It is the most practical ptece of
mil_itary equipment for underwater dtgglng
and is. well adapted to submerged gravéi ptt
operations. Tlpical dragline jobs aré recover-
ing sand, gravel, or coral fiom streambeds,

lake bottoms, lagoons, and beaches. The pri-
mary use of draglines is to stockpile materlal
for other loadlng equipment or to load hop-
pers. Since draglines are slower and less aõ-
curate than power shovels, they are not norm-
ally used to load trucks. Figure 2g depicts
layout and development of a pit using this
equipment.
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Flgure 2t. Løyout and deoclopment ol a cuÙaurlacc plt ushw th¿ drwll¡u..
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b. Working Rønge. Since the dragline has
a greater reach than any type of power shovel,
it usually is classed with earthmoving equip-
ment, whereas shovel,s are classed crith load-
ing equipment. The horizontal casting radius
for exeavating or dumping may be 20 or 30
feet beyond the end of the boom, and the ver-
tical reach may be as much as 50 feet below
the machine track and 30 feet above.

c. Und,erwoter Excøuøtion. When removing
material by dragline from streams, lake beds,
lagoons, and ocean beaches, the unit should
be set as close to the water as possible, with
the crawlers advancing parallel to the shore
line. The machine should be worked in a fan-
shaped pattern, reaching or¡t into the water
as far as possible. A sector of approxinrately
90o should be worked from one setting, then
the dragline should be advanced along the
shore tine to a new location. It usually is
desirable to swing 180o when dumping so that
the stockpiled material will be a maximum
disl,ance from the water's edge. lVith each
new setting of the dragline & new stockpile
is made. In place of stockpiling, a hopper m¿y
be moved to each location either by derrick
or by rail. Hoppers should be used when pos-
sible because they eliminate handling the ma-
terial a second time. There are times when
waterborne dredges can be used for stock-
piling suitable aggregate. The material re-
moved when channels are made or improved
often will be usable, especially if allowed to
dry. This should not be overlooked if aggre-
gate is scarce.

d. Dry Pit Work, Draglines are âdpated to
working entirely below the level of their
tracks in deep deposits. llorking down l¡r a
series of nearly horlzontal layers, the drag-
line removes each layer by a succession of
parallel straight cuts. llthen a layer ls com-
pletely removed, e ramp down to the new
floor level is built by the dragline or by a bull-
dozer.

e. Hllßide Operatiotæ. Srhere a power
shovel or front loader is not readily avallable,
the dragllne may be used to excavate hlllside
deposits. The usual procedure ls to stsrt et
the top of the hill and excavate l¡r a serfeg
of horizontal lavers or benches. Trpo or more

ó0

machines may be used on successive horizont-
al benches. Although draglines can negoti-
ate grades as steep as 20 ¡ærcent, they must
be level to dig. Normally draglines level their
own digging positions.

f . SIag Pile Operøtions. In certain mining,
smelting, and industrial districhs, slag piles
afford an excellent source of aggregates and
material for surfacing. lühile the dragline
ordinarily digs toward itself, it may be ar-
ranged to dig away from itself with compara-
tively simple rigging. With the maehine
located at the ba^se of the slag pile, it can be
employed to dig upward along the surface of
the slag pile. Hoppers should be used wtth
this operation.

48. Looding Romps
o,. Use. A loading ramp, or chinaman, is a

structure built expressly for the purpose of
loading pit or quarry material into hauling
unihs with earthmoving equipment. Inadi:lg
ramps are used principally tn situations
where trucks or other types of hauling equip
ment are available for trars¡nrtation. For ex-
ample, a small detachment equlpped with
only a few vehicles and a bulldozer may be
required to deliver as much as 300 to 400
cubic yards of material per day to a construc-
tion or maintenance job. Ioadlng ramps are
also used rphen the loading equipment
available Ís not sufficient. Such may be the
case where a dump truck unit is attached to
an organization that does not h¿ve the neces-
sary extra loading equlpment. Ioading ramÞe
may also be used by a battalion in charge of
a large earthmovl¡rg Job for the purpose of
balanclng the plant so that all equlpment ls
operating at maximum output. Ioadtng
ramps are sometimes used with hillslde de-
posits or in plt operations lf the floor of the
plt ts accessible to trucks. They are partt-
cularly adaptable to deposlts of materlal too
shallow for economlcal shovel operaflon,

b. Types. Ioadlng ramps are deslgnaüed by
the method of dlschargfng the ptt materlal,
by the m&nner ln whtch matertal ls loaded
into them, and by the m¿nner ln whlch hsul-
ing vehicles approach and depart.

(ll Chute. Ttre slmplest type of loadlng
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ramp is the plain chute (fig. 29).
Care is required ün spotting trucks,
especially at night. Construction of

chute should sllow the loodtng ope
rator to visually observe the equtp
ment bed being loeded.

¿t-'--''¿- &gl

+. 3'+'t

NO?'E: These descríptions cnd diagnams have been
combined to scve poges.
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(21 Slngla-end, trop, ttwck-bæk-tn (fig.

30). Ttrls type of loadlng ramp lr
best adapted to a sltu¿tton l¡n wtrlcl¡
comperatlvely small quanttties must
be toaded lmmedtstêly. It can be con-
structêd l¡r the least flme and wlth
the least amount of buüdlng m¿tert-
al, but tt l¡ the slowest ln operaüon.It requlrea only one bulldozer for

operation, and ls sult¿d to bor¡k e¡-
cavation. A small excavatlon at
rlght angles to the bank may be re
quired to accommodate the rear end
of trucks. lVhen large quantlties are
desired and sufficient equipment and
trucks are avallable, this type of
loading rsmp can be widened to per-
mit multiple truck loadtrng.

ff.ft*,-
I

\
ì\:,

vrq
'.' i. r,,' . -".^*

Flgure 30. Slngle-end, trap, truck-bach-ln, ludlng ramp.
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(3) Single-end, trøp, truek-driae-through
(fig. 31). This loading ramp is a
modification of the singleend trap,
truck-back-in type to permit closer

control of truck loading and better
traffic circulation. It requiree more
building materials and must be of
stronger design,

Flgute 31. Slngle-end trap, truck-ilrloe-through loülng rømp.
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(4) Single-enil. trap, with grizzly (fig.

32). This type is useful when a
grlzzly is required to remove rocks,
lum¡x, or fineq from material. Heary
wire mesh or pierced steel plank may

be used for grizzly constructlon in-
stead of 2- by 8-inch or lerger lum-
ber. The grizzly may be adapted to
or combined with any other type of
loading ramp.

EOLT ÍÚETAL PLAIEq:v
GRIZZLY

*'-_; Jr¡f

Flgure 32. Slngle-end trap ond grlzzly type loadlng rømp.
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(51 Doubl¿-end trøp, truck-driae-throu.g h
(fig. 33). This type of loading ramp
can be operated with dozers, graders,
or tractor drawn scrapers. It per-
mits simultaneous operation of two
faces, provided that two-way traffic
is properly supervised. It requires
excavation and time to instalt and is

difficult to drain. Double loading
can be done by lengthening the load-
ing ramp similar to the overhead-
with-ramp type. Additional gates
permit stocking of material to allow
uninterrupted movement of both
hauling and earthmoving equipment.

l.-(- -- -f-*-ì.-\'-..1
-. 

- ù.- ìr

7/,
Flgure 03. Double-end trøp, truck-drhte-through loadlng ramp.
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8l Doublc-end, tr op, ouerhead-with-

rørnps (fig. 34). Tttis modification of
the double-end type allows for simul-
taneous loading of two trucks. It is
adaptable to high ground-water con-
ditions with restricted drain&ge, or
other grade limiting considerations.
Single or douþle loadlng can be ac-

complished. Distance between posts
mr¡st be sufficlent to clear a dozer
or grader used for removing splllage
in the truck roadway. Gates wlll pro-
vide the same advantage as men-
tioned for the truck-drlve-through
type in (5) above.

{ç$#3'=*
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Fþure 91. Double-end, trap, obcrhcú,-ulth-ramp loodlng ¡ømp.
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c. Design ol Loøding Ramps.

(L) Strength. The most common error
in the construction of loading ramps
is inadequate strength. TheY must
be designed to support a 20-ton trac-
tor, plus an imPact factor of 50 Per-
cent, and 20 tons of earth' Particu-
lar attention must be Paid to cross
and sway bracing.

(2\ IUatß, floors, ønd wingualls. All
walls should be amply high and well-
braced. Short wings lose much ma-
terial by spillage. Deck flooring must
be covered with 12 inches of the ex-
cavated material to Prevent dozer
cleats from tearing up the flooring'
Where a hoPPer is not used, a traP
should be constructed in the floor
smaller than the smallest equipment
bed to be loaded, Larger traps waste
material over the sides of the truck'
Construction should allow for maxi-
mum visual caPabilitY bY the load-
ing operator from his opereting posi-
tion to see the limitations of the
loading ramp and equiPment to be
loaded. The trap is centered over the
truck bed. When the back-in tYPe
loading ramp is used, a stopblock is
installed for the rear wheels of
trucks.

(3) Columns. Columns beneath a load-
ing ramp should be sPaced wide
enough apart to permit a dozer blade
to pass through when clearfurg spil'
lage from the roadway.

d. Location and Number ol Loading Ramps.

(71 Dßtanee lrom pit. Space must be
provided for turning and return
trips of loading equipment, partlcu-
larty when worklng lnto a bank or
hillside, but long back trips of equip
ment must be avoided. For a tractor-
drawn scraper, distances to be tra-
veled should be kept to about 4 to 6
minutes per round trlp.

(2\ Truck loading points. Single truck
loading poinLs limit output to about
30 trucks per hour. Multlple load-

ing points should be provlded.if war-
ranted by the size of the operation,
and, if at all possible, they should be
part of one loadlng remp. Several
loading points with a separate load-
ing ramp for each point increases the
need for loading equipment.

Operation ol Loading Rømps.

(l) Lighting. For night operations it is
necessary to provide adequate light-
ing around a loading r&mp, especlal-
ly at the chute or trap.

(2) Control. Signals between truck
spotter, loading dozers, and gate
operators must be closely coordi-
nated.

(3) Trallic circulntion loops to eli-
minate baeking are laid out around
loading ramps. The bruck spotter
must be alert to avoid traffic Jarns.

(4) Operating plnn. The plan of opera-
tion is fitted to the plant. Plant
sequences must be dovetailed. I[Ihere
pieces of different types of equip
ment are used, proper coordi¡ration
of their operations ls essential to as-
sure efficient performance.

(5) Use ol bull.dazers. If different slzes
of bulldozers are on site, the largest
are used to push materlal up to the
loading ramp and a small bulldozer
is kept at the remp for loadlng. The
bulldozer haul should not exceed 200
to 300 feet depending on the number
available a¡¡ compared to the num-
ber of trucks and their haultng dlst'
ance. On long excavations two bull-
dozers operating wlth blades slde by
side dellver about one'thlrd more
material than two dozers operatlng
independently.

(0) Us¿ ol soapns. flcrapers may be
used to haul quantlttes of m¿terl'¡l
to the loading slte. A bulldozer ca¡t
then be used to feed the toadùng
ramp. Wtth a double-end loading
ramp, if adequately deslgned, scrap
ers can be used to load materlal.

(71 Ase ol hoppers. By lnstalllng hop
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(8)

pers and gates on the loading mmP,
materl¡l may be stored and drawn
off lnto trucks vzhlle the loadlng
equipment ls at work. A contlnuous
supply of rn¿terial is thus main'
tained, independent of truck opera-
tloru.
Use ol mßcellanæous equiPnent.
M¿ke use of slips, varlous tyPes ol
scrapers, fresnos, and any other ki¡rd
of captured or improvlscd earthmov-
tng equlpment to supplement organl-
zatlonal equipment ln loadlng ramps.

Ittultlple laces.If posslble, always de-
slgn and lay out an tnst¿llatlon wlth
multlple faces and multlple truck

loading points so that the ma¡dmum
available equipment can be used and
the greatest unit output obtained.

(I0) Downhill operation. Always work
equlpment downhill if possible, let'
ting gravity aid work instead of
hindering it.

(ll'l Superaision. Ioading remp opers-
tion requires the closest supervision.
Trucks mrxt be sPotted PromPtlY
and accurately in coordlnation wlth
the loadtng bulldozer. Traruporta-
tion of material from the face mr¡¡t
also be coordinated with the loadlng
of the ramp ùo lnsure that m¿terlal
is on hand when trucks arrlve.

(e)

,a
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77. Generol
Soft rock differs from soil in that it is con-

solidated ancl requires some method of loosen-
ing at the excavation site. It differs from
hard rock ilr that blasting is not required
for excaration. It may be loosened by rooters,
br¡lld,rzers, or air hanrmers.

a.. Construction. It is important for the
quar¡y officer to know whether he is to deal
with soft rock or hard rock. because he must
know wlrat solt of equipment will be needed.
Soft rocks are not preferred for construction
pui'poses except r¡nder special conditions
which clearìy make their use the economical
procedure. A single family of rock may have
members which are so soft as to be useless
for construction purposes, while others of the
sarrre family rnay be quite useful. For in-
stance, ctralk is very soft limestone, made
fronr the skeleto¡is of small marine animals
whose fleshy parts have been eaten away by
chemical aetion Chalk is practically useless
for constructiorr purposes, yet most lime-
stones are quite hard and tough, although
generaliy not very resistant to weathering.
So it is with coral, which may be soft or quite
hard.

ò. Proeedures. Soft rocks that have proven
suitable for use in road and airfield construc-
tiorr are coral, tuff, caliche, and lateriate,
The general principles of operation of soft
rock pits and quarries are the same as those
governing the operation of any pit or querry,
but it may sometimes be necessary to vary
these principles to meet local conditions. In
rnost soft rock pits or quarries the material
can be loosened with rooters and picked up
by tractor-drawn scrapers or loaded into
trucks with power shovels and front end
loaders.

78. Corol
The majority of coral reefs occur s¡ithin

25o north and south of the Equator. For mlli-

tary construction, reef coral is divided into
two general groups - soft and hard.

ø. Solt Corøl consisLs of unconsolidated
muds, sand, coral fragments, algae deposits,
shell, and partially weathered hard coral. It
may vary from loose to compact, belng not
especially cohesive when dry. In color it is
white, gray, buff, yellow, brown, or light
chocolate brown. It appears in lagoons or
near shallow water when loose, and ln & more
compact state as reefs, ridges, and terraces.
Usually it is easily worked in pits or on ter-
race slopes with rooters, scralærs, dozers, or
shovels. Soft coral is much less desirable than
hard coral as an aggregate for concrete.

b. Hard Corøl is formed by the intergrowth
of coral heads and the cementation of coral
sand and fragmented reef material. It is us-
ually white but may be gray-white, buff, yel-
low, or brown. It is principally calcium car-
bonate, but often contains chert, gypsum,
and streaks of clay. It usually is hard, and
its texture may range from ¡rorous to derse,
depending on the degree of cementatlon. It
occurs as reefs, ledges, or terraces. It may
require quarrying for use as a structural ma-
terial and, on account of flssures and vei¡ns
of clay and soft coral, it may be dlfficult to
drill and blast. It usually requlres crushing.
The dry weight of hard coral l¡r a loose state
is fforn 75 to 90 pounds per cublc foot.

c, Uses. Selected coral may be used for
fills, subgrades, and base courses, the degree
of selection depending upon the use. l4thlte
or nearly white soft coral, wlth properly
proportioned granular slzes compacted at
optimum molsture content, wlll create a con-
crete-like surface. The wearing surface wlll
require conslderable care and maùrtenance.
Hard coral when properly graded ts a good
aggregate for concrete. Soft coral makes a¡r
inferior concrete, low i¡r strength, dtfftcult to
place, and often of honeycomb structure.

ilt
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d. Quørrying.

(1) Hard coral is obtained from cuts
along the construction Project or
from quarries. The formations con-
tain fissures a¡¡ well as large voids
which, together with the porosity of
the coral structure, decrease blast-
tng efficiency. The use of higtr per-
centage dynamite, shaPed charges,
and bulk and cratering charges is
not satisfactory. Boreholes I to 12

feet deep, spaced 4 to I feet on cen-
ters, and loaded with black Powder,
ammonium nitrate, or low Percent-
age dynamite which has been well
tamped, will give the best blasting re-
sults. In both pits and quarries, hard
coral heads are often encountered.
Ttrese heads are hazards to excavat-
ing equipment and must be blasted.

(2) Soft coral may be obtained from
either wet or dry pits. The soft ma-
terial should be loosened with a
rooter, pushed into Piles with a
dozer, and then loaded into trucks
with a power shovel. Where coral
requires little loosening, draglines
and tractor drawn scrapers can be
used. Occasionally, coral from fring-
ing reefs and lagoons can be dug
with draglines or Power shovels,
piled as a catu¡ewaY, and trucked
awsy progressively from the seaward
end to the shoreline. lf,rhenever pos-

sible, rooting and scraping methods
are preferred for working coral in
pits or shallow lagoons.

79. Tuff
Tuff ls weathered volcanic ash that has

been compacted by natural Processes to vary-
tng degrees of denslty and hardness. \,t¡hile it
ls commonly found in regioru where volcanic
actlon has taken place, wind action occa-
stonally has spread a deposit from a single
octlve source over an area of thousands of
rqr¡¡re mlles. It ls a soft, workable rock
whlch eas[y c¿n be excavated by handtools.
In perts of ltaly, tuff ls quarrled by sawing
luge blocks off the face and then cuttlng
them tnto butldlng blocks. A dozer blade can-

not loosen tuff, but a tractor-drawn rooter
easily cuts the surface and uproots it. After
looseninþ by a rooter, tuff can be hauled
away in scrapers or pushed into stockpiles by
dozers, and later loaded into trucks.

80. Coliche
Caliche is just one of the names given to a

group of formations found in arid or semiarid
regions. It consists chiefly of calcium and
silica in the form of clays, sands, and gravels,
cemented into a conglomerate by calcium
carbonate deposited through the evaporation
of ascending or descending waters. The wide
variation in both the content and the degree
of cementation in caliche causes differences
of opinion concerning its suitability for road
or runway construction or as an aggregate.
The suitability of each deposit should be
determined by tests. Caliche is often fairly
unitorm over considerable areas where the
surface soils, sands, or gravels are of relatÍvely
uniform character and are saturated by more
or less similar cementing solutions. One
quality which makes many caliches valuable
for road construction is their tendency to
recement after being saturated with water,
compacted, and allowed to set. This is especi-
ally true of caliches which are cemented with
lime or salt.

8t. lolerite
Laterite is a residual soil formed when

ground waters remove certain constituents of
where some soils are subjected to the leaching
the original soil. In areas of high rainfall
action of ground water over long periods of
time, certain silicate constituents may be
largely removed by solution, the more insolu-
ble residues remaining. These residues con-
sist of either the hydrated oxides of iron, the
hydrated oxides of aluminum, or any combi-
nation of these with minor quantities of
other mineral,s. A soit so formed is known as

laterite. It is referred to as ferruglnous, alu-
minous, or a mixture of these, depending on
the character of the parent material. The
hardened ferruginor:s type is known as iron-
stone or tombstone, which usually is a shade
of red. The aluminous type ls known as a
bauxite, whlch usually is brown, gray, or
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white. Laterltes occur extensively in the
tropics and are widety used as construction
material there. Good deposik of hardened
laterite can often be found near constructlon
sites. The material often outcrotrN, or is found
within 2 meters of the surface. Such deposik
can be readily developed into a valuable

source of construction materlal for flll, base
courses, and foundatlons. Laterites vary ln
quality however, and experience ln t¡se of a
partlcular laterlte is often required to pro-
duce satisfactory resulLs. Laterltes have been
used as a stabilizing materlal and for surfac-
lrig when other m¿terial,s are not evailable.
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which it is available are given. The order should ín'
clude all ínformation given in parts (b) and (c)

above.
(e) Abstract: This paragraph contains an ab-

stract of the publication whose t¡tle was given in
part (b).

un número de pedido para la publicación en
paréntesis.

(d) Disponibilidad de la información: Este
parágrafo explica que la publicación referen-
ciada está disponible al lector en una de dos
formas como sigue. (1) La publicación esta
agotada pero puede ser consultada en la
biblioteca indicada donde se sabe que se

posee una copia. (2) La publicación puede
ser pedida de la organizacion cuyo nombre
y dirección están indicados. El pedido deberá
íncluir toda la información dada en las partes
(b) y (c).

(e) Resumen. Este paréqrafo es un resúmen
de la publicación cuyo título se dió en la parte (b)

références se terminent par un numéro entre
parenthèses qui indique le numéro de
commande.

(d) Disponibilité des Documents: Ce para-
graphe indique les deux façons dont le lecteur
peut acquérir les documents: (1) L'édition est
épuisée, mais une certaine bibliothèque détient
ce document et il peut être consulté. (2) Le

document peut être commandé à I'organisation
dont le nom et l'adresse sont indiqués ici.
L'ordre de commande doít ínclure 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).
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lllustration (from Comp. 1) llustración (del Comp. 1)

Reference number
Número de
Numé¡o de la référence

(bl Title
(bl Título
(b) Titre

Bibliographic data
Datos bibliogråficos
Données bibliographiques

(dl Availability information
(dl Disponibilidad de la información
(d) Disponibililó des documents

(e) Abstract
(e) Resumen
(el Analyse

The order should include all information given in parts (bl and
(c) above.

El pedido deberâ incluir toda la información dada en las partes
(bl y (cl.

L'ordre de commande doit inclure tout€s les informations
donnêes dans les parties (bl et (cl.

lllustration (du Recueil 1)

Rêfcrcncê 5
A REVIEV OF HTGHWAY DESIGN PRACT¡CES IN
DEVELOP¡NG COUNTRIES

Cron, Frcdcrick W. Vashington, DC3 lnternational
Bank for Rcconstruction and Developmenti L975 May,
57 p.

Ordcr from: lnternational Bank tor Rcconstruct¡on and
Dcvclopment, ltl8 H Stre€t, N.V., Va3h¡ntton, DC
2Utt.

the dcaign standards of some 150 highway proiccts
financcd by the International Bank for Rcconstruct¡on
i¡rd Dcvdopmcnt bctween 1960 and 1970 arc re-
vicwedr and areas of agreement bctwêen the stand-
ards of the 63 countries studied arc identificd
practical highway standards based on these arcas of
atrcemcnt are sketched for the guidancc of planners
in êveloping countries. The roads discussed h€re,
fåll ¡nto three functional catetories: a small group of
crprcssways, freeways and toll roads cårryint lartc
volumcs of traffic; a very large group of 2-lanc
highways carryint a wide range of traffic volumcs
æryint both local and lont distanc€ trðffici and a
rmaller group of low-traffic tcrtiary or spcc¡al
pt¡¡pose roads existing pr¡marily for land scrvicc.
Comments are made on the problem ol dassifying
highvay standards, and on the comparison of stand-
aró. Condusions retarding standards lor thc
capacity- rclated elementr of design and standards
for thc yeloc¡ty-related elements of design (radir.¡s of
curyatur€, stopping s¡ght distanc!, passing s¡ght
distancc) are discussed, as well as th€ hor¡zontal and
vertical dcarances for bridges. The standard live
loadings lor bridges, the structura¡ capacity ot
pEvemcnts and ¡etal load limits are covered, and
condusio¡s relating to pavement d6ign, desim
standards for z-lane highways, ¡ncrement¿¡
dcvclopment ol highways, and tcvels ol sê¡yicìe are
prcscnted.

(a)
(al
(al

(cl
(cl
(cl



SELECTED TEXT REFERENCES certa¡n properties of the soil such as texture and
claypan develoPments; surface drainage is a function
of slope and porosity of the soil; while color Patterns
often reflect ground water conditions. The elements
of the soil pattern change and their significance
varies in differing climatic zones. The effect of
climate is to change the type of vegetative cover and
the significance of soil color. However, the soil
patterñ emphasizes the significance of land forms and
weathered slopes. Evaluation of the pedologic classi-
fication of the great soil (climatic) groups indicates
that it is of little value in engineering work. This
assessment is necessary since, in some western states
and in many foreign areas, this is the only type of soil
information available. Therefore, reliance must be
placed on the interpretation of the soil pattern and
its engineering implications. A group of photographs
shows-the basic soil Patternsr geologic Patterns' and
the occurrence of granular deposits. The geologic
pattern is considered in its relation to problems of
location and grading' By example and test results the
properties of various strata visible in photographs are
shown. The data show that the soil pattern has
engineering significance and that it indicates the
conditions that affect the location and construction
of highways and airports.

Reference 3
MAPS FOR CONSTRUCTION MATERIALS

Byrne, Frank E. Soil Exploration and Ñtapping. High-
wãy Research Board. Washington, DC; 1950 November;
pp. 63-72. (Bulletin 28).

Order from: University Microfilm Internationalr 300

North Zeeb Road, Ann Arborr Michigan 48106.

The use of the geologist in preparing materials maps

will result in considerable reduction in the cost of
engineering construction. The three principal kinds
of 

-construðtion-material maps are discussed: materi-
al-site, material-distribution, and surface-geology.
The material-site map is the least expensive of the
three kinds to PrePare. It is an excellent inventory of
materials that have already been found and testedt
but ¡t includes only those known to the compiler by
reason of the basic data with which he has been
supplied. It does not show other construction
mãierials that may be present in the same area but
have not previously been needed and tested. It is a
poor basis for the search for additional materials.
Îhe material-distribution map is based on the geolog-
ic maps available for a region. Each outcroPPing
formaiion shown on a geologic map is classified as to
the kind of construction material that can be pro-
duced from ¡t. The area of outcroP of that geologic
formation, then, is'the area of distribution of that
material. The cost of a material-distribution map is
only moderate. The map is an excellent inventory of
all-kinds of material available in a region, and it
shows the potential production areas for each materi-
al. The surface-geology map combines many of the
useful features of the other two kinds. lt is
constructed to a relatively large scale; it shows the
outcrop areas of all geologic formations and the
locations of existing pits and quarries in the area. A
field party maPs the geologic formations, both con-
solidaled rocks and unconsolidated sediments, usually
on aerial photographs. The party plots the locations
of all existing pits and quarries, locates additional
materials, and collects samples for laboratory test-

Reference I
A REVIEW OF ENGINEERTNG SOIL CLASSIFICATTON
SYSTEMS

Liu, Thomas K. Classification Safety Factor, Terraint
and Bearing. Highway Research Board. Washingtont
DCi 1967i pl. l-zZ. (Highway Research Record 156).

Order from: University Microfilms Internationalr 300

North Zeeb Road, Ann Arbor' Michigan 48106.

This paper discusses, with particular reference to
transþortation engineeringr the nature and necessity
of soil classification and the distinction between soil
identification and soil classification. The soil proPer-
ties suitable for classification purposes are consid-
ered. The requirements for a satisfactory soil
classification system are listed as (a) distinct Proper-
ties as the basis for grouping, (b) logical' simple and
concise scheme, (c) meaningful grouping, (d) desirable
terminology, (e) appropriate synrhols, (f) sufficient
flexibility, and Q) ease of application. The AASHOT
Unified and FAA systems are compared in light of
these requirements. Finally, the equivalent soil
groups in each system are correlated on the basis of
áassification procedures as well as pavement design
values.

Reference 2
THE ENGINEERING SIGNIF¡CANCE OF SOIL
PATTERNS

Belcher, Donald J. Highway Research Board; Proceeo-
ings of the Twenty-Third Annual Meeting._ Crum, Roy
V.-; Burggraf, Fred, eds. Washington, DC: Highway
Reiearcñ-Boardi 1943i pp. 569-597. (Proceedings Vol-
ume 23).

Order from: University Microfilms lnternational, 300

North Zeeb Road, Ann Arbor' Michigan 48106.

This work stemsr in a large measurer from an

engineering evaluation of pedology--the science of
soä formation--and its application to the problems of
highway design, construct¡onr and maintenance. Its
suÉseqúent use in airport site selection has permitted
an analysis of the soil patterns and their significance
in areas existing under a wide range of soilr Parent
material, and climatic conditions. The book discusses
engineering pedology from the standpoint of subgrade
prõblems. - Since this soils engineering technique
äpplies to large areasr a number of extensive soil
aièas are described in detail and test data showing
their uniformity are presented. These have been
chosen to illustrate the similarity of soils having a
common origin regardless of geographic location.
Photographs õf these are¡¡s are included to illustrate
their respective patterns. The individual soil areas
have patierns that indicate their ProPerties. Each of
the eiements that make up the soil Pattern may then
be studied. These elementsr consisting of erosion
character¡stics, soil color, surface drainage, and
numerous others, reflect the nature of the profile.
Gullies ¡u¡sume various shapes and thereby'reveal
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ing. The surface-geology map is the most expensive
of the three to prepare. The expense, however, is a
self-liquidating one and the money expended is
returned many times over. The map itself serves
indefinitely as a comp.letely adequate base for the
efficient search for materials, and is also a valuable
source of information for the planning engineer, for
the design engineer, and for the engineer estimating
the cost of construct¡on.

Reference 4
LATER¡TE AND LATERITIC SOILS AND OTHER
PROBLEM SOILS OF THE TROPICS; AN ENGINEERING
EVALUATION AND HIGHWAY DESIGN STUDY FOR
UNITED STATES AGENCY FOR INTERNATIONAL
DEVELOPMENT, VOLUME I

Morin, V.J.; Todor, Peter C. Baltimore, Maryland:
Lyon Associates, lnc.; 1975. 369 p. (Performed jointly
with the Brazilian National Highway Department, Road
Research lnstitute; report /lPB-2 67262).

Order from: National Technical Information Service,
52E5 Port Royal Road, Springfield, Virginia 22161.

This product of 5 years of worldwide research gives a
comprehensive description of tropical soils including
their chemical, mineralogical and physical properties
and eng¡neering behaviors, as well as their appropri-
ate classification. A new pavement design procedure
developed in the tropics for tropical application is
described, and a practical range of strength values
attainable by stabilizing tropical soils is given.
Specifications for common tropical materials used in
highway construction, and methods of working with
and using problem soils such as black clay and
volcanic soils are also described. All tropically
weathered red residual soils including true lateritic
soils as well as those undergoing laterization were
studied. The more descriptive pedological classifica-
tions are preferred, and it is noted that variations in
properties among groups in different classification
systems should be established in each country. Cor-
relations of properties of red tropical soils are
established that can be used in identification of soil
type and preliminary assessments of engineering
properties. The special pretreatments and procedures
for soils over volcanic rocks, and the use of the one-
point liquid limit test for tropical soils are discussed.
The findings are reported and recommendations are
made regarding the following: the soil compaction
cûve, the establishment of the CBR, maximum
deflection values for standard axle applications,
structural coefficients, flexible pavement design,
design tables, overlay design, unpaved road design,
Los Angeles abrasion and aggregate impact test,
shale durability test, repetitive triaxial load tests,
soil stabilization with cement, lime, and asphalt,
African black clays, classification of terrain by
remote sensors, and specifications.

Reference J
TECHN¡QUEs FOR THE INTERPRETATION OF
REMOTE SENSING IMAGERY FOR HIGHWAY
ENGINEERING PURPOSES

Beaumont, T. E. Crowthorne, U.K.: Great Britain
Transport and Road Research Laboratory, Overseas
Division; 1977. 24 p. plus photographs and tables.
(TRRL Laboratory Report 753).

Order from: Transport and Road Research Laboratory,

Crowthorne, Berkshire RGI I 6AU, U.K.

Traditionally the interpretation of black-and-white
aerial photographs has played a significant role in
highway engineering. Recent increases in the avail-
ability of different forms of remotely sensed data and
improvements in interpretative techniques have now
resulted in recognition of remote sensing as a
valuable tool for the highway engineer. This report
summarises some of the new forms of image data and
specialised interpretat¡ve techniques now available
which can be selectively employed to provide more
information than that previously gained from stan-
dard photointerpretation procedures. Proper use of
these techniques requires a basic understanding of
how the imagery is obtained, what it represents and
its limitations with respect to spectral, spatial and
brightness resolution, so that the best remote sensor
data may be selected, processed and analysed for a
particular problem to obtain the maximum amount of
information with the least expense. Various forms of
image enhancement or computer studies may be
employed to assist image discriminations and classifi-
cations. Some enhancement techniques involve visual
image analysis such as colour additive/subtractive
viewing, stereoscopic and pseudo-stereoscopic photo-
interpretation. A few procedures are ordinarily
accomplished through computer analysis (brightness
ratioing, atmospheric correction, etc.), but others are
effective with either imagery or numerical data.
This latter group includes density slicing, contrast
stretch¡ng, cluster analysis, pattern recognition, fre-
quency analysis, and edge enhancement. Most proce-
dures can be accomplished in several ways, with the
accuracy of the results and efficiency of the opera-
tion largely dependent on the equipment used. Con-
sequently, the economics of a project may often be
the f¡nal consideration in the implementation of most
interpretative techniques.

Reference 6
TERRAIN EVALUATION FOR CIVIL ENGINEERING
PROJECTS IN SOUTH AFRICA

Kantey, B. A.; Mountain, M. J. Australian Road
Research Board; Proceedings--Fourth Conference,
Melbourne, 1968. Australian Road Research Board.
Melbourne; 1968 August; Vol. 4, Part 2; pp. L6I3-1623.

Order from: Australian Road Research Board, 500
Burwood Highway, Vermont South, Melbourne, Victoria
3131, Australia.

The developments in terrain ciassification, data
storage and soils engineering mapping in South Africa
are traced, and some comments are rendered on the
possible advantages and drawbacks of the current
trends of development. It is suggested that more
emphasis should be placed on geological systems, as a
system based on local names is rather meaningless. It
is further suggested that the project'level approach
to soils engineering mapping provides much valuable
information, applicable to any form of data storage.
The standard method of mapping and presentation of
data in the production of soils engineering maps at
project level is described and the unexpected benefits
that have accrued are indicated.



Reference 7
DEVELOPMENT OF GEOPHYSICAL MET}IODS OF
SUBSURFACE EXPLORATION IN THE FIELD OF
HIGHWAY CONSTRUCTION

Moore, R. lVoodward. Soil Exploration and Mapping.
Highway Research Board. Washington, DC; 1950
November; pp. 73-99. (Bulletin 28).

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

This article summarizes the present (1949) status of
geophysics in highway construction, reviews the
theoretical asPects of the refraction seismic and the
earth resistivity methods, and details their applica-
tion in rhe field. It has been found that both seismic
and resistivity test methods are practical for use in
the study of many highway construction problems.
The earth resistivity aPparatus' by reason of its
simplicity of operation and the rapidity with which
the shallow tests can be made, is believed to have a
more universal application than the seismograph.
Accordingly when making a detailed geophysical
survey of a grading project it has been the Practice to
make a resistivity survey first and, if necessaryr to
follow with the seismograph in areas where the
resistivity data have failed to adequately identify the
subsurface formation. Seismic test results are
described, as well as the application of earth resistiv-
ity tests applied to highway grading Projects, resistiv-
ity tests applied to foundation problems, and resistiv-
¡ty tests over peat bogs and swampy areas. A
knowledge of local geology is essential to an intelli-
gent interpretation of resistivity data. The advan-
tages and limitations of the seismic and resistivity
tests are also discussed. These relatively inexpensive
test methods are useful in shallow subsurface explo-
ration for obtaining information to be used as control
for design purposes or as control for more detailed
subsurface surveys by core drilling and other com-
monly used direct methods.

Referencê 8
PITS AND QUARRIES

U.S. Department of the Army. Washington, DC; 15

Decembèr 1967. 142p. (Technical Manual 5-332).

Order from: U.5. Department of the Armyr Army AG
Publications Center, 1655 Woodson Road, St. Louist
Missouri 63114.

This manual, which is designed for personnel engaged
in the selection and operation of pits and quarries,
outlines methods and procedures used in explorations
for pits and quarries, and provides information on the
equipment required to operate pits and to supply
crushed stone. Site selection is discussed with details
of preliminary and field reconnaissance as well as

details of evaluation of the pit and quarry sites.
Quarry layout and development are also detailed.
The review of pit operations covers site preparationt
excavation with scrapersr excavat¡on with Power
shovel and trucks or front loader and trucks, excava-
tion with draglines, and loading ramPs. Cut designt
blasting and quarry records in rock excavation are
described. Soft rock operations discussed in the
publication cover coral, tuff, caliche, and laterite. A
iample quarry problem, information on retaining
walli, and further advice on exploration and operation
of pits and quarries are included in appendices.

ADDTTIONAL REFERENCES

Reference 9
PCA SOIL PRIMER

Portland Cement Association. Skokie, Illinois; 1973.

39 p. (Engineering Bulletin E8007.04S).

Order from: Portland Cement Association, -t420 Old
Orchard Road, Skokie, Illinois 60076.

This publication was prepared to furnish engineers
with basic information on soil with regard to its
influence on the design, constructionr and perfor-
mance of concreter soil-cement, and other types of
pavement. Definitions of soil terms are given and

iests commonly employed by soil technicians are
described, with particular emphasis on the particular
meaning and application of these terms and tests.
The importance of a clear understanding of the
relation of soil identification to soil classification is
stressed, and the classification systems of the U.S.
Department of Agriculture, the American Association
of State Highway Officials (AASHO)' the .American
Society for-Testing and Materials (ASTM) and the
Federú Aviation Administration are described. The
eng¡neerin8 properties of soils (compaction, structur-
al itrength, elasticity and compressibilityr permeabil-
ity and éapillarity) and related tests are outlined, as

wêll as soil surveys and soil sampling. Examples are
used to illustrate the engineering application of the
inforrilation presented here. These examples include
a soil reconnãissance survey for an airport, a detailed
soil surveyr sampling, testinS' and classification
procedure for the same airport, and the analysis of
soil tests in terms of the design and performance of
concreter soil-cement, and granular-base Pavements.

Reference l0
TROPICAL SOILS: CHARACTERISTICS AND
AIRPHOTO INTERPRETATION

Liang, Ta; Cornell University. Bedford' Massachusetts:
U.S. Air Force, Cambridge Research Laboratories; 3l
August 1974. 83 p. plus photographs and appendices.
(Report tlAD-61355Ð.

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

To facilitate engineering studies of tropical soils, and
particularly their airphoto interpretationr a classifi-
cation system is proposed which covers major groups
of soils peculiar to the tropics, soils common in both
tropical and subtropical regions, and soils common in
all climates. The origin and formation of tropical
soils and their relation to climate, parent material,
topography, and ag,e are reviewed. The physical and
chemical characteristics, and engineering problems of
each of the major soil groups are examined. A
method of airphoto interpretation by direct recogni-
tion of soil features, and by inference gained from
observation of soil-forming factors and circumstances
is presented. Air and ground Photographs from
Central and South America, Tropical Africar South-
east and South Asia, and Australia are included to
illustrate a cross section of the major soil groups in
the tropics. Recommendations are made for further
study toward refining the airphoto interpretation of
the major groups and subgroups of tropical soils, in
addition to the supplementary use of other remote
sensing devices.
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Reference ll
AERIAL PHOTOCRAPHIC ¡NTERPRETATION:
PRINCIPLES AND APPLICATIONS

Lueder, Donald R. New York, New York: McGraw-Hill
Book Company, Inc.; 1959, 462 p.

Order from: McGraw-Hill Book Company, lnc., l2?l
Avenue of the Americas, New York, New York 10020.

This book consists of three parts which cover the
principles and theories of photo interpretation, geo-
morphology and landforms as seen by aerial photogra-
phy, and the application of aerial photographic
techniques to the various fields of earth science.
General features such as origin, landform and rock
type, surface-drainage patterns, and erosion features
are covered as well as gray tones, interpretation, and
backgrouncl tiaining. Fl,:vial landforms, marine and
lacustrine landforms, glacial .landforms, glacio-fluvial
landforms, aeolia¡: landforms, organic-mineral com-
plexes and rock types are detailed. The application
of aerial-photographic techniques to engineering, to
geology, to agricultura.l surveys, to forestry, botany
and ecology, and to urban, regional and military
studies is reviewed. Comments are also made on
aerial photography and geophysics, and various prac-
tical considerations. Appendices provide further
information on the air-borne profile recorder, a basic
system for designating map units on aerial photo-
graphs, and the interpretation of photogrammetry and
electronic computation in highway engiñeering.

Reference l2
THE USE OF SATE]-LITE IMAGERY FOR HIGHWAY
ENGINEERING IN OVERSEAS COUNTRIES

Beaumont, T.E.; Beaven, P.J. Crowthorne, U.K.: Great
Britain Transport and Road Research Laboratory, Over-
seas Unit: 1977. 16 p. plus tables and photographs.
(TRRL Supplementary Report 279).

Order from: Transport and Road Research Laboratory,
Crowthorne, Berkshire RGll 6AU, U.K.

Landsat imagery has been used on two road investiga-
tions in the Sudan to provide information on the four
main factors that affect route location, i.e., soil
strength, earthworks, drainage requirements and con-
struction materials. The interpretation techniques
included the production and enhancement of color
composites in a purpose built additive viewer which
was also used for examining photographically pre-
pared density slices of infrared'band Trimagery. The
work in the Sudan, together with a review outl¡ning
the advantages gained by repeated observations oi
the earth from space, is used to define the main
techniques that can be employed and to identify the
major areas where satellite imagery could assist the
highway engineer. It is concluded that the present
generation of imagery is most suited for the planning
and feqsibility stages of engineering survey for road
projects, such ¿rs the preparation of regional maps and
inventories of terrain characteristics or reconnais-
sance studies involving decisions on route location.

Reference l3
DEVELOPMENT OF AIRBORNE ELECTROMAGNETIC
SURVEY INSTRUMENTATION AI.ID APPLICATION TO
THE SEARCH FOR BURIED SAND AND GRAVEL _
A SUMMARY REPORT

Russell, O.R.; Everett, J.R.; Uncapher, J.A.; Earth
Satellite Corporation. Washington, DC: U.S. Federal
Highway Administration, Offices of Research and De-
velopment; 1977 January. 22p. (Report #pB-Z7l33l).

Order from: National Technical Iniormation Service,
528J Port Royal Road, Springfield, Virginia 22161.

The deveJopment of airborne electromagnetic survey
systems (AEtvt) legan about 30 years agã in Canadá.
To date, the systems have mostly been used in
exploration for metallic mineral deposits. However,
in the last l0 years there has been some use of the
syst-ems for looking at surface material types and
exploring for sand and gravel. The results- of this
work are encouraging; although experience is as yet
limited. The three systems which appear to have ihe
grealet potential in exploration foi'sand and gravel
are E-Phase, INPUT, and Dighem. All of thesé rely
on radio frequencies in the very low frequency (VLF)
range. Each has been used to locate sand and gravel
under specific sets of conditions.

Reference 14

ACQU¡SITION AND UsE OF GEOTECHNICAL
¡NFORMATION

Jones, Gay D., Jr. Washington, DC: Transportation
Research Board; 1976. 40 p. (NCHRP Synthesis of
Highway Practice 33).

Order from: Transportation Research Board,
Publications Office, 210l Constitution Avenue, N.W.,
Washington, DC 20418.

This report presents the results of a comprehensive
review and assessment of the current practices of
state highway and transportation agencies in the
acquisition and use of geotechnical information in
route selection, design, and construction of transpor-
tation facilities. Information is presented on such
matters as planning, conducting, and presenting infor-
mation from geotechnical investi8ations, the equi¡
ment, procedures, and selection of sampling locations
for geotechnical investigations, and the structuring
and positioning within the agency framework of the
organization that must acquire and use geotechnical
information.

Reference 15
HIGHWAY.MATERIALS SURVEYS

Highway Research Board. Washington, DC; 1952. ll3
p. (Bulletin 62).

Order from: University Microfilms International, 300
North Zeeb Road, Ann Arbor, Michigan 4E106.

Four papers are presented which cover the modern
(1952) aspects of materials surveys. The paper on the
use of airphotos and maps for mater¡al surveys,
describes how to classify engineering materials in an
area us¡nt aerial photographs, atricultural soil maps,
topographic maps, and geological maps. Several
rypes of materials are mapped and the materials and
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Reference 16
&IATERIALS INVENTORIES

Highway Research Board. Vashington, D.C.; 1963.
65 p. (Highway Research Record l).

Order from¡ University Microfilms lnternational' 300
North Zeeb Road, Ann Arbor, Michigan 48106.

Seven papers are presented which describe specific
inventory procedures and results reported by six

states as well as a discussion of subgrade saturation
in India. The paper, rrlnventory of Construction
Aggregate Sources in Michigan", Presents a method
used for compiling information pertaining to test data
on existing construction aggregate sources. It also
describes the geological origin of the natural gravel
deposits found in Michigan and its effect on the
aggregate guality. rrsurveys for Potential Sources of
Aggregates" describes the procedure, field work'
reports, map preparation and departmental activities
associated with the surveys. "Highway Materials
Survey in Tennessee" describes an aSgregate survey
which helped geologists and engineers become famil-
iar with the construction characteristics of the
various formations quarried throughout Tennessee.
I'Vermont Highway Materials Inventoryrr details the
investigations associated with inventorying highway
construction materials. "Methodology of the
Oldahoma Materials Inventory Research Project'r de-
scribes the method used to locate new sources of
materials and to determine the guantity of materials
available from previously known sources and from
potential sources. "Arizona Materials Inventory
Reportst'details the form and content of the reports
which include a pit and quarry maPr a Photogeologic
map, and a data sheet. "Countrywide Survey of
Maximum Highway Subgrade Saturation in India"
describes a survey to determine the degree of
subgrade saturation (mostly under flexible pavement)
at the time of recession of the monsoon when
moisture conditions are worst. The survey indicated
that the degree of saturation varies considerably and
does not justify the design of Pavement at 100
percent saturation of the subgrade at all places in
India.

the methods to identify them are detailed. A
procedure for conducting a material survey using air
photos is proposed. The paperr "Geologic Considera-
tions in Relation to a Materials Survey", emPhasizes
the recognition of the need for information on
surface conditions as an aid to engineering and allied
Eciences. In response to this need, a new system of
mapping is cited and illustrated. The paper, "Geo-
physical Methods of Subsurface Exploration Applied
to Materials Surveys", describes the refraction seis-
mic test and its applications, as well as the theory
and procedure of the earth-resistiv¡ty t'ests. Typical
applications of the latter test in the location of
construction materials are also described. The
limitation and relative merits of seismic and resistiv-
ity tests are noted. The last paper, "Material
lnventories", discusses methods employed in estab-
tishing an ¡nventory record together with current
practices in making such information available to
prospect¡ve bidders.
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lndex
The following index is an alphabetical list of subject
terms, names of people, and names of organizations
that appear in one or another of the previous parts
of this compendium, i.e., in the Overview, Selected
Texts, or Bibliography. The subject terms listed are
those that are most basic to the understanding of
the topic of the compendium.

subject terms that are not proper nouns are
shown in lower case. Personal names that are listed
generally represent the authors of selected texts and
other references given in the bibliography, but they

may also represent people who are otherwise identi-
fied with the compendium subjects. Personal
names are listed as surname followed by initials. Or-
ganizations listed are those that have produced in-
formation 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 or name ap-
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lndice
El siguiente índice es una lista alfabética del
vocablo del tema, nombres de personas, y
nombres de organizaciones que aparecen
en una u otra de las partes previas de este
compendio, es decir, en el Vista General,
Textos Seleccionados, o Bibliografía. Los
vocablos del tema que se listean son aquellos
básicos necesarios para el entendimiento de
la materia del compendio.

Los vocablos del tema que no son rlombres
propios aparecen en letras minúsculas. Los
nombres personales que aparecen representan
los autores de los textos seleccionados y
otras referencias dadas en la bibliografía,

pero también pueden representar a personas
que de otra manera están conectadas a los
temas del compendio. Los nombres personales
están listeados como apellido seguido por
las iniciales. Las organizaciones nombradas
son las que han producido información sobre
la materia del compendio y que siguen siendo
una fuente de información sobre alguna
parte o el alcance total del compendio. Por
esta razón se dan las direcciones postales
para cada organización listeada.

Los números que siguen a un vocablo del
tema, nombre personal, o nombre de organi-
zación son los números de página del com-

lndex
Cet index se compose d'une liste alphabétique
de mots-clés, noms d'auteurs, et noms d'or-
ganisations qui paraissent dans une section
ou une autre de ce recueil, c'est à dire dans
I'Exposé, les Textes Choisis, ou la Biblio-
graphie. Les mots-clés cités sont ceux qui
sont le plus élémentaires à la compréhension
de ce recueil,

Les mots-clés qui ne sont pas des noms
propres sont imprimés en minuscules. Les
noms propres cités sont les noms des auteurs
des textes choisis ou de textes de référence

cités dans la bibliographie, ou alors les noms
de personnes identifiées avec les sujets de ce
recueil. Le nom de famille est suivi des initiales
des prénoms. Les organisations citées sont
celles qui ont écrit sur le sujet de ce recueil
et qui continueront d'être une source de docu-
mentation. Les adresses de toutes ces organisa-
tions sont incluses.

Le numéro qui suit chaque mot-clé, nom
d'auteur, ou nom d'organisation est le numéro
de la page où ce nom ou mot-clé parait. Les
numéros écrits en chiffres romains se rappor-



pears. Roman numerals refer to pages in the Over-
view, Arabic numerals refer to pages in the Selected
Texts, and reference numbers (e.9., Ref. 5) refer to
references ín the Bibliography.

Some subject terms and organization names are

followed by the word see. ln such cases, the com-
pendium page numbers should be sought under the

alternative term or name that follows the word see.

Some subject terms and organization names are fol-
lowed by the words see also. ln such cases, relevant
references should be sought among the page num-
bers listed under the terms that follow the words
see also.

The foregoing explanation is illustrated below.

pendio donde el vocablo o nombre aparecen.
Los números romanos se refieren a las páginas
en la Vista General, los números arábigos
se refieren a páginas en los Textos Selec-
cionados, y los números de referencia (por
ejemplo, Ref. 5) indican referencias en la
Bibliografía.

Algunos vocablos del tema y nombres de
organizaciones están seguidos por la palabra
see. En tales casos los números de página

del compendio se encontrarán bajo el término
o nombre alternativo que sigue a la palabra
see. Algunos vocablos del tema y nombres
de organizaciones están seguidos por las
palabras see a/so. En tales casos las referen-
cias pertinentes se encontrarán entre los
números de página indicadas bajo los térmi-
nos que siguen a las palabras see a/so.

La explicación anterior esta subsiguiente-
mente ilustrada.

tent aux pages de I'Exposé et les numéros
écrits en chiffres arabes se rapportent aux
pages des Textes Choisis. Les numéros de
référence (par exemple Ref. 5) indiquent les

numéros des références de la Bibliographie.
Certains mots-clés et noms d'organisations

sont suivis du terme see. Dans ces cas, le
numéro des pages du recueil se trouvera après

le mot-clé ou le nom d'organisation qui suit
le terme see. D'autres mots-clés ou noms
d'organisations sont suivis des mots see a/so.
Dans ce cas, les références qui les touchent
se trouveront citées après les mots-clés qui
suivent la notation see a/so.

Ces explications sont illustrées ci-dessous.
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lllustration (from Comp' 1)

Selectod Text pago numbers
Números de página en los

Seleccionados
Numáros des pages des Textes Choi¡i¡

llustración (del comp. 1) lllustration (du Recueil 1)

Subiect tsrm and see a/so terms
Vocablo del tema y tórminos see a/so

(ver también)
Mot-clå ¿t see also

Organization name and address
Nombre y dirección de la organización
Nom et adtesse de l'organisation

Overview page numbers and
referenco number

Número de página en la Vista
General y Numéros do rsferenc'ra

Numóro de¡ pages de I'Expos. et
numóros des rófóronc¡s

Sub¡ect term and see teÌm

Mot-cló st see

Personal names
NomÉros
Noms propres

mountainou¡ terrain (see also degrec of curvature;
desim speed; maxi.i-urn gradieãt¡ radir.rs of curva-
tr¡rel ¡houlder width): ll, 17' 3ttr 35r 3E, l73t 17r,

2l7rzYtr ztt
N¡tional Association of Austrdian Statc Road Author-

itiesþ.O. Box Jl4l' Bricldield Hill' N.SV.2000'
Ar¡straliah
prblicatiors' xxiii, Rel. tr Ref. 9

nepasing markings and signs: 31r 95, lt2

non-parsing sitht d¡stancc, !99 stoPPint sight distance

Odier' L.: Rel.3

Oglcsby, C.H.: 23 l, 2t3, zttt, 2t9, 240, 24 l, 242' Rcf . lS
I
I

I s"et"o r"xt pago numboß and reference
I number
l-Númsroa do pågin¡ ¡n lo¡ Texto¡

Seteccionados y número de referencia

"' -'ffi åî#iätffJïtes 
chrú¡is et



access roads, pit operations¡ 183-184, 186

aer¡al photography (!gg also material resources): x¡,
30-58,83, 84r87r 88, ll7, 130, 17l-172, Ref.3,
Ref. 5, Ref. 15

interpretat¡onr 74-79, 125, 126-127, 129, 134, Ref. 10,
Ref. I I

soil patterns, xvii, 30-58

Africa (!99_eþ9 Ghana; Liberia; Nigeria; South Africa;
Sudanl@ñd-a): 79, Ref. 4, Ref.-lo

aggregates: xi, 132, l7O, l77rnef. 'f e

agriculture: 51, 53r75, 107
soilsr 74r 78, 17l, Ref. l5

airborne electromagnet¡c (AEM) survey systems: Ref. l3

alluvium: 34, 40r 64, 68,761 93, 132, 165, 170, 175

American Association of State Highway Officials
(AASHO) (now American Associãtion of State Highway
and Transportation Officials) (AASHTo) (444 North
Capitol Street, N.W., Suite 225, Washington, DC
2000t):
soil classification system, xvin9-22, Ref. I, Ref.9

American Society of Photogrammetry (10, North Virginia
Avenue, Falls Church, Virginia 22046)t 74

American Society of Testing and Materials (ASTM)
(t916 Race Street, Philadètphia, Pennsylvania 19103):
soil classification system, Ref. 9

andesite: 179
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angle of internal friction: 8, 22

Appalachian Mountains: 45

arid regions G"g_C!:g desert areas): 38, 41, 44,51r 54r 55,
58r 205

Asia (see also Burma; lndia; Malaysia; Nepal): Ref. l0

Australia: 75r78, Ref. l0

Australian Road Research Board (500 Burrvood Road,
Vermont South, Victoria 3133, Australia):
conference proceedings 1968, xxi

basalt and basalt derived soils: 9,33,46178,132,
177,179

base courses: 1701 204

Beaumont, T.E.: Ref. 5, Ref. 12

Beaven, P.J.: Ref. 12

bedrocks: 31r 44, 53, 175
identification by aerial photographs, xi, ll7

Belcher, Donald J.: Ref. 2

bibliographies:
air photo-interpretation, 79-80
geophysical methods, 163-164
soil classif ication, 24-26
terrain evaluation, 135

Uogs (!ee a.lso muck; peat; swamps): 51, 155, 160, Ref. 7

borings:
earth auger, 179
subsurface, 174
wash,174

boulders: l8

Brazil: 78
Coffee Institute, 75, 79
Radam project, 74, 7 5, 79

Brazilian National Highway Department, Road Research
Institute (Rua Dom Gerardo, 64 - 12 andar, Rio de
Janeiro, Brazil): Ref. 4

bridge location: 160

bu.lldozers: 183, t87, 189, l9l, 197

Bureau of Public Roads (now United States Federal
Highway Administration, Department of Transportation,
400 Seventh Street, S.W., Washington, DC 20590)z

139, 142,146, l4g

Burma: 79

Byrne, Frank E,: Ref. 3

caliche: xxiv, 205, Ref. 8

California bearing ratio (CBR)! 18, 22, 2t, 24, 97,
Ref.4

cameras: 85
multispectral,96, ll5
television, 94

Carl Zeiss Jena interpretoscope: I I I

Casagrande, Professor A.: xvii

CBR, see California bearing ratio

chalk 36, 681 691204

chernozems: 51,54

chert¡ 39

chutes: 195-196

circular bench method: 190

claypan: 30r 42,53, Ref. 2

clay: 10, ll, l4r 3lr 35,37r 39,44,45r 50r 51,52,
53r 54r68176194r97, l0l,144, l5g,1651 205, Ref.4

kaolinitic, l9-20
marine, 36, 40
plastic, 40,49
sandy, 47 , l2l
siltyr 36,40r 47r 48r 49, 51, l2l

clearing and grubbing: 182-183

climate (:Sg_"lgg arid regiorrs; rainfall; semî-arid regions;
tropicsl-?f3õ, 31, 33:3i, 37, 38, 39, 40, 4 l, 42, -

43, 44, 46, 47, 50, 51, 54-55, 58r 861 87,91, lO7

coarse-grained soils (see also granular soils; gravel;
sands and sandy soils): 10, ll, 12, L$, 16, 18, 19

coastal plains: 34,35,361 37,53r 57r76



cobbles: l8

cohesion: 81 22

Colombia: 79

color, see soil color

computer processing and analysis: 92,99
interactive, 89
of remote sensing data,83, 94r95r 98r l0l' l2l

constructioncosts: xixr 54t9L, l07r Ref.3

construction materials, see maPs and mapping; material
resources

coralr xxiv, 33,176, l79t 1931 204-205, Ref.8

dam sites: 139,160

data acquisition methods: Ref. 14, Ref. l6

data storage' soils engineering: xxi, 125, L26, 127-129,
130-13-5' Ref. 6

density, see soil densitY

density analysis: 92-95

density slicing: 93-95' 99

desert areas (!ggj!to arid regions): 35' 54r 55'76199

diabase:179

diorite; 179

ditches, see intercePtor ditches

dolomits 38, 39

dragline: 193-195, Ref. 8

drainager xi, xvi, xvii, 30, 31r 39r 40, 41r 461 48-50, 51,
53r 55r 56175r761 77 r 78r 79, 86, 91, 98, 107, 17i,
182, 183' l9l' Ref. 2' Ref. l2

drilling:
core, 174
wagon and jackhammerr 174-17 5

drumlins: 55

dry pit work l9J

dunes: 5l

dynamite, see explosives

earth resistivity method, see resist¡v¡ty method

Earth Resources Technology Satellite (ERTS-l) (now

renamed LANDSAT-l) (see also LANDSAT): 74, 84

earthmoving: 134
equipment, 147, l70t 187,195

edge enhancement: 99-100

erosion: xvär 30r37r 43, 44r 461 47t 50t 51, 52-53, 58t
76178r86, l73rRei.2

control, 36,53

eskers: 40r 47t 55

Everett, J.R.: Ref. l3

excavations (see also rocks): 184-195, Ref. 8

uriderwater]-195-

explosives: 140, 160, 184-185

faults:173

Federal Aviation Agency (FA¡) (now Federal Aviation
Administration) (FAA) (Department of Transportation,
800 Independence Avenue, S.W., Washington, DC 20591)¿

soil classification systemr xvi, 9-22, Ref. l, Ref. 9

Federal Highway Aclministration (Department of
Transportation, 400 Seventh Streetr S.W.'
Washington, DC 20590): Ref. 13

ferricrete: 78

fills: 182' 204

fine-grained soils (see also clay, silts): l0r llr l2t
14, 16, 18, l9-20

flint: 67,68' 70

folds, geologicall 173

forests: 5l-52t 75t 79, 150, l5l

foundation problems, resistivity tests applied to:
152-155

Fourier analysis: l0l

front loader and trucks: l87r Ref. I

frost damagez 5-61 31

frozen ground: 52

geology: xxiii, 30, 32'79r86191, l0l, 130' l3l,156,
157' 172-175, Ref. 16

maps and mapping, xiv, xvii, 61,631 65-70r74r75, l28t
l7l' Ref. 3' Ref. l)

geophysical methods (see also resislivity method¡ seismic- invéstigation): 139-I65fFãf.7, Ref. ll
geotechnical information: Ref. l4

Ghana: 78,79

glacial drift: 36' 40-42' 44r 46, 51, 55

glacial soils (see also eskers; glacial drift; glacial till;- kames): îiÆTr,57,165,Ref. ll
glacial till: 3lr 4l,55

gneiss: 179

grading,highway: l5l-152

SrEin size:
analysis' l0
distributionr 9, 16

granite: 33, 34, 46, 61, 62, 63, l62t 179
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publications, xvi, Ref. I, Ref. 2, Ref. 3, Ref. 15,
Ref. l6

hillside deposits and operations: 187, 188, l9J

India: Ref. 16

21g t"Tff:!jär"*ery: xiv, xxi,74,79,84,85, 86, eJ, 98, 108,

interceptor ditches: 180

joints:173-174

Jones, Gay D., Jr.: Ref. 14

Joyce-Loebl image quantizerz 94, 95

kames: 40r 47,55

Kantey, B.A.: Ref. 6

laboratory tests: xix, 7, 10, 61,
costs, 68

lakes and lake beds: 32, 40, 56, 57, 64, 65,75, 149,
193, Ref. ll

land use: xvä, 53-54175r77,87r91, 107, 130, 173

landforms: xi, xviir 30r43-54r87r91, Ref. ll
LANDSAT (ggq eÞg Earth Resources Technology Satellite):

xv, xxir 84,85r 88-102, ll0, ll2, ll3, 116, Ref. l2

landslides: 40,44

laterite and lateritic soils: xix, xxiv, 54, 761 78-79,
205-206, Ref. 4, Ref.8

Liang, Ta: Ref. l0

Liberia: 54

granular soils (see also coarse-grained soils): 30, 47,
48, 55, 57

gravel: 10, ll, 14, 16, 18,33,36,54r 55r 56, 57,61,
63, 65r 78,93, 94) 97, I 17, I lg, 144, 146, 155,
156, 157, 162, 170, 179, 187 r 193, 205, Ref. 13,
Ref. 16

pits, 182, 183
terraces, 41r 46-47, 56, 58

Great Plains: 34

ground water (see also water table): 30, 50r 78,
179-180, Rcf. 2

gullies: 30, 48, 53, 56,58, Ref. 2

haystack hills: 46

highway design: 30,32, Ref. 2, Ref. 4, Ref. 14

highway grading, see grading, highway

highway location; xii, 30, 45r 84,91, 107, 134, Ref. 12,
Ref. l4

Highway Research Board (now Transportation Research
Board, 2l0l Constitution Avenue, N.ll., Washington,.DC
20418) (see also Transportation Research Board):

limestone (99g_eþg chalk): 33, 36, 38-40, 43, 44, 45,
46, 49-50, 61, 62, 63, 64, 65, 66, 68, 69, 70, 176,
177, 179

liquid limit (t"g__el!g soil plasticity): 8, 10, 12, 14, 16,
Ref. 4

lithology:75177

Liu, Thomas K.: Ref. I

load bearing values (see also California bearing ratio):
22r 24, 149

loading ramps: 195-203, Ref. 8

loess: 31, 361 37-38,46,53

Lueder, Donald R.: Ref. I I

lumbering: 52

Lyon Associates Inc. (6707 Whitestone Road, Baltimore,
Maryland 21207): Ref. 4

Malaysia: 75

Manual of Color Aerial Photography: 74

Manual of Photo-lnterpretation: 74

maps and mapping (!gg_ul.g geology): 74r 84, l3l,
17 t-t72, 17 4

construction materials, xviii-xix, 34, 35-36, 6l-70,
Ref. 3, Ref. lJ

soils engineering,87, 91, 125-135, Ref. 6

marble: 176

material resources (:Sg__Cbg maps and mapping):
xi-xxiv, 6l-70, 125-135, 140,177, Ref. 12, Ref. l5

general inventory, xii, xiii, 6I, 63, 65, 66,90-92, 134,
Ref. 3, Ref. 12, Ref. 15, Ref. l6

project inventory, xii, xxi

McGraw-Hill Book Company,lnc. (1221 Avenue of
the Americas, New York, New York 10020): Ref. ll

microdensitometer: 94-95, l0l, L12

microwave data: 84

minerals, characteristics ofz 17 5-177

monadnocks: 44

Moore, R. Voodward: Ref. 7

Morin W.J.: Ref. 4

Mountain, M.J.¡ Ref. 6

mountainous terrain: 58,152, 16l

muck: 12, 73r 49r 51, 55

multispectral scanner imagery: xiv, xxi, 74r 84r 85-86,
87,88,90r96, l0l, 108, ll4, ll5, l18

Nepal: 102

Nigeria: 78
North East, l0l, 120



Nile River: 93t 94r 97t ll2, 116

organic soils: 91 10, 16

outwash plains: 55

overburden: 169, 174t 180, 182, l83r 188

pattern unit component evaluation (pUCn): Z¡

pavement design: 22-24tRef.. l, Ref. 4

peat: 12, 33,5lt 155, 160r Ref. 7

pedology: xvii, 30, 3l-35, 54rRef..2

pits: xix, xxiii, 61, 621 65,66,131,169-206, Ref. 8, Ref. l6
borrow, l82t 187
classif ication', 169- 17 0
definitions, 169
g¡avel' 182

plastic limit (see also soil plasticity): 8' l0' ll
plasticity, see soil plasticity

podzols: 54

porphyry: 179

Portland Cement Association (5420 Old Orchard Road,
Skokie, Illinois 60076)z
publications, Ref. 9

power shovel: l87r l88r l9l, l92t 195, 204r Ref. 8

probings: 174

problem soils (see also laterite and lateritic soils): xix

PUCE, see Pattern unit comPonent evaluation

quarries: xix, xxiii, 61r 621 65,66t 169-206
classification, 169-17 0
definitions, 169

quartz and quartzitic soils: 78t 93t 94t llTt ll8, 179

Radam Projectr Brazil: 74r75r79

radar imageryz 74r 84r 861 87t l0lr 109

rainfall: 35,49r 50' 58

refraction seismic testsr see seismic investigation

remote sensing (ggg-gþg Earth Resources Technology
Satellite; LANDSAT¡ multispectral scanner imagery;
radar imagèry; Skylab): xiv, xx, xxir74179, lîL, Ref. 4t

Ref. 5' Ref. l0
interpretation, xxr 88-l 2l

residual soils: 34, 36

resistivity method: xv, xxii, 139 , l40t 144-147,150'
l5l-157,158, 159' 160' 16l, 162' 163, 165' Ref. l5

Return Beam Vidicon: 88

rhyolite 179

riprap: 68

rivers and river valleys: 32, 37, 46t 52, 57 t 93t 94t
97, ll2,116, r55,157,159, 163, 165

rocks (see also boulders; sedimentary deposits and rocks;
stones and stoney soil): 57,7 5, 144, 148, 152, l54t

156,157,159, 162, 165, 170, r72, 175-179
blasting and crushing, xiiii' I48, Ref. 8
excavation, 53, l48t 169
rnapping, 61, lrB
soft, xxiii, I 70, Ref. 8
weights,179

rolling terraint 3lt 35

runoff: 49,53

Russell, O. R.: Ref. 13

saline soils: 76

sand-gravel: 621 64

sands and sandy soils: l0r I l, l2r 14, 18, 33, 36, 17,
44, 46, 49, 52, 53, 54, 55, 56, 57 r 611 63, 65, 68,
l0l, I2l, 132, 144, 155, 156, 157, 162, 170, 182,
193,205, Ref. l3

sandstone: 33r 34' 44r 45r78, 179

schist: 33, 179

scrapers: 183, 184-18r, 204, Ref. 8

sedimentary deposits and rocks (!gg-ut!g dolomite;
limestone; sandstone; shale): 40, 43r 44r 46175t 173
mapping, xix, 6l

seismic investigation: xv, xxii, 140-144r 148-151, 157,
16I,165, Ref.7, Ref. l5

semi-arid regions: 35, 41, 42r 205 219

shale: 33, 34r 40t 43r 44t 45, 51,67t 68,69t l5l,157,
179, Ref. 4

shear strength: 22

shovel, see power shovel

sieve analysis: l0

silts: 10, ll, l2t 14r 33, 35r 361 37, 39, 42, 52, 53'
561 611 68, 133, 144

sink holes: 45, 46

Skylab: 99,100

slag pile operations: 195

slate: 179

slopes: xvii, 30, 38' 48,78r l47r 180
stability, 91,134

soil classification (see also soil classification systemq
soil identif icatioãI- xiifxvi, 49

soil classification systems (see also American Association
ol State Highway Officials; Federal Aviation Agency;
Unif ied soil classification system): xüi, xvi, ,26t 54t

Ref. l, Ref. 9' Ref. l0

soil color¡ xvii, 8, 9, 30, 36t 37t 50-51, 54,55t 56'75t
76178'79r85'86' 133' 173, Ref.2

soil compaction and compactibility: 6, ReI. 4



soil density: 22

soil evaluation: xi, xrii

soil identification: xi, xvi, 5, 61 7, 33

soil patterns: xiii, xvii, 30-58, Ref.2

soil performance (see alsq frost damage; soil compaction
and compactibility): 6, 31, 35

soil permeability (see also soil porosity): 49,77,78

soil plasticity ($C_ulgg liquid Iimit; plastic limirl 8,
9,10,12, 14, 16, lg,35

soil porosity (:gg_Cþg soil permeabilityÌ 30, 49,50,
Ref. 2

soil profiles: 30, 31, 39r 40r 42, 47, 50, 52,77,29,
Ref. 2

soil texture: 8, 9, 10, 30r 40, 42r 46,47r 5Or jzr7lrZg,
EJ,86, 87, Ref. 2

soil water content (¡C" e¡lg subgradesl 8,9122

South Africa: 75, 125-135,Ref..6

spring breakup: 3l

stereograms: 128-129

stereoscopic study: l3l, 133

stones and stoney soil (!gg_4!9 rocks): 148

220 quarries for crushed, Ref.8

straight bench method: 192

streams: 45r 55,56, 57r 63,651 172,193
flood plains, 53

subbases: 97,132

subgrades: 22, 30, 31, 35, 40, 45, 49, 55, 132,204,
Ref. 2

modulusr 22,24
moisture content, 3T35,Ret. 16

subsurface soils exploration: xi, xv, xxii, 139-165, Ref. 7,
Ref. 15

subterranean caverns: 46

Sudan: 93, 94, ll2, 116, ll7, ll8, Ref. 12

surfacing material: 170

swamps: 51, ,4r761 99, 1551 Ref. 7

symbols: 7, 19

talus: 148, 150

terminology: 7, 19

terrace deposits (t.g_"t* gravel): 681 78r 97

terrain classification: xxir 7 4 r 7 51 95, 125, 126, 127 , 129,
130,135, Ref.4, Ref.6

terrain evaluation (!gg_"1!g aerial photography): xi, xxi,

test pits and trenches: 175

texture, see soil texture

Todor, Peter C.: Ref.4

topographic maps: l3l, 171,172-173, Ref. l-5

traffic control, pit operations: 184, 188

Transport and Road Research Laboratory (TRRL) (Old
Wokingham Road, Crowthorne, Berkshire,
RGII6AU U.K.):
publications, xx, Ref.5, Ref. l2

Transportation Research Board (2101 Constitution
Avenue, N.W., ìirashington DC 20418) (see also
Highway Research Board):
publications, Ref. l4

tropics (!gg_ebg Brazil: Burma; Ghana; India; Liberia;
Malaysia; Nigeria; Uganda):
aerial photography in, 7 4, 7 5
soils (see also laterites and lateritic soils) xix,

51, 7 5, 76, 79, Ref.. 4, Ref. l0

trucks, see front loader and trucks

tuff: xxiv, 205, Ref.8

Uganda: 78

Uncapher, J.A.: Ref. 13

Unified soil c.lassification system: xvi, 9-23, Ref. I

United States Agency for International Development
(U.S./A.I.D.) (320 2lst Streer, N.W., Wasirington, DC
20523)¿
publications, xix, Ref. 4

United States Air Force, Cambridge Research Laboratories
(L.G. Hanscom Field, Bedford, Massachusetts 01730):

Ref. l0
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