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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 i 00 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 more
developed countries, and some is continually
produced in both the less and the more devetoped
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
desempenan 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 100
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
Dàns les régions rurales des pays en voie de
développement, I'exploitation agricole, la
distribution des produits alimentaires, l'accès
aux services médicaux, l'accès ä l'information
par I'intermédiaire de moyens éducatifs et
d'autres moyens de communication, dépendent
en grande partie des moyens Qe 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 '100 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, art¡cles, 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 will define, produce, and transmit
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 will be provided through field visits,
conferences in the United States and abroad, and

vt

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
cualquier caso, los conocimientos en exis-
tencia sobre la tecnología de caminos de
bajo volúmen están grandemente esparcidos
geograficamente, varían bastante con respecto
al idioma y su forma, y no se encuentran
facilmente disponibles para su aplicac¡ón 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
bajo el patrocinio de la U.S. Agency for
lnternational 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 definirá, producirá, y
transmitirá 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 proverán acciones
recíprocas personales con los usuarios por

veloppés, et elle continue à être produite à la
fois dans ces pays et dans les pays en voie
de développement. Certains aspects de cette
technologie ont été documentés dans des
articles ou rapports écrits par des experts.
Mais une grande partie des connaissances
n'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
langues différentes, et ne sont pas assez aisé-
ment accessibles pour être appliqués aux
besoins des pays en voie de développement.

En octobre 1977, le Transporlation Research
Board (TRB) initia ce projet, d'une durée de
3 ans, sous le patronage de I'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 I'entre-
tien des routes à faible capacité. Avec le
conseil, et sous la conduite d'un Comité de
Direction, TRB définira, produira, et trans-
mettra cette documentation à l'aide d'un réseau
de'correspondants dans les pays en voie de
développement. Généralement, I'aboutisse-
ment final de ce projet sera de favoriser I'utili-
sation de cette documentation, pour aider au
développement économ i que de l' i nf rastructu re
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 Comm¡ttee

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
tra nsportation, kn owled ge of ex isti n g tra nspor-
tation technology, and experience in its use.

Major functions of the Steering Committee are
to assist in the def inition of users and their needs,
the def inition 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 activities and provides guidance for inter-
actions with users. ln general the Steering Com-
mittee give's 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 interact¡ons
with users.

lnformation Products

Three 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 Iniciativas

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 Informativos

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

vil

d'autres formes de communication permettront
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 I'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 préparation et de la dissémination
des documents, du développement d'un réseau
de correspondants pris dans la commuhauté
d'usagers, et de I'interaction avec les usagers.

La Documentat¡on

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 12 per year; consultants are em-
ployed to prepare syntheses at the rale of 2per
year. At least two conference proceedings will
be published during the 3-year period. ln sum-
mary, this project aims to produce and distribute
between 40 and 50 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 in-

teractions between the project and the user com-
munity. Project news is published in each issue of
Transportation 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 first-hand
suggestions for the project work and can assist
directly in specific technical problems. Additional
opportunit¡es for interaction with users arise
through international and in-country conferences
in which there is project participation. Finally,
annual colloquiums will be held for students from
developing countries who are enrolled at U.S.
u n iversities.

vill

temas, la síntesis del conocimiento y práctica
sobre temas un poco mas ámplios, y los
expedientes de conferencias de camìnos de
bajo volúmen que están totalmente o parcial-
mente amparados por el proyecto. El personal
de proyecto prepara los compendios a razon
de unos 12 por año; se utilizan consultores
para preparar las síntesis a razon de 2 por
año. Se publicarán por lo.menos dos expe-
dientes de conferencias durante el período
de tres años. En breve, este proyecto pretende
producir y distribuir entre 40 y 50 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
productos 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 oportunidádes adicionales
para la interacción con los usuarios a través
de conferencias interilacionales y nacionales
en donde participa el proyecto. Finalmente,
habrán diálogos con estudiantes de países
en desarrollo que están inscriptos en universi-
dades norteamericanas.

de conférences sur les routes à faible capacité
qui seront organisées complètement ou en
partie par ce projet. Environ 12 recueils par
an sont preparés par le personnel attaché
au projet. Deux synthèses par an sont écrites
par des experts. Les comptes-rendus d'au
moins deux conférences seront écrits dans
une période de 3 ans. En résumé, l'objet de
ce projeJ est de produire et disséminer entre
40 et 50 documents qui couvriront I'essentiel
des connaissances sur la technologie des
routes à faible capacité.

lnteraction 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
de développement qui étudient dans les uni-
versités americaines.
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Overview
Background and Scope

Route location is the phase in highway en-
gineering that occurs between the planning
and the design of a road. The planner determines
the need for a route in a general area. The
highway design engineer, on the other hand,
uses appropriate geometric design standards
(see Compendium 1 of this series) to determine
the geometric properties of the route in detail.
Route location is the process of determining
the best alignment for a road between two
points before the highway design engineer
begins to make detailed calculations.

Route location has two phases. The first phase
is a reconnaissance study to find several alter-
native alignments or corridors that meet the
basic requirements of the project. The first
phase will eliminate many possible alignments
that do not meet the basic requirements of
the project.

The second phase is the review of the align-
ments chosen in the reconnaissance study.
More detailed surveying methods are used to
develop (a) horizontal and vertical geometrics
and (b) preliminary cost estimates for the alter-

Vista General
Antecedentes y Alcance

La ubicación de la ruta llena el vacío entre el
planificador de transporte y el ingeniero de
diseño vial. El planificador determina la
necesidad para una ruta en su sentido mas
amplio. En muchos casos el período de plani-
ficación consiste unicamente en la determina-
ción de las terminales del camino. El ingeniero
de diseño vial determina en detalle las cuali-
dades geométricas de la ruta, utilizando normas
de diseño geométrico apropiadas mencionadas
en el Compendio 1 de esta serie. La ubicación
de la ruta es el proceso de determinar la
mejor ubicación vial entre las terminales dadas
antes de que el engeniero de diseño vial
comience sus cálculos detallados.

.Se puede considerar la ubicación de la

ruta en dos fases. La primera fase consiste
en un estudio de reconocimiento o una investi-
gación. Se escogen varias alineaciones o
vías alternativas que satisfacen los requisitos
o controles básicos establecidos para el
proyecto. Esta primera fase también puede
describirse como la eliminación de las muchas
alineaciones alternativas que no satisfacen los
controles básicos del proyecto.

La segunda fase consiste en un estudio
de ubicación o selección. Se repasan las alinea-
ciones escogidas en el estudio de reconoci-
miento y se afinan las alineaciones de la
alternativas mas prometedoras. Se utilizan
métodos más detallados de estudio para
desarrollar geométricos horizontales y verti-

Exposé
Historique et Objectif

La détermination de I'emplacement d'une
route réunit les responsables de la planification
des transports et I'ingénieur routier. Le service
de planification détermine qu'une ro'ute est
nécessaire dans le sens le plus large du terme.
Souvent, la phase de planification consiste
seulement à déterminer les deux points entre
lesquels la route va être construite. L'ingénieur
routier détermine la géométrie de la route en
détail, en utilisant les normes de dimensionne-
ment géométriques que nous avons discutées
dans le Recueil 1 de la série. Faire la sélection
de l'emplacement d'une route est le procédé
qui consiste à déterminer le meilleur chemin

entre les deux points initiaux, avant que l'in-
génieur routier ne commence à faire ses calculs
en détail.

Cette sélection peut se faire en deux temps.
La première phase consiste à faire la recon-
naissance des lieux. Plusieurs tracés sont
choisis, qui réunissent les conditions de base
requises par le projet. La deuxième phase
consiste à faire l'étude de I'emplacement.
Les tracés qui ont été choisis lors de la première
phase sont passés en revue, et ceux qui parais-
sent les plus prometteurs sont analysés. On
détermine à I'aide de méthodes topographiques
plus detaillées, la géométrie verticale et hori-



native alignments. The result of this phase is
the selection of a preliminary design for the
roadway in the most economical location.

Route location for major projects is a complex
procedure that involves several teams of en-
gineers, engineering geologists, soil engineers,
and surveyors. They in turn are assisted by
traffic engineers, economists, and estimators.
Although this level of complexity is beyond
the scope of this compendium, route location
in its simplest form must still consider the
same principles. Some form of geometric design
standards must be followed. Construction and
maintenance costs are very important, but it is
not possible to provide a team of experts to

find the ideal location for a low-volume road.
This responsibility frequently falls to a highway
engineer who has limited experience,

Technical support is usually given only if the
engineer can identify a unique problem area
in the location of a low-volume road. Many
highway engineers apply only geometric criteria
to their location problems. lf drainage and
geological controls are not considered together
with geometric criteria, the location that is
selected for the low-volume road may be un-
necessarily costly to construct and to maintain.
The purpose of this compendium is to present
information about drainage and geological
considerations that will assist the location

cales y las valuaciones preli¡inares de costo
de las rutas alternativas. La resultante de
esta fase es la selección de un diseño pre-
liminar del camino en la ubicación mas
económica.

La ubicación de la ruta en proyectos mayores
es un procedimiento complejo. Puede involu-
crar varios equipos de ingenieros, geólogos,
expertos en suelos, y agrimensores, Ellos,
a su vez, son asistidos por ingenieros de
tránsito, economistas, estimadores, y una
multitud de miembros de personal subsidiarios.
Este nivel de complejidad en la ubicación
de la ruta esta fuera del alcance de este
compendio.

En su forma más simple la ubicación de la
ruta todavía debe considerar los mismos
principios. Se debe seguir alguna forma de
normas de diseño geométricos. Los costos de
construcción y manutención se vuelven muy

importantes. Sin embargo, la naturaleza misma
del camino de bajo volúmen prohibe el costo
de encontrar la ubicación ideal por un equipo
de expertos.

Sucede frecuentemente que la responsabili-
dad de la ubicación de un camino de bajo
volúmen cae sobre un ingeniero de experiencia
limitada. Se le dá asistencia técnica a este
ingeniero unicamente si puede identificar un
área singular con problemas. Los ingenieros
viales confrontados con este dilema recurren
a la aplicación de criterios geométricos úni-
camente en sus problemas de ubicación. La
exclusión de otros controles, especialmente
las consideraciones de controles de drenaje
y geológicos, resulta muchas veces en la
ubicación de un camino de bajo volúmen que
es costoso para construir y mantener, sin
haber necesidad para esto. El propósito de
este compendio es el de presentar información

zontale des tracés, et on établit un devis estimatif
de ceux-ci. L'objectif de cette phase est le choix
préliminaire de I'emplacement le plus
économique.

Pour la construction de grands projets, ce
procédé peut être très complexe et éxiger la
coopération de toute une équipe d'ingénieurs,
de géologues, de spécialistes des sol, arpen-
teurs, etc., qui sont à leur tour assistés par
des spécialistes de la circulation, des éco-
nomistes, et toute une multitude de personnel
auxiliaire. Ce niveau de complexité dépasse
l'objectif de ce recueil. La détermination de
I'emplacement d'une route, même dans sa forme
la plus simple exige quand même une adhérence
aux mêmes principes de base. Un certain
nombre de normes de dimensionnement géo-
métrique doit être utilisé. Les frais de construc-

tion et d'entretien deviennent très important,
Cependant, de par sa nature, la construction
d'une route à faible capacité prohibite I'emploi
de ces experts pour trouver I'emplacement
idéal.

Fréquemment donc, la responsabilité de ce
choix retombe sur les épaules d'un ingénieur
routier qui n'a que des connaissances restreintes
sur ce sujet. L'appui technique ne lui sera donné
que s'il est capable d'identifier un problème
spécifique. Face à ce dilemme, beaucoup
d'ingénieurs routiers s'en tiennent à I'applica-
tion de critères géométriques. L'exclusion de
tout autre critère, notamment l'exclusion des
critères géologiques et de drainage, résulte
souvent en une route à faible capacité qui
sera d'une construction et d'un entretien pro-
hibitifs. Notre objectif, dans ce recueil, est



engineer to select the best route.

Rationale for This ComPendium

This compendium is designed to help the
highway location engineer to identify problems
of drainage and geological considerations.
It does not present detailed design techniques
that can be applied to specific problems'
Future compendiums will describe these
techniques.

Highway location engineers are usually
selected from among engineers who have ex-
perience in roadway design, A location engineer
who does not have such experience will have

great difficulty in selecting the best alignment.
Óesign experience is usually gained in an office
environment. A design engineer may visit the
actual location of a project during the design
process in order to relate geometry to terrain.
The design engineer may not have enough time
during these visits to observe the fine points
of dráinage and characteristics of soils that
are not critical to the particular design align-
ment. The soils may have been classified
before the design process began. ln this case,
the design engineer does not even need to
be able to identify specific soils in their natural
state.

The location engineer's concept of a road

relativo a drenaje y geología que puede asistir
al ingeniero encargado de la ubicación para
seleccionar la mejor ruta.

Exposición Razonada para Este Gompendio

Este compendio trata únicamente sobre la
identificación de áreas de problemas de
drenaje y geológicos por parte del ingeniero
encargado de la ubicación. Las limitaciones
de espacio no permiten que presentemos las
técnicas de diseño detalladas aplicables a

áreas de problemas específicos. Se considera-
rán soluciones para algunas de las áreas de
problemas, una vez identificados, en com-
pendios futuros.

En forma lógica, se seleccionan los ingenieros
viales encargados de la ubicaciÓn del personal
que tiene experiencia en diseño vial' Sin tal

experiencia el ingeniero de ubicaciÓn tendrá
mucha dificultad en seleccionar la mejor ali-
neación. Esta experiencia de diseño general-
mente se obtiene en la oficina. Normalmente
muchos ingenieros de diseño visitan la ubica-
ción en campaña de un proyecto durante el
curso de los procedimientos de diseño. Estas
visitas ocurren con el propósito específico
de relacionar geometría con terreno. Por
consecuencia, el ingeniero de diseño muchas
veces no tiene tiempo de observar los puntos
más detallados del drenaje y de las característi-
cas del suelo que no son críticos a la alineación
de diseño dada. Ocurre muchas veces que
los suelos que se encuentran han sido clasifi-
cados antes de iniciarse el proceso de diseño.
En tal situación el ingeniero de diseño no
necesita poder identificar los suelos específicos
en su estado natural.

xilt

donc d'offrir une documentation sur le drainage
et les facteurs géologiques, qui permettra à
l'ingénieur routier de determiner le meilleur
emplacement.

Objet de ce Recueil

Ce recueil s'adresse seulement à I'identifica-
tion des problèmes géologiques et de drainage
par I'ingénieur routier qui déterminera I'em-
placemênt de la route. Le peu d'espace dont
nous disposons ne nous permet pas de présenter
en détail les techniques de dimensionnement
qui s'appliquent seulement à des problèmes
spécifiques. Dans de futurs ouvrages, nous

considérerons la solution de ces problèmes,
une fois qu'ils auront été identifiés.

Les ingénieurs routiers qui feront le choix
de I'emplacement d'une route doivent logique-
ment êtie selectionnés parmi ceux qui ont des

connaissances solides de géométrie routière.
Sans cette base, l'ingénieur routier aura beau-
coup de difficultés à choisir le meilleur tracé.

Les connaissances en dimensionnement sont
généralement acquises dans un bureau.
L'ingénieur routier normalement visite le terrain
pendant qu'il établit le dimensionnement-
af in de vérifier si celui-ci se rapporte au terrain.
Mais ces visites sont faites spécifiquement pour
cela, et cet ingénieur n'aura peut être pas le
temps de remarquer certaines caractéristiques
de drainage et de géologie qui ne sont pas
absolument indispensables au tracé de la route'
Souvent la classification de sols a été faite
avant que le tracé ne soit commencé' Dans
ce cas, l'ingénieur n'aura même pas besoin
de pouvoir identifier les sols dans leur état
naturel.

Une fois que I'ingénieur passe du dimensionne-
ment au tracé actuel de la route, sa conception



must differ considerably from the design en-
gineer's concept of the same road. Geõmetry
is no longer the only concern. Route selection
can be influenced as much by consideration
of drainage, geology, and soils as it is influenced
by clever geometric design. ln fact, only the
proper evaluation of the effects of these other
factors can produce an economical preliminary
geometric design.

Most design engineers have made some
detailed drainage calculations during their
design training. ln this compendium the identi-
fication of drainage considerations is treated
in a general way. Future compendiums will
treat drainage problems and their solutions in
greater detail.

The identification of geological considera-
tions is treated here in greater detail because
most design-oriented highway engineers do
not have much training in these problem areas.
Basic information o¡ soils is included, since
soils problems are part of the geological con-
siderations in highway location. Detãiled infor-
mation about specific soil and rock types,
such as tropical soils, shales, and volcanic
materials, will be presented in future compen-
diums.

This compendium also considers the inter-
pretation of drainage and geological features
from aerial photographs. These photographs
can be excellent tools for reconnaissance
work. They allow rapid coverage of large areas,

xtv

Una vez que el ingeniero de diseño se
vuelve ingeniero de ubicación, su concepto
de un camino debe cambiar en forma con-
siderable. Yá la geometría no es su único
interés. La selección de la ruta puede influen-
ciarse tanto por consideraciones de drenaje,
geología, y suelo, como por buén diseño
geométrico. Un diseño geométrico preliminar
económico es un resultado directo de la evalua-
ción correcta de las modificaciones de otros
controles sobre diseño geométrico básico.

Este compendio trata con las consideraciones
de drenaje y geológicas. Estas consideraciones
deben ser evaluadas en forma concurrente y
contínua a medida que se evalúan las posióili-
dades geométricas. Las consideraciones de
drenaje se tratan en forma general. Casi todos
los ingenieros de diseño realizan algunos
cálculos de drenaje detallados en algún punto
de su curso de instrucción en drenajé. Oiros

compendios en este proyecto tratarán sobre
los problemas de drenaje en mayor detalle.

Las consideraciones geológicas de la ubi-
cación de carreteras son planleados en más
detalle porque los ingenieros viales orientados
hacia el diseño normalmente tienen menos
enseñanza geológica. Se incluye información
básica de suelos dentro del alcance general
de las consideraciones geológicas qre re
tratan en este compendio. Se presentará infor-
mación más detallada sobre tipos específicos
de suelo y roca, tales como suelos tropicales,
lutitas, materiales volcánicos, etc., en com-
pendios posteriores.

También se incluye en este compendio la
interpretación de fotos aéreas de ciertas carac-
terísticas geológicas y de drenaje. Las fotos
aéreas son una excelente herramienta en el
trabajo de reconocimiento. permiten un recorri-
miento rápido de grandes áreas; y su dispo-

de la route doit changer considérablement.
La géométrie routière n'est plus son seul souci.
Le choix de I'emplacement de la route doit
être influencé autant par le drainage, et les
facteurs géologiques, que par le dimensionne-
ment géométrique. Pour en arriver à un dimen-
sionnement géométrique préliminaire qui soit
économique, il faut tout d'abord bien évaluer
les différents facteurs qui pourraient avoir
tendance à le modifier. On doit évaluer
constammant et conjointement ces deux fac-
teurs en même temps que les différentes
possibilités géométriques sont examinées.

Le problème du drainage est traité en général
dans ce recueil. La plupart des ingénieurs ont
été exposés à des calculs de drainãge detaillés,
lors de leurs études. Nous adresserons le
problème en détail dans un futur recueil. par

contre les facteurs géologiques sont examinés
en déta¡1, car les ingénieurs routiers normale-
ment ont moins de connaissances géologiques.
Une documentation de base sur leé solJest
incluse dans ce recueil. Une documentation
plus detaillée concernant des sols spécifiques
et des types de roche, comme les sols tropi-
caux, les schistes, les sols volcaniques, sera
presentée dans un futur recueil.

Ce recueil examine aussi I'interpretation et
la lecture de photos aériennes prisent de cer-
taines caractéristiques géologiques et de
drainage. Les photos aériennès sont un excel-
lent outil pour le travail de reconnaissance.
Elles permettent de faire la reconnaissance
de larges étendues très rapidement, et sont
accéssibles dans la plupart des pays. L,ingé-
nieur routier qui ne doit s'attendre qu'à une



and they are becoming available everywhere
in the world. A road location engineer who
does not have much outside assistance should
investigate whether aerial photographs of the
project area ate available from any govern-
ment agency.

The texts selected for this compendium in-
clude some information that does not apply to
rural developing countries. For example,
problems about permafrost do not influence
road locations in jungles. The presence of
this material should not prevent the reader
from using the rest of the selected text in
which it appears.

Discussion of Selected Texts

The first two selected texts provide a com-
prehensive review of the drainage considera-
tions that should influence the choice of align-
ments.

The first, Guidelines for Hydraulic Con-
siderations in Highway Planning and Location
(AASHO, 1975), stresses the importance of
recognizing drainage problems early. lt is re-
printed here in full.

The second, Guidelines for Hydrology
(AASHO, 1973), also reprinted in full, describes
the hydrologic analysis that should be performed
before the hydraulic design of highway drainage

nibilidad es casi mundial. Sería un buén plan
por parte del ingeniero encargado de la ubi-
cación del camino, que tiene el mínimo de
asistencia fuera de su equipo, investigar la
posibilidad de que alguna agencia en su
gobierno pueda tener fotos aéreas de su área
de proyecto.

Algunos de los textos seleccionados para
este compendio incluyen alguna información
que no es aplicable a países en desarrollo.
Por ejemplo, las preocupaciones de derecho
de vía de los Estados Unidos de Norte América
pueden ser de poco interés para un ingeniero
de ubicación en un ambiente de desierto. Los
problemas de helada permanente no influencian
las decisiones de ubicación del camino en
la selva. Tal material ajeno no deberá suspender
o desalentar el uso del resto del texto selec-
cionado en donde aparece.

Presentación de los Textos Seleccionados

Los primeros dos textos seleccionados pro-
veen un resumen breve pero amplio de las
consideraciones de drenaje que deberán in-
fluenciar sus alineamientos geométricos. El
primer texto, Guidelines for Hydraulic Con-
siderations in Highway Planning and Location
(Pautas para Consideraciones Hidráulicas en
Planeamiento y Ubicación Vial) (AASHO, 1973),
subraya la importancia de un temprano reco-
nocimiento de problemas en drenaje. Este
texto ha sido reproducido totalmente en este
compendio.

El segundo texto, Guidelines tor Hydrology
(Pautas para la Hidrología) (AASHO, 1973),
también reproducido en toto, describe el
análisis hidrológico necesario antes de cual-
quier diseño hidrológico de las estructuras
de drenaje vial. El ingeniero encargado de la

aide minimale devrait certainement examiner
la possibilité que quelqu'organisme de son
governement ait déjà des photos aériennes de
I'endroit où il veut construire la route.

Les textes choisis pour ce recueil contiennent
des information qui ne sont pas applicables à
des pays en voie de développement. Par
exemple, le problème de I'emprise aux Etats
Unis, sera de peu d'intérêt pour I'ingénieur
routier qui doit travailler dans une région in-
habitée. Les problèmes de permafrost n'ont
certainnement pas d'influence sur le tracé des
routes dans la jungle. Bien que ces problèmes
soient examinés dans les livres que nous citons,
cela ne devrait pas décourager I'utilisation
du reste des Textes Choisis.

Discussion des Textes Choisis

Les deux premiers textes donneront à I'in-
génieur routier un bref aperçu d'ensemble de ces
facteurs de drainage qui doivent influencer son
tracé géométrique. Le premier texte, Guidelines
for Hydraulic Considerations in Highway
Planning and Location (Guide des Facteurs
Hydrauliques.pour la Conception et le Tracé
d'une Route) (AASHO, 1973), met l'emphase
sur I'importance de repérer tout de suite les
problèmes de drainage. Le texte est reproduit
en entier.

Le deuxième texte, Guidelines for Hydrology
(Guide d'Hydrologie) (AASHO, 1973), reproduit
en entier, décrit I'analyse hydrologique qui
doit être faite avant que l'on prépare les plans
des structures de drainage. L'ingénieur routier

-t
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structures can proceed. This is important
because the location engineer for a low-volume
road may be the only engineer involved in
the hydrology and hydraulics design for the
alternative alignments of the project.

The third text, Subsurface Soi/s Exploration
(National Association of County Engineers
Action Guide Series, 1972), was prepared to
present basic information on the need to explore
subsurface soils. lt reviews current techniques
of soil sampling. lt descríbes field and office
procedures for logging, recording, and inter-
preting data on soils, The manual also intro-
duces some of the more detailed methods of
investigating soils that are included in other

texts in this compendium. The appendixes
to this manual are not reprinted.

The fourth \exl, Field ldentification of Soits
and AQgregates tor County Æoads (purdue
University, 1971), was published as a part of a
highyvay extension and research project for
counties in lndiana. lt tells how to rate the
quality of soils and pit-run materials that are
used in the construction and maintenance of
county roads and how to identify soil compo-
nents by visual examination and simple hand
tests. The Unified Soil Classification System
(USCS) is introduced in a simplified form. Field
identification procedures for each USCS group,
using simplified methods of investigation, are

ubicación del camino de bajo volúmen puede
ser el único ingeniero involucrado en el diseño
hidrológico e hidráulico para las alineaciones
alternativas de su proyecto en particular.

El tercer texto es Subsurtace Soi/s Explora-
tion (Exploración de los Subsuelos) (National
Association of County Engineers Action Guide
Series, 1972). Este manual se preparo para
darle al ingeniero de condado un entendimiento
básico de la necesidad de la exploración de
los suelos debajo de la superficie del terreno.
El texto repasa técnicas de muestreo de suelos
disponibles en el momento; incluye procedi-
mientos de campaña y oficina para registrar
e interpretar datos de suelos. El manual tam-
bién sirve como una introducción a algunas
de las investigaciones más detalladas de
tratamiento de suelos incluídas en otros textos
seleccionados en este compendio. Los apén-
dices del texto no han sido incluídos en el
material reproducido.

El cuarto texto, Field ldentification of Soils
and Aggregates for County Æoads (ldentif ica-
ción en Campaña de los Suelos y Agregados
para Caminos de Condado), es un boletín que
fué publicado en 1971 por la Universidad de
Purdue como parte de un proyecto de exten-
sión e investigación vial para los condados
de lndiana. El propósito de este boletín es
el de proveer instrucciones para la valuación
de la calidad de suelos y materiales extraídos
de canteras utilizados en la construcción y
manutención de caminos de condado. El texto
incluye instrucciones para la identificación de
componentes del suelo por examinación visual
y por pruebas simples de mano. El Sistema
Universal de Clasificación de Suelos (Unified
Soil Classification System-USCS) se introduce
en forma simplificada. Se describen procedi-
mientos de identificación en campaña para
cada grupo del USCS utilizando métodos
investigativos simplif icados. Se incluyen

en charge de la construction de cette route à
faible capacité a des chances d'être en fait la
personne qui devra étudier I'hydrologie et
dessiner les plans des structures hydrauliques
pour les differents tracés.

Le troisième texte, Subsurface Soi/s Explora-
fion (Examen des Sous-Sols) (National Associa-
tion of County Engineers Action Guide Series,
1972), a été écrit pour donner à l'ingénieur
des connaissances de base sur les analyses
des sols qui sont en usage à présent, y compris
les méthodes employées, sur le terrain et au
bureau pour enregistrer et interprêter les
données de ces sols. Ce manuel sert aussi
d'introduction à plusieurs autres méthodes
d'analyse des sols plus sophistiquées, qui
sont incluses dans d'autres textes de ce recueil.
Les appendices de ce texte ne sont pas repro-

duits.
Le quatrième texte, Field ldentification of

Soils and Aggregates for County Æoads (ldenti-
fication sur le Terrain des Sols et des Granulats
pour Routes Départementales) est un bulletin
publié en 1971 par Purdue University. Ce
bulletin faisait partie d'un projet de recherches
et de prolongement des routes de l'état de
I'lndiana. L'objectif du bulletin est de donner
les moyens d'évaluer la qualité des sols et
matériaux naturels utilisés pour la construction
et I'entretien de la route. Le texte comprend
des instructions sur I'identification des sols à
I'aide d'examens visuels et manuels. Le Système
Standard de Classement des Sols (Unified Soil
Classification System-USCS) est introduit
dans une forme simplifiée. Des méthodes
simplifiées, d'identification de chaque classe



described. Field tests to evaluate the quality
of aggregate materials for use in base and
surface course construction are included. Soils
and aggregates are also rated as road materials.
The location engineer should use these field
tests to make preliminary soil surveys. The
tests will indicate the type and amount of
laboratory testing needed. This text is reprinted
here in full.

The fifth text consists of excerpts from Design
Manual: Soil Mechanics, Foundations, and
Earth Sfructures-NAVFAC DM-7 (U.S. Depart-
ment of the Navy, Bureau of Yards and Docks,
1971), The complete manual contains practical

informatron of interest to soil engineers. The
portion reprinted here contains a more detailed
USCS table that includes laboratory classifica-
tion criteria. Data on the requirements for index
properties tests, including the types and size
or weight of samples needed for each test,
are included. A plasticity chart is also repro-
duced. This information will be useful when
the location engineer for low-volume roads
needs the assistance of formal laboratory
testing.

The sixth text, ffie ldentification of Rock
Types (U.S. Department of Commerce, 1960),
was used as a training document by the Division

pruebas de campaña simplificadas para la
evaluación de la calidad de materiales de
agregado parp la construcción de hiladas de
base y de superficie. Los suelos y agregados
se clasilican como materiales de camino. Las
pruebas de campaña delineados en este
boletín son para utilizarse en estudios prelimi-
nares de suelo y exploración de suelos. Las
pruebas proveen una indicación del tipo y
cantidad de pruebas de laboratorio que se
necesitarán. No se espera que el ingeniero
encargado de la ubicación de caminos de
bajo volúmen sea experto en procedimientos
de laboratorio, pero debe tener un conoci-
miento práctico de las propiedades de suelos.
Este texto se reproduce totalmente.

El quinto texto consiste en algunas páginas
seleccionadas de Design Manual: Soil
Mechanics, Foundations, and Earth Sfruc-
tures-NAVFAC DM-7 (Manual de Diseño:
Mecánicas del Suelo, Fundamentos, y Estruc-

turas de Tierra) (U.S. Department of the Navy,
Bureau of Yards and Docks, 1971). El manual
completo contiene información práctica de
interés para ingenieros de diseño de suelos.
La parte seleccionada contiene una tabla del
USCS más detallada, incluyendo criterios de
clasificación de laboratorio. Se incluyen datos
sobre los requerimientos para pruebas de
propiedades de indice, incluyendo los tipos y
tamaño o peso de las muestras para cada
prueba. También se reproduce un diagrama de
plasticidad. En ocasión el ingeniero de ubi-
cación del camino de bajo volúmen necesitará
la asistencia de pruebas de laboratorio. Estos
extractos proveen los conocimientos necesarios
para la entrega de muestras correctas al
laboratorio.

El sexto texto es The ldentification of Rock
Types (La ldentificación de Tipos de Rocas)
(U.S. Department of Commerce, 1960). Esta
publicación se utilizó como documento de

du USCS sont données. Des méthodes simples
pour l'évaluation de la qualité des granulats
pour la couche de liaison et la couche de
roulement sont incluses. Les sols et les granu-
lats sont classés quant à leur qualité comme
matériaux routier. Les essais sur le terrain
indiqués dans ce bulletin doivent être faits
au moment de l'étude préliminaire des sols.
Ces analyses donnent alors une idée du genre
et de la quantité d'analyses de laboratoire qui
seront nécessaires. L'ingénieur routier de routes
à faible capacité ne doit pas nécessairement
être un expert, et connaître toutes les méthodes
d'analyse de laboratoire, mais il doit bien
connaître les propriétés des sols. Ce texte est
reproduit en entier.

Le cinquième texte consiste en quelque
pages du livre Design Manual: Soil Mechanics,
Foundations, and Earth Strucfures-NAVFAC

DM-7 (Manuel de Dimensionnement: Mécanique
des Sols, Sol de Fondation, et Terrassement)
(U.S. Department of the Navy, Bureau of Yards
and Docks , 1971). Le livre donne des renseigne-
ments utiles aux ingénieurs des sols. Les pages
choisies contiennent un tableau plus detaillé
de I'USCS, des données sur l'indice de groupe,
y compris le genre, la mesure, ou le poids
des échantillons pour chaque analyse. Un
tableau de I'indice de plasticité est aussi
reproduit. L'ingénieur des route à faible capacité
aura, de temps à autre, besoin de faire faire
des analyses à un, laboratoire. Ces extraits
lui indiqueront comment soumettre des échan-
tillons convenables au laboratoire.

Le sixième texte est The ldentification of
Rock Types (ldentification des Roches) (U.S.
Department of Commerce, 1960). Cet ouvrage
était utilisé comme livre de texte par la Division



of Physical Research of the Bureau of public
Roads. lt is reprinted in full. lt presents identifi-
cation procedures in simple terms to aid those
who are not familiar with expressions normally
used in petrographic descriptions. The equip-
ment required is simple and readily available.
Engineering properties of rock are discussed.

The fourth, fifth, and sixth texts help the
location engineer for low-volume roads to
evaluate the geological characteristics of alter-
native alignments. Understanding the geological
characteristics of the soils in specific areas
will make it possible for the location engineer
to identify, by association, other areas where
similar soils are likely to exist. This process

is described in the next two texts.
The seventh text, The Engineering Signifi-

cance of Landforms, by D.J. Belcher of 
-Cornell

University, was published in Highway Research
Board Bulletin 13 in 1948. lt is reprinted here
in full. lt discusses the relation between land-
forms and the characteristics of the materials
that compose them, as well as how the relief,
soil, rock, and groundwater characteristics are
interrelated. Since landforms recur, if the
characteristics of the soil for a specific landform
have been determined, then the basic quality
and type of grading, drainage requirements,-
and soil and rock conditions for similar land-
forms are generally known. This knowledge
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entrenamiento por la Division of physical Re-
search del Bureau of Public Roads. Los pro-
cedimientos de identificación se presentan
en términos simples para beneficio de aquellos
que no conocen los términos normalmente
utilizados en las descripciones petrográficas.
El equipo que se necesita es simple y facil-
mente obtenible. Se habla sobre las propieda-
des ingenieriles de la roca. El texto se reproduce
totalmente.

Los cuarto, quinto, y sexto textos selec-
cionados ayudan al ingeniero de ubicación
del camino de bajo volúmen a evaluar las
características geológicas por las alineaciones
alternativas seleccionadas. Una vez que el
ingeniero de ubicacióri comprende las carac-
terísticas geológicas de los suelos en áreas
específicas, por asociación podrá identificar
otras áreas donde es probable que existan
suelos similares. Esta técnica se describe en
los textos seleccionados siete y ocho.

El séptimo texto, The Engineering Signifi-
cance of Landforms (El Significado lng-enieril
de Formas de Terreno), por D.J. Belcher de la
Universidad de Cornell, apareció en el Bole-
tín 13 del Highway Research Board en 1g48.
Este artículo, reproducido en toto, trata sobre
la relación entre formas de terrenos y las
características de las materiales que las com-
ponen, y la interrelación de las características
del relieve, suelo, roca, y agua de suelo. ya
que las formas de terreno recurren, una vez
que se determinan las características del
suelo para una forma de terreno específica,
se pueden generalmente predeterminar la
calidad básica y tipo de nivelación, requisitos
de drenaje, y condiciones de suelo y roca
para formas de terreno similares. Utilizando
este procedimiento se reduce el trabajo
investigativo y la ocurrencia de aconteiimientos
imprevistos. Por lo tanto, el ingeniero de ubi-
cación del camino de bajo volúmen puede

of Physical Research du Bureau of public Roads.
Les méthodes d'identification sont presentées
en termes simples, à l'usage des personnes
qui n'ont pas I'habitude de la terminologie
pétrographique. Le texte est reproduit en entier.

Les quatrième, cinquième, et sixième textes
choisis permettront à I'ingénieur routier d,évaluer
les facteurs géologiques des différents tracés.
Une fois que cet ingénieur a compris les carac-
téristiques géologiques des sols de certain
endroits spécifiques, il sera à même d'identifier
d'autres endroits où il existe des sols de même
nature. Cette technique est décrite dans les
textes choisis numéros sept et huit.

Le septième texte, The Engineering Signiti-
cance of Landforms (Le Sens des Cóntours
des_Terrains pour I'lngénieur) par D.J. Belcher
de Cornell University, parut dans le Highway

Research Board Bulletin 13 en 194g. Ce docu-
ment, reproduit en entier, discute du rapport
entre le contour des terrains et les caractéris-
tiques des matériaux qui les composent, et
des rapports qui existent entre le relief, le sol,
les roches, et I'eau souterraine. puisque les
mêmes configurations de terrains se repro-
duisent, une fois que les caractéristiques du
sol pour certaine configuration ont été dé-
terminées la qualité de base et le type de
granularité, les exigences de drainage, et les
genres de sols et de roches pour le même
genre de configuration sont généralement les
mêmes. En utilisant cette méthode, le travail
de recherches est minimisé, et la possibilité
d'événements imprévus est réduite. L,ingénieur
routier peut donc évaluer la similarité dè con-
ditions de terrain entre une route déjà construite



reduces the need for investigational work,
since the location engineer for low-volume
roads can relate existing road conditions to
the requirements for new roads on similar land-
forms.

The eighth Texl, Terrain Evaluation for Road
Engineers in Ðeveloping Countries, was pub-
lished in Journal of the lnstitution of Highway
Engineers in June 1969. lt describes the more
recent developments of the basic principles
that were described in the previous text.
Specific examples of terrain evaluation are
described to illustrate the principles involved.
The paper is reprinted in full, but the pub-
lished discussion of the paper is not included.

Landslides are among the most troublesome

geological problems the location engineer
must face. The ninth text, Landslide lnvesti-
gations: A Field Handbook for Use in Highway
Location and Design (U.S. Department of
Commerce, '1961) is reprinted here in full.
It was prepared by the Division of Physical
Research of the Bureau of Public Roads. lt
was written primarily for use by the highway
location engineer. An expert on landslides
should be consulted if the location engineer
encounters unusual or complex landslide
problems.

The tenth text consists of excerpts from Aerial
Photographs and Their Applications, by H.T.U.
Smith (D. Appleton-Century Company, 1943).
The excerpts provide a detailed description of

relacionar las condiciones de camino en exis-
tencia a requisitos para caminos nuevos en
formas de terreno similares.

El octavo Tex|o, Terrain Evaluation for Road
Engineers in Developing Countries (Evalua-
ción del Terreno para lngenieros Viales en
Países en Desarrollo), apareció en el Journal
of the lnstitution of Highway Engineers en
junio de 1969. Este texto describe desarrollo
adicional del mismo tema. Este texto se escogió
porque amplía sobre los principios que se
describieron en el texto previo, en su aplica-
ción en países en .desarrollo. Se describen
aplicaciones específicas para los principios
involucrados. El artículo se reproduce total-
mente, pero no se incluye la discusión publi-
cada de éste.

Uno de los problemas geológicos más
molestosos para el ingeniero de ubicación del
camino de bajo volúmen es el de derrumbe.

El noveno texto es Landslide lnvestigations:
A Field Handbook for Use in Highway Loca-
tion and Design (lnvestigaciones de Derrumbes:
Un Manual de Campaña para Uso en el Diseño
y Ubicación de Carreteras) (U.S. Department
of Commerce, 1961). Este manual fué preparado
por la Division of Physical Research del
Bureau of Public Roads. Se preparó principal-
mente para el ingeniero vial de ubicación..
Como en otras áreas, cuando el ingeniero de
ubicación del camino de bajo volúmen en-
cuentra problemas de derrumbe excepcionales
o complejos, deberá pedir el consejo de ex-
pertos que se especializan en el tema. Este
texto se reproduce totalmente.

El décimo texto consiste de extractos del
Aerial Photographs and Their Applications
(Fotografías Aéreas y Sus Aplicaciones), por
H.T.U. Smith (D. Appleton-Century Company,
1943). La porción extraída consiste en una
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et la route à construire, si les contours de
terrain sont les mêmes.

Le huitième texte, Terrain Evaluation for
Road Engineers in Developing Countries
(Evaluation des Terrains à I'Usage des ln-
génieurs des Pays en Voie de Développement)
parut dans le Journal of the lnstitution of
Highway Engineers de juin 1969. Cet ouvrage
reprend et élabore le sujet qui a été discuté
dans le septième texte. Nous I'avons choisi
car il amplifie les principes décrits dans le
texte précédent et les applique spéóifiquement
aux pays en voie de développement. Ce
chapitre est reproduit en entier, mais la dis-
cussion du texte n'est pas incluse.

Parmi les phenomènes géologiques les plus
ennuyeux que l'ingénieur routier dût confronter
est celui des glissements de terrain. Le neuvième

texte s'appelle Landslide lnvestigation: A Field
Handbook for Use in Highway Location and
Design (Etudes des Glissements de Terrain:
Un Manuel pour le Dimensionnement et l'Em-
placement des Routes) (U.S. Department of
Commerce, 1961). Ce manuel a été preparé
pour la Division of Physical Research du
Bureau of Public Roads, pour I'ingénieur routier.
Si cet ingénieur se trouve devant un probleme
compliqué de glissement de terrain, nous lui
conseillons vivement de prendre I'avis d'experts
en la question.

Le dixième texte consiste en des extraits du
livre Aerial Photographs and their Applications
(Photos Aériennes et Leur Utllité), (D. Appleton-
Century Company, 1943) de H.T.U. Smith. Les
pages qui sont reproduites ici contiennent
une description détaillée de la méthode



the procedure for making stereoscopic obser-
vations, with or without instruments. Today,
inexpensive simple-lens stereoscopes that
give two- to three-power magnification are
available everywhere in the world. Although
a single aerial photograph provides many
important details, stereoscopic viewing
demonstrates the true value of aerial photo-
graphs. Monocular magnifiers that are used for
reading photographs consist of hand-held two-
to four-power readíng glasses and more sophis-
ticated magnifiers of medium power (S to 25
diameters) or high power (45 or more diameters).
The higher powered monocular magnifiers'
usually have a self-contained light source.
This text also mentions that there is a problem

concerning the oríentation of the light source.
Some interpreters of photographs see a reverse
stereoscopic or pseudoscopic effect (i.e., the
valleys appear as ridges and the ridges appear
as valleys) when the shadows fall away from
them. For this reason, stereoscopic photographs
are normally viewed so that the shadows are
toward. the reader. lnexpensive stereoscopes
are usually adjustable and are calibrated in
millimeters. Since the normal eyebase is 63 mm
(2.5 in), a person who is using a stereoscope
for the first time should start at that calibration.
The distance between the same feature on the
two photographs that are being viewed should
also be 63 mm. Most photographs in this text
are set to this dimension. ln practicing with
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descripción detallada del procedimiento para
observaciones estereoscópicas, con y sin la
ayuda de instrumentos. Hoy en día se pueden
obtener estereoscopios poco costosos con
una amplificación de dos o tres potencias en
todas partes del mundo. Mientras que se pueden
extraer detalles importantes de una sola foto
aérea, la inspección esteroscópica demuestra
el verdadero valor de los fotos áereas. Los
amplificadores monoculares que se utilizan para
la lectura consisten de oculares de lectura
sostenidas por mano, de dos a cuatro poten-
cias, y amplificadores más sofisticados de
potencia mediana (de 5 a 25 diámetros) o de
alta potencia (hasta 45 o más diámetros).
Los amplificadores monoculares de alta po-
tencia generalmente poseen una fuente de luz
propia. El texto menciona la orientación del
orígen de la iluminación con respecto a las

sombras. Algunos traductores ven un efecto
estéreo invertido o seudoscópico cuando las
sombras caen en dirección opuesta a ellos.
Por esta razón las fotos estéreo normalmente
se observan con las sombras hacia el lector.
El efecto suedoscópico origina una aparente
inversión del relieve sobre la foto, los valles
pareciendo cerros y los cerros, valles. Los
estereoscopios baratos son generalmente ajus-
tables y calibrados en milímetros. La base
del ocular normal es de 63 mm (2.S pulgadas),
por lo tanto el principiante debería comenzar
en esa calibración. La distancia entre la misma
característica a observarse sobre las dos fotos
también debería ser 63 mm. Casi todas las
fotos en los textos seleccionados están puestas
a esta dimensión. Al practicar con verdaderas
fotos la foto izquierda si el que lo usa es de
mano derecha deberá estar enrollada entre

d'observation stéréoscopique, avec ou sans
I'instrument. Aujourd'hui, on peut trouver partout
dans le monde, des stéréoscopes peu coûteux
à lentille simple, avec un pouvoir amplifiant
de I'ordre de deux à trois. Bien qu'on puisse
voir beaucoup de détails importants sur une
photo aérienne, c'est seulement quand on la
regarde avec le stéréoscope qu'on peut en
exprimer toute sa valeur. Les loupes utilisées
pour lire les photos consistent, soit en simple
loupe avec un pouvoir amplifiant de l'ordre de
deux à quatre, soit en loupes plus sophisti-
quées, avec une amplification de S à 25 fois
le diamètre, ou même encore plus puissantes,
jusqu'à une amplification de 45 fois le diamètre.
Ces dernières loupes ont habituellement un
éclairage intègre. Ce texte mentione aussi le
problème de I'orientation de.la source de

lumière. Certaines personnes voient le contraire
de I'effet stéréoscopique quand les ombres
sont dirigées du côté opposé, et voient les
vallées qui apparaissent en relief, et vice-versa.
Pour cette raison, les ombres doivent être diri-
gées du côté de la personne qui utilise le
stéréoscope. Les stéréoscopes bon marché
peuvent être ajustés et sont calibrés en milli-
mètres, Puisque la distance moyenne entre les
yeux est de 63 mm (2.5 in) le novice devrait
ajuster son appareil à cette calibration. La
distance entre deux points de repère similaires
sur les deux photos aériennes doit être aussi de
63 mm. La plupart des photos inclusent dans
les textes choisis sont calibrées de cette façon.
Quand on s'exerce avec de vraies photos
aériennes, on devrait relever le bord de la
photo de gauche entre les deux verres du



actual photographs, the left photograph (if the
user is right-handed) should be curled up
between the eyepieces to give added coverage.
The eyes of the observer should be approx-
imately '13 mm (0.5 in) from the lenses. lt is
important to be relaxed when attempting three-
dimensional viewing. To see the stereoscopic
effect the beginner should concentrate on a
single feature of the photographs. Because
of difficulties in reproducing the photographs,
some of the stereoscopic photographs in this
compendium and future compendiums may be
difficult to view. The reader should practice
with actual aerial photographs untilthe examples
in these texts can be seen in three dimensions.

The eleventh text consists of Appendix C,

Mosaics, from Aerial Photography (National
Association of County Engineers, Action Guide
Series Vol. 13, 1972). This excerpt describes
mosaics (composite aerial photographs) and
describes one method for assembling a mosaic.
Mosaics are necessary if the location engineer
for a low-volume road is evaluating a large area.

The twelfth Texl, Drainage Pattern Signifi-
cance in Airphoto ldentification of Soi/s and
Bedrocks, by Merle Parvis of Purdue University,
was published in Highway Research Board
Bulletin 28 in 1950. This paper describes how
to use the analyses of drainage patterns to
identify regional soils and bedrocks by means
of aerial photographs. The examples in this
paper are from the United States, but the

los oculares para proporcionar mas cobertura.
Los ojos del lector deberán estar aproximada-
mente 13 mm (0.5 pulgada) de los oculares.
El principiante no deberá estar tenso al intentar
una lectura de tres dimensiones. El efecto
esteroscópico se obtendrá mas facilmente si
el principiante se concentra sobre una sola
característica de las fotos. Debido a dificul-
tades de reproducción las fotos estéreo en
este y compendios futuros podrán ser difíciles
de observar. Se le aconseja al lector practicar
con fotos aéreas verdaderas si las pares de
fotos en estos textos no dan un efecto de tres
dimensiones. Una vez que el lector adelanta
en el uso del estereoscopio tendrá menos
problemas con las fotos que acompañan al
texto.

El onceno texto consiste del Appendix C,

Mosaics (Mosaicos), de Aerial Photography

(Fotografía Aérea) (National Association of
County Engineers Action Guide Series Vol. 13,
1972). Este extracto describe los mosaicos
(fotos aéreas compuestas)y describe un método
de componer un mosaico. Los mosaicos son
necesarios si el ingeniero de ubicación del
camino de bajo volúmen necesita evaluar un
gran ârea.

El dozavo texto, Drainage Pattern Signifi-
cance in Airphoto ldentification of Soi/s and
Bedrocks (El Signif icado del Patrón de Drenaje
en la ldentificación por Foto Aérea de Suelos
y Lechos de Roca), por Merle Parvis de la Uni-
versidad de Purdue, apareció en el Boletín 28
del Highway Research Board en 1950. Este
informe es sobre el análisis de patrones de
drenaje para su uso en la identificación de
suelos y lechos de roca de la regiÓn por medio
de fotos aéreas. Los ejemplos utilizados en

stéréoscope, pour pouvoir voir une plus grande
étendue-ou vice-versa, si le lecteur est
gaucher. Les yeux doivent être à peu près à
13 mm (0.5 in) des verres. Le novice devrait
être décontracté. ll sera plus facile, au debut,
de voir I'effet stéréoscopique, si le novice se
concentre sur un seul point de repère. A cause
de difficultés de reproduction, certaines des
photos stéréoscopiques de ce recueil et de
futurs recueils, seront difficiles à interpreter.
Le lecteur est invité à pratiquer sur de vraies
photos aériennes, s'il ne voit pas les deux
photos inclusent ici en trois dimensions. Une
fois que le lecteur aura pris l'habitude d'utiliser
un stéréoscope, il aura moins de difficulté
avec les photos qui accompagnent ce texte.

Le onzième texte, Appendix C, Mosaics
(Mosaiques), de Aerial Photography (Photos

Aériennes) (National Association of County
Engineers Action Guide Series Vol. 13, 1972),
donne des instructions pour assembler les
photos aériennes en mosaique, chose néces-
saire si I'ingénieur routier veut interpréter une
grande étendue de terrain.

Le douzième texte, Drainage Pattern Sig'
nificance in Airphoto ldentification of Soils
and Bedrock (L'lmportance des Caractéris-
tiques des Bassins de Drainage dans les Photos
Aériennes pour I'ldentification des Sols et
des Fondations), de Merle Parvis de Purdue
University, parut dans le Highway Research
Board Bulletin 28, 1950. Cet article analyse
les bassins de drainage afin de s'en servir pour
identifier les sols et les fondations à l'aide de
photos aériennes. Les exemples cités dans
cet article sont tous pris aux Etats Unis, mais



drainage patterns and landforms of a region
are always interdependent. ln identifying soils
and bedrocks by means of aerial photographs,
the drainage patterns and other features of the
terrain must be studied at the same time,

The thirteenth text is Chapter S, Airphoto
I nterpretation, f rom Lan ds I i d es 

", 
O ¿ n g i n ee r i n g

Practice (Highway Research Board Sþecial
Report 29, 1958). lt is reprinted in full. lt
describes the use of aerial photographic inter-
pretation as a tool for recognizing actual or
potential landslides. Landforms, drainage and
erosion, soil tones, vegetation, and man-made
features are discussed. The text includes many
stereoscopic photographs of landslide areas
and a few groundview photggraphs of some
of the same areas.

Bibliography

The Selected Texts are followed by a brief
bibliography that contains reference data and
abstracts lar 25 publications. The first 13
describe the Selected Texts. The other 12
describe publications that are closely asso-
ciated with the Selected Texts.

Although there are very many articles, reports,
and books that could have been listed in the
bibliography, it is not the purpose of this bib-
liography to contain all the possible references
for the subject. The bibliography contains only
those publications from which text has been
selected or basic publications that would have
been selected if there had been no limit on
the number of pages in this compendium.
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este informe son todos de los Estados Unidos
de Norte América, pero el principio de que las
vías de drenaje y formas del terreno de una
región son dependientes uno del otro es uni-
versal. No se puede depender solamente del
elemento del patrón de drenaje en la identifi-
cación de suelos y lechos de rocas por el
uso de fotos aéreas. Se debe ulilizar conjunta-
mente con los otros elementos del terreno,

El decimotercer texto es Chapter S, Airphoto
lnterpretation (lnterpretación de Fotos Aéieas),
de Landslides and Engineering practice
(Derrumbes y la Práctica lngenieril), lnforme
Especial 29 del Highway Research Board,
1958. El capítulo se ha reproducido totaf mente
y describe la interpretación de fotos aéreas
como una herramienta para identificar derrum-
bes verdaderos o posibles. Se trata sobre
formas de terrenos, drenaje y erosión, matices

de suelos, vegetación, y características hechas
por el hombre. La selección contiene muchas
fotos estéreo de áreas de derrumbe y fotos
tomadas del suelo de algunas de las mismas
áreas.

Bibliografía

La sección de textos seleccionados de este
compendio es seguido por una breve biblio-
gralía que contiene datos de referencia y
re_súmenes para 25 publicaciones. Las piimeras
l3 son para las publicaciones representadas
por la sección de textos seleccionados de
este compendio. Las 12 referencias restantes
son para publicaciones que se asocian intima_
mente con los textos seleccionados.

Hay cienes de artículos, informes, y libros
que son pertinentes a uno o más aspectos del

le principe-les caractéristiques du bassin de
drainage et les contours d'une région sont
interdépendants-est universel. Bien sûr, l'étude
des bassins de drainage à l'aide de photos
aériennes ne suffit pas entièrement pour
l'identification des sols et des fondations, et
doit être accompagnée de l'étude des autres
éléments du terrain.

Le treizième texte est tiré du chapitre S,
Airphoto lnterpretation (L'lnterprétation des
Photos Aériennes), de Landstides and En-
gineering Practice (Glissements de Terrain et
le Génie Civil), Highway Research Board Special
Report 29, 1958. Ce chapitre est reproduii dans
sa totalité et explique l'interprétation des
photos aériennes et leur importance pour re-
connaître les glissements de terrain actuels
ou en puissance. Les contours du terrain, le
drainage et l'erosion, les nuances de couleur

des sols (du noir au blanc), la végétation, et
les contour artificiels sont discutéè. Cette sélec_
tion contient beaucoup de photos aériennes
stéréographiques de glissements de terrain
et aussi des photos prisent au sol de certains
de ces mêmes terrains.

Bibliographie

Les Textes Choisis sont suivis d'une courte
bibliographie contenant des données de réfé-
le_nce et des analyses pour 25 ouvrages. Les
13 premières sont pour ceux qui son[dans les
Textes Choisis. Les autres références sont
pour des ouvrages qui sont étroitement asso-
ciés au sujet des textes choisis.

ll y a des centaines d'articles, de livres, et
de rapports qui touchent à un ou plusieurs aspects
du sujet de ce recueil, et qui pourraient être



tema de este compendio y que podrían ser
numerados en la ,bibliografía. No es nuestra
intención que la bibliografía para un compendio
contenga las referencias para todas las publi-
caciones que se relacionen al tema, sino
únicamente para aquellas publicaciones de
las cuales se ha seleccionado texto o publi-
caciones básicas que hubieran sido seleccio-
nadas si no hubiera un límite sobre el número
de páginas de texto.

xxilt

cités dans cette bibliographie. L'objectif de
cette bibliographie n'est pas d'énumerer toutes
les références pour tous les ouvrages qui sont
pertinents, mais de donner seulement les
références des ouvrages dont on a choisi des
extraits, ou qui auraient été choisis s'íl n'y
avait pas de restrictions sur le nombre de
pages de ce recueil,
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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 f it 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
itself.

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

outside the frames and appear in the middle left or
middle right outside margins of the pages. Page

numbers that are given in the Table of Contents and

in the 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 fol lowing 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 pagination du recueil est

à l'extérieur de l'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) ín this
part of the original publication have been
omitted.**All pages in this part of the original document
appear in the selected text.

The selected texts therefore include only those

parts of the original documents that are preceded
by asterisks in the tables of contents of the 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 parle 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 precedidas 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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FOREWORD

The Operating Subcommittee on Roadway Desigr, as part of its charge,
investigates available data and pursues studies to prepare and keep currelrt
appropriate publications pertaining to principles, methods and procedures of
roadway design, and recommends roadway design practices to protect and
enhance the quality of the environment. Although the subject of drainage cuts
across many phases of highway engineering, this operating subcommittee, bólieving
that its charge included this aspect ofdesign, requested and received approval frorñ
the Standing Committee on Engineering Policies to establish a task force to prepare
needed publications on the subject ofhighway drainage.

The Task Force on Hydrology and Hydraulics fìrst met in February, 1970,
and developed a statement of purpose and outlined a program of activity. Its
purpose is to assist the operating subcommittee on Roadway Design in developing
guidelines and in formulating policy for highway drainage design and retãted
hydrologic and hydraulic activities compatible with other highway disciplines,
giving due consideration to safety and the enyironment.

Pursuant to this purpose, the Tæk Force on Hydrolory and Hydraulics began
preparing guidelines for highway drainage covering topics on the major areas of
highway hydraulic desigrr. Each major topic will be released æ an individual
guideline. The guidelines present an acceptable desigrr approach to drainage and
hydraulic problems, which integrates all related disciplines in highway enginãering.
Technical information is kept to a minimum by making reference to appropriati
publications. No single guideline will necessarily be complete within itself. In order
to avoid repetition, therefore,'continual reference to other guidelines in the series
will be required.

In preparing these guidelines, the Task Force recognized that drainage desigr
can be accomplished in various ways and that further experience and research will
indicate revisions necessary. It is expected that all involved in the drainage of
highways will provide the continued surveillance of design procedures and ãffer
constructive comments for future revisions.

- Ihr Operating Subcommittee on Roadway Desigr gratefully acknowledges
the efforts of the members of the Task Force in preparing this guideline and
appreciates the expertise offered by the participating States in this worthwhile
endeavor.
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HYDRAULIC CONSIDERATIONS IN
HIGHWAY PLANNING

AND LOCATION

1.0 Introduction

I¡Vater and related climatic factors are important considerations in planning
and locating highways. The effect of the highway construction on the existing
drainage pattern and on the potential flood hazard, as well as the effect of floods
on the highway, must be assessed in the preliminary planning and design stages.
Often hydraulic factors are closely related to the environmental, ecological and
economic aspects of the location of a new highway and critical evaluations must be
made in the planning process, requiring compromises and a searching for alternate
solutions and routes.

Some drainage, flood and water quality problems can be easily recogrized
and resolved; others may require extensive investigation before an adequate and
satisfactory solution can be developed. Specialists experienced in hydrology and
hydraulics can contribute substantially to the planning and location phases of a
highway project by recognizing potentially troublesome locations, making
necessary investigations and recommending practical solutions.

2.0 Preliminary Drainage Suveys

Since hydraulic considerations can influence the selection of a highway
corridor and the altemate routes within the corridor, the type and amount of data
needed for planning studies can vary widely depending on such elements as

environmental çonsiderations, class of the proposed highway, state of land.use
development and individual site conditions. Topographic maps, aerial photographs
and streamflow records provide helpful preliminary drainage data, but historical
high-water elevations and flood discharges are of particular interest in establishing
waterway requirements. Comprehensive hydraulic investigations may be required
when route selection involves important hydraulic features such as water-supply
wells and reservoirs, flood-control dams, water resource projects, and encroachment
on flood plains of major streams. Special studies and investigations, including
consideration of the environmental and ecological impact, should be commensurate
with the importance and magnitude of the project and the complexity of the
problems encountered.

3.0 Recognition of Possible Flood Haza¡ds and Expensive Locations

Floodflow characteristics at a highway stream crossing should be carefully
analyzed to determine their effect upon the highway as well as to evaluate the
effects of the hrghway upon t}re floodflow. (ÐÄ Suctr an evaluation can assist in

lUnderlined numbers in parenthesis refe¡ to publications in "References" (Section ?)
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determining those locations at which construction and maintenance will be
unusually expensive or hazardous. It is essential that such diffìcult or adverse
conditions be recogrized in the early stages of planning so that they may receive
adequate consideration or indicate the need for alternate locations. Having
identifìed the sources of difficulty, specific recommendations can be advanced foi
developing solutions. Although satisfactory solutions often can be obtained by
making only minor changes in selected routes to take advantage of better natural
hydraulic features as alternate sites, troublesome and uncertain conditions are
sometimes best avoided altogether. sometimes rerouting of a highway is the only
practical solution where the cost of providing adequate drainage facilities for a
proposed toute or damage to the naiural environmenl would be prohibitive. For a
more detailed description of specifìc problems that may be encountered and their
solution, refer to other sections of these guidelines.

3.1 Potential Problems During Construction

Many serious construction problems arise because important drainage and
water-related facton were overlooked or neglected in the location and planning
phases of the project. Erosion of some soils becomes critical during construction
and measures necessary to minimize sediment problems must be recognized early.
Also with respect to adequate soils, geologic and hydraulic studies will provide
much guidance in solving drainage and landslide problems as well as being heipful in
minimizing or avoiding these problems during construction. Risk of damage by
siltation of ponds and reservoirs during construction often can be reduced by
studying flood and precipitation records and proper scheduling ofwork.

Time of const¡uction is important. A structure or embankment is usually
most vulnerable to damage from floods when partially complete; therefore, due
consideration should be given to this problem in the planning and location stage of
design. Providing required protection for fìsh habitat is particularly important in
some areas of the country. Irrigation practices cannot be interrupted nor can the
pumping and distribution facilities be contaminated with sediment without causing
serious difficulties or adversely affecting those who depend upon agriculture foi
their livelihood.

3.2 Potential Maintenance Problems

Planning and location studies should consider potential erosion and
sedimentation problems upon completion of highway construction. If a particular
location will require frequent and expensive maintenance due to drainage, alternate
locations should be considered unless the potentially high maintenance costs can be
reduced by special design. Experience in the area is the best indicator of
maintenance problems and interviews with maintenance personnel could be
extremely helpful in identifying potential drainage problems. Reference to highway
maintenance and flood _reports, damage surveys, newspaper clippings and interviews
with local residents could be helpful in evaluating potential maintenance problems.

Channel changes, minor drainage modifications and revisions in ìrrigation
systems usually carry the assumption of certain maintenance responsibilities by the
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agency constructing the highway. Potential damage from the erosion and
degradation of stream channels and problems caused by ice and debris can be of
considerable significance from the maintenance standpoint.

4.0 Coordination with Other Agencies

Interagency coordination is desirable because a more satisfactory design
usually can be developed if the'commonly shared interests of all concerned groups
receive consideration during the project planning phase. Substantial benefìts and
economies frequently can be realized for highway and water resource projects
through coordinated planning among Federal, State and local agencies that are
engaged in water related activities, such as flood control and water resources
planning. Interagency cooperation, through the instruments of regional planning,
provides the best vehicle for serving the public interest.

4.1 Non-highway Projects

State and local water resource agencies or others who are responsible for
flood control and drainage should be contacted to determine the status ofexisting
facilities and plans for proposed projects. All water related projects should be
considered when highway planning is undertaken. Every effort should be made to
encourage interagency cooperation in planning, location and design so that
proposed highway construction will be compatible with navigation, irrigation, flood
control, storm sewer systems and land use. Because of funding and scheduling of
cooperative or joint use projects, such arrangements must be initiated at the earliest
possible date.

Care should be exercised in planning highway projects that are dependent
upon the completion of a water resource project. For example, a highway located
downstream from an existing flood control project might be designed with a lower
grade line and reduced waterway openings. However, a highway project designed to
accommodate or benefit from a proposed flood control project could be in serious
trouble in the event that the flood control project is delayed or not constructed.

4.2 Permits

Permits are required for construction of highways or bridges along or across
navigable streams. Applications for such permits should be filed with the Coast
Guard for the construction of bridges and with the Corps of Engineers for other
construction. Other permits usually are required by State or local agencies when
construction affects fìshing streams, outdoor recreational areas, reserved water-
sheds, and wetlands. Care must be taken to recogrize and respect water rights.
Permits, as required, should be obtained before construction begins, and preferably
before detailed plans are prepared.

Federal, State and local agencies having review and, in some cases, permit
authority in the construction of highway projects as related to flood control and
environmental impact must be contacted early in the planning and location stage.
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5.0 LegalConsideratíons

In considering various route locations, planners should understand the
liabilities that highway agencies assume with regard to drainage when construction
necessitates changing local topography and drainage patterns. Althougti water laws
vary widely throughout the united states and are subject to many different
interpretations, statutes usually place responsibility for flood-inflicted damages
upon the person or organization who alters the drainage patterns of awatershed or
creates an obstacle to the flow of water in a natural watercourse. Even though an
alteration or encroachment may be unavoidable and localized, costly 

-legal

proceedings may arise due to damages from erosion, silting and flooding. Therefore,
planners and others who are responsible for selecting highway locations should be
aware of conditions and facton that may contribute to diffìculties. Flood-prone
locations, however, may not be readily apparent and the asistance of a drainage
specialist may be needed to identify, investigate and determine the magritude and
extent of the problem.

,whenever drainage problems are known to exist or can be identified, drainage
and flood easements or other means of avoiding future litigation should be
considered, especially in locations where a problem could be caused or aggravated
by the construction of a highway. It is often helpful to document the hiitory and
present status of existing conditions or problems and supplement the record by
photographs and descriptions of fìeld conditions. Such thoroughness is essential
because highway departments are often blamed for flooding or erosion damages due
to conditions that existed prior to highway construction, regardless of the real
cause.

ó.0 Reports and Documentation

Hydrologic and hydraulic data, preliminary calculations and analyses and a[
information used in developing conclusions and recommendations related to
drainage requirements, including estimates of structure size and location, should be
compiled in a report. such a report serves as documentation and back up for
decisions on route location and is an excellent reference for more detailed studies
needed in preparing construction plans. Although the depth or extent of such
reports must necessarily be left to the professional judgment of the engineer making
the preliminary surveys, the content generally should be commensurate with thó
cost and complexity of the project and the problems anticipated.

7.0 References

(!) Water Resources Council, Regulations of Ftood Hazard Arcas to Reduce
Flood Losses, Volume l, U.S. Government Printing Office, Washington, D.C.
20402,578 pp., price 92.50.

@) Water Resources Council, Regulatíons of Flood Hazard Areas to Reduce
Flood Losses, volume 2, u.s. Government Printing offìce, lvashington, D.c.
2M02,389 pp., price $2.00.
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HYDROLOGY
1.0 Introduction

Hydrologic analysis is a most important step prior to the hydraulic desigr of a
h^thy.t drainage structure. Such an analysis is neìessary for dãtermining tñe rateof flow, runoff or discharge that the drainage facility will be re{uired to
accommodate. The design discharge is a hydraulic "load" on the highway facility
and the determination of its magnitude and possibly its duration iJ as important
æ the determination of the proper structural load. These guidelines give a
recommended approach to the hydrologic analysis for the design of hifuway
drainage facilities.

Highway drainage facilities range from very small culverts and channels to
multi'million dollar storm drains and bridges. Although some hydrologic analysis is
necessary for all highway drainage facilities, the extent of such studies should be
commensurate with the importance of the structure.

'2.0 Documentation

Experience indicates that the desigr of highway drainage facilities should be
adequately documented. Frequently, it is necessary to refer tó plans, specifìcations
and-hydrologic analysps long after the actual construction has bèen completed. One
of the primary reasons for documentation is to evaluate the hydraulic pãrformance
of structures after large floods to determine if the structures pèrformed as
anticipated or to establish the cause of unexpected behavior, ifsuch is the case. In
the event of failure, it is essential that contributing factors be identifìed in order
that recurring damage can be avoided. Documentation also provides factual
information for use in preparing a defense against legal action.

The documentation of a hydrologic analysis is the compilation and
preservation of all pertinent information on which the hydrologic ãecision wæ
based. This might include drainage area and other maps, fìeldsurvey information,
source_ references, photographs, hydrologic calculations, flood-frequency analyses,
stage-discharge data and flood history, including narratives 

- 
from highway

maintenance foremen and local residents who witnessed or had knowledgJof an
unusual event.

Although the above list is not all inclusive, it does contain some basic items
that should be contained in the desigr fìles. The documentation should be stored as
a part of the permanent records of the highway department.

Hydrologic data shown on project plans insures a permanency of record,
serves as a reference in making plan reviews and aids field engineers during
construction. such data could include: size of drainage area, magnitude anð
frequency of the design flood and the corresponding wáter.surface elevations at
critical locations, and the elevation, discharge, and date of the maximum known
flood, if available. other drainage data, such as watershed delineation, arrows
indicating direction of flow, proposed and existing structure locations, outfalls,
ditches, and other surface drainage facilities, could be helpful to construction
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engineers, if readily available on the plans. See Figure I for 
-an 

example- (I).!
Caution must be exercised not to clutter plans to the point of being illegible or
confusing.

3.0 Factors Affecting Flood Runoff

The highway engineer should become familiar with the many factors that
affect runoff before making a hydrologic analysis. Such factors can be broadly
clæsifìed as topographic and climatic; however, the two classes are interrelated in
their flood-producing effects. In addition, components within each class are so

interrelated that experience and judgment are necessary to properly evaluate the

various facton that apply to a particular situation. Generally, different factors

affect the runoff as drainage area increases. Some of the major factors are discussed

in the following sections. Benson made a study of the factors that affect the

occurrence of floods in the humid New England area Q\ and in the Southwest (l)
where the climate varies from humid to arid. A study of these references is

rewarding.

3.1 lhainage Basin Characteristics

In evaluating various hydrologic methods for determining flood runoff
(Section 6.0), it ii often necessary to compare drainage basins; therefore, the

higþway engineet should be familiar with drainage bæin characteristics and how

they affect flood runoff.

3.1.1 Size

The size of a drainage bæin has an important bearing on the response of the

bæin to rainfall, and consequently on the methods used to predict flood runoff.
Flood runoff for small streams in the same geographical area appears to be

proportional to the size of the drainage area. As areas increase in size, the runoff
Lecõmes proportional to some power of the drainage area (Section 6.2.3). However,

the effeciofbther basin characteristics often obscures the effect ofsize alone.

Determining the size of the drainage area that contributes to flow at the

drainage structuró site is a basic step in a hydrologic analysis. The,drainage area,

expresied in acres or square miles, is determined from field surveys' maps, or aerial

phôtographs. In some cases, a drainage afea cån be obtained from gaging station_

inforri"tøn or by adjusting the area 
-shown for Geological Survey or Corps of

Engineers stream-gaging stations upstream or downstream from the crossing under

consideration.
Topographic maps afe valuable aids in obtaining the size of drainage areas.

The moit ãommonly-used topographic maps are those of the U.S. Geological

lUnde¡lined numbers inparentieses ¡efe¡ to publications in "Refe¡ences" (Section 8).
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Survey2, and the Corps of Engineers. Information concerning these can be obtained
from the Map lnformation Office, US. Geological Survey, rrVashington, D.C.20242.

Accurãte aerial photographyl supplemented by vertical and horizontal
control surveys provides a means of meæuring the size of a drainage aroa. Although
uncontrolled aerial photographs aid the engineer, they do not always provide an

accurate bæis for defining the boundaries of the drainage area, and they should be

supplemented with field surveys.

3.1.2 Shape

Long narrow watersheds have long been considered to give lower peaks than
fan or pear-shaped watersheds, other characteristics being equal. However, Benson
(2, p.28\ found that none of several indices of basin shape or drainage pattem were

sigrifìcantly related to peak discharge, iftested after the effect of the drainage area

and main-channel slope had been taken into account.

3.1.3 Slope

Many investigators have found that next to drainage area size, some indox
representing the slope of the basin is a very important basin characteristic in
comparing flood magnitudes. Benson (2, p. 23) found that main'channel slope,

tributary channel slope, and average land slope, were highly correlated'
Main-channel slope, determined by simple measurements from topographic maps,

hæ been used in a number of analyses and found to be a significant indicator in
estimating runoff. This slope can also be useful in comparing one drainage bæin
with another when records are limited or not available. Benson @) found a

straight-line slope between main-channel points l0 and 85 percent above the gage

to give best results. Potter Q) found the average slope between 30 and 70 percent

above the gage to give good results in his analysis.

3.1.4 l¡nd Use

Since the activities of man can change basin runoff characteristics, land-use

studies are necessary to defìne present and future conditions, particularly with
regard to the degree of urbanization or other changes expected to take place within
the drainage basin that might affect runoff. Valuable information concerning
land-use trends may be obtained from various local, State and Federal agencies and
planning studies (4, Chapters 8 and l2).

SPurchase orders fo¡ maps should be addressed to Distribution Section, U.S. Geological Survey,
1200 South Eads Street, Arlington, Virginia 22202, fot areas east of the Missisippi River,
including Puerto Rico and the Virgin Islands, and to Distribution Section, U.S. Geological
Survey, Federal Center, Denver, Colorado 80225, fo¡ areås west of the Mississippi River,
including Alaska, Hawaii, Louisiana, Minnesota, Guam, and American Samoa. Alaskan maps

may be ordered from Distribution Section, U.S. Geological Survey, 310 First Avenue, ,

^Fairbanks, Alaska 99701.
JAerial photographs may be obtained from the USGS Map lnformation Office or the

Commodity and Stabilization Service, U.S. Department of Agriculture, Washington, D.C.

17



18

Compendium 2 Text 2

The effect of urbanization on peak flow depends upon the percent of the area
made impervious and the changes made in the drainage pattern through the
installation of storm sewers and the modifìcation of surface channels. Refeiences
(!) through (!) discuss the effect of urbanizationon flood peaks. To obtain a true
picture of the effects of urbanization at a particular location, the peak runoff
should be compared for the drainage area in its natural state and after urbanization
has taken place. Such measurements are seldom practical and require a number of
years of investigation. From information now available, urbanization can increase
flood peaks on small streams by 1.5 to 2 times over predevelopment conditions.
With an unusual amount of channelization and storm sewer work-, increases in peak
discharge can be greater.

3.1.5 Geology

The basic make-up of underlying rock formations and other geophysical
factors, such as glacial and river deposits, can be quite significant in effec-ting runoff
in some areas. Stream flow records are an integrated effect of many factors and the
study of such records often indicates the effect of surface soils and geology of the
area on floods.

3.1.5.1 Soil Type

Soil type generally has an important effect on the rate of peak runoff,
principally in its effect on infiltration @, chapter 7). The effect of soil type often
varies with the magnitude and intensity of rainfall. The condition of soil ai ihe time
of precipitation can change the amount of runoff, especially the flood peaks. If the
ground is frozen or saturated with moisture, most of the precipitation will run off.

3.1.5.2 Surface Infìltration

Infiltration is the flow or movement of water into the ground. Infiltration in
most drainage basins represents one of the major losses of preõipitation. Infiltration
data are used with other hydrological data to evaluate waier loises and to compute
peak runoff as the residual of the rainfall minus the losses. Karst topography (sink
holes) and volcanic terrain (lava caps) produce little surface runoff(10,-chãpieis ta
and 15). chapter 2 of the ASCE Hydrolory Handbook (ll) sãtes,':For all
practical purposes, the infiltration curye approach applies only to relatively small,
physically homogeneous areas such as may exist foiùrfìelds, urban development;
and some smaller agricultural watenheds." It may have application in the deìigr of
interchange areas and pumping plants used to drain depressed locations.

3.1.6 Storage

_ Storage within a drainage basin may be detention storage, which is the rainfall
lost in'fìlling small depressions in the ground surface; storage in transit in overland
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or channel flow; or storage in ponds, lakes, playas, or swamps. Storage may also

occur in flood-control or other reservoirs. The effect of storage on peak flows can

be quite large.
In a itudy fot the Delaware River Basin (12), flood storage in lakes and

swamps was found to be an important factor in New York, northeastern

Pennrylvania and in New Jersey. Except in New Jersey, this factor could be

combined with others and delineated geographically in hydrologic areas. In New

Jersey, a flood-reduction curve was constructed by plotting the flood reduction

againit the percent of drainage area in lakes and swamPs. The factor for multiplying
eJtimated peak rates ranged from 1.00 for no lakes and swamps to 0.09 for 25

percent lakes and swamPs.

The effect of flood+ontrol reservoirs in changing downstream conditions

should be considered in evaluating flood peaks and river stages for design of
highway structures. Often, helpful data can be obtained from the controlling public

agency or the owner of the reservoir project. Particular attention should be given to-

dãgraåation problems and increased tree and brush growth. Before consideration of
thãse effects, the flood-control project should exist or be under construction. Many

flood-control projects are authorized but never built because funds for construction

were not approPriated.

3.2 Stream Channel Characteristics

Surface and subsurface runoffs are collected and disposed of through the

stream channels. The natural or altered condition of these channels can materially

affect the volume and rate of runoff and therefore, these conditions must be

considered in the hydrologic analysis'

3.2.1 Geometry and Configuration

The geometry of the stream network sometimes affects the flood-producing

characterisiics of the basin and this effect should be considered in the hydrologic

analysis.

some streams have well-defined channels, others have relatively small,

low-flow channels and wide flood plains. Some streams have numerous tributaries;

while others have one main watercburse receiving runoff from overland flow. The

sinuosity of channels affect channel storage and progression of flood peaks.

Overbank storage, particularly in vegetated areas, can gleatly reduce peak flows.

The effect of tñe siream network often varies with flood magnitude. Field surveys

and maps will reveal the nature of the stream channel network.

3.2.2 Natural and Artificial Controls

Controls, both natural and artifìcial, determine the relation of stage to

discharge and regulate the flow.
Nãtural co-ntrol of streamflow may occur at channel constrictions, gravel bars,

rock outcrops and debris jams. Sometimes channel roughness is a control. Artificial

19



Compendium Z Text 2

20

controls include dams, highway and railroad bridges and embankments, floodwater-
retarding structures, diversion dams, grade-control structures and recreational and
water'use facilities. Usually information conceming these structures or facilities can
be obtained from the agency responsible for the ofiration and maintenance.

The hydrologic analysis should determine the degree or effect of such
controls upon flood flow.

3.2.3 Channel Modification

Any work being 
-performed, proposed or completed, that changes the

hydraulic efficiency of the stream must be studied to dãtermíne its effecion the
streamflow. The effect on peak flows at the structure site due to modification of a
stream's hydraulic characteristics must be determined. The highway engineêr should
be aware of plans for channel modifìcations, which milht effect the stream
hydrology and, insofar as possible, coordinate the highlay design with the
proposed channel modifìcations. similarly, the effects oistorm-draiñage systems
and other water-related projects should be investigated.

3.2.4 Aggradation - IÞgradation

The water surface profìle of a stream or river will be affected through a reach
where fill or scour occurs. This also affects the validity of using 

-historical

high-water marks to define present conditions. Aggradation may lessen ihe channel
capacity, increase flood heights, and cause overflow at a lower discharge while
degradation- might increase channel capacity and result in higher flooã peaks.
Although diffìcult to determine quantiìatively, the effect of p"resent and future
aggradation or degradation should be evaluated when desigring a highway at or near
a stream, so that a design can be provided to accommodate thii phenomenon.

3.2.5 lce and lÞbris

The quantity and size of ice and debris carried by a stream should be
investigated and recorded for use in the design of drainage structures. The times of
occurrence of ice or debris in.relation to the occurrence of flood peaks should be
determined; and the effect of backwater from ice or debris jams on recorded flood
heights should be considered in using stream-flow records. The location of the
constriction or other obstacle causing jams, whether at the site or structure under
study or downstream, should be investigated and the feasibility of correcting the
problem considered.

3.3 Flood Plain Characteristics

. The major portion of the total flood discharges for the higher recurrence
intervals often is carried by flood plains. Hence, it iJlogical to assñne that factors
æsociated with flood plain characteristics may have mãre effect on flood runoff
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than those relating to stream channels. Generally, a much greater range of
conditions will be encountered on flood plains than in main channels.

3.3.1 Geometry and Configuration

The width-depth ratio of the flood plain is an important factor in evaluating
flood runoff potential. Generally speaking, the greater this ratio the greater the
effect of relatively minor depressions and adverse ground slopes on temporary
storage losses and changes in velocity head, and the greater the effect of seasonal

vegetation changes on roughness factors.
Another important factor is continuity of the flood plain or the relative

freedom from natural constrictions such as encroaching hills on one or both sides,

and from man-made constrictions or barriers such as road crossings, irrigation
distribution systems, etc.

3.3.2 Seasonal and Progressive Changes in Vegetation

A realistic evaluation of the conveyance or carrying capacity of a flood plain
requires consideration of both seasonal and progressive changes in vegetation. A
reach of flood plain may carry at an appreciably lower stage a given discharge in
late winter or early spring than for the same discharge during the height of a

growing season. Whether a row crop, such as corn, is planted'in rows normal to or
parallel with the general direction of the flood plain, can, during the later part of
the growing season, make nearly 50 percent difference in the conveyance of the

flood plain. Such differences must be considered in selecting the friction factor in
the conveyance equation.

Aside from a marked effect on conveyance, summer vegetation including
weeds, tree leaves and crops, increases temporary flood plain storage and

infìltration.

3.4 Precipitation

Precipitation in the form of rain, snow, hail or sleet is the principal source of
runoff (!!, Chapter l). The total amount of precipitation is most important in
producing peak flows from large areas, while the intensity of precipitation is most
important in producing peak flows from small areas. Rainfall is sometimes used as a

factor in estimating peak runoff (13).
Precipitation data are collected and published by the National Weather

Service, National Oceanic and Atmospheric Administration, formerly the Weather

Bureau.

3.4.1 Rainfall

Although the relationship between rainfall and runoff is not well defìned,
runoff usually increases in proportion to the rainfall on a drainage basin. Basin

21
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characteristics and antecedent conditions, particularly precipitation, have a major
effect on- the proportion of rainfall which 

-becomes 
runoff. For example, most offu rgl falling on frozen or saturated ground runs off quickly, while most of the

rain falling on dry, porous soil infìltrates. There is little .otiól.tion between the
recurrence interval of rainfall and the recurrence interval of the corresponding peak
runoff (L4, p. l5). However, studies (15 and l6) have shown that when peak iuioff
and rainfall were considered separately, theãtio of peak runoff rate of a given
frequency to rainfall intensity for the same freqúency remained reasoñably
constant for the various frequencies. This indicates that iainfall can be used tá
estimate design floods, although a rainfall of a given frequency will seldom produce
a peak runoff of the same frequency for any one storm.

3.4.2 Snow

_ snow generally. results in a delay of runoff. If the snow melts slowly,
low-peak runoff results. In areas of diverse terrain, i.e., mountain and valley
topography, the snowpack serves as a storage mechanism. During periods of normal
spring_ runoff, a particular watershed will have what might ue iãue¿ primary and
secondary peaks. During the early period of runoff, the iowlands conùbute most,
causing the primary peaks.^ Iater, the highlands begin contributing, creating
secondary peaks. The use of the hydrograph method óut[ned in section 6.4 ii
useful in describing this lag in basic response to the snowmelt runoff. At present,
gaging station records are the best means of observing this phenomenon.

After an accumulation of snow, a rain with inðreasing temperatures can cause
runoffpeaks much greater than would occur from the rainfall alone. The relation of
inches of rainfall to inches of snow, or the water content of snow, varies over the
country and from year to year. There are various procedures for computing
snowmelt runoff @, chapter 11, and l7), but streamflow records are thã besî
source of data.

4.0 Flood History

Good highway design practice recognizes that flood hazards must be
evaluated^ whenever highway locations cross or encroach upon flood plains. The
history ofpast floods and their effect on existing structures aie ofexceptìonal value
in making flood hazard evaluation studies, including needed informati,on for sizing
structures. Flood'control works and land-use planning data relative to restricting
flood heights and reducing flood discharges aie alsoã necessary part ofa flood
hazatd evaluation.

4.1 Historic¿l Floods

Major floods that have been experienced before the start ofrecords are often
called historical floods. In describing these events, it is necessary to determine the
period of years during which they have occurred, as well as their magritude, in
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order that the information may be fully utilized. Some information on past floods

usually can be obtained from old newspaper accounts, long'term residents, and

other sources. Often, experienced personnel of the Geological Survey and other

agencies who make flood determinations can fìnd flood marks or other positive

.iidrnæ of the height of historical floods. Changes in channel and watershed

conditions should be evaluated in relating historical floods to the present. Historical

floods of unusual magnitude are valuable data in flood-frequency analysis,

particularly when the gaging-station record is short'

4.2 Flood Data

Much streamflow and flood-related data are available to the highway

engineer. Most streamflow data are obtained by the Geological Survey at numerous

gafing stations ovel the United States. These data and that collected by other

ãgãn"i6 are published periodically in the surface water records of the Geological

Survey and available at their local offìces.
Railroad maintenance files often contain acculate information regarding

flood stages that have been experienced at railway structures or along tracks

bordering a stream. Newspaper accounts and magazine articles should not be

overlookèd as sources of documentation ofunusual floods.

All of these sources may provide valuable assistance and supplementary

informatiOn that can be used advantageously;however, discrepancies sometimes are

revealed when these data are compared. This indicates the need for verification and

evaluation of flood data, regardless of the source. Development within the

watershed should be evaluated before using old flood data'

4.2.1 Flood{ontrol Projects

one of the main purposes of a flood-control project is to reduce damage from

unusual or infrequent hoõ¿s. Several methods have been used to accomplish this

such as: storage reservoirs, levees, channel modifìcations, and flood diversion' The

method of cãntrol shouid be studied, especially its effect on reducing flood

magnitude, in evaluating the potential flood hazard in higþway design. Storage

,puãr ,6.iurd for flood water ihould be considered in reducing waterway openings

oi ttigtr*uy structures from that normally provided. However, storage for power,

irrigaiion,'water supply or other purposes might not be available when needed to

;.ái* flåod peaks. Èläod routing procedures are given in references (!) and ({).

4.3 Flood History of Existing Structures

structures that have existed for many years may have experienced unusual

floods. If an existing structure is located in the vicinity of the proposed highway

structure, a fìeld inspection may indicate flood heights and damage that h¿s

occurred. Local witneises and examination of maintenance records may be helpful

in evaluating past floods at a structure.
High 

-wäter 
elevations, indicated by deposits of debris, by seed or mud lines

on tree irunks and bridge abutments, by washlines or fìne'debris lines on banks, by

whisps of grass or hay I'odged in tree limbs or fences, and by other flood evidence,

l0
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such as erosion and scour,-can provide information for arriving at flood discharges
and reliable flood stages fgr uæ in designing a propoæd struãture. More obvious
items of flood evidence such as large depositJofiebris or pro*inrnt wash-lines donot necessarily indicate the true peak stage. usually the actual peak is somewhat
higher than would be indicated by the ra-ther obviãu, *.rLrl-rintrss such markswere affected. by. pile up or the rebound of trees o, ,nru'ur-ãiter the flooá.rnteruews wlth highway maintenance foremen and the long-time residents in the
area can be very helpful.

A record of the performance of drainage structures during froods, including
photographs, is valuable for use.in designing luture structur.r uñ¿]o, determining
modifications to structur.r- yhtjlt migtrt riduce maintenance oi in.rr"r, safety.
such records may also_be helpful in ãefending the state against ã.r"g, claims.
These records might include;

l. Maxirnum flood height, upstream and downstream from a structure.
observed differences in water surfacJelevations on the upstream and downstream
side of the embankments at several points from each abutment.

2. Distribution of flow and approximate velocities in different sectiõns of
the stream. Relative quantity of overbank flow and how it returns to the channel,3. Drection of flow with respect to the piers and the low-water channel.4, Observe drift'size and concentration. Remarks on clearance or freeboard.5. Duration of flooding.

6. Magnitude of flood and its relation to other notable floods.7. Headwater at culverts.
8. Scour, erosion and sediment or gravel deposits.
9. Damage to structure and adjacent property.
All of these cbservations may not be neóessary for every structure. The sizeof the structure, magnitude of the flood, extent of âamage, - prou.uitity of legal

action might determine the extent of the observations.

4.4 Methods of Determining Flood Magnitudes

The accurate determination of flood magnitudes requires a background inopen-channel hydraulics and a knowledge oi floodwater uetravioral patterns;however,.knowledge must be coupled wiíh experience if the results are to becorrectly interpreted.
Geological survey publications (l g to z) outline procedures for making suchdeterminations. The engineer can stuìy thã recommðnded procedures that areoutlined in_these publications and gain an adequate knowledge olthe techniques ofmeasuring floodflow, but only by using the methods can hã becorne proficient intheir application.
The basic methods of measuring floodflow are discussed in the fonowing

paragraphs.

4.4.1 Direct Measurements

The direct measurement of floodflow consists of measurements that are made
during a flood (18). Dscharge is determined by simultaneously measuring the flow

ll
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depth and velocity at a sufficient number of points in a cross section to define
significant changes in either depth or velocity. From these measurements, the area
and average velocity can be determined and the discharç calculated. Discharge
measurements at various stages at a site or gagng station provide data for
developing a rating curve (19) or a plot of stage versus discharge. Continuous
records of stage gaging stations provide discharge data for studying the recurrence
interval or frequency 

,of 
floods (20,21).

4.4.2 Indirect Measurements

Indirect measurements are made when it is impossible or impractical to
measure floodflows directly. Generally, these measurements are made after the
flood subsides Q2). Such meæurements include high-water marks, channel
geometry, and an estimate of roughness coefficients (23). From these data, the
flood magnitude is calculated using basic hydraulic equations. Indirect methods for
determining the magnitudes of actual floods include the slope-area (?4),
flow-through culverts (25), contracted opening (26),and flow over dams (27). This
tool in meæuring floodflows is most valuable to the highway engineer and a
thorough understanding of the methods used in the listed publications is necessary.

4.5 Evaluation of Observed High-Water Marks

Often a flood stage can be determined from observed high-water marks in
evidence after a flood ¡ecedes. Usually, several high-water marks are required to
compute the discharge of a particular flood.

Each high-water mark and its quality should be noted, and a profìle plotted
to evaluate the consistency of the marks (22, p.26). Experienced personnel in this
work are of extreme importance. The apparent quality of a high-water mark can be
deceiving if not properly evaluated. For instance, a mark on the upstream side of a
tree or building will reflect a higher stage than actually existed due to the rise in
water surface upstream from the obst¡uction. conversely, a high-water mark taken
within the drawndown area of a hydraulic structure or an obstruction may reflect a
lower stage for the stream than actually existed. Also, stages affected by ice, log
jams, confluences, varying land use over the years, and an aggrading or degrading
channel, can cause fìctitious stage-discharge relationships which are not particularly
representative of the natural channel conditions.

5.0 Selecting a Desþn Flood Frequency

One of the first steps in making a hydrologic analysis for any highway
drainage facility is the selection of a design flood magnitude. The selected design
flood magnitude is just one of many possible flood magnitudes that has occurred or
may occur at the site in question. The selection of a particular flood magnitude is a
complex problem which involves consideration of many factors.

t2
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The fundamental approach is to analyze the peak flood magnitudes at a site
on a frequency basis (23, 22,30, and 1!), i.e., bæed on the average recurrenc€
interval or on the probability of a peak flõod magnitude being exceedãd in any one
year. With this frequency analysis goes the associated factorJof economy and risk.
By selecting a large peak flood magnitude for design at a site, the probability of
having such a flood occurring and the risk of damagJis reduced, but structure costs
to accommodate such large floods are increased. Conversely, the selection of a small
flood reduces the initial cost of structures and increases the risk of damage from
larger floods.

5.1 HighwayClassifications

unfortunately, the selection of a design flood freErency has become
oversimplifìed. Over the years, a range of frequencies on recurrenðe intervals has
been used for the design of various highway diainage facilities. Roads with minor
classifìcations are _designed using a high frequency of occurrence (small floods), and
important major highwa-ys are designed using low-frequency (rare) floods. óitrn,
too little regard is given factors likely to cause damage ai ttre indivi¿ual location.

In the past, availability offunds and the lack ofhydrologic data have played a
major role in the adoption of the concept of associating highway classificationwith
a spe_cified_ design frequency. However, with more 

- 
adequate coverage of

hydrological data, better methods of analysis, and an increasing public awareness of
the potential hazards associated with highways encroaching upón flood plains, the
engineer now must consider both the risk and economics involved in seËcting the
design frequency for each highway hydraulic facility. The degree of considerãtion
given to risk for a particular site should depend upon thé importance of the
structure and the flood hazard potential, as well as the traffìc and highway
classifìcation.

5.2 Risk and Economics

When a flood frequency or recurrence interval is selected for a particular
location, the designer is implying that the estimated effects of a larger flood on life,
property, traffic and the environment do not justify constructing a larger structure
at the time. Risk of serious damage begins when floods exceeding theãesign flood
occur. Damage from lesser or more frequent floods should be minimal and
acceptable. Optimal designs considering all factors a¡e often idealistic and cannot be
built because of constraints imposed by budgetary limitations, but such conditions
do not relieve the engineer from his professional responsibility to strive for a good
design.

5.2.1 Risk

Risk has been defined by some in terms of the recurrence interval of a flood
of stated magnitude being exceeded or the probability of a flood of stated
magnitude being exceeded in any one year. Possibly a risk factor is a more

l3
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appropriate term. Risk factor has been defìned (32) as "the probability or
likelihood that a given flood will be equaled or exceeded at least once in some given
period of years." For instance, the chances of a S0-year frequency flood occurring
in a 50.year period is about 2 out of 3.

Selecting a desþ flood frequency by risk as defined above is not the
complete answer. The S0-year flood can be exceeded at one location with minimal
damage, but at another location, occurrence of the same frequency flood might
approach a disaster. Risk and the selection of the design flood recurrence interval
involves an evaluation of possible loss of life, property damage and the interruption
of traffic.

5.2.t.1 Loss of Life

Loss of life associated with highway flooding can occur when a vehicle and its
occupants are washed from an inundated highway, fall in a stream or river because

of the failure of a highway structure, or when a highway embankment is washed

away and causes flooding in downstre¿rm areas.

While it is difficult to place a value on a human life, potential flooding
involving possible loss of life related to a highway must be given careful
consideration. It is also obvious that it is not generally economically feasible to
provide for all flood eventualities, but this does not relieve the engineer of the

obligation to weigh all factors before making a decision. Factors to be considered in
potential loss of life situations should include the probability of future flood
occurrence and'loss of structure, duration, depth, and velocity of hazardous flood
\üaters, the dependability of adequate waming systems or devices, roadway
approach grades, sight distances, and the availability of detours.

5,2.1.2 Property Damage

Property, æ used here, denotes any property, whether private or public,
involved with potentially damaging flood waters as related to the highway or its
drainage facilities. Damages to such property from flood waters can include eroded
highway embankments, loss of highway structures, and damage to adjacent
property. Damage to highway property causes increased maintenance costs and
sometimes involves the cost of replacing a structure. Such costs should be listed in a

detailed estimate and considered in selecting the design frequency.

5.2.1.3 Traffìc Intemrption

When a portion of highway is closed due to flooding, the travelling public's
journey is interrupted and delayed. Traffic interruptions are always a serious
occurrence. The seriousness of the situation may be evaluated by considering, for a

given highway site, the traffic volume, the traffìc delay incurred, the availability of
alternate routes, and the overall importance of the route, including the provision of
emergency supply and rescue.

Interruptions and short delays due to floods sometimes can be tolerated. For
instance, short duration flooding of a low-volurne highway might be acceptable, or,

t4
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if the duration of flooding is long and there is a.nearby, good quality, alternate
route, then the flooding of a higher-volume highway mighi uã arcept"btr.

The importance of the route to national definse and to the economic
well-being of a community plays a large role in evaluating the risk of traffic
interruptions.

5.2.2 Economics

The engineer should not separate hydrology and hydraulic design, but the
two should be considered together. Several frequencies with their coiresponding
pe-ak discharges should be selected and hydrauliC designs made for each. Fioods o'f
selected frequencies and related hydraulic designs are õompared weighing both cost
and risk, until the optimum design is obtained.

As illustrated in Figure 2, the annual cost of drainage structures would be
very rygh if large floods or high retum periods were used foidesign. Also, it can be
seen from Figure 2 that designing for small, frequent floods can be costly since
expensive repairs and damage to property can be high. Somewhere betweeà these
extremes should be an economical and acceptablt design. some state highway
departments (33) have shown this type of analysis in their design manuals .nä
present (1971) research is aimed (34) at further developing the piocedure. other
references on economic evaluation will be found useful (:s tó gq),,Appendix c).

Table I shows a qualitative approach to selecting rrequency-ôf flood. The
importance of one factor or a combination of factors in this table can give the
designer some guidance for using a given design frequency or recurrence interval.

6.0 Predicfing Flood Magnitudes

After considering the available hydrologic data as discussed in these
guidelines, the engineer is ready to determine the design discharge to be used in
sizing the waterway opening of the highway facility in question.

Four methods for estimating discharge are given in these guidelines. They
were sele-cted primarily for their applicability to highway engneãring. There arã
basic defìciencies in these as in all hydrological mãthods; therefore, engineering
judgment and a good understanding of hydrolow îre essential in seleðting thã
method to be used in a particular desigr. one method can supplement the results of
another method. For instance, recorded data at a gaging stãtion can be used to
supplement_ a regional method of analysis, if indeed the gaged data represent
present or future conditions. Selected references are supplied so that the engineer
can familiarize himself with the techniques required for each method and thJbasis
for its development.

6'l Predjcting Future Flood Magnitudes using Methods Based upon a Regional
Analysis

By statistically combining streamflow gaging station records within a
hydrologically homogeneous region @! and 40), hydiologsts and statisticians can

t5
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develop methods which produce flood-frequency relations generally applicable
throughout the region. The methods thus dðveloied allow thã,ngin.rr, with the
use of prescribed parameters, to determine the mãgnitude of a fuiure flood event
corresponding to a selected recurrence interval foi either a gaged or an ungaged
stream site within the region. If the site under consideration ñes-within 

"n 
arðaÍo.

w$c|.an accepted regional analysis method has been developed, the engneer has a
valuable tool that can be used to determine the magnitud, årr'rutur. flood fora
selected f-requency. The local dist¡ict offìces or ttr'e u.s. ceotogcat survey can
furnish information conceming analyses available.

. The basis of any_regionar analysis method must be studied for applicability
sínce most all regional analyses are based upon gaged streamflow data from
rural-type watersheds, and it is possible to have an.rãÑittrin the region that does
not compare- hydrologically with the entire region. For instance, rrìnoff from an
area where the land '¡se is signifîcantly urban sñould not be determined by using a
regional analysis bæed on runoff records from rural, natural watersheds, unläss
some adjustment to the estimated discharge is made (seé section 3.1.4).

6.2 Predicting Future Flood Magnitudes from Flood-Frequency Analyses using
Recorded Data

The method of analyzing flood-frequency relationships from actual stream-
flow data enables the use of records of pãst events to predict future occurrences.
This method assumes that there are no changes in the nãture of the factors causing
the_ peak magnitudes. The ramifìcations of Ihis assumption can ue minimizea bi
making every effort to determine the past conditions ãf thr dr¡nuge area, and if
possible, making allowance-s for changes. The most cornmon changes-are man-made
and consist of such modifìcations as storage and land developm"ent. At best, the
recorded data can be conside-red as only a small sample of the total population of
peak discharges, consisting of both past and future fioods, and the rËcor¿s of any
individual station may depart considerably from a true representation ofthe overall
long'time frequency relationship. The usðr of hydrologic ¿ata murluà acquainted
with the procedures for evaluating streamflow data, th-e techniques for preparing a
flood'frequency curve and the proper interpretation of the curve (2s and'+¡.

There will be times when estimateJ made from a regonùìnalys-is iill not
agree with a flood-frequency analysis- of-a gaging station- on the rí¿"* uri.g
studied. various factors such as length of runõfflecord, storm distribution anð
parameters used in the 

-regional analysis could account for some discrepancies. If
the stream record is suffìciently long to give a good flood-frequency reiationship,
considerable weight shoyld be given to the stream record in estímating design
floods._ A regional analysis-is generally preferred over a station analysis, elpeciaäy
when the station record is short.

6.2.1 lÞvelopment of Flood-Frequency Curve

^ A flood-frequency analysis of recorded data requires developing a flood-
frequency curve. A study of the selected references e, li,2g,29, ¡0, anã ¡t¡ gives
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TABLE NO. 1

FLOOD DESIGN FRÐQUENCY SELECTION CHART

RÂTING

Ef-g!.reG!i"g. ** Design Frequency

10-25 years
25-50 years
50 years or more

I
2

3

**

Additlonal factors may be added to líst for consideratíon'

All factors are riot of equal weight under all circumstances;
Èherefore, weighted raÈing is subjective and serves only
as a gufde in seleeÈing a design frequency.

FACTOR * 1 2

Non-Highway Damage

Highway Damage

Potential Loss of Life

Height of FilI

Cost of Replacernent

ÄDT

DeÈours Available

Roadway Overflow SecÈion

Nurnber of Known Floods
greater Ehan Q50

NaÈiona1 Defense Highway

Impact Local Economy
(SchooI buses, food' etc.)

Low

Low

Low

to 20'

Low

< r00

Yes

Yes

l,¡one

No

Low

Medium

Medium

Medium

20' - 50'

lfedium

100 to 750

Poor

Nominal

0ne

No

Medium

High

High

High

Over 50r

HÍgh

> 750

No

No

S eve ral

Yes

High
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procedures for preparing and interpreting a flood-frequency curve. A flood-
frequency- curve is prepared from recordeã streamflow data at a single gagng
station. This data may be obtained from the fìles or publications or tñe iee;ci
operating_the gging station, usually the Geological Survey.

A flood-frequency curve may be developed by gráphically fitting (eye-fìt) a
lurvg t9 points plotted on special graph paper or by mathemaiicalty ãeìerminíng
floods for various recurrence intervals. Seuãral methoâs have been urrä in analyzini
flood records, but only one method of each type is described æ the prefärreã
method at this time. These methods have been-ádapted for electronic ðomputer
computation and plotting (al). ln both methods, an extremely high peak discirarge
should be carefully evaluated with respect to reliability 

"i¿ 
lñ iiobability äf

occurrence, especially regarding its effect on the drawing of a frequincy curve or
the method used in determining recurrence intervals.

6.2.1.1 Graphical Merhod

_ The graphical method, based on Gumbel's extreme value distribution,
Powell's spegi,al plotting paper and weibull's plotting position formula, is a simpló
and reasonably satisfactory procedure for construõting a frequency-curve (2'g).
Details of the method and plotting paper may be obt¿ñed rrom ttre ot¡ces of-the
Geological Survey or the Federal Highway Administration.

The Weibull formula is:

RI = n+l
m

WHERE:
RI = Recurrence interval
n = Number of years of reco¡d
m = The order of descending magnitude ofthe annual flood peaks with

the largest flood as number one.

6.2.1.2 Mathematic¿l Method

The preferred mathematical method for establishing a flood-frequency
relation for recorded data is known as Log pearson Type lil\42). This method is
very time consuming unless an electronic computer is available ìã tne computation
work.

6.2.2 Extending Flood-Frequency Cuves

Because of the short-term records of most gaging stations, frequency curves
often must be extended beyond the recorded data toìnãble the eitimation äf hrger
floods for the design of highway structures. obviously, such extensions are subjõct
to considerable error and care must be taken in evaluaiing results. Regional analyses
and ratios of 25 or S0-year floods to mean annual floãds on streJms within the
same region can be a helpful guide.

l9
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6.2.3 Transfer of Data

Where the site being studied is on the same stream and near a gaging station,
peak discharges at the gaging station can be adjusted to the site by drainage area
ratio using drainage areas to some power, usually between 0.5 and 0.8. Gaging
stations records of similar streans in the region should be used as a guide in making
this adjustment. If the bridge site is between two gaging stations on the same

stream, the peak discharge at the bridge site can be determined by logarithmic
interpolation of the peak discharges at the two stations on the basis of drainage
alea.

The stage corresponding to the peak flow being transferred is preferably
determined from high-water marks for the same flood at the site being studied. The
stage can be calculated by a slope-conveyance calculation using measured cross
sections (l!).

Where the bridge site is not near a gaging station on the same stream, a

regional analysis of gaging station data on other streams is recommended.

6.3 Predicting Floods Using the Rational Formula

The rational method is an empirical formula relating rainfall to runoff (16
and 43, Chapter 2). Its use in America dates back to approximately l889.lt is the
method used almost universally for computing urban runoff. The formula is simple
to use; and this simplicity, plus the lack of a suitable alternative, has helped
maintain its popularity among engineers.

The Rational Formula is:

Q=CIA

WHERE:
Q = Dscharge in cfs
C = Runoff coefficient
I = Average rainfall intensity, in inches per hour, for the selected

frequency and for duration equal to the time of concentration
A = Drainage area in acres.

Dscharge, as computed by this method, is related to frequency by asuming
the discharge hæ the same frequency as the rainfall (44) used (see section 4.3.1).
Because of the assumption that the rainfall is of equal intensity over the entire
watershed, it is recommendèd that this formula be used only for estimating runoff
from small areas, say up to 200 acres.

6.4 Predicting Floods Using the Hydrograph Methods

Several hydrograph methods Q, section 20) have been in general use by some
governmental 'agencies and the storm sewer design departments of Chicago and Los
Angeles for a number of years. Although these methods are generally more difficult
to use than the Rational Formula, many authorities believe the hydrograph

20

33



Compendium 2 Text 2

I

34

methods are more appropriate for use in estimating floods from small areas,
especially in the design ofstorm sewers.

As runoff data are accumulated and the need for considering storage in design
is stressed, hydrograph methods have promise in giving the engineer a more flexible
and accurate design tool in estimating flood flows.

7.0 Research and Development

Research in highway-oriented hydrology has lagged far behind the needs.
Recognizing the lack of design information in this area, the Surface Drainage
committee of the Highway Research Board has listed research in hydrology as a
number one priority for several years. with this emphasis and the interest and
participation of state highway departments in funding flood data collection and
analytic studies, much progress has been made. continued support must be giveh to
ongoing programs and new basic research encouraged if the objectives of good
design are to be achieved.
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The National Association of Counties Research Foundation is pleased ro cooperate with the National
Association of County Engineers in developing and applying a series of manuals. called Action Guides.
These l7 manuals provide the county engineer - manôger with organizat¡onal and technical informat¡on
based on best nationw¡de practic€s. Members of NACE have provided valuable æsistance by contributing
their knowledge of county engineering to this project.

The manuals also provide background information for the elected county officials tyho must make tñc
decisions concerning road activities.

This proiect builds on an earlier NACE program which developed the fint edition of some of the
manuals, updating them and adding ner,r,i technical in{ormation. New manuals address such wide.ranging
subiects a6 maintenance management, public support. bridge and spot safety improvemenß, traffic
generation, drainage and soils, water pollut¡on and aerial photography.

NACORF and NACE are deeply indebted to the U.S. Department of Transportation, Federal Highway
Adm¡n¡stral¡on, which is providing funds and gu¡dance for the program.

Eernard F. Hillenbnnd
Executive Director
National Asociation of Counties

Re*arch Foundation

County governmenß have a real opportun¡ty to play a cont¡nu¡ng and increasingly important role in the
future growlh and development of our country. fhis Action Guide Series should æsist the county engineer
and other county road officials to prov¡de the best local highway service at the most reasonable co6t. The
Federal Highway Adm¡nistrat¡on is very pleased to cooperate wirh NACo and NACE in this effort

Balph ß, Barælsmey€r
Acting Fe&ral H ighway Admìnìstator
U. S. Department of Transporation

The research for th¡s publication was performed in accordance with Contract No. DOT-FH-7709,
Department of Transportation, Federal Highway Administration, Printing costs were partially covered bv a
grant from the H¡ghway Users Federation,1776 Massachusetts Avenue. N.W., Washington. D.C. 20036
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I. IilTN()DUCTI(}II

Bridge foundations, r?taining walls, highways, or
virtually any facility can be dcsigned properly, only if
thc designer hæ at laast a reasonably accurate
conception of the physical properties of the
subsurface soils. (Subsurface soil explorat¡ons åre
variously referred to in thc litcrature as site
investigations, soil investigations, and foundation
investigtions.)

Since most county engineers ere drarged with
ræponsibility for the design of facilities, such as

bridçs and highways within their jurisdiction, they
d¡ould, therefore, bè familiar with subsurfacc
cxplorations to define the type and extent ofvarious
subaurface conditions. Although you or your staff
rnay or may not be directly in charge of planning and
executing the explorations, you arc not rclieved of
the responsibility to be knowledgeable about such
proccduræ.

Over 4{) percent of the highway construction
dollar is spent directly on earthwork and foundations.
Most of the rcmainder is spent on items which a¡e
directly dependent on the soil such as drainage,

Pavement and structures. In order to get economical
construction and m¡¡intenance, to minimize costly
failures, overdesigns, or overruns, a design based on
an ¿dequate foundation investigation is necessary.

For the engineer, "soil" refers to the organic and
inorganic matcr¡als overlying bedrock. With adequate
soils information, you or your consultant can apply
the principles of foundation and highway engineering
to tlrc devclopment of designs which will make the
best use of læal materials w¡thout excessive expense.
Modem technology makes it posible to do
things which formerly were not feasible. However,
to make use of th¡s technology you must have

knowledge of subsurface soils; the best way to obtain
this information is to plan and execute a subaurface
investigation.

It is recognized that these soil cxplorations cost

rmney, take time and a considerable amount of staff
effort. At times this combination leads to a decision
to abbrcviate the investigation or just not to make

one ¡t atl. l{hen this is done it is common practice to
incrèase the safety factor in the design offacilities, or
in effect, to overdesign and throw the extra cost into
construction. The plea of this manual is to urge you
not to overdesign for lack ofsubsurface information.

I.1 PURPOSE (lI SUBSURFACE

EXPLORATIflIIS

The purposc of a subsurfac€ soil exploration is to
dotermine the engineering propertþs and conditions
*ùich cxist bclow the surface.
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Thøc rrc ¡itu¡tions rtren somc owrderign rnry be
jncifìed: for nfety considerations, to rvoid thc
rbk ofcostly damagc to public and privrtc propcrty
(usually in higruy dcvelopcd urban areas), or in c¡sc¡
wherc minor failure¡ could excessively inconvcnience
the public. Converlely, there will be times when ¡ lov
factor of safety can rault in cconomic bcncfitr,
where failures would causc little inconvcnicncc to thc
public. You, the county cngineer, must riukc auch
decisions. Remember that no safety factor can bc
essigned without knowledge of the type, condition,
loc¡tion and extent ofthese subsurfacC materi¡ls.

It must be rccognized tlut an infinite number of
subsurface conditions can exist, and evcn thc most
thorough investigtion may at times fail to discloae ¡
critigal condition. Experience obt¡incd from
conducting many subsurface tests will play r mejor
role in minimizing the posibility of serious errors due
to unforeseen subsurface conditions..So, aren hcre,
when trying to anticipate unforeseen events, soil
cxplorations havc their value. See figures l-1, 1.2,
l-3, and 14 for examples of failuræ resulting from
poor subcurface conditiors.

Bridge Pier Mowment Requiring Expenrive Jacking
P¡ocedures to Reestabli$ Vertical Al¡gnmont

lþru 1€

Seepåge Causing Paræment Dislres

fþurc 1.1

unrt¡ble Slope Requiring Relocation of Highrvay

2
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fþrrr l.'f

P¡vcnænt Damaç Resulting from Sr¡beurf¡ce
Deforrrtion

i¡form¡tion to allow you to plan rnd implcørcnt e
mdc¡t iubsurfacc exploration{ræ with r frirly
limitcd scopc and æt of objectivcs" For thc rnost part,
ho*wer, it b rccommended th¡t you supplerænt the
ùtformation in thjs manual by rcading .ppropri¡te
rcfacnccs ¡n the rttached bibliography or other
pcrtinent ¡rblications.

A wcll.planned invcstigation necd not be costly in
tcrms of facility costs. And wtren corsidering the cost
of ovcrdcsign or the cost of future repairs duc to an
irnproper invæt¡gâtion, it is quite incxpcnsive, This
rn¡nual should help you in defining the scope of work
in an cxploration and will cncourage you to
undcrtake systematic, well-planned investigations. It
is cmphasized that subsurface soils exploration doe:
not necd to be complicated; much useful information
car¡ bc obtained with a shovel, a post hole digger or a
rmall auger-providing you have some knowledge of
what you are doing.

Thc subject can be approached in several different
ways, Hontver, in this Guide wc believe it is most
hclpful to frst give pointers on planning the soil
invætigation process, followed by a brief review of
tho propertiæ of soils and their strength values for
dcsign purposes. The main purpos€ of the Guide-the
conduct of the exploration-is then detailed, followed
by a lmal chapter on reporting results.

I.2 PURPOSE f¡F IIAT{UAt

Thc prrposc of this manual is to provide you with
information on how to conduct a subsurface soil
invstigåtion. This rnanual will pmvide adequate
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2, TID ptAt{t{n{G pn0cEs$

Soil explorations are made to verify and amplify
information from surface exam¡Mtions, from
reference materials, and from local maps and records.
Before the actual exploration is started, some
planning is requiied. This entails first determ¡ning the
scope and objective of the exploratíon and following
with a detailed plan of each stage ofthe exploration.

one of the prime factors to consider, ¡s mentioned
carlier. Some situations will justify underdesign; for
example, a rural road that goes through productive
and relatively expemive farm areas but which serves a
small volume of traffic. You might design a slightly
Ies conservative backslope and risk some iso¡ated
slides (slipouts) which can easily be cleaned up with
only minor inconvenience to the user and vithout
undue expense to the county. The scope of this
investigation could be minimallo meet this partiq¡lar
need. On the other hand, for cxpensive facilities or
ones which are located in areas subject to unusual
conditions, e.g. earthquakes, your scope úroutd bc
complete enough to be sure that it will adequately
describe the subsurface conditions, to avoid the loss
of an expensive structure, and proúde grester safcty.

If you decide thåt the scope of work does not
permit the use of county personnel, you will need to
retain a consultant or drilling contractor. Somc ofthe
items to consider in a typical contract are described
in Appørdix A.

2.1 sc0PE

When considering the need for soit investþtion,
the lìrst step is the scope of the work. In this case

scope simply refers to the type and amount of work
involved. For example, the æope could call for
investigation of subsurface soil conditions for a

proposed highway project, including bridges and
culverts. On the other hand, it may be simply a short
highway realignment over an ¡rea known to havc
good subsurface conditions. In the fint case the scope
may be so large as to require consultånts; the second
can be done with a hand auger and shovel and should
be within the capability of even a one-man
organization.

In preparing the scope you should consider the
thoroughness required for the investþtion. The
degree of underdesign which can be justified will be

4

2.2 0BJECTTVES

Once the scope hæ been determined, it is
necessary to cslåblish a specilìc æt oî objectív*
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Simply stated, this means the type of samples you
need to satisfy the scope. Remember that a

subsurface soil investigation should obtain
information about foundation conditions and
location of natural construction materials. For
example, if a large cut is to be made, the objective
would be to obtain undisturbed samples of the
various materials exposed by the cut. (See Section 4.4
for discussion of disturbed and undisturbed samples).
The invætigation will be conducted in the office
(reference materials), in the field (borings and
sampling) and in the laboratory (clasifying and
testing). It involves a "learn as you go" procedure in
which properties of the soil and subsurface conditions
are developed in successively greater detail as the work
proceeds.

Some specific objectives are:

o To determine locations, depth, thickness and
extent of each soil layer including description
and classification of the soils and geology of the
bedrock

o To determine depth to bedrock as well as

soundness and general description of rock

o To determine depth and characteristics of
ground water including whether the water table
is perched, whether it is potable, or if there are
artesian zones

c To obtain samples, disturbed and undisturbed,
as may be necessary for the design of a given
facility

For routine highway and airport paving, the objective
of investigations is to identify soils at depths ranging
from tluee to ten feet along the proposed paved area.
the emphasis on locating rock (fìrst two items listed
above) is les important.

ll,hen the objectivæ are determined, a working
plan for the exploration should be prepared to assure

adequate information for the tlesign and construction
phases.

2.3 PLATIT¡ITIG THE SUBSURFACE SOIL

EXPLORATIflN

Before any subsurface exploration investigation is
planned and implemented, information from reports
and official records of public or private agencies
should be reviewed.

Typical sources of information available are:

o Topographic maps

o Geological maps

G Agricultural maps (Soil Conservation
Service)

o Aerial photographs

¡ Well d¡illing logs

o Reports associated with existing structures

A dæcription of each of these sources and the
type data they contain is given in Appendix B.

In this discusion of the planning process, specifìc
suggestions should not be considered as requirements;
there is no "best" way to conduct an investigation.
You can make it as extensive as funds will allow and
as comprehensive as necessary. It should be pointed
out that there is a tendency to overdo some
invætigations by following a "cookbook" approach
without tailoring the work to the project. Good

Planning will avoid this and will help match funds to
design requirements.

You have considerable latitude in planning a

subsurface soil investigation. In most cases, work can

be staged depending on the amount of information
required for design, the amount of inflormation
arailable from various publications, maps and records,
and the resources available (funds, equipment, etc).
During initial planning you should obtain as much
information as is available about the project. Details
may be lacking until the initial evaluations have been

made, but any information such as preliminary
sketches can be helpful.
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Many projccts rcquirc e multiple ¡tagc
invætigtion. The th¡ee basic st¡gcs rre:

. hcl¡minåry o¡ Recor¡n¡is¡¡ncÊ St¡gê

o Desig¡ or Feasibility Stage

o Final or Control Stage

A fourth stage, monitoring, m¡¡y Þ necessary
during actual construction to assure th¡t thc sctua¡
foundation ruterials found are tho,sc indicated during
the desigt stage.

2.3.1 Reconnaissance Staç

During the recon¡aissance stage all dåta obtained
should be used in the prelirninary desigfi estimate to
evaluate the engineering and economic possibilities of
the project and to determine crhether furthcr soil
investigations are justifìed. The reconnaissancc stagc
should include as a minimum the following elements:

o Review ofplans to date

. Review of data from records, rcports,
photos, etc. (See Appendix B)

o Visual examination of lhe site, preferably
from the ground, but altcrnatively from the
air. (See also NACE Action Guide, z{enlal
Photogtzphy)

r ldentification of surface geology, land
forms, and surface soil types, Surface
geology can usually b€ estimated by uæ of
geological maps for a given area. l¡nd forns
(topography) and terrain can be idcntifìed
on site and with the aid of topographic rnaps
and air photos. Drainage patterns shor¡ld be
noted.

. Existing cuts and natural slopes should bc
studied. Such inform¿tion can bc useful in
identifying soil types (clay, sand, rock) and
the amount ofsurface weathering

o Reúew old and existing highway problems
with maintenance foreman

. In some cases geophysical methods may be
used at this stage proúded they are planned
by an experienced specialist. (See Sections
4.1 .6 and 4.1.7)

6

2.3.2 Dosign and Feasibility Sogs

The design and fcasibility rtage will cxpnd rnd
confi¡m information obtained in the rcconn¡iss¡ncc
¡tage. As a minimum, the inræstigator rhould:

. Revics rcsults of¡econnaiss¡ncc st¡gc

o ldentify posible engineering problens; i.c.,
if deep cuts are planned in a highway projcct
it is important to ¡ocate posible slip planes
by ¡ccurate¡y identifying and plotting the
loc¿tion of materials with lory ¡hear etrcngth
¡nd areæ with *atø rccpage

. lnclude the following ite¡rs in thc fìcld
i¡rvcstigations:

- loc¡tion of proposed tcst holes and test
pits

- orde¡ in which holcs and pits arc to bÊ
døveloped

- de¡hs to which holes ¡nd pits will
cxtend

- kinds of samples required

. Summarize the information obrained,
including inputs from the reconnaisance

To perform the above work, using thc services of
other public agencies may be desirable. That is, largø
agcnciæ such as the state highway department csn
perform subsurface explorations for a county
according to an established schedule of charges. It is
your responsibility to see that whoever doæ the work
is qualified and has the rcguired cxpcrierrce and
cquipm€nt.

You may want to combine thc derþ rnd
reconnaisance stages into one expanded desþ
investigation. ln all probability, a lìnal stage will bc
nccessary to clarify qu€stions left from the fìßt
rtagds) and to sharpen up some information needed
for design.

2.3.3 Final Design Staç

The object of thìs stage is esentially to fìll in gap,s

in information developed earlier. Additional samples
may be required or better def¡nition of the ¡oil
prolìle may be necess:rry. Close coordination with thc
desígner is required in planning this stage. However, if
suflìcient information is available from the previous
stages, this stage may be climin¡tcd.
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Having considered the planning and
implementation of soil exploration, a discussion of
ti¡e properties of soil is in order. Soils may be

corsidered engineering materials; and therefore, the

county engineer should know something about its
physical, óhemical and mechanical properties.

The important soil properties are:

o Shear strength

. Compression arid consolidation

r Permeability

o Plasticity

o Volume change

¡ Thermal characteristics

o Chemical properties

Each ofthese is discussed below.

cut or fill slope can resist slides, the pressure against a

retaining wall. In most cases, except for
embankments, shear strength tests will be made on
undisturbed samples. Tests are conducted in a drained
and undrained condition depending on the conditions
developed in the field.

The shea¡ strengh of a soil is the result (sum) of
friction between the particles and cohesion. Most
fìneArained soüs, primarily clay (and to a lesser

extent, silts), develop most of their shear strength
from cohesion. Granular m¿terials, and clean sands in
particular, develop strength from friction between
adjacent particles.

Shear strength can be measured in the laboratory
by direct shear tests and by triaxial shear tests. The
shear strength ofcohesive soils may be determined by
the unconfined compression tests (American Society
for Testing and Materials-ASTM-Designation D 2166)
and in the field by the vane shear tests
(ASTM-Designation D 2573). See Appendix C for
further ôiscussion of strength values.

3.1 SHEAR STREI{GTH

Shear strengh is the property that enables

material to remain in equilibrium when its surf¿ce is

not level. All solids exhibit this property to some

extent. Shear strength is the major structural
property of soils. It is the property that determines

the bearing capacity of a footing, the angle at which a

3.2 C0MPRESS|0i| At{D

c0l{s0LlDATl0tl

TIre term compression is usually used to denote
the total change in height of a soil mass due to
applied loads. Observations show that when a load is

applied to soil, the volume decreases. Since the
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individtul rcil grains rrc for ¡Il practical F¡rpoces
incompressible, the change in volume nn¡st be duc to
¡ decre¡se in the volume of the voids. If the soil is
dry, the voids are fìlled ç,ith rir, tnd the volume
change will dcpend on the rcarrangement of thc
particles, which can be both. shea¡ strengthdep?ndcnt
and structuredependent. lf the soil is saturated, the
voids are filled with incompræsiblc water, and the
water must flow out of the soil mass beforc the soil
grains can rearnnge themseþes. In soils of low
permeabilìty, this procas requiræ a time interv¿l for
completion; hence, the rrcvønent occûrs slædy.

The term co¡tsolidation is the ti¡r¡e lag associated
with the volume change under an applied load. The
application of a stres to any material will carse a

corræponding movement. For common construction
materials such as steel or wood, the movement occurs
simultaneously with the application of stress. In
contnst, fine-grained soils will usually exhibit a

measurable time lag between the application of a

stress and the resulting movement. It is most
noticeable in saturated or nearly seturatêd soils of
low permeability.

Both properties are determined in consolidation
tests (ASTM-Designation D 2435) usually performed
on undisturbed samples. Interpretation of the test
results depeuds on the thicknes and prescnce of
layen of sand or other drainage layers which can act
as escap€ ch¿nnels for the water being forced out of
the compresible layer.

Consolidation and cornpression cocffìcients are
uæd to predict the amount of settlement and rate of
settlement for building foundations, bridç pien, high
fìlls or embankments. Excæsive settlcment often can
be avoided by keeping the ¡oil loads less th¿n the

'weight of the overburden to be removed in order to
build the foundation. In some cases preleding of the
found¿tion area well in advance of construction will
provide sufficient preconsol¡dation to adequately
minimize differential and total settlement after
construction is completed.

3.3 PERMEABITITY

To the ¡oils engineer, permeability is the property
of a soil which pcrmits water to flow through its

I

pores. Coancgraincd so¡ls have a relativcty high
ooemcicnt of permeability and fine-graincd (ritts and
clays) have a low coefûcient. Sm¡ll volumes of fì¡¡c
grained matcrials can signifìcantly rcducc thc
permeability of otherwise pcrmeable coarsegnincd
materials. Permeability rm.rst be known in ordcr to
compute the quantity of x,ater that will flow through
r given soil layer. It is used in problems dealingwith
drainage; e.9., subsurface drains for highways or
¡i¡fìelds or in dewatering areas under corutruction.

It b imperative that thc foundation mgineor or
pâvement desigrer know where the pcrmeablc rnd
irnpcrmeable layers are at å given site, including
potential æepage layen which will be encounte¡ed in
cuts and in foundation cxcavations. In a great many
cases, it is not only practical but necessary to modify
the seepage paths and w¡ter table by termporarily ø
permanently intemrpting the natural flow ch¡nnels ¡t
a site, by lowering the water table.

3.4 PtASTtC|TY

One of the distinguishing properties of cohesive
soils is their ability to undergo large strains úthout
rupture. This property is termed plasticity, and it is

unique to fine grained soils usually referred to as
clays. Howevø, grain size by itself cannot be used to
differentiate between plastic and non-plastic fine
grained soils.

For any particular plastic soil, the amount of
plasticity is a function of the water content. If ¡
clayey material is uniformly mixed with sufñcient
watef, the result is a lìuid-like riatefial which will
deform freely urider very low levets of stres. The
rvater content at which measurable shear strength
becomes apparent is called the liquid limit. As the
water content decreases, shear strength will develop
to the point where very small strains will cause
fracture. The plastic limit is the walcr content åt
which a l/8.inch diameter thread may be rolled
without crumbling. The difference in water content
between the liquid limit and the plastic limit is called
the plasticity index @I).

The principal application of such limits is in the
clæsification of soils to identify the plasticity of the
clay frrctions.
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3.5 YflLUiIE CHAIIGE

Froquently, volume changes occur due to
deformations in soil masses without any apParent

application o¡ removal of external loads. They may

be cauæd by at least two different phenomena. For

example, the lowering of the ground water table in an

area would result in increased soil stresses which in

tum are effective in producing a volume change

within mmpressible layers below the original ground

water level. This can lead to the settlement of fills or

struclures at or near the surface.

In other instances, volume changes may be the

result of what is known as shrinkage or swell
phenomena.. Shrinkage and swelling are more

pronounced in the fìne grained soils, especially clays

and most particularly clays of a particular

nineralogical composition: e.g.-bentonite-
Fortunately, (in the United States), most soils with
high volume changes occur in belts or regions that are

well known to soüs engineers. This volume change or
potential swell pressure can be measured for specifìc

soils by consolidation tests, by the CBR (California

Bearing Ratio, see Appendix C) or resistance value

test procedures used by highway departments.

3.6 THERÍTIAL PR0PERTIES

tn the design and construction of highways or

foundations, care must be taken to avoid possible

damage as a result of frost action. Research has

indicated that frost susceptible soils include all

inorganic soils which cont¿in greater than three

percent by weiglrt of particles fìner in size than 0.02

millimeters.

The posibility of frost heave and the melting of
icc lenses must be taken into consideration when

trying to avoid posible frost related structural
damage. Frost heave can cal¡se pavements to deform

inegrlarly and footings to move while the melting of
ice lenses will cause a loss of strength resulting in an

unstable soil condition.

Ice layen or lenses will gow in the soil when

freezing temperatures are Present, when the water

table is close enough to the frost line to feed the

growing ice lenses, and when the soil characterbtics

a¡e favorable to the rapid movement of capillary

water upward from the water table. It is therefore

v€ry impertant to utilize subsurface soil investigations

as well as laboratory tests because they will determine

the location of the water table as well as the

characteristics of the soil. The temPerature

information c¿n be obtained from various state and

federal agencies.

3.7 CHEMICAT PR(IPERTIES

Little information is available to the engineer on

the inftuence of a soil's chemical properties on its
physical properties. It is known that the chemical

properties can influence the volume change of clay or

to stabilize clay with admixtures. It is also known the

portland cement concrete can be adversely effected

by the use of alkali aggregates.

In a different way, it is known that certain soils,

due to their chemical properties, will accele¡ate the

corrosion of metal pipes, i.e., culverts, etc., which are

placed below the surface.

Consultants as well as state and federal agencies

c¿n advise you of problems which may be associated

with cheimical properties. Be sure to make inquiries to

ascertain iflaboratory tests would be useful.
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4. C()I{DUCTII{G TIE SUB$URFACD S()II EXPMNATI(}II

Ïhere a¡e måny ways to conduct the actual field
work. The choice will depend on the scope and the
specifìc objectives together wirh the planning
suggested in Chapter 2. Obvioudy, availability of
both funds and equipment will influence how the
work is to be accomplished.

The importance of the ñeld work in subsurface
explorations c¿nnot be overemphasized. Experienced
supervision becomes extremely important in choosing
methods, locating and logging holes, identifying
materials, and in obtaining proper samples. lf lìeld
testing for in-place shear strength or permeability is
planned, the superúsion will be even more critic¿I.

who can provide the necesary equipment and
cxperience.

4.1.1 Test Pits

{.t ilETH0DS

As already indicated, the methods or tcchniques
for a soil investigarion vary from digging a hole to
highly sophisticated procedures involving geophysica.l
techniques. The method sclected will depend on
objectives, on available equipment, and to some
cxtent on the laboratory tests which are necessary for
dcsigr. Sercn methods are discussed below, lìve
require penetrating into soil and rock and two ar€
gcophysical procedures. Even though the geophysical
mcthods rnay sound complicated and overly
lophisticated, you should be aware of their use and,
vhen appropriate, avail yourself of local consuttants

r0

The most obvious method of finding out what lies
beneath the surface is to dig a hole and see. Holes
large enough to p€rmit visual inspection ofsubsurface
soil profiles arb called test pits. They nuy be dug by
hand or by excarating equipment. Test pits arc
comparatively inexpensive, but the depth to which
tcst pits can bc dug is rather limited. ln soils with
little or no cohesion, ,the sides must be sharpty
sloped. In cohesive soils, bracing rnåy be required
belo¡rr a depth often feet. At depths of 20 ro 30 feet,
bracing usually must be continuous, and the
rdvantage of úsual e)Gmination is lost. Bracing must
be done in conformance with state and fedeia.l safety
'codes. Test pits provide an excellent way of looking
at the soils in place, and for obtaining undisturbed
samples. If the test pit is shallow and c¿n be dug by
hand, it is less expensive than bringing drilling
eguipment to the site.

4.1.2 Probing

Probing or a sounding, is an inexpensive way of
finding bedrock and of identifying zones of relatively
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roft or firm roil layers. Probing r¡rethods can be

"¡nsifìcd by trro æchniques; i.e., st8tic tnd dynamic.

Jt¿tæ mcthods giræ useful information on

thc ælative stiffness of cohesive soils. The

cquþnrcnt consists of a dender conical
pcnctration point. The point is fastened to the

lower end of a string of drill rods and is forced

into the rcil by means of ¡tatic weights. A
æcord of the load versus penetration and time

¡¡c used to compare and identify differcnt
z)nc3.

Dyttøttíc methods are more commonly used.

In general, the cquipmcnt consists of a conical
pcnetration point attached to the cnd of¡ solid

rod fÌtting close within a pip€. Points arc often
of lrrger diameter than the pipc to climinate
the effcct of friction along the pipe sides.

P¡obcs arc forccd into the ground by a fdling
weight or rnechanical hammer. The energy is

constant, and a record is kept of the number of
blows per foot of penetration. The outer pipe

rl¡ould follow the probe down. ln some

r¡tu¡tions, this will occur duc to thc wcight of
thc pipc; sometimes it must be driven. The rod
and pipe are always recovered, but the point is
considered expendable.

Somc typical probc points ue Étosn in figurc tl-t.
Although my numbcr of pointr rn¡y bc uscd, it ¡
bcttÈr to pick onc partioilar rtup urd úay w¡th it.
C.orrelations with borings bcco¡nc moro mcaningful if
one probe typc is uscd thmugþout the county.

If probing ir uscd, you drould drc plan on one or
nrore borinp in the ¡ame area, By comparing
information from lhe boring with the ¡esults of
probings, you will bc able to interPret the rcn¡lts of
the probings more specifically. After probing has

bccn uæd in spcifìc geographic areas, it is posible to
cxtract more and more useful information on the

location of known soils in a particular location.

Thc most widely used dynamic probing tecinique
is the soc¡lled Standard Penetration Test (SPT).

Unfortunately, thcrc is more than one kind of test
with this dcsignation. All tests utilize a drop hammer
to drive the sampler, with the number of blows

required to drive the samples 12 inches, designatcd as

the standard penetration count or blow count. One of
the more common standard penetration tests is
dcscribcd in AASHO (American Association of State

Highway Oflìcials) Test Method T 20ó'ó4 (See

Bibliography). You should refer to this procedure and

correlate with $¡bsurfac€ conditions which have been

e¡tablished.

fi¡urc 4-l

TYPICAL PROBE POINTS

It

1.4'
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lbc mrjor disady¡¡ntsgcs of probing are:

o thc point can bc stopped or rignifìcantly
influcnced by m isolatcd rock or bouldcr

I Althoudr ¡ ¡oft or weak leyer c¡n be
Ëentifìed, it is rieky to conclude that such a

condition i¡ due to looæ sands or granular
m¡tcrials, or due to soft clays end silts

o ln fìnefrained ¡oils, thcre rnay bc an abrupt
dtange in driving resistance below the ç'ater
tablc

o Probes are virrually useless in glacial depo3its
or in vcry coarse granular deposits

Ítgutt *2

PORTABLE AUGERING EOUIPMENT

12

4.1.3 Auçriq

Augerr rrc vcry offcctivc in cxploring ¡ubsu¡face
conditions. Either hand operated or næchanical
auter3 can bc used, dcpending on the situation. Hend
auBen¡ or post hole ditgers range in diameter from
four to eight inches ¡nd can be used when appreciablc
quantitics of soil a¡c ncoessary for laboratory testing.
Small hclix type augers can be used for visual
examination and preliminary depth idcntifìcation.

The advantages of mbdranical augers ¡rc their
rpeed end mobility (See fìgure 4-2). No drilling fluid
ir rcquircd, urd a drilling rig may be set up rnd taken
down in minutes. When the lead auger is equipped
with rock heads, it is posible to work through rcft
rock and gravel. (See fìgure 43)

For most conditions, augering cannot be used
bclow the ground water level unles special provisions
¡rc m¡de to contain thc soil. Some clays can be
rugered below the water table, but you have to
cxperiment to fìnd out if this equipment can be used
in ¡uch cascs. See Section 4.4 for more ¡nformation
on augering.

¡L1.4 Wadr Borings

Wadr boring is a method used by well drillers and
is also uæful in soil investigations. Heavy pipe
(cas¡ng) is driven into the ground. A chopping bit is
lowered in the casing with hollowed drill rods. lVater
is pumped through the drill rods, coming out ar the
ôopping bit. The bit is lifted, droppcd, lifted,
rotated and dropped. The water carries the loosened
roil particles to the surface. At the surface, a portion
of the w¿te¡ can be diverted ¡nto a s€ttling vess€I.

Periodic sampling of the water will provide sonrc
indication of the material being encountered.
Accurate estimates of the depth and extent of
material are not possible; however, the method is
r¡scful æ an indicator of subsurface materials and is
parlicularly useful in getting through coarsearained
rn¡terials.

It ¡s worth cmphasizing here that the need for
cxperienced field supervision is very important. Talk
with your fìeld people; be sure they know what you
want; put it in writing!

l
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Drilling Headr for Augoring Through Soft Rock lnd
Gr¡vel

¡L1.5 Rotary Borings

In thi¡ mcthod, the hole is advanced by the rapid

rotation of the dritl bit and by the eroding action of
thc drilting fluid sumped through the rods. Bits are

rvailable to work in materials ranging from sands to
ha¡d rock. Thc unit is power driven and usually truck
rmunted. Rotary drilling is similar to the wash boring
proccdure cxc€pt that onc drills and one chops,

ln order to prevent the sides of the hole f¡om
caving or sloughing, it may be neccssary to case the

hole or to uæ driller's mud, a special mixture of clay

¡nd water plus some chemic¡ls, whcn nrccssåry.

Rock coring is a spccid application of rotary
drilling. Special bits are necessary for coring into
rock, depending on the kind ar¡d hardness of the

rock.

4.1.6 Seismic Refrastion

Scismic ¡cfraction consists of creating sound or
úbration waves within the earth, usually by
cxploding small drarçs of dynamite buried three to

fou¡ fect bcnc¡th the ¡¡¡¡f¡cc and næroritq thc titæ
of tnrcl from thei¡ point of or¡gin to c¡dr of *ænl
dctccton. Sci¡¡nic ¡cf¡action b most oftcn u$d in
prcliminary pharcs of e rite invesrþtion or u r
tcdrniqræ to nrpplenænt boringr by cxtending soil

profile information. tn rough tcrrain imolúttg
nuíËrous dccp cuts, æinnic proc.cdurcs mry bc m
cconomic¡l rmthod of obtaining the rock profìlc. For

the cxpcrienced operator, no difficulty dtould occr¡r

in distinpishing between soil and rock; in romc crscs'

rscful infornution can be given on the draracteristics

of both materi¡ls.

a.1.7 Etü RedstivitY

Many of the materials making up the earth'¡c¡¡st
can be identilied, in some degree, by their re¡ction to

thc flow of olectricity. The electrical rcsistance of the

roils may be uscd for locating, at least in a

preliminary sayr the identity of n¡bsurfacc

formation.

Thc procedure is fast, Portable and ælatively

cconomical. The technique depcnds on the sbility to
corrrlate measurements with ¡ctual profìlcs in lhe
general arca. As with scismic proccdures, clectrical

resistiyity úrould be used only with a full
understanding of the technique.

4.2 t0cATll¡G AilD SAllPul¡G
BflRII¡GS

tocating and obtaining test samPles from borings

rnd tcst pits will depend on the engineering problems

i¡wolved. For example, slopc rtability for cuts,

bcrring capacity for ltructurc foundations, or

rcteining-wall Prcssr¡le will require the determination

of in-situ shcu strength at c€rtain locations by testing

undistwbcd samples. Samples for pavement desiglt'

slope stability of fills or for borrow materials cân be

obtained from distu¡bed samples dong the alþment
for thc rppropriate tests on rcmolded nuterials'

t3
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Subsurface information strould be obtained in a
planned systematic way. The locating of test holes,
rampling, and fìeld testing strould be carried out
urder standa¡d procedures with which the fìeld crews
can become familiar. Also, boring and test pit
locations should be thoroughly surveyed prior to
actual fìeld work. Hole locations should be staked to
indicate hole number, with coordinates or stationing
for locations, and with the ground elevation shown.

Usually ground elevations to with t 0.1 foot are
sufficient. Depth below the surface can be measured
from drill rods or casing.

Boring sites should be located within t I foot. The
actual boring can be varied from the staked locations
by ! 2 feet. Should holes be relocated from an
original site by a greater distance than 2 feet, notation
st¡ould be made in the fìeld reports and on the boring
logs.

t¡blc ¡l-l

SAMPLING PROCEDURES

Genc¡¡l Procedures

o Uniformity of the subsurface conditions, more than any other factor, determines the-f¡nal number of borings
required. Check borings, intermediate to those included in the initial plan. strould be provided for in the
budçt unless previous experience in the area makes this unnecessâry.

C When borings must extend more than a few feet (t0 feet), it may be desirable to use geophysical procedures
(seismic, resistivity| to reduce the number of required borings.

o When rock is encountered at shallow depths, additional borings may be required to adequately develop the
rock contours,

o The size of und¡sturb€d samples does nol follow any specific rule. ln most cases bg-lb. sack samples are
adequate for testing' smaller (iar) samples are somet¡mes useful for display purposes and in writing the final
report.

o Bucket augers are very effective in obta¡n¡ng large samples in potential borrow areas.

c For borrow areas, explorations can be of two types:

- specific exploration to find select materíals needed for road construction, filter beds or drains, etc. The
exploration need only be carried on unt¡l enough material has been located to satisfy n€eds

- general exploration to determine extent and type of material available in the area

O Location of borings should be based on an evaluat¡on of landforms.

Structures

o Standard umpling intervals should be defined, For example, ¡t may be the policy to såmple each 2 feet to adepth of 15 feet below the proposed footing and then såmple at 5 foot intervals. continuous sampling may be
feasible. depending on equ¡pment being used.

o For foundation ¡nvestigations core borings shall be at least 1o feet into bedrock. The percent recovery into
bedrock should be at least 75 p€rcent.

O One boring per bridge foot¡ng is normally adequate in weathered rock.

t4
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4.3 SAiTPU|G PR0CEDURES for highways. However there are several general

guidelines that can be used for both types. This

section outlines general procedures for each case. (Sce

table +l) Additionally, suggested depths for
structures are shown in figure 44.

Specific umpling procedures vary for those used

for st¡uctures (bridges, buildings, culverts, etc') and

15

(tabl. +1 continued)

o One boring per bent will suffice in areas underlain by bedrock.

o One boring for every bent (up to 60.foot spacingl will be adequate in uniform strallów water depos¡t3.

o An extra boring can be made at the center of each end b€nt or abutment.

3 One boring for each spread footing is suggested.

HighwaYr

o Borings for highway exploration are usually made at intervals of 500 to 1 ,500 feet, depending on unifcrmity

and çneral familiarity w¡th the site. Supplemental borings may be made along the side of the proposed

roadway as local cond¡t¡ons dictate.

c Where unstable surface materials exist, such as swampy soils. borings are often on 50'100 foot intervals. These

borings strould be of sufficient depth to determine the extent of the unstable conditions.

o ln flat alluvial deposits, a minimum of borings will be required.

C Forsideh¡ll construction,boringswill frequentlybeçacedat500-footintervalswithaparallel lineoneither

side of the center line at 1,000'foot intervals.

c For highways, AASHO (AASHO Number T 861 recommends that borings be carr¡ed to at least three feet

below the proposed grade line. Some organizations recommend five feet as a minimum. AASHO also

recommends:

- when the road lies within uniform layers of soil profile, the borings *rould extend to the first layer below

the ditchline or planned subsurface drains which would intercept s€epag€ waters, or through a pervious

layer which would carry water

- when fill material is to be borrowed from ditches along the road, the borings strould extend to the

estimated depth of borrow

- in areas of frost penetration, the borings should extend to the mean depth of frost penetration

- when the locat¡on line follows an existing road for which previous explorations have b€en made, the soils

may be mapped by examining exposed materials and by supplemental borings, especially in areas of adverse

pavement performance. As a general rule, the above suggestions apply to with¡n three to five feet of the

depth below pavement grade

O One very good and relatively inexpensive method of exploration for highways is with a backhoe or bulldozer.

Eoth procedures provide a shallow test pit. Visual inspection is permitted and large sack samples can be easily

obtained.
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4.{ SAùIPLIIIG TECHIII(IUES

The previous lcctions discus rarious mcthods by

rúridr borings or test Pits can be made. ln addition to

holes m¡de strictly to probe nrbsurface conditions,

boring may be made to obtain samples of subsurfact

m¡teri¿ls. These samples can bc used for visual

idcntification of various strata and for delivery to

tcsting laboratorics rrhere specilìc tcsts will be

pcrformed.

Dry borinss a¡e use ful for accurate ompling and in

identifying the depth and thicknes ofsubsurface soil

layen. The method is comparatively expensive. The

lcas! expcnsive is a medranical auger inside a pipe'

Uncased auger holes may be used to sample drallow

dcpths when ground water and caving soils are not a

problem. Bccauæ of mixing action, continuous auger

sampling is not satisfactory for accurate examination,

dasil¡cation and logging purposes' Samples and soil

descriptions of borrow materials may be obtained for
*rort depth intervals if the entire flight is brought to
the surface for removal of all materials. Cohesionless

rcils cannot be rcadily sampled by using augers.

Special sampling tools (spoons) with one way flaps

a¡e useful in obtaining samples of these materials.

Therc are any number of these tools available, and

their selection wiU be a matter of local preference.

Øntinuous vmpling is ældom done because of
the expense. Samples are taken at intervals of
approximately three to fìve feet depending on

experience in the a¡ea. Samples strould be taken at

every drange in the soil properties. Observations of
auger cuttings can be used to identify a drange in soil

prop€rties.

Samples ue generally placed into twQ categories:

disturbed and undisturbed samples.

Disturbed sntples. Disturbed samples are those in

which the in-place condition of the subsurface

¡nateriat has been destroyed. These samples are used

for visual identification a¡rd for labo¡atory tests when

pcrtinent to the scope of the investigation. They are

obtained by using either a hand auger or rotary or

Power augeni.

The simplest method is the hand auger which is

widely used in subsurface exploration. Hand augen

can be used to depths of 15 or 20 feet and sometimes

to rvËn grcater depths, if ¡ubsurfacc conditions

pcrmit. Thc rate of progres c¡n be slow, particularþ

if l¡¡gc dzÊ amples rrc rcquiæd. Thc auger bit is

unrally ebout 6 to 12 inchcs long, and æasonably

rprcscntative samples can bc obtained by monitoring

the rstc of ¡drancement with c¡dr inærtion rnd

carcfully withdrawing samples from the holc. lts uæ

is particularly well*uited for highway rnd ¡i¡ficld
inyestigltions. [ß main disadvantages ere ¡low

progress, limited d?Pth, and it cannot be u¡cd bclow

the wrter table, especially in noncohesiw soils.

Rotary and Power augers are probably among the

rmst u¡efi¡l snd common methods for obtaining

disturbed ramples. Two major precautions to consider

rrc caving of the sides and possible mixing of cuttings

from two or ¡nore soil laYcrs.

A small tn¡ck-mountcd powcr suter unit, suitable

for most county needs, has great utility ¡n the field
(see figure 4-2). Some units have enough power to

augcr 48-inch diameter holes to depths of50 fcct (or

more under favorable conditions) while s¡naller units

will ustutly operate with four'inch dianæter augcrs.

Bucket units in the larçr diameters are also available

for obtaining large disturbed samples.

When the single'flight tyPe auger is used, the

cuttc.r head is rotated and advanced into the soil a

distance approdmately equal to the cutter head

length. The rotation is stopped, the head retracted to

the surface, and the soil examined and retained if
needed for further classifical¡on or laboratory testing.

The continuous flight auger, as *rown in figure zl-5

can also bc used with power rigs. To operate this type

of auger, the first len4h (usually three to five feet) is

rotated into the ground; a second flight is added'

rotated and so on to the depth required. Soils arc

continuously brought to the surface for visual

ex¡mination. In order to obtain any kind of
¡epresentalive sample, it is necessary to clean the

flight, advance the auger a specifìc distance, and then

withdraw the enti¡e set to the surface and remove

sarnple from lower-most flight.

Hollow*tem continuous 0ight augers have been

dpveloped that permit the taking of "drive samples"

¡nd ¡ock cores below the bottom of the flight

through the hollow stem. The hollow stem seÍves as a

casing, lining the hole and preventing the hole from

caving in, particularly below the water table in
cohcsive soils.

l7
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Continuous Flight Auger

Di¡turbed samples for foundations can 4lso bc
obtained by driving a heavy watled sampler into a

clean hole. In this procedure, various merhods (rotary
auger, ctc.) may be used to advance the hole in
incremcnts with a drive sample being obtained at
specified intervals.

IlndÍstwbed smples. Tests for p€rmeability, shear
strcn$h, and consolidation are often made on soils in
thcir natural, in-situ condition. For this purpose,
undisturbed samples of subsurface materials must be
obtained. The term can be misleading since it ¡s

impossible to remove a sample without some
disturbance. Disturbance depends on the sampler
uçd and the manner in which the sampler is forced
into the soil, lf srandard samplers designed to obtain
undisturbed samples are uæd, disturbance can be

t8

influcnccd in thc fìeld by thc ûcchniquc uæd. Driving
lhc wnpler with sorne kind of drop,ping wci,ght will
uaidly ceurc di¡turbancc e¡rd ¡l¡ould bc noidcd
*ùcn porible. Distu¡bancc b lcat wlrcn thc nmphr
ir pudrcd npidly into tho ¡oil by nrdranicrt or
þdnulic jrc&r.

The Shelby thin-walled ramplcr is the most
oornmon tool for obtaining undistu¡bed sampler. Thc
tubing i.r usrully sharpcned and drawn ¡t the
pcnctrating end to a slightly smaller diamcter than
the insidc of the tubing. For this rcason, the rample
must bc carefully extruded in the same direction it
was pushcd. Recovery of the sample without further
disturbanco can be equally ¡s important ¡s thc ca¡e
taken in obtaining the sample.

Block samples from the side of a test pit or lsrye
diamcter draft can also be used to obtain cxccllent
rmdistu¡bed samples, Hand tools and wire cutters are
¡rsed to obtain the samples. Coating with parafän and
wax will help kcep the sample in its in.situ condition.

Obtaining undisturbed samples of cohesionles
m¡terials is more difficult and requires some a¡tiñcial
ÍËans to provide cohesion. Freezing the watcr in the
sample is one method, injecting petroleum derivatives
is ¡nother. Fortunately, testing of undisturbed
cohesionless material is not as critical as for cohesive
rmterials. ln-place density is the prime information
rcquircd, which can be obtained by the careful
operation of appropriate sampling devices.

New types of samplers are constantly being
developed, so keep in touch by revien"ing the
literature and talking wirh suppliers.

{.5. FTELD tDEHTtFtCATt0t{ 0F s(ltrs

Soil and rock identifìcation is accomplished
initially in the field; in most cases identilìcation is
supplemented by laboratory tests for more ryccilìc
classifìcation.

ln the field, soils are identifìed by vínral and
quasi-mechanical tests and are described in terms of
their color, grain size, water content, plasticity and
strength,
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In discussing fìeld observations, it is important to
standardize terminologl and procedures for

ftlentification. Standardization is also of value in

conelating soil types and thei¡ performance in
engineered structures; i.e., foundations, fills'
highways, etc.

4.5.1 Grain Size

G¡ain size can be divided into six divisions:

boulders, cobbles, gavel, sand, silt, and clay. Silts and

clays require mechanical analysis in the laboratory for
g¡ain size identification. With practice, the others can

be identified in the fìeld.

Bor¡lden are rock fragments of 12 inches or more

in average dimensions. Cobbles are rock fragments

betrveen three a¡d 12 inches. Gravel is srnaller than

füree inches but will be retained on a No. 4 sieve

(slightly smaller than l/4 inch). Sand ranges f¡om the

No. 4 sieve to material retained on the No. 200 sieve

(.074 millimeters). Silt ranges from .074 millimeters

to .002 millimeters, and clay is anything less than

.002 millimeters in size.

4.5.2 Water Content

\l¡ater content can be divided into four categoties:

dry, moist, wet, and water bearing. Table 4'2 can be

rsed as a guide for classifying fine'grained soils.

Obviously, some experience is required for accurate

identífìcation. To some extent, the classifìcation

depends additionally on grain size distribution. Vistral

identification and judgment will determinc this
identifying factor.

t¡ble ¡l'2

CLASST FICATION OF FINE.GRAINED SOILS

CONDITION ESTIMATED $'ATER CONTENT
Yþ

D¡y 0. 10

Mo¡r t0.30
Wet æ-7O
Wate¡ Bearing A Wsler Producing Formal¡on

4.5.3 So¡l Plast¡c¡ty and Strengfü

Plasticity and stren$h of the ñne'grained silts and

clays can be identified by a series of manual tests in

the field, i.e.,lilatancy, dry strength and toughness. A
guide to field identification is shown in table 4-3.

Methods of preparing field samples for rapid

identihc¿tion follow.

. Ðilotûtcy. Remove the larger particles

þeater than No. 40 sieve size, l/64 inch
and larger), prepare a pat of moist soil with
enough water to make the soil soft but not
sticky. Plaræ the pat in the open palm olone
ha¡rd and shake horizontally, striking
vigorously against the other hand several

times. Very fìne, clean sands give the

quickest and most distinct reaction (see

table 4-3), whereæ plastic clay has no

reaction. (Note: For field purPoses,

screening is not intended; simply remove the

coarse particles that interfere with the test

by hand.)

. Dry Strcngth. After removing particles larger

than No. 40 sieve, mold a pat of soil to the

consistency of putty, adding water as

necess¡try. Allow the pat to dry completely
(oven, sun or fan may be used) and then test

its strength by breaking and crumbling it
between the fingers. This strength is a

measure of the character and quantity of the

colloidal fraction. The dry strength increases

with increasing PlasticitY.

a Toughness. After particles larger than the

No. 40 sieve size have been removed, a

specimen of soil about one'halfinch cube in
size is molded to the consistency of putty'
The specimen is then rolled by hand on a

smooth surface or between the palms into a

thrcad about one-eighth inch in diameter.

The thread is then folded and rerolled

repeatedly. During this manipulation, the

moisture content is gradually reduced, and

the specimen stiffens, fìnally loses its
plasticity, and crumbles when the plastic

limit is reached. After the thread crumbles.

the pieces should be lumped together and a

slight kneading action continued until the

lump crumbles. The tougher the thread near

the plastic limit and the stiffer the lump

when it crumbles, the more effective is the

colloidal claY fraction.

19
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túh+3

GUIDE TO FIELD IDENTIFICATION

4.6 Sort cLASStFtCATtot¡ SYSTEMS

In the laboratory there are three common systems
used to classify soils. They are:

o The AASHO (American Association of State
Highway Officials) System

o The FAA (Federal Aviation Agency) System

a The Unified Soil Classification System

The details of each system are beyond the scope of
this manual. Appropriate references to pertinent
publications can be found in the Bibliography.

20

Another approach used by some higþway agencies
is to classiff the soil according to strength tests. For
example, the Resistance (R-Value) or Calilornia
Bearing Ratio (CBR) values could be used to classify
the soils. This method c¿n be effective in
investìgations for highways and airports but would
not be Useful for bridge foundations, buildings. etc.
See Appendix C for additional information.

The rystem used is a matter of local preference.
However using the såme system as state and federal
agencies in your area, as well as heighboring counties,
has some advantages. With all agencies using one
system, it is posible to pool your information and
minimize on extensive laboratory test¡ng.

Characteristics Silts Clays

Dl LATANCY: (reaction to
shakingl Movement of water
in voids.

Rapid reaction. Water appears
on the surfac€ to give a livery
appearanoe when shaken.
Squeezing the soil causes

waler to disappear rapidly.

Sluggish or no reaction.
Surface of the samples remains
lustrous. L¡ltle or no waler
appears when hand is shaken.
Sample remains lustrous during
squeezing.

DRY STRENGTH:
(Cohesiveness in dry
state)

Very low. Even ovendry
strength is low. Powder
easily rubs off surface of
the sample. Little or no
cohesive strength - will
crumble and slake readily.

High to very high.
Exceptionally high if oven.dry.
Powder will not rub off úre
surface. Crumbles with
difficulty. Slakes slowly.

TOUG HN ESS: (plasticity
in moist state)

Plastic thread has l¡ttle
strength. Dries quickly.
Crumbles eas¡ly as it dries
below plastic range. Seldom
can be rolled to 1/8-inc-h

without cracking.

Plastic thread has high to
very high strength. Dries
slowly. Usually st¡ff and rough
as it dries below plastic range.
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4.7 HEID lDEllTlFlcAÏlotl 0F RocK

For most soil exploration investigations, it is not

neoessary to develop a precise field identification of
rocks. However, it is important to include at least

some information about the ¡ock encountered at any

particular site. Highway engineers in particular will
want to know something of rock type to determine if
local materi¡ls will be diffìcult to excavate or if the

rock can be used in the manufacture of aggregates for
base, portland cement concrete or asphalt concrete.

4.7.1 Rock Descriptions

Geologists place bedrock into the three broad

categories of igneous, metamorphic, and sedimentary,

according to their origin.

Igreous rocks are thoæ formed by the cooling and

solidification of hot molten materials erupted from or
trapped beneath the earth's crust. The most common

ignegus rocks are described as intrusive or extruúve as

typifìed by granite and basalt, respectively.

Metamorphic rocks are those formed by the

modifìcation of sedimentary and igneous rocks as the

result of intense pressures set up by ævere earth

movements and by excesive heat. One distinguishing

feature of some metamorphic rocks is termed

þliation, which means that the minerals are arranged

in parallel planes. These planes are zones of weakness

along which the rocks may be split much more easily

than in other directions. Examples of foliated rocks

are gneises and schists (frorn igneous rock) and slate

(strate ædimentary). Marble and quartzite are

common types of metamorphic rocks which a¡e not

foliated.
Sedimentary rocks are those formed by the

accumulation of sediment in water or from ai¡. A
cìaracteristic feature of sedimentary deposits is a

layered structure known as bedding or stratification'
Each layer can be seen to have been horizontal at one

time, although at the time of sampling may be

displaced through angles up to 90 degrees or more.

Examples of ædimentary rock are strale, limestone,

sandstone, dolomite, ctralk, conglomerates and tuff.

4.7.2 Field Techniques

Four techniques shor¡ld be used in the field
identiñcation of rocks:

a Observe luster, metallic or non-metallic

a Determine hardness of nrinerals

- 3.5 to 5.5-Can be scratched with knife

- Ove¡ S.S-Cannot be scratched with knife

- Over 6.0-Will scratch glass

o Observe color

o Observe texture (coarse or ñne-grained rock)

The following additional techniques can be

included with adequate training of fìeld personnel:

o Observe and rate fracture and cleavage

o ldentify as many ntinerals as possible

21
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5. nDp0RTn{G

Up to this point, the discussion has included the
search for published information, site investigation,
and laboratory testing. The {inal step is compiling the
information into a report to be used by the designers
during construction and as a record for future
investigations. This report will be uæful not only in
your own county but perhaps as the basis for
publication of unusual conditions or solutions.

As with most aspects of subsurface investigations,
there is no single procedure for preparing reports.
Generally, a subsurface exploration report will
contain six types of information:

o Graphical presentations of soil borings and
soil prohles

O A written report for special use of materials
or potential problem areas

o Photographs which show the land forms

o Profìles of surface and subsurface materials

O Properties, strength and grading

t Unusual problems and recommended
solutions

5.1 s0rl B0RtilG roc

The graphical presentation of soil borings is based
on the data obtained from the soil boring log. The log
is a summary of information obtained at each
individu¿l location (ar.rger holes, test pits and drive
borinp). Some of the information included in the log
is:

22

a Boring nunrber

a Boring location

o Date of boring

o Names of field personnel

o Compaction of existing ground to determine
syell or shrinkage factors

a Blows per foot to advance casings, sampling
spoon, probes, etc., plus weight of hammer

. and free fall; if chopping, the rate of advance
rnade

o Reason for terminating boring

a l¡cation of sample and type of sample
obtained

o Soil strata locations \r'ith description,
identification and classifìcation of material

o Percent core recovery in bedrock

I Ground elevation

o Footing or finished grade elevation, when
possible

o Groundwaterelevation

Some agencies provide laboratory test results on
the soil borings; some prefer a tabular summary. It
makes little difference as long as the information is
included in the report.

Figure 5-l is an example of a fìeld boring log used
by a county in California. Modifìcation of this
example should be freely explored to de.velop a log or
record that fits the needs of your county.
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5.2 Solt PR0FltE

Thc æil pofìle can be dr¡wn along either
trrÍsw¡sc or longitudinal lines. This is done by

dott¡ng thc soil borings at their true elcvations, but
rith the wrtic¡l scale cxaggerared. If materi¿l strata
uc uniform, lines can be drawn between soil borings
þ $ggest thc general subsurlace eoil profìles. If the
Érat¿ ¡pp€ar to be mixed rnd non-uniform in their
¡¡bsurface oricntation, individual holes must be
lunralyz*d, to deterrnine if sufficient information is
¡milable to interpolate between borings. The
groundwatcr elevation drould be drown, and perched
yrtø tables idcntiñed.

ln gencral the information drown on thc æil
profilc will be ¡imila¡ to that ¡hown on thc nil boring
bg Fþrc 5.2 illustratcs a rimpte roil profilc with r
limitcd ¡mount of inform¡tbn on cadr bo¡inS loS.

5.3 TAB(IRATÍIRY TEST IIATA

In rcporting the results of laboratory tesrs, ofren a
simple table or tabular iumrnary is rdequate. Such a
e¡mmary should include identifying informarion; i.e.,
rample number and location, boring number, etc., as

fþurc 5-2

BORING LOGS AND SOIL PROFILE
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well as zuch items as unconfìned compression
strength, coefficients of permeability or
consolidation, as needed, or pavement design strength
ralues.

Another procedure is to use the soil boring log as a

means of summarizing laboratory inlormation. Figure
5-3 illustrates one example of combining the boring
log (left half) with a summary of laboratory
information Gight halÐ. By using special keys or
legends, it is possíble to put all of the pertinent
laboratory information on one drawing readily
available for design determination.

laboratory personnel and the designer should be

consulted when settiug up the reporting forms. The
Bureau of Reclamation Eørth Manual or AASHO's
Manual on Foundation Investigations present

excellent reporting forms.

5.4 RECOMMEI{DATIÍII{S

Most subsurface soil exploration reports will
contain specific recommendations relative to the
structure (building, highway, etc.) for which the
investigation was made. For many counties. this may
not be possible simply because stalf is not available to
make the necessary analyses and evaluation. If the
county uses consultants, the following tabulation
summarizes the type of information you should
request from them:

Foundations

3 Footing elevation

o Strata upon which footing will rest

o Allowable bearing capacity

o Estimated settlement

o lVater table location

o Subsurface drainage

Fith

o Settlement of the foundation

o Fill stability (inclination ofslopes)

O Drainage

o Special keying requirements

o Need for streets

Highways

o Pavement desigrr, i.e., thickness of surfacing,
base and sub-base

o Placement of borrow materials

Drainage

Depth and extent of unstable soils

Citt Slopes

a Inclination of slope

o Drainage

o Need for benches

¡ Placement of cut materi¡l due to physical
and chemical properties

Pile Support

Type of pile

Iængth of pile

Allowable pile loading

5.5 SPECTAL C0ilSrDERATr0ilS

You and your staff should be familiar with reports
which deal with specíal solutions to unusual
problems. For example, California, for many years,

was experiencing large numbers of slope failures
through cut areas. Investigations indicated that the
major problem was the collection of water along
zones of material which become unstable when wet.
The answer was to drill horizontal drains into the
sides of the'cuts in order to drain away the water.
Fþure 54 shows a typical installation on a county
road. Another example is the use of s¿nd drains to
stabilize marshlands and to convert unsuitable terrain
irito stable areas. Preconsolidation procedures can be

used for the same purpose. For highways, chemical
(lime) stabilization of otherwise unstable subgrade
materials can convert on.site materials into base and
sub-base quality material. Substandard aggregates can
b€ utilized by means of asphalt and cement
stabilization. These are just a few of the possibilities
available to the well-informed county engineer.

o

a

o

a

a
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fhur¡ 54

Horizontal Drains Used to Stabilize C¡¡t Slop¿

To be able to make recomnpndations, you should
kcep up with technolory by maintaining contact with
æscarch agencies. The Highway Reæarch Board of
the National Academy of Sciences, the American

Society of Civil Engineers, and the American Society
for Testing and Materials are excellent sources of
uptodate, uscful material.

n
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Collection of soil samples during a material survey in Malaya (courtesy TRRL),
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HIGHuIAT SERIES

fietd idenlificalion
of soils and aggregates

for county roads

D, G. Shurig
Research ¡{ssociate

snd

Iean E. Hittle
Highway Engineer

Engineering Experirnent Stc¡tion

¡rurdue r¡niversity o lafayelle, ind.
I

I

I

I

I

l

I

NOTEj Thfs text has been reproduced with the
permdssion of the Purdue University Flrtgineeríng
Experiment Station.
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I. INTRODUCTION
Purpose and Scope

The pri'rary purpose of this bulleti' is to provide i'struction
to Indiara courlty road personnel o' rati'g the quality of soils a'd
pit-run materials usecl in the construction and maintenance of county
roads. A systenr of soil classifrcation is presented which provides
the county highway engineer, road supervisor ancl inspector arike,
witlr a cot,inon lattgrragc for identifyi'g soil types, properties ancl
problenrs.

Identificatior of a soil by the systenr outlined ir this bulletin
r¡'ill do nruch to e'aluate it. The prolxrties ancl 1>roblenrs of various
soils deternrine<l Previonslv lly engìneers ha'e been recorded. There-
fore, the identifrcation of a soil tells much about how it will : (1)
drain, (2) carry loacls, (3) react to frost, and (4) be most effec-
tivel¡, co'rpactecl. This i'for'ralion, of course, is basic to the cor-
struction and nraintenance of strong, durable roads.

Chapter lI of this bulletin, "Soil Contponerlts, Properties an<l
Identification Tests" provides instructions on the identification of
soil components, based on their physical properties as deternrinecl
by visual exaurination ancl si'rple hand tests. Five soil components
are defined, along with their size ranges, pro¡rcrties and sirnple
hand tests for identification.

The Unified Soil Classification System is presented in Chapter
III. This s)'stem is easily learned and is widely used by the U.S.
Army Corps of Engineers and other public works agencies. The
classification recognizes l5 basic soil groups; however, only seven
or eight of thesc cor-nnronly occur here in Indiana. Defiuitions,
u'ord <lescriPtions and classification sy'nrbols are sullrlrarized in
Chart l-Unified Soil Classifrcation S1'ster.n, at the end of Chap-
ter III.

Chapter IV, "Field Iclentification Proceclure" outlines instmc-
tions and procedures for identifving each of the 15 soil groul)s,
using visual exanlination and sinrple hand tests. The soil identifica-
tion process is sumtuarizecl in Chart II-Soil Identification Pro-
cedure at the encl of Chapter I\'.

Chapter V, "Field Tests for Aggregate l\faterials" outlines addi-
tional fielcl identification tests. These "indicator" tests are mainly
for pit-run gravels and sands but can serve for both identification
and general quality evaluation tests. Guide gradirlgs are presentecl
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for gravel base and surfacing aggregates. Tests to indicate the
relative amount of fines and relative plasticity of fines are also
outlined.

In the last section, Chapter Vl, "Rating Soils and Aggregates
as Road l\'laterials," the 15 soil groups are rated with respect to
their inherent properties as road-building materials. Each soil
group is ratecl for its: (1) load-carrying properties, (2) drainage
properties, (3) frost properties, and (4) compaction properties.

Btrilding strong durable roads that are safe and economical is
a universal goal of county highway departments in Indiana as well
as elsern'here. Achieving this goal has alu'ays been a diffrcult task,
rnainly because of inadequate f unds. However, central to the
proposition of building strong, durable. economical roads is the need
to evaluate the cluality of roacl-building materials, especially sub-
grade and base course rraterials. This bulletin is intended to serve
this need and hopefull¡' rvill assist Indiana county highway de-
partments in acliieving their goal of stronger and more durable
county roads.

Limitations of Field ldentification Tests
The relatively simple hand tests on soil materials outlined in

this bulletin have l¡een developecl solel1' for tl.re purpose of identify-
ing pertinent properties of soil materials, Tl.rese tests are used
widely in prelinrinary soil srlrve)'s ancl soils exploration to provide
an indication of the t1'pe and anloullt of laboratory testing needed.

It l.nust be stressed that the field tests outlilled here are' only
"irrclicator" tests: thel' ora not applicable to clesign and control of
rrrajor coustructio¡r projects. I-ikeu'ise, these tests ore not intended
as a substitute for standard specifrcation tests, covering comn.rer-
cially processed aggregates, either purchased by the county or used
in contract construction or contract maintenance.

In order to learn the soil fielcl tests. county road personnel
should begin u,ith soil materials that have l¡een previously tested
and classified in the laboratory. Test instruction by an experienced
soils technician or engineer is reconrnrencled.

Suggested Reading and References

The Unified Soil Classification Syster.n included in this bulletin
was developecl and is widely usecl by the U.S. Armv Corps of Engi-
lleers. The systenr has also been aclopted by several other public
works agencies. The proce<lure for soil classification, by this systenl,
incltrdes both field and laborator-t' r.nethods.

The procedure outlined in this bulletin emphasizes the field
identification method, mainly becanse the sirnple field tests seer¡
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better suited to the needs of Indiana county highrvay departments.
Tl-re laboratory methods require more tirne and involve r.nore precise
equipnrent and testing techniques. Therefore the following list of
publications are inclucled as suggeste(l reacling and reference for the
cor-lnty engineer, highrvay sulrcrvisor or inslrcctor who desires to
l.¡roaden his knowledge or.l nrethocls of evaluating soils and road
materials.

(1) Soi/s Engíncering, Section 1, \'olur.ne 1, Chapter I-V, Student
Reference, L-.S. Arnry Iìngineer School, Fort lìelr'oir, Virginia,
revised Octolxr 1969.

(2) Unificd Soil (lassif.cation g\5¡srrr, (A Supplenrent to the Earth
\lanual), U.S. Bureau of Reclamation, Denler, Coloraclo, \{arch
1953. [.\n excellent reference dealing only rvith the L]nified
Soil Classihcation S1'stenr.l

(3) Soil Tcsts f or )lilitary Construction, by Ilajor George E.
I3ertram, U.S. Arnt,r' Corps of Engineers, published by Ameri-
can Road Builclers Association, \\'ashington, D.C., Tech. Ilull.
No. 107, lìelrrinted 19ó0. [A good reference on rourine soil
tests: rrell illustratecl; eas)' to follou' ancl rrnderstand. 

I

(1 ) PC-4 Soil Pritncr, Portland Cenrent Association, Chicago.
Illinois.

(5) Soils flonttdl (for Design of Asphalt Pavenrent Strucrures),
The Asphalt Institute, College Park. ìlaryland, April 1963.

Both the Åsphalt Jnstitute and PCA publications provide ex-
cellent fuirclanrental data on the engineering properties of soils,
soil profiles, soil sanrpling, ancl pavenrer.rt clesign relatile to soil types.
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II. SOIL COMPONENTS, PROPERTIES AND
IDENTIFICATION TESTS

The identification of soil components in this manual is. based

on their physical properties as deterntined by visual exaruination
and simple hand tests. This section defines five soil components,
their size ranges and properties, along with sinple hand tests for
identification. The meaning of plasticity, gradation, percent of
gravel, percent of sand and percent of fines nrust be clearly under-
stood.

Soil Components
'fhe five soil conrponents discussed herein are: (l) gravel,

(2) sand, (3) silt, (-1) clay, and (5) organics. Natural soils may
be composed entirely of only olle component but ustralll' are cotll-

lnsed of nrixtures of two or more conrponents. The main physical
characteristic used to identify soil is particle size. Gravels and sands
are defined as coarse-grained conrponents; silts and clays as fine-
grained compone¡Ìts. Any of these nraterials may contain \¡arying
quantities of organic nlaterial.

Coarse-Grained Components

GRAVEL has a size range of tl.rree inches (basel-rall size) to
alxtut )\ in. (dried pea size). llelative to Standard U.S. Sieve
sizes, it has a size range between the 3-in. sieve and the No. 4 sie'r,e.

Gravel is further divided into coarse and fine sizes-see Figures
1 and 4.

SAND sizes range fronr below t/a it't. to about 3/1000 in.-about
the smallest size the naked eye can observe. Sand has a size range
between the No.4 sieve and the \o.200 sieve. Sands are divided
irrto coarse, mediunr and fine 5i2ss-5ss Iìig.2.

Fine-Grained Components

SILTS and CLAYS, also callecl IìINES, are snraller than 3/1000
in. Thev both pass a No. 200 sieve. Individual silt and clay par-
ticles are essentially too small to be seen bv the nakecl eye-see Fig.
3. They can be identified b1' a simple plasticitl'test--clays are plastic,
silts are nonplastic.

ln the laboratory, sand and fines are se¡taratecl rvith sieves as

showt.t in Fig. 4. Tables I and II also provide nlore information
on soil conrponeut sizes.

77
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Fig. l. In the Unified Soil Classification S¡,stem, gravels are dir.ided only
into course and ñne sizes. Coarse gravel ranges from 3 in. (baseball

size) to 2j-in. (about the diameter of a nickel). Fine gravel
ranges from belorv fi in. to al¡out I in,-the size of a dried pea.

Fig. 2. The Uniñed S¡'stem classifies sands into coarse, medium arrd fine sizes

-the¡' are shou,n in trrle or actual size above fronl left to right. The
irrspector shoulcl try to fix these size ranges in his mind and make au

associatic¡n rvith certaiu familiar objects as in Fig. L

Organic Components

ORGANICS are decomposed plant (nrainly grass, leaves and
\^¡oody materials) and aniulal remains. Organics {orm a, significant
¡rart of some soils, and have stror.lg inffuence on their engineering
behavior. They are identified mainl,v b1': (1) their dark colors-

10
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Fig. 3. This photograph shows the size relationship between fine sand and
fiues (silt and clay particles). Sharp observation of the photograph

shows that the silt and clay particles fit clown into the crevices of
the "finger prints" (right) and that the fine sand particles do

not (left). Fine sand feels sharp and gritty while both silt
and clay particles feel soft anrl smooth like flour.

black, gray ancl brown; (2) their oclor of deca¡', ancl (3) their
general conrposition of plarrt and aninral reurairls. Peat ancl r¡uck
are the two urain organic materials.

PEAT is primarily-brollt, fiTrrous, partiall-r' clecomposed plant
clebris. Particle size is highll' variable ltnt tuost inclividual fibers

are easily visible-see trig. 5.

MUCK is nrore highly <lecomposed. or cor.rrpletely decotrposed,
plant and animal remains. X'Iost of the renrains have turned to
carbonaceous particles of silt and clay size-particles too small to
identify by ordinary observatiou.

11
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COEBLES

cRs.

GRAVEL

il
SAl{D

SILT A CLAY

Fig. 4. In the laboratory, the most informative soil test is the sieve (or size)
analysis test. The various soil sizes are separated as indicated alrcve. Each

size collected is weighed and its percent by weight is calculated. In the
ñeld, the inspector estimates the quantity (percerrt by volume) of

only gravel, sand and fines.

Fig. 5. Peat, on the left, is composed primarily of partially decomposed plant
life. Muck, iu the center, is mainly highly decomposed plant and animal

remains-but may contain fresh leaves, grass, twigs, etc. In mucks,
decomposed materials turn to black carbonaceous particles of silt

and clay size as indicated on the right.

L2
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Soil Components Summarized
GRAVEL and SAND, the coarse-grained components, are ideuti-

fred by pa.rticle size. CLAYS and SILTS, the fne-grained, con-
ponents, or FINES, are identified by their plasticity and lack of
plasticity. ORGANICS-PEAT and MUCK are identified by color,
odor and composition.

Table I SIEVE SIZE RANGE OF SOIL COMPONENTS

Soil fractions are normally designated by a range of sieve sizes. The words
"pass," "retained," "plus" aud "mi¡rus" refer to the particle size in relation to
sieve size. For example, fine gravel passes a fu-in. steve and is retained on a No.
4 sieve; 6ne gravel may also be designated as minus ){-in. sieve and plus No. 4
sieve. Soil fractions relative to sieve size are listed below.

Soil
Components

Sieve Size
Range

Pass Retained on

COBBLES

GRAVEL
Coarse

Fine

SAND
Coarse

N[edium

Fine

FINES
Silt and Clay

3 in.

% ín.

No.4
No. 10

No.40

No.200

3 in.

sl in.
No.4

No. l0
No.40
l\o.200

l3

81
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Table II SIEVE SIZES AND SIZE OF OPENINGS

The Unified Soil Classification System uses particles sizes arbitrarily set at
certain U.S. Standard Sieve sizes as shown below in the listings. Note the ac-
tual and approximate smaller sieve openings. This information is provided only
for reference-

Sieve
Size

Sieve
Openings

Approximate
Openings

3 in.

% i".
No.4
No. 10

No.40
No.200

0.1870 in.

0.0787

0.0165

0.4029

3/16 in.
5/64

1/64

3/1000
(barely visible)

Plasticity
Soil plasticitv, clegree of plasticity ancl simple field plasticity tests

are definecl belor¡'.

Soil Property of Plasticity
The soil property of plasticitf is simply that of being putty-like-

clays are putty-like, silts are not. Silts behave more lil<e extrentely
fine sancls.

Degree of Plasticity
Degrees of soil plasticity used in soil identification are nonplastic,

low plastic and high plastic. Silts are nonplastic ancl clays are
plastic-either 1o*' or high plastic. The great majority of Incliana's
surface soils are low plastic clays.

Degree of plasticity, used to identify soils, can be cleterminecl bv
sirrrple han<l tests. ll4oist, fine-grained soils that can be forr-ned into
ribltons are clays. The longer the ribbon formed-the more plastic
the clay. Degree of plasticity can also be detected in drt', fine-grained
soils. The nrore effort required to break and powder lurnps of dry,
fine-grained soils-the nrore plastic (and cohesive) the soil.

14
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Ribbon Test
The ribbon test is used to determine if a soil is plastic or non-

plastic and also whether plastic soils are low or high plastic.

The test is usually performed on predominately fine-grained soils.

However, if the fines iu a predominantly coarse-grained material
are to be checked for plasticity, the fines should be separated by
hand (described on p. 17) or by sifting dry granular material
through a No. 40 sieve.

Usualll' the fines (about a handful) r.r.rust l¡e wetted and kneaded

to attain a good, ruoldable condition. Wet soil that sticks to the
hands is too wet; it nrust be worked until it is no longer sticky.
A roll, about f in. to tl in. in diameter and 3 in. to 5 in. long, should
l¡e formed. The roll is then very carefully squeezed into a ribbon
t/s-in. to fi-in. thick as shown in Fig. 6. The vertically hanging
ribbon is fornred until its o'n'n u'eigl.rt causes it to break. Ribbons
of a certain length indicate the degree of plasticity.

Ribbon Length Soil Type

over I in.
under 8 in.
none fornred

high plastic clay'

low plastic clal'
nonplastic soils (namely silt)

rr*;3
Fig. 6. In the ribbon test, high plastic clal's form ribbons over eight inches long,

loiv plastic cla¡'s (inclucles me<liunr plastic clays) form ribbons less thar.t

eight inches long. Silts do not form ribbons-the very short silt ribbons
shown above formed with one lorward push of the thumb and then broke.

15
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Dry-Strength Test
The dry-strength test, Iike the ribbon test, will distinguish plastic

and nonplastic soil types and whether plastic soils are high or low
plastic. The test is performed on dry lumps of predominantly fine-
grained soils or on fines separated out of coarse-grained soils by
hand or with a No.40 sieve.

Test samples should be thoroughly air-dried, sun-driecl or dried
with applied heat. The finger force (thumb and forefinger) required
to break dry lumps into smaller lun.rps and to pinch the smaller
Iurrrps into powder indicates soil plasticity-see Fig. 7. Dry siits
car.r usually be pinched entirely to powder ; clays usually form very
snrall lumps and powder as indicated below :

Difficulty of
Breaking Lumps

Degree of
Powdering Soil Type

Difficult to impossible
Easy to difficult
Very easy

ir.rcornplete

complete

high plastic
low plastic clay
nonplastic silt

Fig. 7. In the dr¡' stre'gth test, dry high plastic clays, as on the left, are impos-
sible or 

'ery 
difficult to break. l,ou' plastice clays range from difficult to easy

to break. The low plastic clay lrrmp, in the center, broke fairly easily,
but it was impossible to very difficult to pinch the smaller lumps

into powder. The dry silt lump, on the right, pinched easily
into a completely powdered form.

16
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Percent Gravel, Sand and Fines

In the field identification of soils, and particularly in the identi-
fication of predominantly gravelly and sandy materials, one should

be able to visually estimate the approximate percent of gravel,

percent of sand and percent of fines. An accurate estimate of the
pcrcent of fines in gravels and sands is especially important when

they are used for base or surfacing materials.

Clean and Dirty Gravels and Sands

It takes only a small amount of fines to seriously reduce the
general quality of gravel or sand as a base material. Aggregates
can be classified as"cleen," "dirty" and borderline (or slightly dirty)
as indicated below. Identification of clean and dirty aggregates are

discussed in more detail later.

Percent Fines
(minus No. 200)

under 5%

5-12

over 12

Gravel
and Sands

"clean"-little or no fines

borderline

"dirty"-appreciable fi nes

Percent Gravel, Sand and Fines by Observation

In field identification, material percentages are estimated by
observing the relative quantities or volunres of gravel, sand ancl

fines and it can be done with the sample dry or r-noist. Gravelly
or sandy n.raterials should be spread thin on a flat surface or in
the palm of the hancl. By brushing with the finger, the gravels and
larger sand sizes can be easily separated but not so the fine sands

ancl fines. Rub sor¡e of the generally finer material between the thumb
and forefinger-fine sand feels gritty ; silt and clay fines f eel soft
and sn.rooth, like flour. After touching and scrutinizing, and possibly

trying the simple tests described belor",, make a thoughful estimate
of the percentages of gravel, saucl atrd fi11s5-5ss Fig. 8.

Dust Formation Test
In this test a large handful of corlpletely dr1,, coarse-grainecl

soil (gravel removed) is dropped about 18 inches onto a harcl

surface. If little or no dust flies, the material is essentially clean-
less than five percent fines. If a small dust cloud forms, the
rnaterial is dirty. See Fig. 9.

t7
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Hand Stain Test
On moist, coarse-grained soils (gravel removed)

squeezed in the hand. If the material is clean. the
be discolored or stained. If dirty-the hand will be
even look "nruddy"-see Fig. 10.

a handful is
hand will not
discolored or

Fig. 8. B¡' pickiug and brushiug (as above) *'ith the fingers, a sample of coarse-
grained soil can easily be separated into gravel, coarse sand and a third

pile, Iora'er certer, of medium sarrrl, fire sancl and fines. Hand separatio'
of particles belorv al¡out a rb in. is difiìcult. However, by spreading

the latter pile thin and by careful observation and carefullv
rubbing and feeling, the percent of fines can be estimated

within five percentage points \.\,ith a Iittle practice.

Gradation
Grarlation ref ers to the grain-size corrrpositio' of a coarse-

grainecl soil or the ar.uounts of various particle sizes in the soil.
It is a relative ter'r used to describe predonrinantly coarse-grained
soils o'ly. Gra'els ancl sarrds are either 

'r'ell-graded or poorly-
graded.

Well-Graded Gravels and Sands
well-graded materials have various arlrounts of larged and s'laller

particles s'ch that the voicls betu'een trre larger párticres can be

18
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Fig. 9. In the dust formation test, a handful of sand and fines of a dirty,
coarse-grained soil, dropped about 18 in. onto a harcl surface, n'ill pro-

duce a dust cloucl as on the right. Ctean materials do not cause a

dust cloud. (Actual observation will show the dust more
distinctly thau the above photo).

Fig. 10. Ll the hand stain test, r'r'et or thoroughl¡'damp coarse-grained soils
may be determined to be clean or dirty. Dirty material, after being firmly

squeezed in the hand, leaves a stain or discoloratiou-as on the left.
A clean material leaves essentially no stain-as on the right.

19
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filled with smaller and smaller particles to make a tight (chinked-in),
dense, stable mass-see Fig. ll. The material could be primarily
a gravel, or primarily a sand, or a gravel-sand mixture.

Poorly-Gradçd Gravels and Sands
Poorly-graded materials may have all particles nearly the same

size or it may be a material in which some particle size, or sizes,
are missing such that it does not meet the requirements of a well-
graded material. The term "uniformly-graded" is used for gravels
or sands composed mainly of one size; the term "gapgraded', is used
to indicate a missing size or sizes. See Figures IZ and 13.
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Fig. ll. This is a photograph
of a well-graded gravel. It is
obvious, from the distribution
of particle sizes, that a large
quantity, well mixed, would
form a tight or dense, chinked-
in mass and make a strong stable
road base wherr properly com-
pacted. When a material such
as this is used as a base coarse,
it is called dense-graded aggre-

gate.

Fig. 12. This is a poorly gradccl
gravel. Since all the particles
are about the same size it is also
called a uniformlv-graded
gravel. It is obvious that this
uniformly-graded gravel, espe-
cially u'ith its rounded and sub-
rounded particle shapes, rvould
not make as stable a base as

the well-graded gravel. When
a material such as this is used
as a base course it is called an

open-graded aggrcgate.

Fig. 13. This is also a poorl¡-
gradecl gravel. Since several
sizes are missing, to qualify as a
r.vell-graded gravel, the nraterial
is also called a gap-graderl
gravel. As a base, it would be

more stable than the uniformll'-
graded gravel but less stablc

than the well-graded gravel.

2l
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III. THE UNIFIED SOIL CLASSIFICATION SYSTEM
The Unified Soil Classification System recognizes l5 basic

soil groups. Each group has distinctly different soil properties and
thus behaves differently as an engineering 

'raterial. The basis o{
classification involves three factors :

(1) Soil conrponent percentages (gravel, sand ancl fines)
(2) Plasticity of fines (clayey if prastic and silty if 

'onplastic)(3) Gradation of coarse grains (well-gracled or poorly-graded)

The specificatio's or boundary li'rits for each of the 15 basic
soil groups, relati'e to the above three factors, are listed i' chart I-
L-nified Soil classification Syste'r. Each soil group is also briefly
described in the following pages.

Classiñcation Symbols
The Unified System also provides a series of letter s),r.ubols for

a short-hand method of designating eacl.r soil group. The following
is a brief ¡eview of the letter synrbols. The symbols, for each soil
group, are also shown on Chart I.

Symbols for Coarse-Grained

G:Gravel
S:Sand
x{:silt
C:Clay

Thus, GM designates
graded sand, etc.

Soils

W:Wellgraded
P:Poorly graded

a silty gravel, SW designates a well-

Symbols for Fine-Grained Soils

À,l:hrorganic silt L:Low liquid limit*
C:Inorganic clay H:High liquid limit*
O:Organic silt or clay

Thus, OL designates a low plastic, organic silt; CH designates
a high plastic, inorganic clay, etc.

* Liquid limit is the moisture coutent of a soil, as determined by the standard
Iiquid limit test, at which a soil passes from a plastic to a riquid state.
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Coarse-Grained Soils

Coarse-grained soils have ruore than 50
I\Iore than 50 1ærcent of all the ¡rarticles are
sieve. Coarse-grainecl soils are classified as
soils.

Gravel (G)

A coarse-grainecl soil is ltasically a gravel
coarse-grains are gravel size-urore tha¡r half
4 sieve (¡rlus \o. 4 sieve)

percent coarse grains.
retained on a No. 200
either gravel or sand

if n.rore than half its
is rctainad on the No.

Sand (S)

A coarse-grai'ed soil is basically a sancl if nrore tha' half its
coarse-grains are sand size-nrore than half y'ossrs the No. 4 sieve
(nrir.rus \o. 4 sieve).

Clean Gravels and Clean Sands

Clean gravels ancl clean sancls have less than five percent fines-
less than five ¡rcrcent l)asses the No. 200 sieve. clean gravels a¡rcl
clean sands are either u.ell graded (\\r) or poorl-r'gradecl (p). The
four clean gra,r'els ancl sancls are:

Clean \\'ell-Graded Gravel (G\\:)
Clean Poorh'-Gradecl Gravel (GP)
Clean \\'el1-Gracled Sand (S\\')
Clea¡r Poorlv-Gracled Sancl (SP)

Dirty Gravels and Dirty Sands

Dirty gravels ancl dirty sands have ntore than 12 percent fines-
¡rrore than 12'percent pass the No. 200 sieve. There are four dirty
gravel and sands.*

Silty Gravel (GI{)
Clayey' Gravel (GC)
Silty Sand (SNI )
Clayel'Sand (SC)

* when a coarse-grained soil has more than 12 percent fines the effect of gra-
dation of coarse particles is reduced and the effect of fine particles increased-
the type of ñnes clayey (plastic) or silty (nonplastic) is designated.

24
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Fine-Grained Soils

. Fine-grained soils have more than 50 percent fiues-nrore thau

50 percent passes the No. 200 sieve. Fine-grained soils are classifred

as either silts or clays.

Silts (M)

The three silt classiñcations are :

Silt (Inorganic) (ML)
\licaceous Silt (flH)
Organic Silt (OL)

Clays (C)

The three clal' classifications are :

Lorv Plastic Clay (CL)
High Plastic Clal' (CH)
Organic Clay (Otsl)

Organics

Peat (Pt)
In the Unifiecl Systenr, onll' the one '¿'ord is used to designate

both peat and nruck-the1' are clescribed on page 10.

25
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IV. FIELD IDENTIFICATION PROCEDURE

one of the 'rai* advantages of the unified Soil classiñcation
System is that soil saurples can be identiñed in the field by visual
examination and simple hand tests, requiring little, if any, test
equipment. Using word descriptions, below, of each of the 15 soil
groups and./or a chart, lìeld identification of soils is made easy. Chart
Il-Soil Identificatio' Procedure, at the end of this chapter, provides
a technique for identifying a soil by simple elimination.

Representative Samples

This is a liey factor in evaluating the quality of any road-
building nraterial, and especially so for soils and base course
nraterials. Therefore, the county highway inspector, ntust be con-
stantly alert to selecting test saurples that are tylti.cal and rcþresenta-
tiz,c oÍ the nraterials used in the roadway stnrcture.

A knowledge of soil weathering and the developnrent of soil
profiles (4, ll ancl C horizons) is invaluable in sanrpling subgrade
soils. (See the references for soil 1>rofile data)

obtaining representati'e sa'r¡rles fro'l stratifiecl sand and gravel
pits can be dolte as describeci in Appenclix A.

Equipment for Testing Soil Samples

Little or no equipnrent is required for nlost field identification
tests. However, for a ferv tests ot1 aggregates, described in the next
chapter, several ordinary household items may be used. The equip-
ment is illustrated in the following chapter and listed in Appenclix B.

Preparation of Sample

Select a representative sanrple of the soil to be identifiecl and
spread same out on a flat surface or in palm of hand.

(a) Estinrate ntaximum particle size in sample.

(b) Estirnate percenrage of material larger than 3 in.
(c) Remove r.naterial larger than 3 in. from sample. Only that

portion of sample smaller than 3 in. is identified.
(d) Other saruple preparation is outlined in the description of

the various field tests.
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Identification of Coarse-Grained Soils
Versus Fine-Grained Soils

To iclentify the santple as coarse-grained or fine-grained, n.rake

an estimate o{ the percentage of individual particles that can be

seen by the naked eye.

Soils containing more than 50 f ercent visible particles are coorse-

groined soils.

Soils containing /css than 50 ltercent visillle particles are fne-
qroined soils.

whelt a sample al)pears to have about equal amounts of coarse

grains a¡rcl fine grains (borderline sample), break clay-cemented

lu¡.rps into indiviclual particles and break away fines adhering to

larger aggregates. It n-ray be necessary to dry the sample in order

to break it dou,n into individual particles, Ide¡tifrcation may also

be helpecl by rurtning the sample through a piece of /a-in' mesh

harclware cloth (or No. 4 sieve) to separate out the gral'el sizes.

Identification of Clean Gravels and Sands

Well- and Poorly-Graded Gravels and Sands

(Gw) (GP) (sw) (sP)

A clean, coarse-grainecl soil (over 50 percent gravel and/or sand)

with less than five lxrcent fines is either a well-graded or poorly-

graclecl gravel (G\Àt) (GP) or either a well-graded or poorly-gracled

sand (S\\') (SP).

To iclentify a clean, coarse-graiÍred soil, spread the sanlple thin

orr a flat surface, carefully observe all particles, carefully feel the

s¡tallest particles, try the clust formation test and the hand stain test.

\\'hen gravel is the predominating nraterial in the coarse-grained

portion of a soil, the soil is basically a gravel-when sand pre-

clonrir-rates, the soil is basically a sand.

Clean gravels and sands are ttsually reaclill' detected by careful

observation and exanrination oi tl.re finer particles. Fine sands feel

gritty-silts and clays f eel sof t like flour' Dry, clean gravels

a¡{ saucls fo¡rr no {ust cloud in the dust formation test and nroist,

cleau gravels ancl sancls do not stailr the han<ls in the har.rd-stail-r test.

F'inall¡, gra<lation. well-gra<lecl or poorly-graded, must be deter-

minecl siurply lty observation accorcling to definitions previously

provided.

clean san<l and grat,els rarely occnr as a natural subgrade -soil

i¡ I¡dia¡a, nor are they likely to be well-graded. As a geueral rttle,

In<liana's san<l ancl gravel deposits are poorly-graded and contain
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more tharl five percent fines. clean, well- or poorly-gradecl gravels
and sands usually must be obtained as colxmercially processed
aggregate.

Identification of Dirty Gravels and Sands
Silty and Clayey Gravels and Sands

(GM) (cc) (sM) (sc)
A dirty coarse-grained soil (over 50 percent graver and/or sancl)

r.r'ith o'er 12 percent fines is either a silty gravel (GM) or clayey
gravel (GC) or a silty sand (SI\4) or clayey sand (SC).

Spread the sample thin, carefurly observe, exar¡ine and test for
a dust cloud and hand staining.

If gravel predo'rinates in the coarse grains, the sample is basically
a gravel ; it is basically a sand if sand predominates.

If appearance indicates'rore than 12 percent fines, and the dust
fornration test shows a substantial dust cloud, and the moist samples
stains the hands-the material is clirty. The sedimentation test
outlined i. the next section under "-F-ielcl Tests for Aggregate
xlaterials" will also prove helpful in estir.r.rating the percent of fines
in the santple.

\\'he' gra'els or sands are found to have 
'rore 

than 12 perce't
fi'es, the fi'es 

'rust be exanri'ed for prasticity. The fines 
'raybelrrushecl out or sie'r'ed ort (using a piece of window screen). Fines,

(silt ancl clav) collected in this mallner usually contain consiclerable
fire sa'd but it does .ot nratter because the fines neecl to be
iclertifiecl o'ly as plastic or'onplastic (not low or high plastic).

If the fines are plastic, as indicated by the for'ration of a moist
ribbon (probably short), and have noticeal¡le dry strength, the
soil is a clayey gravel or sand. If the fines are no'plastic, as indi-
cated by their inability to for'r a ribbon, and by dry lumps havi'g
essentially no dry strength, the soil is a silty gravel or sancl.

Silty sand subgrade soils are quite common in nortl-rern Incliana.
They are fo'nd in sand dune areas, in the large Ka'kakee basi' and
many sn.raller outwash plain areas. They are found in l-runclreds of
square nriles of beach sand areas around Lake Michigan. Subgrade
soils of silty gravel, clayey gravel a'd clayey sancl are 

'rucrr 
less

conlr.nor-l than silty sand.

Identification of Silts
A fine-grained soil (over 50 percent fines) that can easily

lrroken and pinched into powder when clry, and that can not
be

be
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ribboned when moist, is either a silt
organic silt.

(inorganic), r'nicaceous silt or

Silt (ML)
Silt (inorganic silt) can be distinguished from micaceous and

organic silt simply by the lack of r-r-rica flakes and dark, organic
materials.

"Clayey," "sandy" or "gravelly" can be used as modifying words
l¡efore silt if rrore than a trace of these materials are present. Clayey
silts have very slight dry strength and may form very short ribbons.
Fine sands are often founcl with silts and can be detected by their
gritty feel.

lúy'indl¡lown silts ("dune" silts) are found along many bordering
uplands of Indiana's large rivers. Silts and fine sar.rds are found
on nlost flood plains. Surface soils tend to become silty because

clav-size particles nrigrate downn'ard with the passage of time.

Micaceous Silt (MH)
Xlicaceous silts are silts with an obvious abundance of tiny

nlica flakes. Xlicaceous silts in Indiana conre mainly from the break-
dou'n of nricaceous sandstoue bedrock in southern Indiana.

Organic Silt (OL)
Organic silts are the black or clark silts-with about ter.r percent

or rltore organic fines. They are usually shallow surface soils found
in llasin areas or arouncl swallrps.

Identification of Clays

A fine-grained soil (over 50 percent fines) that can be readily
formed into a ribbon when moist and that has obvious dry strength
is either: (1). low plastic clay or (2) high plastic clay or (3)
organic clay.

Low Plastic Clay (CL)
Lolv plastic clays fornr ribbons one to eight inches long (clays

forrning ribbons approaching eight inches may be called moderately
plastic). Dry lurnps may be broken fairly easily with the fingers
but usually considerable effort is required. It is difficult (or impossi-
ble) to pinch the sr.r.raller lur.nps into a completell' powdered con-
dition.

Nearl1' all of Indiana's low plastic clays have a low plasticity
ltecause of a high silt content. Therefore low plastic clays in Incliana
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are corlllllonly identified as silty clays. IL there is a significant arnount
of sand or gravel-the material may be classified as a sandy, silty
clay or a gravelll', silty clay.

It is estiruated that "silty clays" account for apltroxinrately three-
forlrths of the surface soils occurring in the State of Indiana.

High Plastic Clay (CH)
Highly plastic clal's form long ribbons-eight to ten inches long.

Dry lumps of highl¡' 1>lastic clal' are very difficult or impossible to
break into snlaller lnntps and, of course, it is inrpossible to pinch
snrall lunrps into powcler.

Highly plastic clavs r¡'ill rarely lte encountered in Indiana. When
they are e¡rcounterecl they r-uost likely' will not contaitl significant
anrounts of silt, or sand, or grar,el. Such clayel' soils are therefore
usually callerl highly plastic cla-r's.

Organic Clay (OH)
Orgauic clays are contposecl predontir.rantl¡' of clayey soils but

as little as teli l)ercent of ltlacli organic fines (black carltonaceous

¡rarticles of silt ancl clal sizes) can change the ltehavior (and color)
of the clay' and nlake it unsuital¡le for a subgrade soil.

Organic clal's fornr short to ¡rrediur¡r length ribl¡ons of one to
several inches. But their l¡lack to dark colors, light weight. and
their soft ancl spong¡' feel clistinguish them fronr the other clays.

The location of organic clal,'s also helps to iclentify them. They
are usuallv forrncl in lou'. unclraitrerl, or poorlr'-clrainecl. ltasin areas
and es¡reciall-r' in and around s\\'aurl)\' areas.

Borderline Soils
l[any soils rvill exhiltit prolterties of tvvo groups because they

are borderliue betrveen the groups, either in percentage of sizes
estinratecl or in degree of plasticity. In such cases, soil designations
are usecl r¡'hich incor¡torate lloth grorrp svntbols cor.urectecl by ,a
h1'phen, such as G\\'-GlI.

Coarse-grainecl soils u'ill often have nearll' eclual proportions of
sancl and gravel sizes. In such cases, proceecl u'ith the iclentification
assuuring the soil is a san<I. Continue the identification r.rntil a final
soil group is reacheil, sal clayel'sancl (SC). Since the soil might
also be assu'red to be a grarel , the lrcrderline field identification
woulcl be GC-SC. This is apltro¡rriate since the criteria for gravel
and sancl sullgroups are the saure. Lilievi'ise, other borclerline soils
within the sand or gravel groupings nright be SW-SP, Slf-SC,
S\A'-S}I, G\,V-GP, G}f.GC, CtC,
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Soils borderline between coarse grained and fine grained are
identified first as a coarse-grained soil and next as a fine-grained
soil. Ilorderline soils such as SC-CL and SI\4-ML are cornmon.

In the fine-grained group, borderline soils can develop between
soils of high plasticity and low plasticity, also between silty and
clayey soils of the same plasticity. Examples of such soils would be:
I\4L-MH, CL-CH, OL-OH; and CL-ML, CL-OL, i\4H-OH, etc.

Summary of Soil Identification Procedure

Chart II, Soil Identifrcation Procedure, serves tvr'o purposes. It
summarizes all the previous ilrfon-nation on soil iclentification and
it provides a step-by-step procedure for identiff ing an unknown soil
sample.

The identification 1>roceclure is, in effect, a process of elinrina-
tion-begirrning at the top of the chart and working downvrard until
the soil is identified. The main requirenrent for using the chart is
to have the "know-hol" f or running four sinrple hancl tests:

( 1 ) Ribbon Test - 
page 15

(2) Drv Strength Test - page 1ó

(3) Dust Formation Test 
-page17(4) Hand Strain Test - page 18.

Test results arrd the soil type indicatecl are shon'n on tl.re chart.

3l
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CHART I1 _ SOIL IDENTIFICATION PROCEDURE
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Use of Identiñcation Chart-An Example

Starting with an unknown soil sanrple, tl,e inspector notes at

the top of Chart II, Soil Identification Procedure, that he must
first deterr.nine if the sample is predominantly fine grained, coarse

grained or organic. Visual observation and feel indicate that the

exan-rple soil has well over 50 percent fine grains-it is a fine-grained
soil. Immediately nine group nanles are eliminated as possibilities-
four gravels, four sancls and peat. I\Ioving to the left on the chart,
turder fine-grained soils, the inspector notes that his sanrple nrust
be one of the three clays (CL, CH, OH) or one of the three silts
(\{L, rrH, oL).

The chart next indicates application of the ribbon test and dry
strength test. Say the inspector finds that the wet soil f orms
a ribbon and a dry lumir has obvious dry strength. This inforn.ration
now eliminates all three silts as possibilties. The inspector then
finds that the longest ribbon he can form is about fir'e inches ancl

also notes that the sanrple has essentially no organic matter. Thus,
the high plastic cla¡' (CH), ar.rcl the organic clay (OH), are elimi-
natecl as possibilities ancl the one renraining choice is a low plastic
clal' (silt1' clay-Cl-).

Additional Descriptive Information

After a soil has been iclentified, it nray be clesirable to acld adcli-

tior.ral descriptive information-es¡recialll for the coarse-grainecl soils.

\\Ihen the nraterial is u'ell graclecl the nraxinrunr aggregate size

nra'r' lle recorclecl : llhen poorlv graclecl, the luaxinrum size ancl the
predourinant size are frecluentll' recorded.

llore information on the granular particles such as harclness,

general shape, surface texttlre aucl ntineralogy nral' be important
defending on tlte ¿rsc of the nraterial. Rock particles nray be classed

as soft, l.uedium or hard. In shape they nray be: rounded, sub-
rourrcletl, angular or subangular. Surface condition nray be rough
or snrooth. \lineralogical clata usually pertains to listing percentages

of soft rocks and materials: shale, coal. liruonite. etc.,-see the ISHC
19ó9 Stanclar<l S¡recifications for Aggregates.
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V. FIELD TESTS FOR AGGREGATE MATERIALS
In addition to evaluating local soils as subgrade materials, the

county highway inspector frequently needs to evaluate the quality
of aggregate materials used in base course and surface course con-
struction. Poor quality in base and surfacing aggregates is often
a cause of roadway distress or failure.

Poor quality in base and surfacing materials can usually be
attributecl to either poor grading or au excess of plastic fines. County
highway constrrrction ancl n.nintenance forces ntust be on constant
alert to guard against these deficiencies.

The "indicator" tests presented here will assist county highway
inspectors in evaluating tlie quality of base and surfacing aggregates
sampled from either an existing roadway, an existing stockpile, or
a local gravel pit.

It is emphasized that these "indicator" tests are not intended
as a substitute for stanclarcl specification tests covering commercially
processed aggregates.

Aggregate Gradation
The field tests for aggregate grading are basically the same as for

the identification o{ coarse-grained soils.

Visual Estimate of Grading
A representative sample (say a quart can-full) is spread out on

a flat surface. Carefully note tl-re rnaximur.n size of particle present
ancl the representation of decreasing sizes in the san.rple.

Next, nrake an estimate of the relative proportions of gravel
(plus No.4), sand (plus No.200) and fines (rnínus No.200). A
closer estimate can be made of the proportion of gravel present if
the sar.nple is sieved throtrgh a No. 4 sieve or an ordinary piece of
wire hardware cloth with about j.d-in. openings.

Satisfactory Gradings
If the sample of aggregate material frorr the roadway, stockpile

or local gravel pit is reasonably well graded, contains 40 percent
or nlore of gravel sizes (plus No. 4) and only minor traces of fines
(minus No.200), then the rnaterial will probably produce a satis-
factory base or gravel road surface.

Borderline Gradings
If however, the sample contains less than 40 percent gravel

sizes ancl noticeable arlounts of fiues, then the material r.nay produce
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road materials of borderline quality, depending on the actual amount
and plasticity of fines. Field tests for estimating the amount and
plasticity of fines are outlined below and on page 37.

Guide Gradings

Road experience has shown that satisfactory road bases and road
surfacir.rg rnaterials can be constructed from a fairly wide range of
aggregate gradings. A tabulation of guide gradings is set forth below
to assist in evaluating the gradation for test samples of base .ancl

surfacing aggregates. The grading limits shown below represent
iSHC No. 538 and \o. 53 aggregates, which have proven both de-
siral¡le and satisfactory.

Guide Gradings For Gravel
Base and Surfacing Aggregates

Base Aggregate for Flexible Pavement

Gravel (plus \o.4)
Sand (No. q-No.200)
Iìines (nrinus \o. 200)

Gravel (plus No. 4)
Sand (No. q-No.2CO)

Iìiues (nrinus No.200)

Gravel Road Wearing Surface Material

4O'/" -45% (max. size: 1I ín.)

35 -600 - 5 (nonplastic)

10%-65% (max. size:l in.)
25 

-.555 -10 
(slightl1'plastic)

Amount of Fines

Estinrating the amount of fines in a sample of llase or surfacing
aggregate is actually a part of the freld test for estinrating gradation.
This estimate uses a u'ater-settlenlent technirlue which is based on

the fact that particles settle in water at a rate proportional to their
size. Thus, sand sizes settle first, silt sizes next ancl clay sizes last.

Sedimentation Test

The sedimentation test is another "indicator" test. \\'ith reasoll-
able care, an estimate or approxinlatiorl can be nrade of the anloulrt
of sand, silt ancl clay sizes present in the test satrtple. The test
procedure is as follows:

(1) Secure a representative sample (sa1' a quart-can frrll; of
the base or surfacing material to l¡e tested.

35
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(2) Separate gravel sizes from the sample by screening the
sample through a No. 4 sieve or a piece of hardware cloth with about
){-in. openings-Fig. 14.

(3) Fill a straiglrt-sided glass jar with about 5 in. of water.
Pour the, sand and fines, separated from the gravel, into the jar.
A closer estinrate can be made if a tall, slender jar is used-Fig. 15.

(4) Agitate or stir the mixture until the soil is completely
ltroken up into individual particles.

(5) Get all soil particles into suspension, by shaking jar
vigorously, end to end-Fig. 16.

(6) Quickl¡' place the jar at rest on a level surface and in-
stantly begin a 25-second count. Give the jar a quick 180 degree

'rotation in order to nralie the particles settle in a level plane.

(7) Sancl sizes vrill. settle in about 25 seconcls: silt sizes in
about 60 seconds: clav sizes in about lf hours. Using a pencil,
n.rark the jar, or.r masking tape. at the top level of sand sedinrents-
those accunrulated after 25 seconds (Fig. 17-lower r.nark). \{arking
the jar after 60 seconds, to distinguish silt and clay, is optional, The
test is designecl primarily to deterr.nine percent of fines.

(8) Repeat 5, ó and 7 to recheck the 2S-seco¡rd-level nrark ancl
the ó0-seconcl-level mark.

(9) After an average 25-second rrrark (aud optimal óO-second
nrark) have l¡een determined, allow the sample to settle in the jar
until the water clears, or until lf hours have elapsed-whichever
corues first.

(10) Next, using a pencíI, n.rark the top level of sedinrents in
the jar betr.r'een clay and clear water-Fíg. 17, upper mark.

(11) With an appropriate scale, measnre to the nearest l/lO in.
the following vertical distances along the side of the jar-Fig. 18.

a:bottom of jar to 25-second level (sand)

b:25-second level to top of sedinrents (silt and cla¡')

Erarttflc: Assunte that a santple of gravel road surfacing is being
inspected. A representative sample has been screened througlt t/a-in.

hardu'are cloth (or No. 4 sieve if available) and the separation of
plus fi-in. sizes yields a visual estimate of :

45/a Gravel (plus No.4)
55/" Sand plus fines (minus No. 4)
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A sedimentation test on the minus No. 4 material provided the fol-
lowing values : a:3.0; b:0.5

10c: 3'o * lW:86%
3.5

0.5

Percent sancl : -" - *
a*b

b
Percent fines: x 100:

a*b 3.5
Gravel: 1.00 x 45/o :45.07'
Sarrcl .86 x 55/o : 47.3%
Iìines : .14 x 55/o: 7.7%

rm : v7o

1æ.0%

Note: The results of the sedimerrtation test are otrly aþþrotimata,
since tlre time-rate of settlement for a given grain size is at best

onl-r' an average theoretical figure.

Plasticity of Fines

The plasticitv of fines is a critical factor in the evaluation of
either gravel base or strrfacing materials. Plastic fines, even in small

alnounts. can seriousl¡' reduce the qualitl' of base or surfacing tr.ra-

terials.

Piasticity Test

Plasticit¡' is a property of soil which allows it to be kneacled

to a putty-like consistency at the proper nroisture contellt. The

following is an "indicator" test which will yield fairly reliable results

if performecl with reasonable care and attention to details.

(l) Secure a representative air-dry sar.nple (say a quart-can

full ) of the base or surfacing material to be tested. Break-up lttr-r.rps

of fine materials by hand or with a short piece of a broomstick.

(2) Screen a portion of the sample throtrgh a No' 40 sieve

(a piece of ordinary r¡'indow screen may be substitutecl for the No.

40 sieve)-Fig. 19.

(3) Screen a sufficient amotlnt of the san-rple to yield three or

four heaping tablespoonsful of fine tlaterial passing the No. 40

sieve (or screen rvire).

(4) Place the material passing through the sieve (fine sand,

silt and clay) in a small bowl and add water two or three drops at

a time, mixing and kneading thoroughly u'ith the fingers-Fig. 20'
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Fig. 14. A fairly accurate nleans of separating gravel, sand and
fines, in order to estinrate the percentage oi each, irlo firrt separate
the gravel by working the sample through a piece of r/a-in. mesh
hardware cloth as shown here. The sand and fines are then separated
as shown in Figures 15, 16 and 17.

Fig. 15. hr this photo. sancl with fines. obtained from the pan
in Fig. 1.2[, is carefully placed in a straight sicled jar with five inches of
water in preltaration for a sedintentation process to separate the sand
and fines.

Fig. 16. The jar u'ith sancl, fines and '*'ater is vigorously shaken
and then placecl at rest. In fir'e inches of water, all the sand will
settle irr about 25 seconcls and all the fines, silt and clay, in about ll
hours-or ¡1s¡s-11'hs¡ the u'ater clears.

Fig. 17. In this photo, the lou'er pencil urark was placed after
25 seconcls to nrark the top of all the settled sand particles. Actualll,,
another line could have been sintilarlv located by drawing it between
the sn.rallest particles visible to the nakecl eye ancl those not visible-
no tir.ning would lte required. The upper line, drarn,r.r on top of the
sedirrrents a{ter 1 f hours or af ter the water cleais, marks the top of
the fines. With the gravel separated on the wire mesh (Fig. 14) and
the sancl ancl fines separatecl, as above, the percent of each can be
estimatecl-r,l'ith or lvithont coutputations.

Fig. 18. This photo shou's horv the thickness of the fines ancl
sand can be nreasurecl to the nearest f¡ in. The text provides instruc-
tion on how to ntathematically compute the percentages of gravel,
sand and filres.

38
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(5) Add the mininum anlount of water to easily nrold nlaterial
into a "golf-ball." Do not add so much water as to make it slopp"v
wet. Obtaining the proper moisture content is important.

(6) Form test specin.ren into a t/a-ìn. ro11, adding a little more
water if necessary.

(7) \Mith the "flat" of the hand, using a light finger pressure,
roll the.test specinren on a flat waterproof surface. If surface be-
comes wet or muddy, the soil specimen is too wet and should be
reworked to reduce the moisture content-Fig. 21.

(B) Continue rolling the test specinren on the flat u'aterproof
surface, using sufficient finger pressure to gradually reduce the
diameter of the test specimen.

(9) The object of the test, is to deternrine the dianetar of the
test specimen at which the roll breaks or crumbles-Fig. 22.

Guide Values for Plasticity Test

Diameter
at which
Roll Crumbles Suitability and Use

)( in. or less Lnsuitaltle for gravel base or

. wearing surface aggregate

Over ){ iu. to Srritablc for gravel
less than /a in. wearing surface aggregate

fi, in. or larger Suitable for gravel
base aggregate

Q
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Fig. 19. To test the plasticity of fines in a aggregate, an ordi-
nary piece of window screen nray be used to separate out the fines.
Actually the fines will include: silt, clay, fine sand and some mediunt
sand but this mixture should be satisfactory for the simltle plasticity
test descril¡ed in the text and illustrated in Figures 20, 27 arñ 22.

Fig. 20. The "fines", obtainecl as shou.n in lìig. 19, are placed
in a snrall bowl and thoroughll. nlixed lvith \Ãrater-a feu. drops at a
time. The nlaterial should be thoroughl¡' wetted but not dripping wet.

Fig. 2L. Using an aruollnt abour the size of a golf ball, it is
first fornred into a fi in. roll and this' roll is rollecl with tlie fingers,
as shown above, to the smallest possible diaureter vvithout breaking
or crumbling.

Itig. 22. lf the roll cruurbles (abole-to1t) at or ltefore reaching a

cliarrreter of about % in. (pencil thickness) the fines are probaltl¡'
suitable in a base course aggregate-the fines ser\¡e as a filler. If the
roll reduces to between f in. and t/¿ in. the fines are probably suit-
able in a gravel surfacing aggregate-the fines serve both as a co-
hesive agent and filler. If a roll reduces to l/s in. or snraller the fines
are not suitable for either above use.
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VI. RATING SOILS AND AGGREGATES
AS ROAD MATERIALS

All soils have certain properties that infltrence their behavior and
usefulness as road rnaterials for construction and maintenance; the
most pertinent properties include: (1) load-carrying properties, (2)
drainage properties, (3) frost properties and (4) compaction prop-
erties. These properties are given a relative rating for each soil
classification group in Chart III - Soil Use Chart, page 45.

Load-Carrying Properties of Soils

The load-carrying capacity of a soil may be defined as its abiiity
to resist penetration or lateral movenlent when loaded. This property
depends upon'the ability of a soil to resist sþs¿¡-5ss Fig. 23.

Shear strength in soil is derived from cohesion (stickiness) and from
internal friction (grain-to-grain interlocking). Cohesion is best de-
veloped in clayey soils and internal friction is best developed in clear-r

and slightly dirty sands and gravels.

Strength of Fine-Grained Soils

Cohesion develops in clays because the grains are extrenrely
fine and have a flat, plate-like shape. As the water content of a clay
decreases (drying). the capiilary and surface tension of the moisture
fihrs cause the clay. particles to rnove closer together. With con-
tinued drying the clay particles develop a strong adhesion for each
otl.rer, forming lur.r.rps (or clods) with high dry strengths.

Conversely, as the $'ater content increases, the attractive forces
lose their effect, the clay particles absorb thicker water films, forcing
the particles,apart with a resulting loss in cohesive strength. The
rtrore plastic the clay (more of the finest clay sizes) the greater the
loss in cohesive strength ltetween dry and wet conditions. Clayey
soils can lose as rnuch as 75 percent of their strength in the wet
spring season.

Silty soils have soule cohesion and some internal friction, but are
only slightly stronger than clays. The fines (silts and clays) in
dirty gravels and sands reduce the load-carrying capacity by: ( I )
reducing the grain-to-grain contact points between the coarse grains,
and (2) acting as a lubricant.

In the Soil Use Cl.rart, the strengths of clays and silts are rated
poor to fair. Clayey and silty gravels and sand are rated fair to
good. Any soil with more than ahout 12 percent fines will have a
consiclerable loss of strength between dry and wet conditions.
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CHART III - SOIL USE CHART
lNumb€rs ¡ñ the Chart .ef€r to footnot6)

1. Oualital¡ve valucs lired below are for properly compacted s¡ls.
2. Equipment l¡sin!ß ôre in ordq ol elf¡c¡encv - firl ¡s bel.
3. Ouål¡tative values listêd are lor bases on high traffic roads.
4. Grâvel road wearing surfacæ lor roads with less than 1O0 vehicles per d¿y'
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Strength of Base Aggregates

The load-carrying capacity, or shear strength of base aggregates
(clean and slightly dirty aggregates) range fron-r good to excellent.
The shear strength depe'ds mainly on internal friction which is
related to the gradatio', size, shape, and surface texture of the
individual aggregate particles.

Bases of well-graded aggregates are stronger than bases of poorly_
gradecl aggregates because of better chi,k-in ancl more grain-to-grain
contact produces a tight, dense mass with nriniruunr voids and nraxi-
muru strength.

The maximu'r size of aggregate is also a factor in base strength.
In general, the larger aggregate sizes (up to ll in.) produce
a stronger base through better interlock and internal friction.
crushed particles, with their greater a'gularity, also inrprove the
strength of the base aggregates.

Thick Bases for Weak Subgrades

The'rai' fu'ctio* of a base co!1rse i' the construction of roads
and streets is to sp'ead the applied traffrc loads ancl tliere-by reduce
the stress or pressure reaching the subgracle soir. Increasing the
base thickness si'rpl' increases the "s'owshoe" effect by causing
a greater reduction i' the pressure reaching the subgrade soil-see
Fig. 24. Increasecl pavelllent thick'ess (a'cl increased pa'e'rert
rigiditv) also increases the "snowshoe" efiect for applied roadway
loads.

The great 
'rajority of I'dia'a's surface soils are silty clays

that provide a relatively weak subgracle support. For this reason,
our county road improvements should provide for base courses con-
structed to adequate thickr.ress, of quality nrateriars ancl r.r'ith proper
conrpaction. However, this can only be accor.nPlishecl through engi-
neering design, specifications and inspection-all beyond the scope of
this nranual.

considering Indiana's high rainfall, generaliy high ground-water
le'els, a'd poorl¡--drained soils, the l.'atter of drainage cleser'es a
high priority in plannir.rg county roacl in.rproverrent projects. In
most of Incliana's flat terrain, and especially in poorly-drained basin
areas, great improvenrents i' road life could be made by raising
the grade-line profile one to two feet above the natural ground sur-
face. See HERBIC Bulleti' No. 4, "Principles of Highway Drainage
and Erosion Control."
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GRAINS
INTERLOCKEO
(MA6NrFrCATrOl'¡ - ZER0)

Fig. 23. Weak subgrades and bases usually fail by shearing when overloaded

-there is slippage along the shear plarres shr¡wtr above. As clays absorb

water, the water film thickens atr<l cohesion (stickiness) betweerl cla¡'

particles decreases. Wet clays cau lose 75 percent of their dr¡'

strength. Interlocking (internal friction) and strength of clean

sand and/or gravel particles is not affectecl by rrçater'

Fig. 24. This drawing shorvs how irrcreased base thickness reduces the load

pressure orr the subgrade. Note that for the thirl base on the left the

<iiameter of the area of load distribution on the subgratle is narrorv

(narrow snou,shoe effect) but with the thicker base, on the

right, the same load is distributed over a much r¡'ider area

(wide snowshoe effect)' Weak strbgratle soils require
relatively thick bases.
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Drainage Properties of Soils
The drainability of a soil is measured by its permeability-or the

ease or difficulty with which water will pass through the pores of
the soil.

The Soils Use Chart divides soils into four general groups: (l)
very pervio¡s 

- insl¿nt drainage (2) pervious 
- fast drainage

(3) semi-pervious-slow to very slow drainaCe (4) impervious-
essentially r.ro drainage.

Drainability of Subgrade Soils-Indiana
The Soil Use Chart lists the three clays, clayey sancl ancl clayey

gravel (over 12 percent clayey fines) as impervious. The three
silts, silty sand and silty gravel (over 12 percent silty fines) are
rated as semi-pervions to pervious. Therefore, the great ntajority of
h.rdiana's surface soils would have a drainability of fair to poor.

Drainability of Base Course Aggregates
The permeability of clear ancl slightly dirty aggregates (such

as used for base courses) ranges fronr very pervions, pervious, and
semi-pervions to irrrpervious. The permeability of tlrese materials
<lepends on: (1) gradation, (2) type and arnount of fines ancl (3)
clensity.

(1) Gradation: Uniformly-graded, or open-graclecl aggregates
drain faster than well-graded, or dense-graded aggregates. The chart
shows lrcorly-graded gra'r'els (clean) to be very pervious a'cl well-
gradecl gravels (clean) to be pervious-the latter l.ras less voids.

(2) Ty¡e a.nd Antottnt of Fines: Clay fi'es in aggregates, slow
clrainage r,ore tha'silt fines. Silty gravels (Gtr,I ) and sands (Sl\t)
are rated senti-pervious to ¡ærvious, while clayey gravels (GC) and
sands (SC) are rated impervious.

(3) Densitl': Increased de'sities of a gi'e' soil nraterial will
decrease the voids in the co'.rpacted soil ancl accordingly decrease
the permeability and drainage. clea', dense-gracled base nraterials
can be compacted to such a high de'sity that they are essentially
inrpervious.

Aggregate Placement for Good Drainage
when bases are collst.lcted with ope'-graclecl aggregates it is

best to extend the aggregates through the shoulclers for adequate
drainage. Also when open-graded aggregates, nrostly larger thar.t t/s
in. are used, it r'*'ould be ideal to use a 2-in. to 4-in. thick sard
blanket or screenings as ar inverted choke between the base ancl a
subgrade composed of fine-gradecl soil especially in cor.rsistently
wet areas.
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When dense-graded l¡ase utaterials are used they may be con-

structed in a trench only under the roadway itself. As they are

nearly impervious, water can not penetrate them and these bases

need not go through the shoulder for drainage. The low a¡eas

however, should have drainage outlets. Also, detlse-graded bases

do not require the sand blanket to prevent subgrade intrusion'

Frost Properties of Soils

Frost action is a general term referring to {reezing and thawing

of water in soils. As the soil freezes in u'itrter, ice crystals in the

soil pores tend to attract lllore water from ttnfrozeu .lower levels.

The ice crystals grow to ice lenses aucl heave the roaclway upward-
see Fig.25.

As the ice lenses melt in the spring, the nlelt water softens the

roadway and cattses pot holes or chuck holes' This road damage

is cor.nntonll' called "spriug ltreakup".

Frost Susceptible Soils

The most f rost sttsceptillle soils are those that carry the greatest

anrounts of capillary water to the freeze zoue. The llrost susceptible

soils are silts and fine sarrds. Their nrinute pores act as capillary

tubes whose very sntall size attract arlcl feecl water generally upltard
anrl relativell' fast-lilie a wick in a kerosene lanr1l.

Clays can clraw water to greater heights (over 30 ft.) than

silts, but the clays drau' st.rraller alllounts at a slower rate and so

are not as frost susuceptiltle as silts. Organic clavs are an exception.
'lhe chart sho'¡'s organic clays to be tl,e nlost frost susceptible

of all soils-but, overall, organic clays are not col'tllltotllv encotlntered

in Indiana.
Further revieu' of the chart shorvs the following: silts and fine

sands are the trtost f rost sttsceptible ; cla-ys iu geueral, are second ;

dirty santls and gravels-third; an<l clean sands and gravels es-

sentially are not suscePtible to frost. Clear.r gravels and sands are

f ree draining with 'r'oitls large enough to preclude capillary action;

such materials are not susceptillle to f rost actiotr.

Preventing and Minimizing Frost Damage

( 1) Reþlacement of Frost Susceftiltla Soi/.ç-The oull' sttre.

way to prevent frost action is to relllace frost susceptible soils u'ith

clean, free-clraining, uoufrost-sttsceptible, granttlar materials to the

full depth of frost penertation-about 18 in. to 24 in. However,

this is often not economically feasible for Indiana counties.

(2) Keef the Sultgrade Dr1'-If' there is no u'ater in the sub-

gracle, there will be no heave. Ditches and subclrains shoulcl lle used
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SUEGRADE

NORÎvIAL SITUATION FROST HEAVE
Fig. 25. This sketch shorvs hou ice lenses growing and melting in f rost
susceptible soils cause u¡rward and rlowur¡,ard movemelìt and break_up
of pavemer.rts. The three factors iuvolved are: (l) freezing temper_

ature, (2) source of $-ater, and (3) frost susceptible soils. The

. 
last two factors can be controlled.

to lo'¡'er the grouncl water level andf or to intercePt springl, or water-
beari'g strata. l\'Iake especially sure that ditch re'els are belou'
bases-see HERPIC Bulletin No. 4, "Principles of Highu,a¡, Drain-
age ar.rd Erosion Control."

\\ihere the ground-r',.ater level is 'ear the surface, alrcl can'ot
lle lo'¡'erecl, an i<leal solution is to raise the grade one or tr¡.o feet
r.l'ith clean, granular materials. If this is not feasir¡le, then raising
the grade, say two feet, with fine-grai'ecl soils rvill help miniurize
frost dan.rage if the soils are properly contpacted.

(3) Good ll[ointenonce Practicas-Good ntaintenance, especial_
Iy the 'se of good surface drai'age, plus keeping the par,e'rent
surface sealed, rvill lrelp to mini'rize f rost clarrrage. posting of
rlanrage-snsceptible roarls is also advisallle.
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Compaction Properties of Soils

The primary objective of this section is to emphasize the beneñts

of proper soil compaction. Indiana county highway departments need

to make better and urore consistelit us€ of this tried and proven

construction procedure,

There is no other single treatrtteut, at so low a cost, that pro-
cluces as r.nuch inrproveulent in the physical properties of a subgrade

or lrase nraterial as does proper courpaction. Con.rpactiorl tnakes a

soil: tighter, dettser, stronger, keeps it drier, makes it less frost
susceptible, nrinimizes volutne changes (swelling and shrinking)
with wetting and clrying and r.rlinimizes settleureut. A pavement on

a well-conrpacted fiIl or subgrade is stronger, more durable and less

costly to ¡raintain than one on a poorly-compacted or uncourpacted

fill or subgrade.

Compaction Defined

Soil conrpaction is defined as a urechanical process in which

soil nlaterials are nrade nrore dense. Density is increased by reducing

air loids-air is literalll' sqrreezed ottt-the water colltent reuraitrs

consta¡lt. In general. increased soil clensity itlcreases soil strength.

Compaction Factors

There are fir'e factors invoh'ecl i¡r soil cotupactiotr: (1) soils,

(2) equipnrent, (3) lift or laver thickness, (4) nunrber of equipment

l)asses, antl (5) soil rlloisture conteut. Each of these factors is briefly

discussed l¡elou'. Detailed specilìcations for sul;grade and L¡ase cot.tl'

paction are ltrovided in the Indiana State Ilighn'ay Comt.uission

Stanclarcl Specifi cations.

Soil Type and Compaction Equipment

Certain soils are more efficiently coullacted b1' one type of

coltlpactor than atlother. The Soil Use Chart lists the nrost efficier-rt

coml.ractors for each soil classification-also see Fig. 2ó.

ht getreral, the rublter-tired roller is ¡tresentll' the best utliversal

roller-it is goocl for all soils. The sheepsfoot roller is excellent for
clal,ey soils and dirty grayels and sands but inefficient for silts and

fine sands. The latter are ltest contpacted lt1' the tamping action of
pad-feet ou segtuental-r.l'heel rollers.

The steel-rvheel roller is listed on the chart for all soils, mainly

liecause there are so lÌtatl\' readily availallle. \\/hen the steel-wheel

roller is nsed as the prime co¡rpactor, minimuur lift thickness and/or

5l
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Fig. 26. certain soil types are more efficientry compacted by o'e t-r,pe of roiler
tha¡r another. However, the rubber-tired roller is about the besi universal

roller-it is good on essentially all types of soils. See text for most
efficient use of : (A) rubber-tired roller, (B) sheepsfoot roller,

(C) segmental-'¡-heel roller (with pad feet), (D) steel_wheel
roller; and vibratory compactors, (E) crawler tractor,

(F) r'ibratory shoes or plates, (G) r.ibrator¡.roller.
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maximum passes should be used. The stepl-wireel roller is best used

as a finisher.

Gravels and sands, with less than 15 percent fines, are most

efficiently compacted with vibratory equipment. Crawler-type tractors

can effectively serve as vibratory compcators. Vibratory equip-
ment includes: vibratory shoes or plates, vibratory rollers, and nobby-
grid rollers. With less than 15 percent fines, vibrations travel fast
and deep, through hard particles, rotating them into a tight fit.

Lift Thickness

Usually soils should be spreacl in layers 6-in. to 8-in. thick in
a loose condition. As the fine-grained soils tend to bulk up lllore,
their loose lift thickness would cotre closei to 8 in. and the nrore

granular soils closer to 6 in. Usually the average compacted lift
thickness is about ó in.

Granular base course nraterials n.ray be corlpacted in lifts rang-
ing up to 6 in.-depending upon the type of cornpaction equipment

utilized. If smooth-vu'heeled corrpactors are used, the lifts should

be controlled to about 4 in. Hor'*'ever, if vibratory cotnpactors are

used, lifts of up to 8 in. or 10 in. nral' be perruitted.

Number of Equipment Passes

The average number of passes for "starlclarcl" eqttipt.uettt, average

lift thickness and optinruur utoistttre content (see below) is four to
six. Soils on the dr1' side will require ntore passes. Excessit'ely wet
soils should be given time tq reach a drier state.

For rollers r,l'ith pegs or pad-f eet, cotrrpaction is completed

vr'l-ren the pegs or pads "walk-out" or "walk" on the compacted soil

surface.

Soil Moisture and Compaction

For each soil type there is a certain nroisture content at which

a relatively high density catr be attained with a urinirutllr nuurber

of equipnrent passes. This favorable n.roisture content is called the

optimurn moisture contelìt. At optimtrrn uroisture tl.rere is enough

moisture to lubricate the particles and just enough to fill most of
the void spaces afte¡ compaction. When there is too much water
in the voids, soils tend to \À'ave-up in frol.rt of the roller and do

not properly compact.

There is a rather detailed laboratory test to determine optimunr

moisture to produce maximum compaction. Below however, is a

simple field test to deterrnine if a soil is near optimum.
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Field Test for Approximate Optimum Moisture Content
Fine-grained soils and dirty gravels and sands should be

thoroughly damp-not wet and sticky-antl not ciry ancl dusty_
Fig.27.l-he soil should be da.rp enough that a ball of the soil will
stick together when sqneezed in the hancl-Fig. 28. As a further
check, drop the ball of soil on a harcl surface fro'r a heigrrt of 1g i'.
to 20 in. It should be moist e'ough that it cracl<s but does not shatter
after striking the solid surface.

27 28
Fig.27. For efficient compaction of 6ne-grai'ed soils, and dirty gravets and

sa'ds, the soil should be thoroughl¡. damp but not \4,et and stick1,. The
above photo, and Fig. 2B, illustrate a very simple field test for this

optimum moisture content.

Fig. 28. The soil shown above is at optimum moisture content. A handful,
firmly squeezed in the hand, holds together ancl does not stick to the ha'ds.

A further check, is to drop the ball 18 in. to 20 in. on a hard surface.
The brll should only crack and uot shatter.
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APPENDIX A_SAMPLING PIT-RUN SANDS AND GRAVELS
FOR TESTING

Obtaining a Representative Sample

The primary concern in obtaining a sampte from a gravel pit for testing is

to get a representative sample. If a power shovel is to scoop across several
tayers, the sample obtained should irrclude material from each layer mixed
together just as the shovel mixes it when loading it into a truck. Test results
represent only the sample and the more closely the sample represents the material
to be placed on grade, the more valid the test results.

Reducing Size of Representative Samples

Obtain a representative sample of about 40 lbs. of gravel and/or sattd, place

it on a piece of canvas and mix it well. Remove cobbles larger than 3 in.

\\¡ith a broom stick, quarter the large sample, as showlr in Fig. 29' to get a

smaller yet representative sampte for testirrg. After quartering. discard t*o
diagonally opposite quarters and thoroughly mix the remaining t\ryo quarters'

This is a repTesentative sample reduced to about 20 lbs. To obtain an evetr

smaller representative sample, of about 10 lbs., the above process shoutd be

reepated.

Fig.29. Large representative soil samples can be reduced to smaller represen-

tative samples by quartering. It is usually doue on coarse-grained samples.

A piece of cauvas and a long broom stick or shovel handle can be used

as shown above.
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APPENDIX B-SUGGESTED TEST EQUTPMENT FOR SOrL
IDENTIFICATION

Soil classification in the field generalty requires little or no equipment ¡ how-
ever the following items will facilitate the work.

(a) A rubber syringe or small oil can of about t/z pt. capacity for adding
water.

(b) Porcelain pan, approximately 12-in. diameter and 5 in. deep.
(c) Small porcelain bowl, approximately 5-in. heavy-duty cereal bowl or

similar container.

(d) Standard Test Sieves, 8-in. diameter, sizes No. 4 and No. 40.
Note: A piece of wire, hardware cloth with approximately /_irr.
openings may be substituted for the No. 4 test sieve. Likewise, a piece
of screen wire with openi'gs of about J.r-i'. may be substituted for the
No. 40 sieve.

(e) Tall, slender, straight-sided, glass jar, at teast 6 in. in height with a
good cap.
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Section 4. UNIFIED SOIL CLASSIFICAT¡0N SYSTE^{

l. REFERENCE. Soit designations in this oa¡ual conforo to the Unified Soil Classificatioa MIL-STÞ
6198 (ME), l2 June 1968, r,hich was modified from the fo¡mer Âi¡field Classification io 1952 for adoption
by ôc U.S. Corps of Engioeers (USCE) aod the U.S. Bureau of Reclamatioo (USBR)'

2, UTILIZATION. Classify soils in acco¡dance with the Unified Systeo andinclude tåe approptiate
group syobol in soil descriptions. See Table l-4 for elements of the Unified System. A soil is placed io
ose of lj categories or as a bo¡derline oaterial coobining two of these categorics. Laboratory tests tnay

bc rcquired for positivc identification.

o. Sondc ond Grqvcls. Sands a¡e divided from gravels on the No. 4 sieve size, gravels from cobbles
on the ]-inch size. The division berween fine aod mediuo sands is at the No. 40 sieve, between medium

¡od coa¡se sand at the No. l0 sicve.

b. S¡ltr ond Cloys. Fine graioed soils are identified according to plasticity characte¡isúcs dete¡-
oioed in..Arterberg lioit tests. Categories are illusrated on the plasticiry chart in Figure 3'1.

c. Orgonic Soil¡. Materials containing vegetal matter are characterized by relatively low specific

trayiry, high warer content, high ignition loss, and high gas content. Dectease in liquid limit after ovco-

drying ro a value less than threeauarters of the origioal liquid linit is a definite indicatioo of an orgaoic
soil-

129



TABLE I.4
tlnlfl¡d Soll Clo¡¡l fl cctlon Syrtrrn

..4

å

Priaery divi¡io¡¡
G¡oup
alm'
bol

Sccondary division¡ Lrbo¡rlory cl¡¡¡ific¡rioa crirc¡ir Supplcoentrry c¡i rcri¡ fo¡
virual ide¡tificrrioo

Oourc graincd
soik, (Morc
th¡n half ofmc-
tcrial ie largcr
tlraa No. 200
cicvc si zc. )

Gravelr. (Morc
than half of
lhe coa¡se
f¡action is
larger tlran No.
4 sieve sizc.)

Clcrn grevels. (Lcss
thu 5% of matc¡ial
ualle¡ th¡n No.200
sicvc sizeì)

G¡avclg with finc¡.
(Morc than 12% of
mate¡i¡l sm¡lle¡
tha¡ No. 200 sievc
sizc.) I

Clcaa tands. (Lcss
¡han 57o of m¡tc¡ial
smallc¡ than No. 20
cicve size.)

Smdc with frncc.
(More than 12% of
matc¡ial sm¡llc¡
than No, 200 sievc
ri ze. )r

Sanda. (Mo:c
th¡¡ h¡lf of
thc cosrce
f¡¡c¡ion is
smalle¡ than
No. 4 sievc
size. )

GV

GP

GM

GC

sw

SP

SM

sc

VcIl graded gravels,
gravel-sand mirturcs, lit-
dc o¡ no fincs.

Poorly graded gravcla,
gravel-sand mirturee, lit-
¡lc o¡ no fines,

Silry gravels, aod gravcl-
sand-silt mirturcs, which
may be poorly graded.

Clayey gravels, aod
gravel-sand-clay mix-
tures, which may be
poorly graded.

\iell graded sands, grav-
elly sands, little o¡ no
fines.

Poorly graded sands,
gravelly sands, litde or
óo fincs.

Silty sands, and sand-silr
mixtures, which may be
poorly graded.

Clayey sands, r¡d ¡a¡d-
clay mirtures, which
may be poody gradcd.

c" =H trerrc¡ thm 4

t'=¡r{%' bctwcen I r¡d 3

Not mecting all gradation rcquirc-
mcots fo¡ GV.

c" =B# grcrtcr than 6

a" = qff* bcrwcen I rad J
Not mccting all gtrdatioa rcquirc-
mc¡t¡ Ío¡ SV

Attcrbcrg liairs ') Á,trcrberg limita
below rA'linc, I above rA¡ line
or PI lcss than I wirh PI bc-
42 l¡ r*".r { and 7.

Atterbcrg limits f is borde¡linc
abovc 'A'linc, I casc
with PI greater I CU-GC
rhan 7 )

Âttcrbcrg linitr '\ Attcrber6 linirr
below rA' liac, | ¡bovc '¡1,, linc
or PI less than I with PI be
I f twccn { and 7

!. is borderlinc .
Attcrber¡ linit¡ I cÂsc
¡bovc'A'lioc, I SM-SC
with PI grcatcr I
¡h¡n 7 )

Vidc rangc io gnin ¡izc rnd
cubst¡adal momt¡ of dl
i¡tcmcdicte pardcle sizcr.

Predominandy one ¡izc or r
rmgc of sizc¡ with ¡omc io-
tcmedia¡c sizes miasing.

'Nonplastic fines or fincs of
low plasticiry.

Ph¡ric 6¡c¡.

Vidc range in gnin rizcr r¡d
¡ubstaodal rmuot¡ of ¡ll
intcmcdirtc partìclc rizcr.

Predooinatcly ooc ¡iæ or r
rangc of cizc¡ with somc in-
tc¡mcdi¡tc sizes missing.

Ñonplastic fines o¡ fincs of
low plasdcity.

Plastic lioc¡.

ato

oo
3
Þo
fg
c
3
f\)

o{x
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TABLE 1.4 (Cont¡nu¡d)
Unllbd Soll Clo¡¡lllcotlon Syrtorr

..¡

atâ

l[¡rc¡idr with J ¡o 12 pcrccnt sm¡llcr than No. 200 ¡icvc a¡c bo¡dc¡line cases, dcsignated: GW'GM, SW'SIrl.
zscc O¡. J, Fi$re 3-1, fo¡ position on plreticity charc

Priorry divi¡ioor
Grcup
¡Ym'
bol

Sccondery divi¡ions Lrbontory cl¡¡¡ificr¡ioa c¡í¡c¡ir Supplcmcatrry c¡iteri¡ to¡
vi¡ud idcntificrtio¡

Finc gnincd
roilr. (f,lorc
th¡n h¡lf of ma-
tc¡i¡l i c smallc¡
thcn No. 200
sicvc sizc.)

Do

Silt¡ ¡nd clayr. (Liquid limit Ie¡¡
rha¡ 50.)

MI.

OL

CL

MH

CH

OH

lnorganic eilts, cleyey
silrs, tock flour, síIry
vcry fine sands.

Inorgaoic clays of low to
medium plasticity; silry,
sandy or gravelly clays.

Organic silts and organic
silt-clays of low plas-
ti ci ty.

Inorganic silts, clayey
silrs, elastic silts, mi-
cacæus or diatomaceous
silty or fine sandy soils.

Inorganic clays of high
plasticiry, far clays.

Organic clays and silty
cloys of medium to high
olasticitv.

r{trcrbcrg iinitr '\ Attcrberg limite
bclow'A'lioc, | ¡bovc rA'linc
o¡ PI lccc th¡o I with PI be'
{ [ twcen4udT

Åttcrbcrg lioits I i" bord.rlir" '
abovc tÂt line, | ."".
with PI grcatcr I ML.CL
than 7 )

Ätterberg limits
Sslqs rÄt linc

Atrerbcrg limits
bclow r¡{.'linc

Âtterberg linitr
abovc tÂ¡ liac

Âtterberg limita
below rAt liuc

Ðry
ctrengrh

Rcaction
to

shakiog

Touth-
octt
nel¡

plästic
limit

None to
slight

Medium
ro high

Slighr to
mcdim

Slight to
m¿dim

Hish ò
vcry
hish

Mcdiu
to high

Quick to
slow

Nore to
YCfy
¡low

Slow

Slow ¡o
aotc

None

Nonc o
vÊ11¡
^t ^--

Noac

Mcdim

Slight

Slisht o
EGdiurD

Hish

Slighr to
mcdiu

Sik¡ end clayc. (Liquid limit grcetcr
¡h¡n 10.)

na

tl¡8hly or8¡nrc aoll8. Pr Peat, meadow mat, highly
organic soils. creasc aftcr dtyil¡ fecl, frcquendy fibtou¡ tc¡-
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EHAPTER 3. LABORATORY TESTS AND TEST PROPERTIES

Section l. ¡NTR0DUCT|0N

t. S0PE. This chapter covers laboratoly test procedutes, typical test properties, and rhe application
of tests to design aod const¡uctioo. Symbols aod terms relatiog ro resrs and soil propetties 

"-ior., g.o-
erally, to definitious given in ÂSTM D6jr.

2' RELATED CRITERIA. For additiooal tequirements conceming labotatory ¡ests fo¡ highway a¡d ai¡-
field design, see tåe followiog:

Sttbiecl Sou¡ce
Tests forairfields. .... NÂVF.{C DM_21
Tests for highways . . . . .N¡{VF^C DM-,

3' LABoRATORY EQUIPMENT. For lists of Iaboratory equipmeaé required for performance of resrs, see
Lambe, Soíl Tesiing lor Engineers aod othe¡ criteria 

"o*..i given for ies. procedures.

1' TEST SELECTION F0R DESIGN. Standard or suggested test procedures, vanarions which oay be
required, and type and size of sample are included in Tables ]-L, 3-2, anð, 3-J; Table 3-4 conrains soil
properties derermioed from tests and rhei¡ applicatioos.

a. lndcx Propertics Tesls. Index properties are used to classify soils, to group soils in major strara,
and to extrapolate results froo a rest¡icted number of structural properties tests to determine properties of
other similar materials. Procedu¡es for most index tests a¡e standardized (Table 3-l). Eirheir"ir.""n,r-
tive dry samples or undisturbed samples a¡e utilized. Tests a¡e assigned after ¡eview of boring àata aod
visual identification of sampies ¡ecove¡ed.

b. Sttucturol Propertics Tests. These must be planoed for particular design problems, Rigid stand-
atdization of test procedures is inappropriate (Table 3-2). Pe¡fo¡o tests only on undistu¡bed su.ples
obtained as specified in Chapter 2 or on compacted specimens prepared by standard proced.ures. In cert^in
cases, completely remolded samples are utilized to estimate the effect of disru¡bance. plan tests ro deter-
oine typical properties of major strata rather than arbitra¡ily distributing rests in proportion to rhe number
of undistu¡bed samples obtained. .{ limited number of high quality rests on carefully selected undistu¡bed
saoples is preferred to many mediocre tests on specimens selected at random.

c. Compocted Somple Tests. In prospecting for borroq, matetials, index tests or tests specifically f6¡
compacted samples may be required in a numbe¡ proportional ro the volume of botrow involved or the
ouober of samples obtained. St¡uctural properties tests â¡e assigned afte¡ bor¡ow marerials have been
grou¡red in oajor categories. Select samples for test to ¡epresent the mai¡ soil groups and probable com-
pacted cooditioo.
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TABLE 3.I
Rcquircmcntr for lndex Propertics Tc:t

r,Distutbedorundisturbedindicatesrharthesoucesamplcmaybeofeithe¡rype.,{STMstandardtestprocedures
givea in Standards, Pat 4; AIISHO srandard test procedures given in Sta¡datds, Pa¡t lll,
2 ?eights of samples for tests on ai¡-d¡ied basis.
3 Lambe, Soìl Testing lot Engineets. One.point method of liquid limit test must not be used fq control of
const¡uc¡ion or for dete¡mining compliance with spccification requirements.

7-t-2

Tcsr

Rcfe¡ence
fo¡ s¡mda¡d

test
proccdure

Variations f¡om standard test
proceduc

Type of sample for
testl

Size or weight
of samplc for

¡est2

Samplc preparation. , .

Moisru¡ècontcnt....

Dry unit weight. ,. " .

Specific gravity:
Marc¡ial smaller than

No. 4 sicvc size,

Marerial largcr than
No. .{ sievc size.

Âtterberg limits:
Liquid limit

Plastic limit . ,

Shrin&age limit ,

Grada¡ion:
Sieve analysis

H1'drometcr analysis

ASTM D{2I

^sTM 
D22r6

None. . , ..

^sTM 
D854

,tsTM cl27

ASTM D423
(One-point
oethod
ÄÂsHo
TA9)3

,{srM D424

,{sTM D427

ÁsT[! D422

.{STM D422

Distubed o¡ undis.
turbed.

Distu¡bed o¡ undis-
turbed with unaltered
natu¡al mistue con-
tent.

Undisturbed with unal-
tered natural volume.

Disturbed o¡ undis-
turbed.

Distubed or undis.
tu¡bed.

Discubed or undis-
rurbed, fraction pass'
ing No. 40 sievc.

Disturbed or undis.
turbed, fraction pass-
ing No. 40 sicve.'

Distubed or undis-
tu¡bed.

Disturbed o¡ undis-
rurbed, nonsegre
gated sample, f¡action
lcger than No. 200
sievc sizc.

Distu¡bed or undis-
turbed, nonsegregated
sample, fractioir
smaller than No. l0
sieve size.

Âs rcouired for
subsequent
tests.

Ä.s large as
convenient.

.As large as
convenient.

25 to 50 gm
for finc
grained soils;

150 gm for
coüse
grained soil.

500 gm.

50 to 100 gm.

15 to 20 gm.

30 gm.'

600 gm for
finest grain
soil; ro 4,000
gm for
c oa¡se
grained soils.

65 em for
fine grained
soil; l15 gm
for sandy soil

Determine total dry wei¿ht of a

sample of measured total volumc

Volumer¡ic flask preferable; vac.
uum preferable for de-airing.

Harvard liquid limit device and
grooving tool acceptable;3 open

wire grooving tool acceptable.

Ground glass plate preferable for
rolling. Material for Atterberg
Iimis tests should not be dried
bcfo¡e use.

of undistu¡bed material may be

used rather than a remolded
smplc.

it i.-,1
oay vary for samples of different
gradation.

F¡action of sample for hydtometer
malysis may be that passing
No. 200 sieve. Enti¡e sample of
fine grained soil may be used.
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TABLE 3.2
Rrquircmcnls for Slructurol Propcrlics Terls

lLrobe, SoíI Testíng lot Engineers.
¡ASTI{, P¡ocedutes lot Testitg Soils.

d. Typicol Tr:t Propcrtics' Va¡ious correlations between inde¡ and srrucru¡al popcrties are avail-
able, showing the probable range of test values and relation of paraoerers. tn testing for structural prop-
erties, corclations should be investigated to extend results to similar soils for which index values only
¡¡e ¡vailable. Correlatioos are of varying quality, expressed by standard deviation, which is the range
¡bove aod below the average trend, within which about two-thirds of all values occr¡¡. These relationships
e¡e useful io prelioinary analyscs but oust not supplant careful rests of structural properties. The rela-
tioaships should oever be applicd in final analyses sithout verifica¡ion by tesrs of the particula¡ oaterial
coocerned.

7-t-f

Tc¡t

Rcfercæe
fa

sug¡esred
SCSl

¡xæedue

Vsiations ftom suggested tcst praeduc
Size c reight of srmple for test

(undistubcd, remolded,
or comprcted)

Permability:
Consrant head

¡xæedurc.

V¡¡iable head

¡ræedure.
Constcnt head

præcdurc fa
corrse graincd
¡oils.

Cepillery head . ,

Cmsolid¡tion . .

Dircct shcu. .

Uaconfined
conpressio.

T¡iexial
compression:
Uncoosolida:ed-

u&eined(Q or
w).

Cmsolidared-
udraincd(Qc or
IjD).

Con¡olidated-
d¡riæd(S orD).

(l)

(t)

ASTM2

(t )

(t)
ÀSTM2

(l)
¡{STM2

(t)

|{

Fc clean, conse greined soils, thc proce-
duc of ASTMz is preferablc.

Generally applicable to fine greined soils.

Limired ¡o soils coataining less ¡han l0%
prssing No. 200 sieve size.

Cepillry hcad for certain fine grained soils
my hrve to be detcrmined indirectly.

To investigate secondary compression, indi-
vidul loads my bc maintaiæd for more
then 24 h¡.

Limited to resrs on cohesionless soils c to
consolidared shear ¡ests on fine grain
¡oils.

Alte¡mtive præedure given in ¡5Tyz
(P. 12l ).

Fo¡ ocasuement of pore sare¡ pressues
duing tcst, spccial additional equipment is
requircd. In rhis case rate of sheu must
be no faste¡ than certain liaiting speeds.

Sample size depcods on mer
grain size,4 cm dia by 35 cm
height for silt and fine sand.

Simila¡ to consranr head sample.

Diametcr vr¡ies f¡om j in. for j/8
ia. oer grrin size, to 6 in. for
l/1 in. max grain size.

2fi) ¡o 250 gm dry wcight.

Diamcter preferably 2t¡4 i¡. o¡
larger. Ratio,of diqmeter ro
thicLncss of 3 o¡ 4.

Gcærally 0.5 ia. thick, 3 in. by l
i¡. c 4 in. by { in. in plan, c
equivalc¡rt ci¡cular c¡oss
scction.

Sioilar ro t¡ia¡i¡l rest srnples.

Ratio of height to di¡mete¡ should
be less than I end greater than
2. Common sizes are: 2.8 in.
dia, 6.5 in. high; 1.4 in. dia,
1.5 in. high.



TABLE 3.3
Rrquircmenls lor Compocled Somple: Tcrtr

I Fq cher souces of srandard tesr ¡xocedues, see Table l-1.
2Wcight of samples for tests giver on ai¡d¡ied basis.
3P¡æedate lot Testing Sotls (^STM).

7'3¿

Te¡t
Refe¡ence fq
stædard tcsr

præ educl

Vuiations from sr¡oda¡d
tes: ¡æedue

Size or reight of
srmplc for tesr2

I Moistu¡e-dcnsiry relations:
S¡mdsd Procor
5r,flb hmoe¡, l2-in, drop.

Modified P¡ætc
l0-lb haooer, l8-in. drop.

ASTM Dr55 7

ÂSTM2

ASTM D2049

,ISTM DI558

USCE
TM-5-85 2-6

Âppeodix III.

Â,iSHO Tl74

U. S. Bweau of
Reclamation E-12.

D698ÄSTM P¡cfe¡sble nd to reuse samples
for sucessive compaction
dete¡minatims.

P¡efe¡able nd to ¡euse samples
for successive coopaction
detc¡oinations.

Eech dete¡minarion:
Merho'd il: 6 lb
Mcthod B: 14 lb
Mcthod C: l0 lb
Method D: 22 lb
Method A: 7 lb
Method B: 16 lb
Mcthod C: 12 lb
Method D: 25 lb

2 to 3 lb of oare¡ial
passing No.4 sieve
size fo¡ completc
cuYe.

Va¡ics f¡om I0 to 130
lb depcnding oo
mar. grain size.

Marimuo and oiniøm densitics
of cohesionless soils.

Maic¡¡rr¡-ea¡¡r¡tin.'..i "¡"^--

Alternative methods using
vibrating tam¡rr given in
ASTM,3

rclations.

Califqnis beaing rario . .. .

Erponsion pressrc

Pcmeability and compression
chancteristics.

tion. Methods á, o¡ B
sbove.

fq Modified Proctor may be
utilized-

requires l5 ro 25
lb dcpcnding on

gradarion.
l0 tu l5 lb depcnd-

ing on gradation.
15 lb of material

passing No. 4 sieve
size -

Tcsting præedues of Table J-2
may be utilized.

Compendium 2 Text 5
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Propcrty Symbol Unitsl How obtained Direct applications

Volume-we ighr characte¡istic s:2
Moistqe contenr . v D Dircct ly from test Classificatioo and in volume-

weight relations.
Unit weighrs v FL Directly from test o¡ from

volume-weight relations.
Classification and for pressure

comoutations -

Yqosrty . n D Computed from volme-weighc
¡elat ions.

Parameters used to represeot
relative volume of solids in
total volume of soil.e D Computed from volume-weight

¡e lations -

Specific qravity G D Direcrly f¡om tesr Volume comoutations
?lasticity cha¡acterisrics:
Liquid linit" LL D Directly from rest. Classif icarion and properties

¡n¡rcla¡inn
Plastic limit PI, D Directly f¡om tesr. Classification.
Hlastrclty rnder PI D

lati
sütnKace lrmtt. SL D Ditectly f¡om rest Classification and compu.

tation of swell.ùtr¡nKage tnoex sl L) -51-

Ac D Identificarion of clay mineral

Liquidity inder LI D W-PL
PT

Estimating degree of precon-
solidation.

Sradation characreristics:
Effeccive diarete¡ .. , D L Frm *rain-size cuve Classif ication, estimating per.
re¡cent t¡atn srze )¡ o, Doo

D¡s
L ¡om g¡arn-srze cuve meability and unit weight,

filter desi¿,n, grout selection,
and eva luaring poreorial
f¡cst heave.

Coeff icicnt of udfumity. C
u

D Dæ
Dro

cættrcreff ot curvarue cc t) (ll¡o )/
(D,. ) x lD.^l

Clay size f¡acrion . D From grain-size curve, % finer
than 0.002 mm.

Classification.

Drainage cha¡acterisrics:
Cæff icient of permeability. k LT.I Directly from permeabiliry tesr

or compured f¡om consolida-
tion tesr data.

Dtainage, seepage, and consol-
idation analysis.

Capillay head . lb L Directly f¡om resr Drainage and drawdown
analys is.

Effective porosiry nc D
dra i¡a hl p

lonsolidarion characce¡is¡ics:
Cæfficient of compres-

sibilitv.
4 L2F'r De¡ermined f¡om arith. -e vs p

cüve.
Computation of ultimate

settlement or swell in
consolidation analysis"çættrc¡eoc ot volum

comressibilitv.
mv L2 F. av

l+e
compresslon rndex Cc D Determined from semilog e vs

P cute.Kecomp¡ess¡on rr¡dex C. D
SWelllng rndel c D
Læillctent ot secondary

compression. ,
C" D D 

" 
*.", i r*d-f r". ;.f i.-t, i r* -

consolidation cuve.
Coefficient of consolidation. c L¿1 Computation of time rate of

settlemenr.
Preconsolidation pressue. Pc FL.2 Estimated from semilog e vs

D CUVe.
Consolidation analysis.

TABLE 3.1
Soil Propcrties for Anolysis cnd Design
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ÏABLE 3{ (Corrinucd)

Soil Proportirr for Anoly:ir ond Dcrign

lUaits: F = force or weight; L= length; T = timei D = dimensionless.
tFc complete list of volmc-weight relationships, sce Tablc 3-5.

3. ATTERBERG Ll$lTS. Fo¡ classificarion of fine grained soils by Âtterberg limits, see Figure 3-1.

lo addirion ro their use in soil classificatioo, Atterberg limits also ate indicators of struco¡al properties,

as shown ia the correlatioos in this cbapter, Limit tests should be performed discrimioately, and sbould

bc ¡eserved for representative samples selected after cvaluating subsoil Pâtte¡n. Dete¡oine lioi¡s of each

consolidation test saople and each set of samples grouped for ttia:ial shea¡ tests. For selected borings,

deteroine Atterberg limits on samples at regular vertical iotervals for a ptofile of lioits and correspooding

aatural water coûteots.

7-r4

Propcrty Sy¡nbol Uni¡sl How obt¡ined Dircct rpplicuionr

Shc ar strengrh characteris¡ ics:
Ânrle of inte¡nal f¡ictioo ó D Dete¡¡niæd fton Moh¡ envelo¡r Anelysis of a:rbility rnd lo¡d

cenying cepecity of fouodr-
tioos.

LOnes¡on tnterceÞt c Ft_-z fo¡ roral no¡ml s¡ress.
Anrlc of internal friction ø D Deternined f¡om Mohr envclope

for effective no¡ml st¡ess.Coþsion intercept c' Fl,
Unconfiæd compressive

strenrth.
9u FL Drrccrly l¡om acst.

sncar strenetn s

Sensitivity st D q, (undisrubed)
o.- lremold¡dl

Estimating effect of dis¡ub-
ancc.

Modulu of elasticity. E¡ FL" Dctermined f¡oo st¡ess-st¡ain
cüvc.

Computation of elastic scttle-
ment o¡ ¡ebound.

Charac¡errstrc s ol compâcted
semples:

Marimum dry uoit weight. . /*¡ r F L-3 Dctermined from noistue-
dcn siry c uve.

Compaction cont¡ol End

conputation of weights and
fo¡ces in st¿bility analysis.

ulxrmm morstte conleü. oMc L)

Needle ¡rcnetration ¡esist-
¡nce.

Pr FL urrectly ¡Îom test Molstue control ¡o compac-
tion.

Re lative density . D¿ D Compaction cont¡ol.
end min density tests,

C¡lifo¡nia beuing ratio CBR D u¡recaly ¡lom acsl . lJâveBenf de sl8n.
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The ldentitieation of Roek Type$
Introd.uetíon

The intærest of highway engineers in
selecting the best rock for use in different
types of highway construction suggests
the need for a simple method of identi-
ûcation of ¡ock types which can be
applied in the field. A suitable method
which will assist, the highway engineer
in identifying many of the difrerent types
of rock with which he is coneerned is
presented in this article. An attempt
has been made to present this method in
simple terms for the benefit of those who
are not familiar with expressions normally
used in petrographic descriptions.

Ä previous edition of this publication I

has been used in the üraining of engineers
assigned to the Division of Physical
Research of the Bureau of Public Roads
for instruction. Some of these engineers
suggested certain changes in the text,
and the use of more illustrations to assist
in the explanation of terms used. These
suggestions have been follolved as fully
as has been practicable. In addition,
some changes have been made to elimi-
nate certain classifications of rock which
were of little interest to the practicing
engineer, or types which could not be
identified in the ûeld using the equipment
normally available.

The method of identification of rock
presented here is intended to be applied
to pieces large enough so that the struc-
ture of the rock can be observed clearly.
In small pieces, the alinement, if any, of
the minerals composing the rock may
not be observed as readily as it would be
in a larger piece. The user of this method
is urged to obtain for study as large a
piece of the rock as is convenient to

I Origln¿lly published ln Punr,tc RoÂD8, vol, 26'
No. 2, Jûre 1950, aDd subsequently prlnted iD pam-
phlet form,

handle. Pieces about 3 inches by 4
inches by 2 inches thick may be found to
be suitable.

The equipment needed consists only
of a knife blade of good steel, a small
magnifying glass of 6 to 10 power, and
a bottle of dilute hydrochloric acid, pref-
erably with a dropper (available ùt
most drug stores). In sorne texts, state-
ments will be read that household vinegar
could be used if the acid is not available.
Experirnents wilh vinegar obtainable
from grocery süores and marked "reduced
to 5 percenl acidity with water" showed
that this vinegar is a poor substitute for
ordinary diluted hydrochloric acid. Since
the latter may contain 20 to 33 percent
of the normal concentrated acid, the
unsuitability of vinegar as a replacement
of dilute hydrochloric acid can readily
be understood.

Sometimes a fragment of quartz or a
quartz crystal will be found useful in
the idenüification of minerals. Gen-
erally minerals which are large enough
to be tested for harduess with the quartz
can be identifred visually. The core of
a bulleü from a round of 30-caliber armor-
piercing ammunition is easy to carry and
has t¡een found of considerable value in
the identification of quartz and feldspar,
Ä machinist's or glass-marking scriber
with a tungsten carbide tip will also be
found useful for this purpose.

The method of rock identification pre-
sented in this publication follon's that
given by Pirrson and Knopf,2 which in
turn was based on thal given by Geikie
in lnis Te¡tbooh oJ Geology,3 It uses a

combination of -simple physical and chem-
ical determinations to identify lhe rock.

z Rock¡ and Rock Mínûals, by Louis V. Plrrson and
Ädolph Knopf, 3d edition; John Ìl'iley snd Sons'

Inc,, New Yorki 1947,
. Tætþook oÍ GcologtJ, by Sir .lrchibald GeilCe' 3d

edltion; Macaillan aud Company' London; 1893.
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Table l.-füneral elassification of rock Table 2.-Rock-forrning rrrinerals

Nme Composition

Pnru.rRy MTNERtLs

Quartz---- ---
Feldspâr:

Orthoclæe-

Microcline-

Plagioclase-

Pyroxene:

Silicon dioxide.

Silicåte of pota.ssium and alu-
mlnum.

Silicate of potassium and Blu-
minum.

Silicate of sodium, calcium,
and aluminum.

Àmphibole:
Flornblende

Mim:
Muscoyite-.

Biotite. --- -.

Magnetite- - -.
Rock glâss---.
Garnet-------.

Olivine- - -

nesium, and aluminum, -

Complex silicete principally
of mlcium, lron, magne-
sium, and aluminum. -

Hydro6 silicâte of notsim
and aluminum. '

Hydrou siliete of Þotas-sium,. mâgnsium, iÌon,
ano âlumtnltm-

Iron oxide.
Variable.
Silicâte of aluminum. lron.

and caìcium.
Silicate of magnesium Ðd

!ron.

SEcoNDÀny M¡NER.4.Lg

Calcite----
Dolomite-

Kaolin----

Chlorite- -

Epidote---

Limonite-
ônnl

Calcium cårbonate.
Caìcium and megnesium

carbona¿e.
Ilydrom silicâte of alum!

num.

ñæium, moãtuminïm-"
Hydrous silicate of câlcium,

âluminum. and iron.
Hydrou.s iron oxide.
Hydrous silicon dioxide.

Class Type Family

Igneous

Oranite I
Syenite I
Diorite I
Gabbro
Peridotite
Plroxenite
llornblendite

E xtrusive
(fine-grained)

Obsidiân
Pumicc
Tuff
Rhyolite 1 2

Trachyte I :

Ând$ite r 2

BæBlt I
Diabase

Sedimentary

Calcareous Limestone
Dolomite

Sillceous

Shale
Sandstone
Chert
Conglomerate
Breccia 3

Metamornhic

FoUâted
Gneiss
Schist
Ämphibolite
Slate

NonfoÌiated
Quârtzite
Mârble
Serp€ntinite

I Freouently occuß as a porphtritic rock.
s Included in gcneral term "felsite" \yhen constituent

minerals cânnot be determined ouantitatively.
8 Mây âlso be composed partiaUy or eDtirely of cal-

careous materials.

fn some cases the individual minerals can
be identified, and the.rock can be named
from a knowledge of its component min-
erâls, their abundance, and the relative
amounts of each. In other cases the min-
erals may be too small to identify with
the hand lens, and recourse must be had
to the general distribution of the minerals
ånd to the structure of the rock. It
should not be expected that this method
v'ill permit the identification of any and
all rocks, but, it, is believed that the user
u'ill be able to identify the more common
rocks used in highway construction. In
those cases where the rock cân not posi-
tively be identified, the user of this meth-
od should have no hesitancy in stating
which type of rock the sample under
Etudy mosú closely resembles, and de-
scribing the partieular features of the
sample which are not in agreement with
the characteristics of the type mentioned.

General Classìficotion

A. general classification of rocks of in-
terest in highlvay construction is given
in table 1.{ The rocks are first sepârated
into three classes-igneous, sedimenúary,
ând metamorphic-on the basis of their
origin, and each class is subdivided with
regard to physical eharacteristics or chem-
ical composition.

In the igneous class, the intrusive or
coarse-grained rocks include such famil-
iar materials as granite and gabbro.
These rocks n'ere formed from molten
material ¿nd cooled slou'ly so that the
cr)'stals composing the ¡ock developed to
an appreciable size. The extrusive rocks
were âIso formed from molten materiâI,

I Bas€d on table 2 in Relatim ol Minüal Composi.
lím and Rock StÍucture lo PhysicøI hopeil¿cs oÍ Road
Materiak, by E. C. E. Lord; U.S. Department of
á,gricuÌtüe Bulletin No, 348; Äpril 4, 1916
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but these cooled so rapidly that the crys-
tals are very small, In a few cases, the
molten material formed as a glass, re-
sulting in obsidian or similar rocks. The
fine-grained crystalline rocks include rhy-
olite, trachyte, andesite, basalt, and dia-
base. The first three of these rocks are
sometimes grouperl under a general fam-
ily name of felsite which includes light-
to medium-colored, very fine-grained
igneous rocks. Basalt and diab¿se ¿rre

frequentl¡r deseribed in engineering ter-
minology as "trap rock",

The sedimentary class of rocks, formed
by deposition of water- or wind-trans-
ported rock grains, is separated into tw'o
groups on the basis of the principal min-
eral component. The calcareous rocks,
which are composed essentially of com-
pounds of lime or magnesia, include lime-

stone and dolomite. Sedimentary rocks,
which are composed ohiefly of silica,
include shale, sandstone, and chert.

The metamorphic class is separated
into two groups based on the structure of
the rock. In the foliated or layered
types are included gneiss, schist, and
slate, while quartzite and marble are
included in the nonfoliated type. The
metamorphic class includes those rocks
which have been formed from another
type of rock by heat or pressure. For
example, gneiss may be formed from
granite, marble from limestone or dolo-
mite, and quartzite from sandstone.
Sometimes this alteration improves the
quality of the rock, as in the case of
quartzite, r'hich is a much harder and
tougher material than sandstone. In
other cases, the reverse applies: marble

I Vslues shom in parenthese,s indicate mlnerals other tban tbose essential for the ctÈssfficåtton of the rock.t Includes lG-20 percent rock glass.
I LlTeston! contains 8 percent of the mineral dotomite; the rock dolomite conta¡ns 82 p€rcent of thls m.ineral.
. Ineludes 3 percent opâI.
¡ Includes 3 percent garnet,

Table 3.-Mineral cornposition of rocks
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generally is inferior to limestone or dolo- loo
mite as an aggregate for highway con-
struction.

Míneral Conrposítíon of Rocks 
8o

The more imporlant rock-forming min- ts

erals are listed in table 2. These are É .o
separated into primary and secondary tu

minerals deperrding upon whether the.v i
are found in the origirral igneous rockì Z ^^
or were derived by aJteration of the min- ! '"
erals in these rocks. 3

The essential mineral composition of
the more common rocks used in highway
construction is given in table 3. This is
a condensation of material givetr in
United States Department of Agriculture
Bulletin No. 348.5 In table 3, the aver-
age percentage distribution of the min-
erals which are characteristic of each
variety of rock is shown, together with
incidental mirrerals which are indicated
by values in parentheses. Minerals ¡l'hich
are present in the rocks in amouuts less
thau 3 percent are uot mentioned sepa-
rately but are grouped in the table under
"remå,indertt.

In figure 1, a graphical representation
of the composition of igneous rocks is
shown. This is based on the data given
in table 3, but has been idealized to a
certain extent for purposes of simplifica-
tion. In the segmeut marked "glass or
iron ore," the rock gla.ss applies to the
fne-grained extrusive rocks only.

The color of the rock furnishes some
indication of the mineral content. If the
rock is white or light in color, the pre-
dominant minerals probably are quartz
and feldspar. Red, brown, greerì, gray,
¿nd black oolors usually indicate the
presence of minerals oontaining iron. In
sedimentary rocks, gray or black colors
may be oauted by oarbonaceous metter.

Classlfiætíørn by Geologíc Type

It w¡ll b€ belpful if the user can clas-
sify rook with respect to its general
geologic type; that is, whether the rock
was formed directly from a molten mass
(igneous class), or w¿s formed by dep-
osition of the rock grains trarrsported

| see footnot€ 4 pacs 2.

Fígure L-Diograrnrnotic represe.ntn-
tíon oJ t.he tníneral cotnposition ot
ígneous rocles.

by water or wind (sedimentary class),
or wâs formed by the action of heat or
pressure or both on previously existing
rock (metamorphic class). Features which
will assist in this classification of rock
are the following:

Igneous class:
Abser:ce of fossils.
Presence of glass.
Uniformit¡' of structure.
fnftrlocking crystals.

Seilimenlary class:
Rounded grains.
Presence of fossils.
Stratification in relatively thick

layers.
Abrupt changes in color from layer

to layer.
Metarnorphic class:

Separation of crystals into approxi-
mately parallel layers.

Formation in thin parallel layers.
Broken readily into slabs.

Âll features mentioned for a given
class probably will not be found in one
single piece of rock, but one or more of
ühose mentioned should be found.

J
É

Ë¿o¡

o

HYOROUS ALTERATIOII

XINO OF ROOK
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Fígure 2,-A oesículo'¡ basalt.

Rock, Structure

The stnrcture of lhe rock is of cou-
siderable assistance in determiniug the
general classification of the rock and
also in determining the precise name
for the material. À{asses of rock rvhich
show a marked resemblance to columns
are unquestionably of an igneous origin,
Rock which is vesicular-ühaf is, con-
taining large or small cavities u'hich
sometirnes are separated by thin rvalls
of rock-is usually an igneous type. An
example of this is shot'n in figure 2.
In some igneous rocks these cavifies
are filled with a material which js of a
different nature from that of the rock
itself, and the rock is said to have an
amygdoloidaì structure.

Some types of metamorphic rocks
shorv a pecr.rliarity of struclure s'hich
is described as foliation. Such rocks
could as well be described as banded
or layered, except that these terms
impl¡' an abrupt change in the appear-
ance of the rock from o¡re layer to the
next. Bands and layers are frequently
used in descriptions of sedimentary
rocks. Three types of foliation-gneiss-
oid, schistose, and slat¡'-are used in
descriptions of metamorphic rocks. All
of the foliaúed rocks 'rvill split or cleave
more or less readily in one plane, and
the type of folialion describes the degree
of smoothness of the cleaved surface.
Rocks with a gneissoid foliation have a
rough, uneven surface while those with

a slaty foliation have a very smooth
cleaved surface, Schists or rocks with
¿ schistose folialion have cleaved surfaces
which are much smoother than the
gneisses but not as smooth as the slates.

Under the effect of heat or pressure,
the minerals in the foliated metamor-
phic rocks have been caused to arrange
themselves in more or iess parallel planes.
The dark-colored minerals may separåte
from the light-colored minerals and
form bands or streaks g'hich are char-
acteristic of certain foliated rocks. FiS-
ure 3 shorvs typical specimens of gneiss
and schist. A close examination of such
rocks rvill show that there is seldom an
abrupt and complete separation betl'een
the dark- and light-colo¡ed minerals.
Usually there is D. zone of transition
from light to dark bands, or the dark
bands will contain an appreciable per-
centage of light-colored minerals. Band-
ed sedimentary rocks which may be
confused rvith the metamorphic rocks
generally have an abrupt change in color
or texture from one layer to ûbo nert,
as shown in figure 4.

Id.entífi.catì.on of Quartz ønd.
Felclspar

In the use of this method of rock iden-
tification, it is uecessary that quartz and
feldspar be identified l'hen these miner-
als occur in crystals or grains large
enough to be seen r,r'ith the aid of the
hand lens. Their identification as con-
stituents of rock may present some
difficulties, since even in rocks of coarse
grain these minerals may be so smali
that the usual deterrninations made o¡r
the ordinary mineral specimen frequently
cannot be applied. For example, in
'hand specimens of minerals, feldspar
may be idenlified in part by the fact that
it is scratched by quartz. This test can
seldom be appiied to rock speciurens un-
less the component minerals or grains
are of suitable size. The carbide-tipped
scriber q'ill be found of advantage in this
case. Usually, hos'ever, recourse must
be made to visual examination q'ith ref-
erence üo the color, shape, luster, and
fracture of the grains.

In igneous rocks, quartz usually has
a gray or smoky color, while feldspar is

5
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white, gray, or various shades of red.
Grains of quartz are usually transparent,
or translucent, but those of feldspar are
opâque. Quartz and feldspar are dis-
similar in cleavage: if the grains are
sufficiently large, those of feldspar I'ill
be found to break with flat surfaces
forming an angle of about g0 degrees.
By rotating the hand sample of rock so
that, Iight strikes the surface at different
angles, the cleavage faces of feldspar
crystals may be observed. A photo-
graph showing the reflection of light from
a cleavage face of a rather large crystal
of feldspar in a specimen of granite is
shown in figure 5. Quartz has no
cleavage, and breaks with a conchoidal
or shell-lil¡e fracture similar to that in
figure 6. Quartz has a glassy luster

while feldspar has a luster more nearly
like porcelain. Feldspar is affected by
weathering, and the luster tends to
become dull.

fn the cooling of the molten rock, the
feldspars crystallize before quartz. As
& consequence the feldspars tend to occur
in cryslal form, while quartz develops
in more or less shapeless masses. Feld-
spar crystals frequently are compound
structures of intergrown crystals I'hich
developed simultaneously. The longitu-
dinal axes of the portions of the crystals
are parallel, buü the transverse axes of
one crystal segment are rotated through
180 degrees from those of lhe adjacent
segment. At the junction between cr¡'s-
tal segments, a plane of twinning is pro-
duced, In rock-making feldspars, these

ç.r) B

Figure S;-7!ypícol bøndíng-in foligtcd m.etarnorphíc rocks; (A) grønítc gneíss¡
(B) bíotíte gneÍss; (C) hornbLende scå.Ísr; (D) míco schtsr. -

6
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Tsble 4.-Characteristics of feldspar
and quartz as cornponents of igneous
rocks

eharacteristicl Feldspar I Quârtz

lvhite, pink----l Gray, smoky.
Opaque- ----- --l Trânslucent.
Porcelaneous I Glassy.

to drìll.
Cleavage----- Good on two I None.

faces lormin!
aniìes of
âboDt 90o.

Form of
crl'stål tâcc-l Paralleloniped - | Shapelcss.

luultiple I I

tuiminc. - I Frequcnt,.-----l Non0.

Fígtre 4,-Abntpt change betuee¡t'
ta-yers is characterislic oJ banded'
sedím.enlnry ¡ocks (banded lí¡ne-
stone).

planes of tl'inning usuaìly åre very closely
spaced, and the cleavage surface of a

crystal of feldspar may appe¿r to have
been ruìed s-ith fine, paraÌlel lines, as

sholrn in frgure 7. This trvinning is not
found in quartz.

A summarization of the princiPal
characteristics of feldspar and quartz as

components of igueous rocks is sho*'n i¡r
table 4.

Id.entífi,catíon oJ Other Mínerals

In some cases, the common forms of
the ferromagnesian minerals augite, horn-
bleude, olivine, and biotite may also be

identifred in rocks. The ferromagne-
siau rninerals corrLain iron or trtagnesia
or both as a principal component, and are
identified by shape and color. hr some
rocks the minerals are sufficientl¡' 'lvell
crystallized fo¡ identification, brtt fre-
quently they occur as grains or irregttlar
masses and identification in the hand
specimen mây Ììot be possible except by
color.

Olivine is seldom found in nell-devel-
oped cr¡'stals in rock. It occurs usuaìly
as grails or masses, and is identified by
its colo¡ rvhich varies from an olive green
to a yeìlorv green.

Augite and hornblende are the more
conìmon varieties of tu-o large farnilies of
minerals, the pyroxenes and the am-
phiboles. Both augite and honrblende
have a dark green to black color, and both
frequently occur a,s grains or masses in

( Conlínued on Page 10 )

Fígure 5.-Reflection oJ light Jrorn
õlnooage Joce oJ ø fel.dspor crystøl ín
graníte.

Figure 6.-Conchoídal lracture JounQ
in glassy and fine-groined ¡ocks such
as quørtz, obsíclian, ond chert.

5644õ0 o-G0-2
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SYSTEI\I FOIT TIIII IDENTIFICATION OF COMMON ROCKS
PR IìLI]ìIINÀRY CLASSIFICATTON

Group l.-Glassy, wholly or partly.
Grorrp II.-Not glaesy; dr¡ll or stony; horrogcnerrr¡si so fine-grained that grains cannot be recognize<I.
Group lll.-Distinctly granrrlar.
Grorrp lV.-Distinctly foliated; no cfTervescence with aeid.
Group V.-Clearly fragmental in eornposilion; rorrnrled or angular pieces or grains cernente¿ together.

GROUP I.-GLASSY ROCKS
l. Glassy lrrster; hard; conchoidal fracture¡ colorlees to

white or srnoky gray; éBenerally hrittle. euartz.
2. Solid glass; may have spherical inclusions; brilliant

vitreous luster; generally black. Obsídíøn.
3. Cellular or frothy glass. Pumíce.
GROUP TT.-DULL OR STONY, VERY FINE-GRAINEI)

ROCKS
SUBGROUP II A.-Not ecratched by fingernail, but rearlily

ecratched with knife.
l. Pqrtíclee alrnost imperceptible; dull luster; homoge-

neoua; clay odor; little ifany elTervescence with acid;
larninated stn¡ctr¡re; breaks into flakes. Sh4l¿.

2. Little if any clay odor; briak efrervescence with aci¡|.
Lítnesto¡te.

3. Little if any clay odor; brisk effervescence with acid only
when rock is powclered or acid is heate¡|. Dolotníte.

4. Soapy or greaay feel; translue,ent on thin edges; green
to blaek; no effervescence. Serpntíníte.

SUBGROUP II B.-Not ecrarched with the knife or
ecratched only with tlifficulty; no
effervesceneÆ with acid.

l. Light to gray color; clay odor possible; rnay have a
banded flow Etructure. Felsíte.

GROUP Ill.-Continued
5. lllainly quartz.

(a) Fracture around grains. Sølrodstorne.
(b) Fracture through all or through an appreciable

percentage of grains. Quartzíte.

SUBGROUP III C.-Hard; not acrsrched with knife or
scratched with difñeulty; large distinct cryetale in finer
groundrnass.

l. Cryetals of feldspar and quartz with eorne of a ferro-
magnesian mineral (generally biotite) in a light_
colored grorrntlmass. Grøníte porphyry.

2. Ørystale of feldepar antl ueually a ferrornagneeian
mineral in a light-colored groundmaes. Syeníte
porphyry.

3. Crystals of ferrornagnesian minerals, or of striated
feklspar, or both, in a mediurn-colored groundmaee.
Díoríte porphyry.

4. Crystals of quartz, or feldepar, or both, generally with
a ferromagnesian mineral, in a predorninant, fine-
grained groundrnass oflight color. Felsíte porphyry.

5. Crystale of feldepar, or of a ferrornagneeian mineral, or
both, in a ûne-grained, dark or black, lieavy ground-
rnasa. Bøsalt porphyry.

oo
3
þo
fg
c
3
t\)

o{
X.+
ct)



2. Very Lard; pale colore to black¡ no clay odor; conchoidal
fracture; waxy or horny appearanoe. Clæ.rt.

3. Heavy; dark color¡ may have cellula¡ structurei rnay
contain srnsll cavitiee filled with cryetalline rninerals.
B¿.salt.

GROUP III.-GIIANULAR ROCKS

SLIBGIIOUP III A.-Eaeily scratched with the knifc.
l. Brisk effervescence with acid. Líntestone or Marbl.e.
2. Brisk effervescence only with warrn acid, or with pow-

dercrl rock. Dolotnítíc tnarblc.

SUBGIIOUP III B.-Hard; not scralche¡l with knife or
gcratched with <liflìculty; grains of
approximately equal size.

l. Mainly quartz and feldepar; ueually light colored, some-
tirnes pinkieh. Grøníte.

2. Mainly feftleparg little quartz (less than 5 pereent); light
colore of nearly white to light gray or pink. Syenítn.

3. Feldeper and a dark ferrornagnesian rnineral.
(a) Major constituent feldspar; rock of rnediurn color.

Dío¡íte.
(b) Ferrornagneeien mineral equal to o¡ in excess of

feldsparS rock of dark color.
(l) Grains just large enough toberecognized by

the unaided eye. Dìøbase.
(2) Coarse-grained rock. Gøbbro.

4. Mainly ferrornagneeian rninerals; generally dark green
ro black.
(a) Predominant olivine with pyroxene or hornblende.

Perìdotite.
(b) Predorninant augite. Pyroxeníte.
(c) Predorninant hornblende. Ho¡nblcndítn.

GROUP N.-FOLIATED R(rcKS

l. Merlium to coarse grain; roughly foliated. Gneícs.
2. lllore finely grained and foliated. Scl¿Íst.

(a) Consiste rnainly or largely of rnics with sorne
quartz. Mica schíst.

(b) ltlediurn green to black; coneiste rnostly ofa felted
or matted mass of ernall, bladed or neodle-like
crystals arranged in one general direction.
H ornblen¡le scl¿ist or øtnphíbolíte.

(c) Glaesy or eilky luster on foliation surfaces; splits
readily into thin pieces. Sericíte scl¿Íst.

(d) Soft, greasy feel; rnarke cloth¡ easily ecratched
with fingcrnail; whitish to light gray, or green.
Tolc schíst.

(e) Smooth feel; soft; glirnrneríng luster; green to
dark green. Chloríte schíst.

3. Very fine grain; splite eaeily into thin elabs; ueually
dark gray, green or black. Sløte.

GROUP V.-FRÁ,GMENTAL

l. Rounded pebbles ernbedded in eorne type ofa cernent-
ing mediurn. Conglom,erøte.

2. Angular fragmenls embedded in s cernenting rnedium.
Breccía.

3. Fragmente of volcanic (fine-grained or glasey) rocks
ernbe<l¡led in cornpacted volcanic sgh. Yolcø,níc ttt$
or Volcøníc breccía.

4. Quartz grains, rounded or angular, c€¡rrented together.
Sandstone.

5. Quartz and feldspar grains cerrented together to nes€rn-
ble the appearanoe of granite. A¡Isose (feldspathic
sandetone).

oo
3oo
fec
3
1\)

õtx.+
O)

Þ(l'



Compendium 2 Text 6

150

Figure 7.-Tu;ínníng plø,nes ín Jel.dspør
produee ar¿ øppearance oJ fine, paral-
lel lines.

rock. Identification of these minerals
in the hand specimen depends upon
u hether the crystal shape can be deter-
mined. Augite tends to develop in short,
thick crystals rvith ç sqllaÌe or rectan-
gular cross section. Holnblende com-
monly occurs as long, slender blades with
irregular ends, and the cross section has a
diamond shape with the acute angles re-
plaeed by parallel planes at right angles
to the longer tra¡rsverse axis of the crystal.

Biotite is black mica, and is recognized
by its black, shining color, its softness,
and its occurrence as irregular flakes or
scales in granites, syenites, and metamor-
¡rhie rocks.

Systern Jor Rock ldentíficatíon

The s¡'stem for the identification of rock
is presented in tabular form on pages
8-9. In this method, all considerltions
are based on the appearânce or character
of negly fractured surfaces of the un-
rveathered rock. In determinations of
gravel, many pieces may be found to be
s'eathered, and some modifications of
the characterisitics mentioned may be
expected. For example, pieces of feld-
spar in gravel may have a dull luster, and
some pieces may be so soft t,hat they can
be scralched lçith the knife.

The first determination in the system
is the preliminary classification by which
the specimen is placed ilt orre of fir'e gen-
eraì groups

'When a determination of the lithologi-
cal composition of a gravel is made, it is
believed to be most desirable to separate
the entire sample inlo the va¡ious general
groups, and to examine each group of
particles as an entity, subdividing each
by the methods described. This should
permit lhe identification to be performed
most rapidly, and should group individ-
ual particles which shou'variations. from
a given class of rock due to slight differ-
ences in color, texture, or the effects of
u.eathering.

In group f, glassy rocks, quartz is in-
cluded as a rock. Actually this is not
technically correct since quartz is a min-
eral, differing from rock in that it has a
chemical composition expressible by a
formula and also has a definite crystal-
line structure. Hou'ever, quartz does
occur in sufrciently large masses so that
it is quarried as a rock, and is úhe most
common material in a large percentqge
of gravels used for construction pur-
poses. Due to these reasons quartz is
included in the table. Figure 8 shows
a piece of quartz n'it,h its typical glassy
luster. This luster may be dimmed by
weathering or staining.

In subgroup II A, limestone is identi-
fied in part as showing a brisk efferves-
cence rvhen treat,ed with acid. This is
illustrated in figure g. Some rocks q'hich
contain calcium carbonate as a secondary
mineral may shos'effervescence, but this
prôbåbly will not be as marked as in the
illustration.

Fígure 8.-Glossy luster oJ quartø.

l0
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Subgroup II B, covering hard, fine-
grained rocks, contains some types of
rock which lately h:rve becotne of consid-
erable inte¡est to those concerned s'ith
the durability of portland cemeut con-
crete. Included in the geueral tern
"felsite" are a number of varieties of
rock s'hich may be cherr-rically reactive
to a det¡imental degree s'ith the alkali
in cement. These include rhyolite, tra-
chyte, and andesite. The identification
of these rocks requires that both the
kind and amount of feldspar present be
determined. This determination can not
be made on the halrd specimen, and the
practice of grouping ali fine-grained,
light- or medium-colored, igneous rocks
containing feldspar as a mzrjor constit-
uent unde¡ the general term of "felsit'e"
has been adopted. This is believecl to
be a sound procedure as the various
rocks so grouped appeâr to have essetl-
tiall¡' the sâme prolrerties f rorn the
engineeriug vieu-poìnt.

In most groups, but especi¿ll.v in
groups II and III, consideralion must be
given to the size of grains or cr¡zstals
composing the rocks. The sizing of rock
grains may be a relative matter and dif-
ûcult to defrne more exactly than has
been done in the table. A "very flne-
grained" rock can best be considered as

one in lvhich the grains are not resolved
by the unaided e¡'e. For most gralrular
rocks, the grains can be seen clearì¡'rvith-
out magniflcation, as shotvn in figure l0
(left) of a sample of granite. The dia-

base shown in the same figure (right) is
representative of fine-grained ¡ocks sho*'-
ing grains (or cr¡'silils) just large enough
to be seen by the unaided e¡re.

In subgroup III ts, item 4, the rocks
mentioned mal' be difficult to identif¡-
unless the olivine is s'eìl-colored and the
augite and hornblende are well-cr)'stal-
lized. If these co¡rditions are not evi-
dent, the rocks under study might all
bc c¿lled periclotities.

In subgroup III B, item 5, separation
betrveen sandslone and quartzite is made
by examination of the plane of fracture
of úhe rock. If the fracture is around
the grains of quartz, thc rock is sandstone.
If the fracture pâsses through the grains,
or through an appreciable percentage of
the grains, the rock is quart,zite.

Subgrou¡r III C cove¡s rocks of a por-
phvritic texture. Origilall¡', a porph¡'rr'
refe¡red to a rock composed of fcìclspar
cr¡'staìs embedded in a compact, darli
i'cd or pur¡rle groundrnass. This rratne
non' refe¡s to rocks containitrg largr:
cr."-stals of an¡' kincl, either v'ell-formed
or corrocled to a rortnclecl or irregular
shape, 'n'hich are embedded in a mo¡o
finel¡' crlstalline or glassl' grounclmass
of an¡' color. A porph¡'r¡- could refer to
a rock containing cr¡'stals as big as an
inch long which a¡e embedded in a
groundmass of crystals one-fourth inch
in size; or it could rclcr to a rock con-
taining crvstals one-tenth of an inch in
in size embedded in a groundmass of
bareh' r'isible crvst'r1". In the labora-

Í'ígure efreraescence aÍ lim.estone treoted usith acíd.
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Fígurg 10.-A hard, _coarse-_graíned rock, graníte (lelt), and a hard, fine-graínedrock, dío'brlse (ríght). Thcse photografhs or" àfpíórírnately JuíL"scøLã.

tories of the Bureau of Public Roads, the
name porphyry is used to refer to a rock
containing numerous and more or less
uniformly distributed cr¡'stals over one-
eighth inch in size embedded in a ground-
mass so fine-grained thaf lhe individual
grains are not recognized by the unaided
eye. Such a rock is shown in flgure ll.

Kemp o states that porph¡.ries are
commolly classified from the larger
cr¡'stals (phenocr¡'sts), n'ith little regard
for the compositiol of the groundntass
even thoupçh the latter comprises over
half of the rock. If the ground mass is
of very fine grain, no other practice than
that mentioned above can be follorved
without the nse of the petrographic
microscope or analysis by chemical
methnds.

In group IV, foliated rocks. it is
doubted that the man¡' variations of
schist can all'a¡'s be deternlined in the
hand specimeu. A fe¡v of the more
common varities are mentioned. There
arc many others, depending upon the
presence of some mineral which ma.r' be
in sufficient quantity or have certain
uniqrre properties to ¡l'arrent its use as
a modifier of the general term, schist.
Most schists have about the same ph¡'s-
ical properties and the identification of
the rock by this name alone may usually
be sufficient.

In group IV, item 2(b), hornblende
schists contain a small amount of quartz
whereas amphibolites contain plagioclase
feldspar instead of quartz, This dis-

A Harulbook of Rocks, by J. F. Kemp; 6th edition,
revisd by F. F. Grout; D, Van Nostrand Co., Inc.,
New York, t942.

tinction ma¡' be impossible to make in
the hand specimen.

Conglomerate and breccia, mentioned
in group \/, frequently look like concrete
prepared u'ith rounded or angular coarse
aggregate, respectively. A conglomerate
is shos'n in figure 12.

Dfficultíes u:íth Intrusíae
Igneous Ãoclcs

In trials of this method by selected
pçroups of students, more difficult]¡ ri'as
found in identification of the intrusive
t¡:pe of igneous rocks than any other
general group. The difficultv ma¡. have
been due to too much ernphasis on the
feldspar content of the rock, and too
little regarding the other essential col-
stituents. A study of 6gure 1 s.iìl
shot'that of the coarse-grained igneous
rocks, granite is the only kind rr'hich
contains an appreciable amount of
quartz, and that gabbro contains the
greatest amount of the dark ferromag-
nesian minerals (mica, hornblende, and
augite) rvith diorite containing the next
greatest amount. Consequently, if the
rock is harcl, n'ith visible, interlocking
grains of approximately the same size,
and contains an appreciable amount of
quartz, it probablr. is a granite. On the
other hard if the rock has the same
charactt'ristics as given above, but con-
tains little if an¡' quartz, it can be named
b¡'reference to the ferromagnesi.rn mineral
content as indicated by the color of the
rock. A rock of light color ma¡' be a
syenite, one of medium color a diorite,
and one of dark color a gabbro.

t2
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Fíilre IL-A porphyry contaíníng
qttartz and corioded Jeldspar crysttls
ín ø fine groundrnass.

Attention should be given to the
transition of rock by insensible stages
from one kind to another. Granites will
grade into s¡'enites, and sycnites into
diorites, for instrilce; or a coarse-grailted
rock will grade into a fine-grained rock
of the satne mineralogical composition.
Tlto samples of rock from the same
deposit may be sufficiently different to
narrant different names. Consequt'ntl¡',
the identification of the hand speciuren
b¡' the method given here docs have
some limitations. Holever, a carefuì
stud¡' of the sample, follou'iug the rneth-
od outlined, should permit the use¡ to
name the rock rtith a relativelv small
margin of error,

Engíneering Propertíes of Rock

The highway engineer should have
many occasions to profit from a knorvl-
edge of the identification of rock. Iìy
his abilit¡' to furnish a suitable name
for a deposit of rock, he can in a word
or tço convey to others a statement of
the suitability of the rock for use in high-
n ay construction. By this narne. he
would indicate the quality of the rock
and also suggest whether the rock con-
tains mineral unsuitable for the proposed
use. For this purpose, there follol's a
brief rer.iew of the more important
characteristics of the diflerent types of
rock that are generally considered for

Fígure 72.-Conglomerote ¡ese¡nbícs
concrete prepored uith ¡ounded
c(xtrse oggregote.

use in the construction of roads and
associated structures.

Average values for certain ph¡'sical
properties of different types of rock
mentioned in lhis publication are given
given in table 5. Slightly over 6,000
samples tested in the laboratory of the
Bureau of Public Roads are represented
here. The rocks have been arranged
in the three general classes, igneous,
sedimentary, and metamorphic, and then
bl' tr-pe of rock in each class. These
samples lrere submitted for test to de-
terrnine their suitabilit¡- for use as road-
building material. It is possible that
these samples reprèsent on the s'hole
a better grade of each t¡'pe of rock
than s'ould be found if all deposits of
rock rvere considered.

Besides havitrg different properties, as

shorvn in tabie 5, rocks may be affected
differentlp' in crrrshing and some types
ma¡' have better shape than others for
use in roacl building. In addition, some

t¡'pes of rock contain impurities of
an objectionable nature which ma¡- not
be removable by the usual processing
methods.

In the text that follon's, brit-'f descrip-
tions of the engineering properties of the
various types of rock are given, with
statements of the impurities which may
be found. When possible, different types
of rock are grouped for discussion.

r3
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In addition, & summery of engineer-
ing properties of rocks is given in table 6.
Än attempt has been made in the table
fo state various properties by single
words. It is admitted that there may be
manl' exceptions to the ratings men-
tioned, but these are considered quite
suitable with respect to types of rock
commonly considered for construction
prtrposes.

Granite
Granite of the quality used in road

building is a light-colored, granular igne-
ous rock. It is composed of crystals of
feldspar with a considerable amount of
quartz and usuall¡' a small amount of
mica. Its outstandirg properties inclucle
durabilit¡', hardness, toughness to a rea-
sonable degree, ard relativel¡' low absorp-
tion of n ater. Usuall5' granite crushes to
fragments of good shape with a minimum
of flat or elongated pieces. .ft contains
little material which s'ould be objection-
able in crushed stone. If used as cut
stone fo¡ facing on bridges where appear-
ance is important, the granite should be
ins¡rected for the presence of p¡'rite which

might oxidize and stain the faoe of the
stone. Due to the high quartz oontent
of granite, bituminous coatings may be
stripped by the action of water, and anti-
stripping agents should be used when the
rock is used as aggregate in bituminous
pavement.

Syenite

Syenite has sometimes been termed a
granite nithout quartz. Actually a small
amount of quartz is usual, but ferromag-
nesian minerals are more prominent.
This accounts for the increase in the bulk
specific gravity of syenite over granite.
Syenite has about the same resistance to
frost action and hardness as granite, but
is appreciabìy more resistant to impact.
Syenite crushes well and holds bitumi-
nous coatirgs better than granite,

Diorite
I)iorite is similar to granite in that it

is composed of crystals visible to the un-
aided e¡'e, but it contains an abundance
of ferromagnesium minerals, has a dark
color, and is quite heavy. It is slightl¡'
less resistant to frost action, but is about

r ¡,fter immersion jn wâter at âtmospheric temperature and pressure.
2 j.ÄSHO Method T 3.
I A¡.SHO Method T 06.

! pgrl}'_laiqne-ss !est, U,8. Department of Ägricuttue Buttetin No. 949.
õ AASHO Method'I 5.
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Tal¡le 6.-Su¡nrnÂry of engineering properties of rocks

Type of rock
Mechani- Du¡a-

bllity
Chemlcal
stability

Surfâce
character-

istlcs

Pre6enc¿ of
flñrshê¡l ahrtu

lmpûlties

Imeous:
Oranit€, syenlte, dlorlt€ Good-----

Good-----

Good-----
Good-----

Good-.
Fair---
Good--
Fair---
Poor- -

Good----- -

Oood------
Fåir---- ---
Fair---- -- -

Good-,----
Good------

Clood---
Goorl--.

Good---
Falr----

Fair----
Fair----
Poor- - -
Fair----
Poor- - -

Clood-

Good-
Oood-
Fair--

Qood.
Good.

0ood-----
Question-

airle.
Good-----
Qu€stion-

abìe.

0ood-----
Good-----
Poor- ----
Good-----

Good-----
Fair -----
Good-----
Oood----.

Good-----

Good-----
Good-----
Fair to

poor,
Good-----
Poor------

Good---
Good---
Fâir----
Good---
Oood---

Possible---
Posslble --

Seltlom- ---
Posible---

Possible---
Seldom----
Llkely- - - -
Seldom----
Posible---

Seldom---.

Seldom---.
Possibìc--.
Possible--.

seldom---.
Seldom---.

Good,
Fai¡.

tr.air.
Gooil,

Good.
Good.
Poor.
Fair.
Fair to poor,

Good to
poor.

Fair.
Gmd.
Fair,

Falr.
Poor.

Basalt, diabâse, gôbbro-
Peridotite---------------

Êedimentary:
Limestone, dolomite--- -
Sandstone--------- -- ----
ConglomerÈte, breccia-

Metamorphic:
Gneiss, schist-----------

Quartzite-------------- --

Good---

Good---
Good---
Good---

Good
Good

Serpentinite------- -- -

Àmplìlbolite-- ----- - -

as hard âs granite and apprecia,bly more
resistant to impact. It crushes to well-
shåped fragments ånd has a good bond
with portland cement pâ.ste and bitumens.

Basalt, diabase, and gabbro

Basalt, diabase, and gabbro have the
same mineralogical composition and dif-
fer mainly in size of grain. Basalt has
very smâll crystals, almost invisible to
the unaided eye. Gabbro is composed
of lerge crystals similar to granite, and
diabase contains cr]'stals of a size between
those in basalt and gâbbro. Diabase has
been described as a basalt having crys-
tals just visible to the eye. Basalt and
diabase ere the rocks commonly termed
"tr&p rock." Some persons include gab-
bro as a trap rock due to its color' but the
size of the crystals in gabbro should pre-
clude this.

Basalt, diabase, and gabbro a,re dark'
heavy rocks characterized by marked
resistence to abrasion and impact, and to
the action of frost. Although they have
e marked tendency to crush to thin, flaky
fragments in sizes smâller than I inch,
they have an eûviable teputetion for
furnishing road Btone of the highest
quålity.

Within recent years, reports have been

received stating that basalts from certain
regions have not proverì satisfactory

when used in base-course constr'uction.
The crushed stone was stated to break
down rapidly $hen rl'et, forming fine
material baving plastic properties and
resulting in the destruction of the wear-
ing surface. It is probable that these
rocks were in a highly altered ståte, and
not typical of basalts customarily used
for road building.

Peridotite
Peridotite has a structure similar to

granite buù is composed chiefly of olivine
(peridot) nith some pyroxene, possibly
some hornblende, but no feldspar. It
is a dark rock, usually green to black in
color. Its high gravity and dark color
cause it to be confused with gabbro, into
which it may grade. The two may be

separated by the greater ¿bundance of
olivine in peridotite, l¿ck of feldspar, its
higher specific gravity, and lower resist-
ance to impact.

Peridotite may $'eâther repidly, alter-
ing to serpentine or possibly talc. One
instance in u'hich a highly altered
peridotite q¡as used in the wearing course
of a bituminous macadam resulted in the
failure of the road after only 2 years of
service.T

tll'eatheiln| Studu ol Some Aggre|ates,by Phitltp L.
Melvilte, Proceedings, Highway Research Boârd' vol'
28 (1948), pp.238-248.
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Pyroxenite and hornblendite
Pyroxenite ¿nd hornblendite ere eimilar

to peridotite, and like that rock may be
confused with gabbro. They are of
questionable suitability for use in road-
building.

Felsite

Felsite is a general term used for rocks
having mineralogical compositions similar
to granite and syenite, but so fine-grained
that the constituent minerals can not be
resolved with the aid of the hand lens.
They are of about the same specific
gravity and hardness as granite, but are
much more resistant to abrasion due to
superior toughness. Felsite has a tend-
elìc)' to sliver and flake when crushed.

Some felsites contain quartz in a form
n'hich is soluble in alkaline solutions.
When these materials are used in con-
crete with high alkali eements, a so-called
alkali-aggregat,e reaction may occur which
resr¡lts iu the formatio¡r of a gelatinous
nraterial having a great affinity for ¡r'ater.
If adequate amounts of qaúer reach the'
gel, the latter rvill expand and possibly
develop sufficient pressure to erack the
concrete. Failure of the concrete by
frost action, if present, may then occur.
For this reasotì, examinatiotr of felsites
for the preseìrce of alkali-soluble forrns of
quartz should be made if the rock will
be used in concrete.

Limestone and dolomite
Limestone and dolomite are mainly

carbonates of calcium and magnesiurn.
They are probably more widely used in
road building than any other type of
rock. Of sediment.ary origin, they' are
liable to contain clay, silica, and other
impurities which might have a strong
influence on their satisfactory use iu
construction. Structurally, they are of
average specific gravity, and have mod-
erate to high absorption, moderate re-
sistance to abrasion and impact, and
relatively low hardness. But they vary
in structural properties to a great extent.
Some may be almost the equaÌ of the trap
rocks while oúhers are greatìy inferior.

Limestone and dolomite may contain
suffieient clay to be termed clayey or
argillaceous rocks. Such a designation
should be a n'arning that the rock may

have low resistance to freezing and
thawing. Other rocks may contåin
shale or chert. The presence of shale
may indicate an unsound rock, n'hile
ehert-bearing rock should be vies'ed
with suspicion &s & material of high ex-
pansion or re¿ctive with alkali in port-
Iand cement.

Unless in thin layers, Iimestone and
dolomite usually crush to well-shaped
fragments with a minimum of thin or
elongated pieces. They generally hold

. films of bitumen to a satisfactor¡' degree.
If they contain silica in large grains,
they furnish one of the best aggregates
for skid-proof pavements,

Sandstone

Sandstone, like limestone and dolo-
mite, may be a rock of great variance
in its physical properties. It is com-
posed of grains of quartz bound together
with some cementing medium. If the
cement is silica or iron, a hard rock of
excellent quâlity shouìd be found. Ce-
menting mediums such as calcite or clay
funlish a rock of generally inferior qual-
ity in some respects.

Table 5 shot's sandstone to have a
relatively los'specific gravity and high
absorption, and to have adequate strengtb
to resist impact and surfaee abrasion.
The high amount of absorption indi-
cates that for construction in locations
u-here frost couditions prevail, sandstones
should be checked fully for soundness.

Sandstones crush to well-shaped frag-
ments, and have an excellent bond with
cementirrg agents. Varieties in which
the sand grains are not firmly bonded
furnish rock of excellent quality for
obtainin g skid-proof pavements,

Chert

Chert is a very fine-grained rock com-
posed of varieties of silica. It is one of
the most troublesome rocks the con-
struction engirreer has to handle. Al-
though it is very hard ¿nd has adequate
resisfance to abrasion and impact, it
frequently sho¡rs a marked increase in
volume upon absorption of rvater, This
leads to disfiguring pop-outs in concrefe
constnrcùion. The lighter (in q'eight)
varieties of chert are readily damaged

ló



Compendium 2 Text 6

by freezing and thawing. Cherts from
many deposite contain alkali-reacüive
forms of silica and are suitable for use in
concrete only with adequate safeguards
against the alkali-aggregate reaction'
Unweathered chert has a smooth, almost
glassy surface and good bond u'ith cement
paste or bitumen may not be obtained'

Aütention is called to the extreme range
in quality shown by chert rvhich may be

more marked in gravels than in ledge
rock. Some cherts maY be found of
suitable quality for use in concrete, but
it would be best to consider all as suspect
until found otherwise.

Shale
Shale is another material rvhich may

cause the constn¡etion engineer con-
siderable concern. Like chert, shale may
be good or bad, atrd ma¡' have a grcat
range in physical properties. If shale of
poor quality is t¡sed it.t cotrstructioll, the
resistance of colicrt'te or bituminous rvear-

ing surfaces to damage by frost action
ma1' be lowered greatll'.

Breccia and conglornerate

Breccia and couglornerate are formed
by the bonding together of angular or
rounded fragments of rock by a cement-
ing medittm such as silica, irotr oxide,

calcite, or other lnaterials' Thel' ma¡'

be of engineering importat¡ce in somc

regions. Their properties largely reflect
those of the cementing medium.

Gneies
Gneiss is a metamorphic rock formed

by heat or pressurc from rocks of granitic
strucôure. It is somelghat heavier than
granite but in other physical properties

the two rocks are much the same' Due to
its foliation, gneiss has a tendency in
crushing to form flat fragments. This is

the main objection to use of this rock'

Schist
Schists may be formed from a number

of igneous or sedimentar¡' rocks by re-

crystallization n'hen subjected to pres-

sure. They are fine-graiued, foìiated

rocks which may have an objectionable
habit of crushing to thin and flat frag-
ments. Schists are fairly' tough when
tested perpendicularly to the plane of
foliation, but if tested parallel with this
plane, the rock ma¡' fail readily. They
are fairly durable a,nd seldom have been

found to be chemically unstable'

Quartzite
Quartzite, a metamorphosed sandstone,

is one of the hardest, toughest, and most
stable of rocks. Its chief objectionable
characteristic is that due to its hardness
and toughness, it crushes to thin and
elongated pieces. Quartzite has been
used widely in road construction with
excellent results provided consideration
is given to the excess Qf fragments of
poor shal;e.

lì{arble
lfarble is metamorphosed limestone.

It c ccasionally is used as a road-building
aggregat,e although it rnay be inferior in
ph¡-sical strength. Strangely enough,
marble is shorTtn in table 5 as having a
loser bulk specific gravit¡' than limestoue
and a much lol'er absorPtion. the
latter rvould indicat,e that marble should
be more resistant to frost'

Serpentinite
Serpentinite is a soft, metamorphic rock

formed b¡' alteratiolr of peridotíte or
similar basic igneous rocks. In crushing
this rock, a soft powder ma¡' be produced
which prevents good adherence of bitu-
mens, and of portland cements unless the
mixing of the concrete is prolonged.
Serpentinite is reasonably durable but
its nse is not desirable if better types of
rock are available.

Amphibolite
Amphibolite is a hard, hear'Y, dark

rock which is frequeírtly confused rvith
hornblende schist. It crushes to a fair
shape, is reasonably resistant to frost,
and bo¡rds rvell to cementing mediums'
It, is widel¡' rtsed as a road-building
aggregate. Àmphibolite has oecasionall¡'

been so'ld as a "traP rock."

C
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Example of a distinctive landform in Bolivia.



Compendium 2 Text 7

HIG,HWAY RESEARCH BOARD

Bulletin No. L3

THE APPRAISAL OF

TERRAII{ CONDITIOI{S FOIì

HIGHWAY EI{GINIEERINIG PURPOSES

PR¿'S¿'/VTE'D ÅT THE TIIENTY.SEVENTH ANNUAL MEETTNG

t947.

IIIGHìVAY RESEARCII BOARD

DIVTSIO\¡ OF ENGINEERING AND INDUSTNIAL RESEARC¡I

NATIOf{AL RESEAIìCH COTJNCIL

feehington 25, D.C. t\lovcurbcr r 1948

159



o
Compendium 2 Text 7

160

TABLE OF COT{TENIS

REVIETV OF ÎÎIE PROBLEM
Pago

-¿'t.a..Y

TOPOGNAPHIC MAPPING AND TIIE HIGHWAY PNOBLEilI,
by Gerald Fitzgerald. , I

rÉ*THE ENGINEERING SIG¡IFICAI{C.E OF LANDFORMS, by D. J. Bclcher. g
LandForns... 13
Soluble LinesÈones . 13
Land Forms of Wind TransporÈed Materials . . ls
Land Forms i¡ Glaci¡ted Regions. . 18
Clinatic fnfluence on Land Forns . . , 21
AridRegions. " 21
Landslide Land Foruc . . 26gummary. . 26
DISCUSSICN by D. P. Kryninc. . 28

A¡i AIRPHÛTO ST.UDY OF TTIE TNIASSIC ANEA IN ALBEMARLE
COUNTY, VIRGINIA, by P. L. Melvillc .

Geological study . .
Pedological Study. . .
fiirphotoStudy.. 37
Perforn¡ncc. 40
Conclusions. . 45

PNEPARATIC¡N OF AN EI.¡GINEERING GEOLOGIC MAP OF THE HOilIESTEAT)

QUADRANGLE, MO¡ITANA, by Clifford A. Kayc. 48

AN ENGINEERING GROTJPING OF NEIV YORK STATE SOIT.S,
by Earl F. Bennet¿ and George lY. McAlpin. . . 55

Geology of New Yo¡k. . 56
fingineering Grouping of Soils. . 59
Producticn of Area Soil y¡ps . . 62
Use of Engineering SoiI Maps . . 63

APPLICÂTION OF GEOLOGY AND SEISMOLOGY TO HIGHWAY I,OCATIO{
AND DESIG\¡ IN MASSACHUSET'TS

INTRODUCTIO{, by G. H. Dela¡o . 66
cECILOcIC METHODS AND INTERPRETATIONS, by L. tV. Currier . 67
SEISMOLOGY AS A GEOLOGIC TECI{NIQUE, by Daniel Linehan . 77

DISCUSSIOÌ\ì by Philip Keene and Danicl Linehan. 84
COORDINATICÌ{ OF METTIODS IN HIGHWAY LOCATIOI¡ AI\¡D DESICJ{

bv G. H. Del¡no . . 86
APPENDIX - Geologic fnterpretarions of Seiesric Data,

Bridge Site over Deerficld River on Relocaríoa
of Route 2, by E¡rl T. Apfel ¡nd Daniel Linehan. 90

tt

30
34
36



Compendium 1 Text 7

THE ENGINEERINC SIGNIFICANCE OF LANDFORMS

D. J. BELCTIER

Conull lJniaersit!

srÌ{æsls

ftc dcrign, 
"on"tro"tioo, 

and naintcnancc of highrays erc influcnccd to a

lrrgc dcgrcc by thc lr¡d unit or land for¡ rith vhich it is locally associatcd.
prioerily, land for¡ ocan¡ ùhc fornofthc land. lYhilc this is inporÈant in iden-
tifying a land forn, iÈ is oorc inportant to knos that rpccific solid rocl and
¡oi¡turc'conditions crist in ¡hat laad foro. fhercforc, a given land form pos-
!cr!é! a disti¡c¿ive typc of relicf, th€ têxturo of thc soil verics in a pre-
¡c¡ibcd ray fron e "norne.lf' for that land foi¡; thc. ground ratcr and soil nois-
turc follou typical Èrênds.

L¡nd forms arc of significancc in cnginceriag bccauac. Èhey influence thc
quality and type of grading, prc-deÈcrmine ùhe drainage requireuents and fix the
¡oil or rocl bondition¡. They havc added cignificencc bepause th¿rc arc an in-
finitc numbcr o¡ duplicatcs of each typc. Conscquently, vhen the bcst pracÈicc
i¡ crl¡blishcd for a givcn land foro, thoec procedurc! crn be gcnerally applied
to othcr sinilar u¡its.

Such ¡ proces! pcruitr a high degree of stsndatdization. At the same tine
iL co¡fincs ùhat -¿andardizaÈion to pernissible linit,atiors not always recot-
nized in thc blankrÈ applicaùion of standard mcthods. Using this procedure,
inrcrtigrtioa¡l sork is ninioizcd ¡nd thc ôccurrcneê of "unfo¡cgcen" events
i¡ r¿duced.

In thc treining of personncl, thc land form gives Èhc¡o a tangible physical
foro to ri¡ualizc. Sincc wc learn by association, this helps by taking a soil
out of thc abcÈ¡acÈ or dct,achcd condition end definitcly relatcs it Èo topo-
grephy end noisturc condiùionc. In snall organizations where testing cquipmenÈ
rnd ¡l¡ill cannot bc financirlly justified, dcsit¡ can be a nrùLcr of rclating
crirùing ro¡d condition! to ncr road rcquircments on siuilar lsnd forus.

fn thc diacu¡sion of va¡ious land forns, eupheeia is placed on Èhe physical
cher¡cBcri¡Èics of ¿hc uaterials thet coopoaÊ thco, and thc i¡Èer-rclationship
of thc rclicf, soil, rocl and ground ratcr chqtactcriggics.

!a cngincering pracÈice, it ir dcsireblc Èo coogidcr snall uniis cuch a¡
indiridual hillc, as land form¡. ff, thcn, there i.s o aeries of hills composed

of thc sr¡e ¡eterisl, they rcprêsen¿ e rcpeÈition of ùhc g¡ne land forn - r rc-
pGtition of thc ¡a¡¡¿ conditions.

Gcncrelly, cach df thc¡c forsrs ha¡ conc prornincnÈ ch¡racterisÈic that re-
quircs apeciel consideraùion by thc cnginccr. A¡rong thcsc to bc discussed src
thc l¡ndslide Ècndc¡cic¡ of thc baralt, clay, and cley ehale land forns; spcciel
con¡iderr¡ione in locssial areas; unusual soil condition¡ in dry areas, ¡nd thc
rpêçi¡l problcns found in t,hc lrctic.

Ac¡i¡l rnd ground photographr h¡tc bcen u¡cd to illusùratc indiridurl foros
r¡ rcll r¡ to idcn¡ify thc reri¡lion¡ thrt occu¡ rithitr c.ch unit ¡re¡.
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Tùc objec¿ of a soil survey ie
to provide useful inforoat,ion on
ground conditions so that engineer-
ing sÈructures can be designed eco-
nomically. In the category of use-
ful in forma t,i on i s ro be foun d soi I
textural descriptions, indications
of plasticity, elasticity, shrink-
ager and other physical properties
of the soil and its bearing capa-
city. In addirion to the soil it-
¡el f, there are considerations of
¡oil moisture and ground rïater con-
ditions and the location and type

t,eating of these samples, and the
plotting of profile information can
not be justified economically. On
heavily travelled roads *her. hun-
dreds of thousands of dollars are
expended for each mile, consider-
able eums can be allotted for the
detailed work tha¿ may be necessery.
In contrast,, thousands of miles of
road have and will be built without
the benefit of soil information.
Where these roads have failed re-
peatedl y, a soi I survey of some
order woul d normal I y have anti ci -

f'igufe 1

of bedrock rrhen it is present. The
depth to which the survey extends
depends upon the type of s¿ructure
involved and the depth of the exca-
vation with reference to the ground
sur face.

The operation of soil surveying
ig an expensive one; when conbined
rith the cost of testing the ma-
terial sampled, the amount often
becomes prohibitive. This cost is
a function of the number of sampìes
obtained and tested; therefore,
cach sanple must be representative
¡e wel I as signi fican¿. On the
naj ori ty of highway proj ects, de-
t¡ilecl atation-to-station sampling,

pated and cor¡ected or compensat,ed
for the unsatisfactory condition.
At the other extreme, a eoil survey
may have indicated an equally satis-
factory and a more economical design.

The basis of making soil surveys
economical lies in the judicious
selection of sampling locations.
The samples obtained from such lo-
cations should represent an area of
soil having some considerable depth.
Figure I illustrates the principle
of soil-area surveying in which
a) one sample location is the key
to a soil area, and b) soil areas
recur, el iminating the need for
additional samples in similar soil
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!rcar. This l¡nd for¡r subdivides,
on e pedol ogi ca I has is , into two
recurring soil areas. A represen-
tative Iocation permits the soil ro
be classified in three dimensions,
in area, and in depth. Sampling at
all "4" locations would produce the
same types of soil material at cor-
rcsponding depths. Sampl ing at
Iocat,ions " B' differ from the "A'
but are s.imilar wirhin the " B
Broup. lVit,hout this concepr the
samples from a given location have
little significance beyond rhe hole
from which they were obtained.

lVhere it is applicable, rhe
principle of reçurring soil areas
is directly derived from soil
ccience (pedology). That principle
can be stated as¡ similar soilc
erc developed on similar slopes
(positions) under the action of
reathering of similar materials.
This is besr illusrrared by example:
vhere limestones occur, the action
of weathering produces a reddish
silty clay soil. lïhere rhe slopes
ere t,he same, and the clinate not,
greatly at, variânce, the depth and
nåture of the soil mantle are simi-
lar regardless of geographic loea-
tion. Evidence of this has been
presented el sewhere (70, (2)L
Thig concept forms the basis of thet'illichigan" method where a largc
rnount of design detail has been
related to spêcific soil occurl
cnces (3).

It ras implied previously rhar
thc pedological methods are not
always applicable to highway en-
gineering. Such instances nay occu¡
part,icularly in the semi-arid areas
rhere wea'thering influences sre
ninimized and soil profiles are
reakly developed. AÈtention is
directed to the facr the principles
of pedol.ogy apply, but thar under
those circums'tances soil changes
oapped on a pedological basis may
¡ Figo."" iu perenthc!ci rcfcr !o thc
bibliogrepùy ¡È Èhc cud of tho prper.

1t

oftcn be too rcfined for utili¿a-
tion by engineers.

It is not the purpose of rhi¡
paper to propose a specific method
Èo be used in the execution of sur-
Yeys. The intent is to direct ar-
tention to the land form as a unit
common to alI ref,ions and climates.
A land form is a unit of land hav-
ing a definite form. The form of a
land unit is controlled by its ori-
ginating process, subsequent earth
movement, and the weather resist-
ance of the nraÈerials that compose
it. For example, a volcano is s
land form. It is a unit having a
definite shape and that shape is
caused by the repeated procesa
of ¡rolten tava welling up through a
Yent, flowing out, and cooling to
form a cone. In this instance, the
origin is unique to this one land
form and therefore there a¡e nd
similar land forrns having another
ori gin.

fhe group of land forms that
comprise the sedimentary rock group
(sandstone, limesÈone, and shale)
have the same origin, and therefore
Èhe same initial form - level sur-
face and horizontal beds. In spite
of this original similarity the re-
ristance of these materials to
weathering is so varied that they
readil y assume separat,e and dis-
tinctly individual forms. Figure 2

shows two adjacent, unl ike I and
forms. lYithin the val Iey .area the
numerous Iow hills comprise e group
of morainic (glacial ) land forms.
Jhe particulsr road problems aaso-
eiated with this forn are repeated
in each cut. The massive hills
rising abovc the moraine are com-

posed of hard shale. Rock cuts and
seepage are considerations in this
land form. fn those regions where
climate has relatively little effect
on soils the land form ma:/ suffice
as a unit in the highest (most de-
tailed) order of surveys. In the
regions of higher reinfall andr/or
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grcatcr vcathering, thc pedologic
¡oil series may be an acceptable
unit. Under thosc circumstances
¡ Iand form.may haye teo or ¿hree
or nore soil-areas possessing char-
acteristics sufficiently different
to ;arrant separatc engineering
consideration.

(Phoùo: Robinson)
Figure 2. An Example ofTwoAdjacent

Unlike Land Forms.

Likcwise, it is not an objective
Èo advance a pårticular means of
achieving the survey. Alt methods
of executing the soil survey are
b¡sed upon the indispensible field
sampling. Depending upon rhe quali-
t,y and detail required, the nature
of the area, type of personnel
available and other requisites,
this basic rype may be expedited by
the use of county soil survey maps
(USDA Bureau of Planr Indusrryt,
topographic maps, and aerial photo-
graphs. fhe degree to ryhich these
can supplement detailed sampling
¡nd testing depcnds upon circun-
atences; it sufficcs to point, out

thet e growing number of. organiza-
tions are ablc to produce soil-de-
sign ¡¿sq¡mendations at a reason-
able cost byutilizing rhese supple-
ncntary methods.

At the presenr, rime r,he Highway
Research Board Committee on The
Sampling of Subgrade and Founda¿ion
Soils (f. n. Ol¡nstead, Chairman)
has secured an up-to-date compila-
tion and evaluation of soil survey
maps through the cooperation of the
Soil Survey Division (USDA). The
US Geological Survey has recently
published index rnaps showing the
stat,us of topographic nrapping and
ci aerial photographic coverage.

The soil survey listing sho,r,s
that in some states mapping has
been completed to en exbent that
¿heir use yould permit the adoption
of the pedologic met,hod as a basis
of gathering and .ppl ying soil
information.

The following quotation indicates
the topographic mapping situarion,
"Bsrely half of the United Statesis
topographical I y mapped in some manne¡
and less than one-quarter of the
country.is covered by maps of suffi-
cient detail tomeet, present day en-
gineering requirements." (q ì. In
cor¡trast, more thnn eighty percent
of thc country has been photographed.
fhose årras not noy covered are gen-
erally the mountainous and desert
ereas.

Land forms are perfectly recorded
on a lov contour interval map and in
aerial photographs; they are indi-
rectly shown on soil maps. The land
form as a uni¿ is the cornmon denomi-
nator of civil engineering construc-
tion; .in the pedologic type of soil
mapping the land form is synonomous
vith a parent material area, a catena
area, or a soil -associa,tion area.
In geotogic mapping it becomes the
s¡iallest land unit that consistently
receives the attention of the geo-
logist. ft is important to engineers
because it is nore than a basis of
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coit surveying; it i¡ ¡lso the con-
trol I ing factor in drainage rcquirc-
Denta and cxc¡v¡tion çanti tics. I t
specifies the type of natcti¡l to
be exc¡vatcd ¡nd othcrriac includcs
such ch¡ractcri¡tics aa auaccpti-
bility to (land) aliding.

The land forns discusscd ¡rc
generally rubdivisions of thc lend
formg acceptable in geornorphology.
The broad and gcneral classification
of land forns is ¡ot often suffi-
ciently specific for the detailed
treatment of engineering projects;
therefore, rhen the geologist stops
vith the third (Iowesr) order land
forms (valleye, ridges, besins,
etc. ) an cngineer muat continue
to subdividc theee into eub-forng
of a suggc¡tcd fourÈh or fifth or-
der. The necd for this mav bc il-
lustra¡ed by viauelizirtg tro con-
tour m.rp8 of the aane arêa; onc nap
having a 50-ft. contour intcrval
tûay prcsent a gcneral picture of
the area but details neceasary t,o
engineers are shoyn only on the map
having a 5- ft. contour interval.
lYhere sub-order land forns are con-
sidered, nore than topographic form
is involved, for within a given
I and f orm type the ¡¡ass of soi I
andTor rock and ground ratêr condi-
tions rill vary to aome extent ånd
these are reflected in variations
in soil color ¡nd vegetative
cover. (5).

LAND FONMS

The earth's features may be di-
vided into land forms so that, each
form presents separaÈe and distinct
soil characteristics, topography,
rock naÈerials, and ground water
conditions. The !ecurrence of a
land form, regardless of locaÈion,
implies a recurrence of the basic
characteristics of that land form.

The bedrock land forms follor
the conventional del ineation wi th
geveral notable exceptions: granites
sre ultimately subdivided into lor
and high quartz granites; eoluble

l3

liEestones are aepârrtcd from thc
dolonitcs and young coraline limc.
!tones¡ ahaJcs into the clay and
eandy typcs; sendstones into hard.
nagsivc ¡nd soft. Glacial drift is
subdividcd into mor¡incs, til I
plaine, outrarh plains, kames, csi
hcrs, drumlins, vallcy traine, lakc
bcds, endpeat bogs¡ aeoli¡n ¡ateri.
¡ls into sand dunes and loes¡.
üatcr-laid naterialg also include
flood plains, terraceE, al Iuvial
fans ¡nd costal plains as well as
those al ready assigned to ot,her
crtegories.

lïhile several of the forms are
usual I y recognized as geol ogical
uni ts, each has been c I assi fied
prinarily upon its physical charac-
tcristice, especially those that
¡re closely related to en¡çineering.

The following cxanples havc bcc¡
selected to illustrâte r vsriet,y of
land forms and to point out thc
cffeet of cxtreme climatic'condi.
tions in the arid ¡nd aDctic regions,

SOLUBLE LIIIESTü{ES

The wide distribution of lime-
stone on the sur.face of the êartht
and the informat,ion existing rc-
garding the soil material weathered
from these rocks, are considerationg
that make this an excellent illus-
tration of a bedrock land form.

The soluble limestones weaÈher
to forms having combined character-
is¿ics thaÈ set them apart fro¡¡ all
other types. These fea¿ures are
recognizable particularly in aerial
photographs by those having the
most elementary t,raining, whereas,
on the ground they may be indistin-
guishable to all but the expert.
The identifying features to be geen
on topographic maps of aerial photo-
graphs are found in the cross-sec-
tion and profile characteristics of
the val I eys suppl emented by the
presence of sink holes in the up-
land and the relatively angular
outline of t,he land form. Figure 3
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(UsÐA Photo)

['igure 3. (Scale: I in. . 1250 fr.) Surface Physical Fearures
fdentifying rhe Soluble Limesrone Bedrock.

is a vertical photograph recording
in exact detail the surface physical
feacures and the numerous sin,k-
holes identifying the soluble lime-
stone bedrock. lÏater standing in
the sinks marks t,hose blocked ¡rith
eroded soil. fhe majority are dry
and free draining. The dark area
(A) is a group of forested clay-
shale hil ls differing in every way
from the adjacent, limestone. The
outline is represented in a plan
view by the line marking the con-
tact between the alluvium and the
upland, or between the limestone
and an underlying formation. Modi-
fication of this is found in the
tropics under advanced stages of
westhering and also in tilted
structures. The pDocess ofweather-
ing reduces the lirnestone to a red-
dieh ri. lty-clay soil varying in
thickness between one and 20 ft.
Inspection identifies the land forsr
as limestone; the general dept,h of
the mantle can be est,imated by re-
ference to outcrops. By sampl ing,

the general texture of theec soil¡
has been establ ished. Tabl e I is
an extract of data accumulated from
the samples of these soile.

ITithin the limestone tYPes of
land form thcre is a relativclY
narrow variation from average con'
ditions. Hovever, Èhis material
presents so much of ¡ contrsst to
others that it is unique. Initi-
al ly, the horizontal beds of li¡rc-
stone presented a relatively Icvcl
surface. $ubsequenÈ Yeathering
produces sink hole toPograPhY in
the upland. Thig topo¡çraphy creâtc!
many small cuts ¡nd short fille iu
road alignment together rith a ape'
cial need to Pro¡ect Èhe roodraY
from the further caYing of tbc
sinke. fnasmuch as some ainks ¡rc
f ree-draining into undergrouad
c¡yerns and oth¿rs årc Plugged,
their presence createa âl tern¡tc
conditiona of bad and exceseivc
drainage. As in Florids on HighvaY
No. 9 (6) these Provided the onlY
reagonabte lneåns of drsPoring of
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Gogt+hic Corrcletion Of Limc¡tonc Soil¡

Brcd Lþn Soæ Attcrbcrt LiEitra

Gcographic !oca!iou
l. US - Alabroe
2. g5 - ¡rizona
3. ÛS - Indiana
4. US - Kan¡ac
5. US - Kenrucky
6. LlS - Ohio
1, US - Oklahoma
8. US - lVcst Virginia
9. lY. Indics - Barbados 107.0 79.1
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sizc from the vast lo.ess piains of
North China, Central f,urope, and the
Central United StaÈes, to relatively
insignificant isolated dune deposits
occurring in almost every country.
The texture and uniformity of these
deposits has been shown by local
investigations but only in isolated
instanees have there been efforts
t,o bring the significance of these
to ùhe attention of engineers.

The loess (silt) and sand have
separate and distinct land forms.
l{hile t,here are some wide variations
from the normal forms, it has been
observed (5) that loess is usually
deposited in ridges whose axes are
approximately paral lel. This ten-
dency that is apparent in aerial
photographs and in some topo6¡raphic
maps is lost to an individual on
the ground. Figure 4 is a vertical
photograph of deep loess near rhe
source. The axes of the individual
ridges have been indicat,ed t,o em-
phasize the parallelism of this
land form. Studies have shown the
presence of very fine sand near the
aource (flood plains) with a re-
placemenü by silt and cl.ay at great
distances. Sampìes listed in
Tables 2 and 3 reflect their posi-
tion with respec¿ to the source by
the amount of sand present dr higher
indices where sand was absent.

the data shown in Tables 2 and 3

also illustrate the remarkable uni-
formity of. texture and consis¿eney
regardless of geographical locabion.
This is emphasized by the similar
construction methods thaÈ are Prac-
ticed in widely separated areas.
These. characteristics are so con-
sistent from land form to land form
that several highwaY deParuments
havc found that in the loess areas
numerous,elemen¿s of design and
construction achieve identical' re-
ault,sr even though widely separated'
On this basis, the "shrinkage" of
Ehc maÈerial between the excavaÈion
end the embankment is relativelY

ÅÈtcrbcrsLL PT

69.3 27.6
5?. 4 33.9
63.6 29.5
56. 8 28.1
59. r 20. 3

65.0 35.5
60.0 40.9
54. I 31. ?

10. lf. Indier - Pu€rÈo
ll. E. Indiei - Papua

61.8 26.2
68'. 5 3?. 3

fithout cxac! daÈa, soils at the fol-
loring locations have been classified as
i ndi c ate d.
L2. Zanzibar, Tanganyika, ¡. y. 4frica,
Sp¡in, Grcece, Turkey, palestine frinidad,
Cube, Hsiti and Java as nedium heavy clay
to f¡È rary clay rarrging frou plastic to
vory pleatic in coasieùcncy.

tSour.., No¡. l-8.(8); t0 (91¡ L2 (10)

surface water.
The peculiarities of weathering

produce a smooth but highly irregu-
lar rock surface. In cuts the
soil mantle is often found to vary
aa rnuch as l0 ft. in t,hickness
çithin a few feet measured horizon-
tolly, thus the soil cushion be-
neath the pavement may vary from
one to many feet within short dis-
tences. Although a silcy clay,
thcse limestohe soiIs, normally de-
veloped, seem to be the exception
to the textural criteria for pumping
beneeth rigid pavements.

LAND TORMS OF

ïIND.TRÂII¡SPORTED MATEru N.s

lYindblown material s or exten-
¡ivc and important deposiÈs in many
parts of the uorld. They vary in
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Figure 4. (Scele:

TAH.E 2

(USDA PhotogrrPh)

I in. . 3520 ft) Deep Loess Near the Sourcc.

Grain-cizc D¡Èe on Variou¡ Locrr Deporitrr TABLE 3

So¡c Phyeic¡l Tc¡t Rc¡ultr
O¡ Loc¡¡irl il¡tc¡i¡l¡'

Gcogrrphic
Loc¡tio¡

Pcrccntrgct of:
Srud Sil t

6?. I
66. 0

?6.0
?5. 0

?3.0
67. 0

60. 5

72.s
83.0
7t.2
6¿.0
68.0
68.8
?6.3
88. 0
88.8

Cl rY

l. C.hi¡¡ 6.1
2. Gcroany B.O
3. Iorr 6.5
,[. Ncbr¡¡L¡ 13..0
5. Illi¡oi¡ 19.0
6. Mi¡rouri 15.0
?. Id¡ho l?. s
t. Tennccecc f1.5
9. Miesissippi Il.0

10. Kanlar 9.0
11. laehingtor 6.8
12. lYi¡concin 1.0

13, Coloredo 11.0
14. South Dalota 2.0
15. Loui¡i¡n¡ 4'0
16. KcntuclY 0' 6

tsoor". (t2) (8)

26.5
26.0
l?.5 Çcogrrphic LL
12.0 Loc¡tio¡
8.0

r8.0
ZZ.A l. Chin¡ 29.

ló.0 2. Tennc¡¡cc 29.0

6.0 l. ttliaeiaaiPPi 3f ' I
26.6 4. Illinoi¡ 26.2

29.Z 5. lYachiagto¡ 30.?
gl.0 6. Mi¡¡ouri 33.6

2O.2 7. Ncbr¡skr 32.0

2O.l 8. Indirn¡ 29.6

A.0 9. Ior¡ 28.0

r0. 6

PI tlrr. tt.b Opt.
lbi¡t

6.t
t.9 l0{.5
3. I l0{.9
3.9 106.2
?. s 99.5

16. 3

8.0
?.ó
9.5

r8.2
t?. I
15.5

':''

rsourcc: 1-9 (5,8)
blb. p"""o. P¡. (dry) Procsor
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fired rincc the ¡a¿ural denaity and
the compacted density are nearly
constant velues. Likewise, limited
d¡ta on thc amount of portland ce-
ûent reguired to stabilize loess
indicates that over consider¡ble
areaa, l0 to 12 percent by volume
has been sat,isfactory. Figurc 5
illustrates a construction charac-
teristic to be observed in all loess
arcas. When a land form üype ex-
hibits this degree of uniformity in
soil and related conditions, thc
amount, of field sampling and Iab-
oratory test,ing becomes insignifi-
cant. The rule of vcrtical cut
elopes introduces an element of in-
etability in deep cuts in loess.
fn sub-humid climates of the north-
rcstern U. S. and China, simple
slopes in 80 to 100 ft. curs have
been satisfactory. Excessively
erosion, these soil materials re-
quire special protection from run-
ning water. The source ¡rea of the
loess can be seen in the background
of this picture. Back of Èhe camera
the loess ext,ends, as a gradually
thinning deposit, for more thar¡
100 mi.

l?

silt ras slopcd and sodded in a cut
aect,ion. Subsequent erosion h¡s
been so !¡eyere as to destroy the
established cover.

Dune sand also prcsents a re-
markable unifornity thaÈ has been
caused by the sorting action of the
rind. The recognition of the dune
forms of al I sizes in airphotos
established the limirs of rhe grain
size pithin a narrow range. A spe-
cific soil series will be found to
be related to old dunes when found
on soil maps. Recent or active
dunes are so labeled. Seldom are
topographic maps suitable for this
land form identification. Figure ?
shows a t,ypicål dune pattern in the
sub-arctic in a vertical phorograph
of a heavil y foresÈed dune and
swamp area. In spite of the vege-
tative cover t,he Iight gray of the
dry sand is obvious. Similar dunes
are commonplace in the tropics.
$amples of dunes from the arctic
coast bo the souùhern hemisphere
have furnished the statistical
proof of their uniformity in topo-
graphic and text,ural character-
ist,ics. Protection of slopes against

(Courtery: Thc HighraY Magazine)

pigure 5. Bench-tyqe Construction
in Loess-

Thc tendency Èo assume a verti-
cat slope can be seen developing at
the original ground line in Figure
6.. In this instance, the loessial

(Photo: H. E. Nel¡oa)

f'igure 6. Erosion of Loessi¡l
Silt Cut Section

rind erosion, excessiYe sear on
equipment, high binder-soil require-
ments and an exceedingl y porous

rtttqq¡¡.-,.
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Figure ? (ScaIe: I in. ; 1259 Lt.) Heavily Foresred Dunc
and Swanp Area.

subgrade are features of Èhe many
dune areas whether in Maine or in
Nevada, as shown in pigure 8. The
whire sa¡rd hills in the foreground
of ¿he picture contrast in every
u'ay to the dark rock hills in the
ba ckground.

A brief of this data is shown in
TabIe 4. fiecognizin6 t.he charac-
teristic form of dunes and esti-
mat,ing their distancê from thc
source permits reference to the
table for a close approximation of
the grain size distribution. Having
established the land form and thc
texture of these soils by onc of thc
methods, observations and r¿cords
wi I I indicaÈe the best practice to
be followed in dealing r'ith t,hem as
sub-grade or foundaÈion metcrial.
Thus the coneepÈ of the Iand form
provides å tangible b¡gis for
gathering and comparing, not only
soil data but design and subsequen¡
performance record¡.

LAI{D Foff¡ls lN
GLACIATED REGICT{S

The are¡¡ of tho c¡rth th¡t h¡rc
been infìuenced by ¡leci¡rion may
conùain eny or ¡l-l ofthc l¡nd forn¡

(PhoÈo: Ncveda Dcpt of

Figure 8. The Sand Dune

Land Form

t -,.'å

Highr¡y¡)
a38

r "-- ---ft
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CrcograPhic
Locrtion

1. U. S. ffcbraale
2. U. S. Hisconsi¡
3... U. S. Il I inoi¡
4. U. S. N. Dakota
5. U. s. Kausa¡
6. U. S. Ma¡sachu¡oÈt¡
?. U. S. lechington
8. U. S. Alagl¡e
9. Britiah Coluobia

10. Pcru, S. A.

ll. Laborador
12. Churchill, Manitob¡
13. Pa¡ Arneric¡n Hwy., C.

tsourcc: l-6 (12)

previously enumerated. Of particu-
lar interest to engineers are the
I evel , wel I -drained Èertaces or
tt val Iey trains." A grourìd view of
a terrace land form is shown in
Figure 9, showing the flat surface,
the associated upland, and the re-
cent alluvium in the foreground.
The well defined edges, lack of
su¡face drainage, and absence of
gulleys on the terrace face indi-
caùe the presence of gravel. The
low mountain in the background is a
typical "granite" land form to be

found in many parts of ¿he world.
These gråvel and sand Plains

offer excellent sites for airports
and highways since the essentisl
feature of this land form is its
nearly'level surface. fYhile good
sub-drainage is the rule in such
areaa, an inspection of soil maPs

or aeria.l photos will show consi-
derable vsriation in soil and drain-
agc conditions within the terrace
¡iea. figure l0 illustrates such
an ¡rea. The vertical view presenta

Pigure 9.
(Pho¡o: H. E. Nclson)

Terrace Land Form

the strong contrast in soil patterns
found in relativel y impervious
sil ty cl ay and that associated wi th
gravels. The integrated drainage
pat¿ern and the mottled black and
white soil pattern mark t,wo-fifths
of the area as a silty clay. The
rela¿ively pìain appearance of the
central portion is a typical gravel
pattern. The snall irregular dark
dots in this area are very slight
depressions åct,ing as "infiltration
basins " for surface water. Al though
lhe area represents several r¡quare

TABI¡

llcch¡nicrl Salyrcr

Nu¡bcr
Suplca Plu¡ 20

20 Tr¡cc
3 0.¿
8-
5 Tr¡cc
3 Tr.c.
2 T¡¡cc
I 6.0
2-
l-
l-
1-
l-

A. l-

a

Of IÞ¡c S¡nd¡'

Sicve Anrlyci¡ (lrcregc)
Pa¡¡ 20 Pa¡¡ ¡10 Pac¡ 60 Minu¡
Rct. d0 Rcc. 60 Ret. 100 100

5.9
20. I
2.1
9.2
1.7
5.5

14.'0

6.5
Tracc

3.2
6.6
0.5

6.9
8.6+

l¿.0
1l. a

2.6+
. 2.3+

rr.5
20.0
t?. 5+
12. 3+
I1.0
0.2

34.7

20.8 66.1
33.4 36.6
la.o 69.9
20.3 58.9
2t.3 67.3
23.1 6?.6
41.0 27.5
21.8 58. 2

31.2 ¿3.6
0.3 8?.3

26.6 59.2
38. 5 54.7
5.4 59.2
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(A,AA Pho¿ogrsph)
pigure 10. (Scale: I in. : 5000 ft. ) The Strong Conr,rasr in Soil

Patterns Found in Relatively Impervious SiIty Clay

miles, no Eurface runoff occurs.
Coarse gravel occurs in the light
band that parallels the boundary
between the two deposits.

figure ll is a ground viev of a

flexible road surface on a terrâce
land form corresponding ¡o that
shown in Figures 9 and 10. This
illustrates the "standard" perfor-
mance expected on t,he leveI, rell-
drained (gravel ) land fo¡u¡s.
Ground-line profiles, insignificant
ditch requirenrents, few culverts
and a thin (4-in. ) base are common-
place elements that produce satis-
factory service on this road.
The small dark areas rpithin the
teriace land form, ment,ioned in re-
ference to Figure 10, are shown at
close range in Figure 12. fn such
areåsr two or three extra inches of
base materials are needed to dis-
tr.ibute the traffic load to the

soil tha¿ is nrore plaetic ¡nd in-
perfectly drained.

['igure ll. Flexible Surfacc Road
on a Terrace Land Forn

fn qany arees largc quantiticr
of sand and gravel are requircd fo¡
construcCion rork. As 888rcgatc,
as base coursc m¡Èerial, or as fill
¡¡atcrial, these granulei matcrialg

I

i

I

I

li
l.
I

1

i

1'
l.
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rrc oftcn of utnost inportance. A¡
¡¡l¡er ig a land forn in rhich
grqvel and eand arc found.

0¡¡e of these ridges is shoçn in
Figure 13. fhis gravel ridge re-
ecnbling a long t'filI" has an un-
¡istakoblc land form. Eskers,
coÐnon in most glaeiated arcas,
sonetines reach the length of 100
ui., other a few hundred yards. fn
this view, Iakes interspersed arnong
barc granite hills comprise the
balance of the area. fhis unique
fotr¡ consists of water-washed and
agso¡ted gravels and sands. They
are excellent as a source of gravel
and because of their well-drained
charecter lhey are adapted to winter
grading. Even in the arctic they
¡cnain unfrozen when adjoining de-
posits become filled rith ground
icc.

figurc 12. "Infiltrarion BasinsI
in Terrace Land Form

CLIMÂTIC INFLUINCES ([l¡ IÁND FONMS

fn a¡eas where extremes of cli-
Date are experienced there are
trunerous influences which are not
Present under moderate climatic
conditiohs. In such areas air-
photos are particularly valuable
because of the limi¿ed knowledge of
terrain condirions and the tacl¡ ot
oaps of other types. Desert areas
end ùhe erctic regions are exanples
of e.xtrcnes of climate Èhat cxerc

2l

grcst influencc on soil and founda-
tion conditions. fn ¡uch are¡s
whcre the clin¡te influences engin-
eering çorks the land forms natur-
ally prescnt are not, greatly al-
tered by the clisratic forces.
These unus'ual effects¡ are found
superimposed upon land forms found
elsewherei thus as a unit it re-
mains a common denominator regard-
less,of climage.

The particular problems of the
arctic are associat,ed with areas
whete the average annual tempera-
t,ure falls below the freezing point;
under such circumsÈances the ten'
perâture of the ground is generally

1¡g¡¡ phoio)
Sigure 13. An Obligue View

of an Esker.
below freezing. Perennially frozen
ground, or permafrost, exists under
these conditions but the problem
becomes critical only when water
has been supplied to ¿he soil and
that water has been concenÈrated
into ice I enses and masses of
ground ice. The construction of
buildings, roads, and runways, or
in fact any disturbance of thc
ground cover initiates melting and
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a resulting excessive settlenent.
fwo general condit,iong rre ên-

countered. fn areas where uncon-
sol idated material s are present,
the young deposits such as flood
plain (land form) materials havc
ice presenÈ in minor Ienses and
veins I/B to /, ín. in thickness.
In older materials (coastal plain,
morain, terrace land forms) the
ground ice has formed into massive
wedges of ice that are often sever-
al feet wide at the surface and
taper downward to depths of as much
as 40 ft. In pl an these wedges
form into the pol ygonal pattern
shown in Pigure 14. The polygon
pattern is outlined by very slight
depressions in which sìvamp grass is
found. Arctic moss covers the sur-
face on the interior of the poly-
gon. Large nasses of ground ice
are coincident with the outlincs.
The hill in the center of the fore-
ground is a rock land form. Figurc
15 is a ground view of arctic tcr-
rain on Baffin Island showing the
level surface of a terrace (marinc)

Figure 14. Arctic Land Fornr Con-
taining Ground fce.

Iand form in the foreground snd
bare rock in the background. Ground
ice has accumulated in the terraco
¡naterial to form the poI ygon or¡t-
line partially ehown. The block
diagram in figure 16 shows the re-
lationship between the surface pat-
tern and the sub-surface conditions

Figure 15. Ground View of Arctic
Terrain Showing Polygon û¡tline

Formed by Ground Ice.

f'igure 16. Section of an OId
Alluvial Land Form Containi.ug

Ground fcc.

Figure l? shoçg a uedge of ground
ice melting after thc surfacc in-
sulation of ¡¡oss had been renoved.
The distance fron the ground aur-
face to the top of the ice is about
12 in. The proccsg of tharins¡ es
¡een in ['igure l8¡ produces dccP
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Figure l?. Wedge of Ground fce

Figure 18. Process of Thawing
produces Deep "cave int'Trenches

ttcaye intt Èrenches. Here, thawing
along one a¡m of a pol )rgon exposes
a connecting ice wedge. lhe strip-
ping of the area in Fi6ure 19 re-
sulted in the forna¿ion of apolygon
ttrcnch" system. There has been no
erosion or loss of soil. The run-

23

rry in the background of the pic-
turc and sections of road were
sinilarly "dissected." Failure of
the simplest t,ypes of structures
rcsul ting from the thawing of
ground ice are difficult to repair.
Continued mel ting at a variable
rât,e proceeds over a period of
several years. Progressive failure
results in the deep caving shown in
Figure 20.

(Untav¡ B'ay' NìVT. )

f'igure 19. Formation of a Polygontt trench" sys¿em

As a result of sÈudies in the
arctic i¿ is possible ¿o establish
e series of land forms in which
pcrmafrost may be expected. Photo-
analysis of these land forms indi-
cates"the degree of development of
the ground ice in these, and the
exact location of the ice in some.
Ground examination of representative
land forms of this grouping from
testern Alaska to Laborador and
Baffin fsland establish this sini-
Iarity.

The apparent alternative Èo con-
struction on these land forms is to
seek bedrock land forms. Explora-
tion in the Canadian Shield area
reveals that massive and resistant
¡ock such as granit.e or quartzite
i s susccptibl e to dis tortion by
permafrost. Figure 21 shows 'nassive
blocks of rock reighing many tons
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Figure 20. Progressive Failure
Results in Deep Caving

Figure 21. Rock Heaved from Origi-
nal Position by Ground lce

that have been hegved by the for-
mation of subsurface ice. Tho
highest projection ig abour 20 f¿.
above the original surface. As in
other land forns containing ground
icc, ordinety construction practice

nay result in disastcroue settle-
ment.

ANTD REGIü{S

In dry ereas the excessive ru¡¡
off occassioned by the lack of
vegetation carries great masses of
soil material and rock debris fron
the mount,ain slopes out into ¿he loç
valley areas typical of these re-
gions. Because of the detail shown
these areas are of great value in
selecting the best qvailable loca-
tion for engineering works. Rail-
roads and highways, because of soil
and water conditions are generally
I ocated on the transition slopes
between the hills and valley floor.
These B¡anei tion s I opes general I y
take the form of alluvial fans or
outwash material. [''igure 22 ís an
oblique view of a land form of this
type, showing the general shape of
this land unit formed by the dcpo-
sition of materials washed fron the
mountain val ley. The numerous
channels are an indication of the
difficulty in locating roads en
Èhese Iand forms. In this transi-
tion area the shifting channels and
accumulating debris require detailed
planning for the prorecrion of thc
right-of-way. Ae¡ial photographa
provide the precise record of many
details that are necessary for pro-
per original location. and subse-
quenÈ proÈection.

Pipe lines and airports, as well
as the other trsnsporta¿ion Iines
also must transect thet'!asintt s¡êôr¡
that lie at the outer fringe of
¿hese fans such as that shown in
figure 23. Alkali fla¿s are found
in the arid regions of all coün-
tries. In addition ro identifica-
tion of soil areas on thê basig of
texture, soil maps andaerial photo-
graphs can be used to locabe alk¡li
soilsr ground ratêr seepage zoncr,
and active channel âreas. The rhitc
area in the foreground is cru!ted
rith ealte of potassiun, magncaiun¡
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Figure 22. Oblique Vicw of
(Photo: 5Pcaccl

an Alluvial Fan

r Figurc 23.
eodium, calcium and other cor,pounds.
These alkali flars (lake-bed Iand
f orm) ere reI at,ivel y importanÈ
¡ince in thcse, high concentrations

(PhoÈo¡ ll. E. Nolroa)
Alksl i Flars

of sal ts are to be found; the same
compounds used in ¿he accelerated
u¡eathering or t'soundness" test,s of
sggretates and concretes. Earl y
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disintegration of concret,e end the
rapid corrosion of pipe lines and
metal cr¡lver¿s are associated with
the alkali soils in this land form.
For exarnpl e, the U. S. Nationa I
Bureau of Standards correlation (7)
shows tha¿ 8-in. steel pipes placed
in such areas can be expected to
corrode and Ieak within five years.
Similarly, muck soils (a land form
common in glaciated aress) can be
expected to corrode pipe within
seven yeara.

LANDSLIDE LÀ{D FONMS

The risk of the unexpected is
often a contributing item to high
construction costs. This factor
also carries on into thc service
life of highrays and other engin-
eering structurea. While landslide
occurrancea are but an example of a

great nany varieties of risk, they
çell illustrate the use of the land
form as a bssig of projccting ex-
perience. Here the land forn cr-
tablishes the permissiblc li¡ritr t
which experience can be projected
from one land forn to another sini-
lar one.

fn the consideration of land-
slides, two facts âre outstånding:

l. fhere is a group of land
forms (identified by rock type)
such as clay shale, mixed shale,
sandstone and/or linesÈoner and
basalt that are prone to sliding
a I ong their unsupported edges.
Conversely, a large number of land
for¡ns do not fail by eliding.

2. Landslides are a ueans by
which nature adjuste slopes to a
stable form. For thst reason it is
truc that old l¡ndslides n¡y be
found in these land forms. Rarely
:ill snrengineer crcate an original
landslide in a givcn la¡d for¡n.
therefore, a land for¡r should bc
eranined c¡rcfully rhcn it i¡ oac
of thc suacêptiblc typcs, Old
¡lidee rill indic¡tc t,hc land¡lidc
tcndencics of tha lend foro; drti¡-

age conditions on the upland rill
indicate the possible locationE of
new slides. Photo-analysis is par-
ticularly well suited to this iypc
of an investigat,ion.

Figure 24r a vert,ical photograph,
records the predisposition of thc
above-mentioned materials to feil
by sliding. The highway (white
Iine) is located on sloping terrain.
Recent, A (indicated by arrows) and
old, B slides along the unsupporùcd
face, running diagonally upper Ieft
to lorer right, ehow that roadc ¡nd
a¿ructures near this face are sus-
ceptible to desrrucrion by slidc¡.
Dense forest cove¡ prevents adequotc
ground reconnaissance. The light
gray area C which the road engin-
eera attempted to circur¡vent ig a
shal I or srvamp; its upper border
¡rarks the approxinate limit of
naterial BuscepÈibIe to sliding.

A etereo pair of yertical photo-
graphe showing numerou!¡ landetidc
acars in a basalt land forn erc
shoçn in Figure 25. Encircl ing
alrors indicate th¡ee najor slidcs.
Thc outcrops of basal tic rocl sppcrt
a. contour outlines at lower left
centcr. lYhere surface atreana
parallel the border of thesc Iand
forms, sliding is imminent.

gJMilANY

A study of thr engineering his-
tory of a land forrr would includc
the investigation of design nethod¡
and const¡uction procedures. Such
an investigation rould inevitably
shoç that rithin that l¡ud foro,
the process of trial and error., rr
r-elI aa inrelligent enginecring
planning, had eyolved ,cert,ain Fr¡c-tices that, are t,he best for thoge
particular conditions. Thogc p¡r-
ticular conditions are chara"t"r-
istice of rhe land forn under etudy
conditione of topographT, soil,
ratcr, and bedroch.

Sincc therc ¡re ¡ gnall au¡bc¡
of land forn type! ¡nd ¡ grcrt ¡u¡-DCr ot crch typc, thcy rrruac e
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Figure

Figurc 25. Landglidc Scars in ¡ Ba¡alr Land
(Photo: US Air Forcc)
Fo¡n
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eignificance to enginecrs, for they
represent a repeaÈing situation, å

basis for scientific standardiza'
tion, a ¡neans to economy in nen ¡nd
mone y.
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DISCUSSI(I{
PROFESSOR D. P. KRYNINE, Yole [tnt-
oercity The last quarter of s ccn-
tury has been characterized by thc
growing interest of the engineering
profession in soil mechanics and
geology. Particularly, thc highway
engineers are influenced in rtl
phases of their activitics by soil
perfornance and local geological
features. Soil mechanics, a branch
of engineering knowledge creatcd by
engineers, rapidly found connon
language with its users. Geology,
however, is not in the samc situ¡-
cion; and engineers åDe often lost
in the msss of geological informe-
tion available. It seema t,o the
sriter that arùicles and books on
geology for engineers should bc
wri tten wi th a two- fol d purpose:
¡) ùo acquaint the engineer with
the geological problems thaÈ he h¡r
to face and to help him understand
and overcome the ordinary and rou-
tinc gcological difficulÈie¡ thet
h'c necte in his everydeY pr¡cticc
¡nd b) to indic¡te to him thc nejor
diffieulties shcn he naY htvc to
call a gcologist for consultation
and to uake it poasible for hin in
¡uch a caae to interPret and aPPIY
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geological recomnendations succeas-
fully. Professor Belchet's PaPer
is a fortunate and ProPer steP in
this dircction. The title of the
pape¡ rightly indicates to both the

"oiit """- 
and the gcologist vhat -is

inforttnt in applicatione of geolo'

29

gy Èo cngineering - t'the cnginecring
significance" of geologic features.
lYithout cntering into details, the
çrite¡ çishes to call attention of
thc highway engineers to this in-
teresting and important p8per.

181



182

Western Hills Road. Nepal (courtesy U.S. AID),
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Joint Meeting lnstitution of Highway Engineers and the Royat lnst¡tution ol Chartered Surveyors.

Terrain Evaluation for Road Engineers ¡n Developing
Gountries

J" W. F. Dowling, B.Sc.. F.G.S., and p. J. Beaven. B.Sc.

BIOGRAPHIES
lVr Dowling was born in Liverpool and educated therc at
th.e Liveryool lnstitute High School Íor Boys and Liverpcol
University where he gained an Honours Degree in Geology
in 1953. A period ol postgraduate study was fotlowed by
I'lational Service in the Royal Engineers.

It was at the Military Engineers Experimenta! Estab-
lishment (MEXE) that the author lirst toôk an intercst in
ttpid methods of terrain appraisal lor engineering
lrutposes. He joined the Tropical Section ol the R,>ad
Èesearch Laboratory in 1959 and has since carried o¿tt a
Dumber of invest¡gations. mainly in Nigeria, to detem,,ìne
the value of aerial photography, and other geological eids
ìn locating engineering mateials and in ptaining ioads.

M¡ Beaven graduated in 1958 from Exetei university
with a Degree in Geology and joined the Road Research
Laborctoty at the end of that year. He wofts in the Tropicat
Section and his ma¡n intercst has been the ctass¡ficàtion,
testing and mapping ol roadmaking mater¡als. This has
le.d t^o .u.igits to Nigeria, Northern Eorneo, Hong Kong,
the Caibbean, Southern Africa and lndia.

He has recently rctuned from a long tou¡ in Western
I'ttalaylg where he organised a survèy of roadmaking
mateilals.

SUMMARY
Fxistjng road-location and materials suveys are often
canied out without reference to variation in terain
conditions. Terrain evaluation relates the soil's properties
and the associated engíneering problems and solutions to
a land-classification Scheme, thus estabtishíng a system
for storing and relating information from oni proiect to
anotheL The basic unit of the classification is the land
facet wh¡ch by delinition is reasonably uniform in
prcpeft¡es and behaviour in ¡oad engineering.

Land lacets recur together in larger units catted tand
s-ystems which are usually identified on air-photo print
lay-downs at scales above I:80,000. At this tevel the'lend
system can storc more general information retating to
availability of materials, suitable construction nethods
and costs of construclion ot maintenance. A tenain
evaluation can lead to a morc logical sorl-survey pro-
cedure, concentrcling eflort on problems relevant-tó the

,UÑE I'ó9

prcject. This can often lead to a deerease in the amourt
of survey wotk, togethil with an incrcase in its effective-
ness.

The Paper is illustrated by examples of terrain-evaluation
studies from Northern Nigeria and Western Malaysia.

This Paper was presented at a Joint Ìvleeting of tle
lnstitution and the Royat lnst¡tut¡on of Cha¡teied Sut-
veyors in London on March 7th, 1969. Mr H. Crisweil.
D.F.C., B.Sc.(Eng), F.t.C.E., M.l.Struct.E.. F.lnst.H.E..
Prcsident of the lnstitution, County Surveyor o., Devon, was
inthe Chair.

lntroduct¡on
ln developing countries, especially the newli independer,:

oû¿s, transportation is one of the key factors frrr major ec+
nomic and social advancement. In most, t¡an!Ðort develo¡
ment receives â generous share of the nationrl develoomer:
budgets and of foreign aid, often amounting td as much ü
20-30 per cent of the total investment. Howerer, because tb:
financial resources are never quite sufficient, there ìs alwa¡:
a pressing need to spread the investment as :ffectively æ
possible, For this reason it is always desirable :hat tr3nspcÍ
development should be undertaken within the frametr.ork c:
overall economic planning and in close co-or,lination wit:
other economic sectors-

In highu ay engineering, economic feasibility studies are beinz
increasingly used to provide a basis for efiectiv: policv dec-
sions and for planning investment. That such s udies can tc
applied with confidence is largely due to the ca:eful analyss
of data obtained from developing countries in recent ¡ears'.

The purpose of this Paper is to review some of the develo*
ments which have takcn place recently in those aspects c:'
engineering planning which involve route locario r, site invest.-
gation and surveys of engineering materials.,J.n attefiìpt i;
made to show how some of the difüculties connected wi1:l
terrain can be overcome by the adoption of e recentl¡ der,+
loped method for collecting and storing engineerilg experienc:
and data about terrain conditions.

Ilany highway engineers, especially those engaged in prt'
jects overseas, are aware of the limitations of eri:ting methoc¡
of road surveying and design. ln most developing countrid
road distances tend to be great and site access oiten proves
difficult, Tbe ground is very ofren unniapped. aad geological

rHE ¡OURNAL O¡ fHE INSÎTUNON O; HIGHWAI ENGINEERS 3
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rpdmt lvorc3lop. lvotlcy

Fígure l. Block section ol the Lugge land system, Nígeria, showing componLh¡ la,nd Íacets.

Lolcrilc ¡roßton€

Gombc sqndstone (cretocco6)

Figure l. Block scctìon showing thc land lacers ol the Gombc land system, Nigcrìa.
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TABTE 1

Lugge land syst€m

TABTE 2
Some values of lat€r¡t¡c ¡ronstone gravels obtained from four widely separated s¡tês w¡th the sams

land facat - land facet 3 Lugge lacel systàm.-

1TIE JOURI{AT OF THE INSñÎUNON OI HIGHWAY ÊNGINEERS 
'

çllmato: ìiemt-afld to hot equalor¡al trop¡cal (sudan savai:ne ¿\1nc tfans¡t¡onal to sub-sudan and
Northern Guinea zones), 4 humid months, June-september, Averâge rJaily nraxirnum
temperaturs above 33.5'C.

Rock: Granite gneisses and migmatites of the Pre-Cambrian Basement Complex.

Landscape: lnselberg landscape witr exfoliated granite rock domes and whale backs. Less resistant
migmatites. often underl:e plains. Lateritic ironstone conesponding to the Upper {frican
Surface is developed on upper pediment slopes.

Soils: Fenu.ginous s.oils developed.on gently sloping ground with local occuÌrences of weakly
developed soils which i'lclude a subsidiary group of lithosols. Basic gneisses give rise to
occasional areas of ver:isolic soils. coarse, bouldery talus forms wãste manile to rock
domes. Generally well drained. stony soils developed on pediment slopes, with sandy
alluvium. in valleys. clay soils parchily distributed in smali valleys and'areas of locally
impeded d¡ainage.

Vegetation: Mixed Northern Guinea Savanna woodland with transition to Sub-Sudan zone.

Altitude: 650 m. (approx.).

Relief : 350 m.

No. Sample No.
Linear

Shrinkage
Yo

Dry Density
(8.{ì. heavy compaction)

]b/cu. ft.

Moisture
Content

To
CBR

Yt

I 191
190
189
186
183
184

4
7

:

133
133
134
129
134
130

9.0
9.0
8.9
9.4
7.7

10.8

80
t04
70
84

117
66

2 f31
129
126
125
124
123
110

4
12
7
I
5
I
4

1U
134
135
134
139
136
137

9.'t
f 0.4
8.4
9.4
9.3
8.6

10.5

82
44

109
64

r06
64
63

3 102
101

1A
IB
2

14

2
8

6

7

140
132
136
132
133
135

8.4
9.8
8.0

10.5
9.7
8.2

88
82
72
94
96
78

4 30
29
27
26
25
22

I
8
6

t0
7

f33
't37
t3s
1U
138
134

9.4
8.5
8.8

10.2
7.9

10_9

116
94
94
82
80
96
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inlormation, if available at all, is often too general to be of
much assistance to engineers. Again, the environment çneral-ly poses problems that are unfamiliar to engineers *hose
training and experience are liurited to conditions in tbe more
temperate regions of the world.

ln roaC-building perbaps the most important difference be-
t\.rÈen dereloped and underdeveloped countries is that in the
latler th.:re s often more freedom to choose the route of the
road. It ii also important to make effective use of local engine-
ering nriterial resources. Both of these factors afiect costs
and it is in response to the need to make early and effective
planning decisions that increasing interest has been shown
in the delelopment of rapid methods of terrain appraisal and
of nlethods for storiDg engineering experience ând dsta con-
nected $.ib ter¡a¡r.

In spit: of the intimate connection between all forms of
civil engileering and the natu¡al matcrials of the earlh's sur-
facc and io spite of the obvious benefits that can be obrained
from prior knowledge of the engineering conditions of terrain,
it is perhrps surprising that so few attempts have been made
to system?rjcally reco¡d data for future use.

ln the United States of America the pioneer work by
Beicher= and the Engineering Experiment Sration, Purdue
Umversit;' has led to considerable use of ae¡ial photography
to map Lhe distribution o{ engineering marerials. As a ¡esult
many maÈrs have been prepared which show the distribution
of agricurtural soil unjts in America as well as i¡formation
about the engineering properties of these soil units; these are
a valuable ejd to road planning. Tbe early interest sbo$n in
mappiog en-eineering roaterials in America arose directly from
the need, simüar to that in many developing countries, to
build roals over long distances in areas wbere insuffìcient
information about soil conditions was available.

ln the United Kingdom, the Tropical Section of tbe Road
Research -aboratory has made a number of studies connected
with the rrlen¡ification and classification of information on the
engrneeriug properties and performance of tropical road-
building materials. These can be separated roughly inro four
spheres of interest. Fiísrly, the laboratory testing of soil and
aggregate samples selected from many different tfopical and
sub-tropical situations; secondly, the production of regional
suneys oi roadmaking ¡naterials for a limited number of
selected terrirories; thirdly, studies to deter¡njne the value of
aerial photography in the identification and Iocation of
engineering materials; and fourthly, mo¡e recent studies of
the use of terrain evaluation techniques to retain engineering
experience for future use.

Methods of Terra¡n Evaluation
The Road Research l:boratory has produced a number of
reports deali¡g with the ¡oadmaking materials and road build-
ing problems of Cent¡al Africa, Nigeria, northern Borneo
and the Cr'mmonìilealth countries of the Caribbean and L¡so-
tho. The maio aim of thase surveys has been to compile an
inventory of engineering experience to serve as a guide to
engineers sith little knorvledge of local roadbuilding condi-
tions by dia$ing attention to the connection between road-
building mrterials and geology. A further aim \ìas to demon-
strate ho$ erperience once gained could be transferred to
other situaüo¡s where geological conditions were similar. For
two of the territories, namely Guyana and Northern Bo¡neo,
maps have been produced at scales of 1:250,000 and
l: I,t100,0ûl showing the regional distrjbution of roadmaking
materjals and indicating general roadbuilding problems.,',
As in most instances the regional surveys represent the sole
record of engrneering experience for each of the territories con.
cerned, thev form an especially useful source of information
for road planning purposes,

However, ¡n the case of individual road projects, regional
surve¡'s of this kind have their limitations and are not always
capable of accommodating the wide variety of terrain informa-
tion $ith qhich the engineer is concerned. Commonly, geo-
logical mapn. even whe¡c these are available, by their neglect

' 
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of the unconsolidated soil mantle, are too broadly based to
cope with the ñne distinctions that tire enginecr nceds to draw
bettveen diffe¡ent types of materials used in road construction.
In this respcct, agricultural soil maps have proved lo be more
satrsfactory although, once again, in most developing coun.
tries the amount ot ground covered by such maps is small, Io
addition, the pedological terms used are not always easily
understood by engineers.

During the course of an earlier investigation undertaken by
the Laboratory in no¡the¡n Nigeria to find out how aerial
photography could be used to locate engineering materials',
it became erident thar the most sui¡able method for classify-
ing the engineering features of terrain lay in adopting the
princrples of land classifìcatjon. These involve thc recognition
of distinctive patterns of landscape, brought about by thc
inte¡aclion of the many difl'erent components that make up
the natural environment, such as rocks, soil, topography, vege-
tation and ci.imate. The .most important principle of land
classification is that, .in any number of difle¡ent situations
where these components have the same character and operate
together in the same manner, the physical form of the tand-
scape will be essentially the same.

Most engineers are a\ryaÍe of the repetitive nature of ground
and, in countries that they know well, rvould easily recognise
associations between certain rock types, hill shapes, soils and
vegetation. l-and classification simply sets out to define and
record these relationships more accurately. When the various
features of landscape have been described the next step is to
obtain values for the physical attributes of difierent portions
of the landscape. In this way, a land classification becomes a
land (or terrain) evaluation and when the values obtaioed
are coneerned with soil strength, plasticity or any of the other
properties on rvhich the design of ¡oads is based, the gfcund
can be said to have been evaluated for engineering purposes..

To the engineer, the importance of terrain evaluation lics
in its ability to deal $jth a rvide variety of engineering coo-
siderations which are not ¡estricted to soils, but, in addition,
include information about rocks, relief and hydrology. More-
over, because patterns of landscape can be easily identified
using aerial photography, large areas of ground can be
examined quickly.

The concept of land classification Ìvas first described by
Christian' after it had been developed and used in the
\orthern Territories of Australia and New Guinea to express
rhe agricultural potential of ground. Subsequently, theseìon.
r;epts were expanded and modlfied in the United Kingdom by
ìhe Department of Agriculture, Oxford University, working
under contract to the Ministry of Defence. In a serjes of
,€ports dealing with parts of Oxfordshire, Beckett and Web-
ster showed for the first time that land-classification techniques
c.ould be used satisfactorily to define the engineering features
trf ground. Similar studies had been made in South Af¡ica and
.,\ustralia, and in 1964 a joint meeting was held at which the
lerms used in this Paper were agreed upon'.

Ground can be subdivided into distinctive patterns of land-
scape. Each pattern is made up of several components, which
are generally interrelated, and recur together to give a pattern
its charactetistic form. These pÀtterns can be picked cut
readily from aerial photographs of the appropriâte scale.

Units of landscape çhich have a reasonably high degree of
Lomogeneity for most practical purposes, and can be re¡dily
i.lentified in aerial photography at scales between l: 10,()0ô
and I :80,000, are termed land facets. They are significant units
cf landscape in terms of engineering and agricultural land use.
land facets are themselves comprised of smaller units called
I¿t¡td clcntents. These are generally small components within
the landscape and a number of related elements are linked
t,r form a land facet. Restrìcted outcrops of lateritic ironstone.
nhich may form a useful source of building material, and
srnall. incised, rratercourses are two examples of land elements.
Cenerally, land elemenrs are too small to be identified easily
in aerial photography at conventional mapping scales. It cån
be seen. however. that they may have considerable significancc
in engineering terms.

,UNE I'.9
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TABLE 3
Gombe land system

Reference: Klinkenberg,-K etal. Soil Survey Section, Bull. No.21, 1963. Regional Research Station, Ministry of Agriculture,
Samaru. Zaria, Northern Nigeria.

TAELE 4
Facets of Gombe land system

ÎH€ IOURI{AL OF 1T1E INÍIIUÎON OF HIGHWAY ENGIKTÊRS I'

Climate: Semi-arid .equâ-torial tropical (Sudan savanna zone) : three humid months (Ju-y-
September), 750-850 mm. rainfall.
Average daily maximum tempe¡,ature above 33.b.C.

Rock: upper cretaceous Gombe sandstone comprising flaggy siltstones, generally fine grained
sandstones often heavily ferruginised especially ãdja¿ent to lateriticiaprock.

Landscape: The Gombe sandstone hills for¡ a buried land surface and are overlain by the palaeocone,
Kerri Kerri Formation. Flat-topped hills are capped by a thick lateritic ironstone, pan oi an
old erosional surface which dips beneath ouaternary sediments of the chad Forrnetions.
The topography comprises nroderately steep, rubble-clad stopes separated by fl;t-
floored valleys.

Soils: Thin, stony_soils on hillslopes, with fine sandy colluvium and alluvial material iorming the
flat,_valley floors. More coarsr:r-grained sands have been washed in from the ad.ia"cent
Kerri-Keni Formation.

Vegetation: Sudan savanna woodland.

Altitude: 400-630 m. (approx.).

Relíef : 150 m.

Lanfl
facot

Form l¡o¡ls, mater¡als and hydrology Lancl cover

1 Laterit¡c ironstone surface
Flat to gently undulatin! mesa
surface with uneven micro relief.
Size may vary from 100 m2 to
5 km2.

Flat, hill-crests capped with hard
lateritic ironr;tone and/or heavily
fenuginised sandstones which
underlie'caprock. Bare ironstone,
fenuginised sandstones with
shallow, sto:ry soils. Reasonably
well-drained sites, with only. local
impedance,

Detarium woodland occurs in soil
pockets.

2 Hill slope
Moderate steep slopes usually less
than 35', locally steepening below
caprock and occasional mid-
slope rock outcrops, Gentler lower
slopes, sometimes with uneven
bouldery micro relief.

Thin, bould:r soils up to 0.5 in
thick form a conspicuous protec-
tive sheath to underlying finer
grained soils. Erosion proceeds
rapidly where this armour is re-
moved, perhaps by sliding.

Detarium woodland on ufrper
slopes. Mixed Anogeissus ,,.rood-

land on lowerslopes.

3 Major valley
Flat to gently sloping valley floors,
of large size.

Fine sandy colluvium and allu-
vium forming valley floors and
derived in part from adjacent
Keni-Keni Formation. Juvenile
soils developed on recent allu-

Heavily cleared and cultivated.
Elsewhere, mixed Anogeissus
Savanna woodland occurs.

4 Minorvalley
Flat to gently sloping valley floors,
often deeplv dissected.

in valley walls and floors. Collu-
vium tends to be coarser in areas
adjacent to land facet 2. lntensive
erosion produces deep d¡ssection
of river channels.

As above.
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Fìgurc 2. Ground photograph showing typical lane iacets 'tf
rhi Lugge land systctrt, Bauchi, northern Nigeria' l. Rock
Donc. 2, Talus Slopc. 3. Uppcr Pediment Slope. 5, lvlinor
V alley.

occur infrequently. A typical ground photograph is shosn
in Figure 2.

A summary of the environmental features of a land system
is essential for classification purposes and an example for rhe

Lugge land system is given in Table l.
'I'he Lugge land system comprises six land facets whrch recur

togcther throughout the area occupied by the land sy'stem. One
of these, Land facet 3, characteristically contains extensive de-
posits oi lateritic ironstone which form a useful source of road-
building gravels. During the course of a road surve,v. sampl-
rvere obtained from four widely separated sites within the same
land facet. Laboratory testing subsequently proved lhe homo-
geneity of the lateritic gravel deposits for most roaJbuilding
purpÒses. Some of the values obtained f¡om the fout sites are
shown in Table 2. A similar investigation into the engineering
prop:rties of the remaining land facets indicated lìât th6e
in turn showed considerable homogeneity". Major valleys
were associatcd generally wittr coarse sands, whi:e minor
vaileys were often essociated with weak clays.

The second example from Nigeria is of the Gornbe land

Fìgure 5. Air pholontosaic showing Labu anil Galla land
sys¡lew, Malaya.

tuNE ttat

Lan<t facets recur togcther to form larger units called l¿nd

sys/¿nu. These ft¡rm tlistinctive patterns, and are usually irlenti-

ned in ttre first instance fronì air-photo print'lsydowns (or
photo mosaics) at scalcs above l: 80'000.

Thus, the terrain t¡f a region is conceived as r se¡ies of ¡e'
cognisably distinct land systems, each ot shich contains typic'¡l
lanì facets rvhich have sintilar leatures rvherever they Ùccur

and v¡hich can be rc:idily identificd on aeri¡l photogrâphs'

l¡nd facets usually include a number of smaller l¡ncl elements'

which are invariaúly morc homogeneous than faccts in engi'

neering character. Somc ol tlìese n'ìèy be of special siSnilìcance

in ro¡.ã construction, espccially $here they present x problem

or providc a source of building material.

Exanrples of Terrain Evaluation
A nurober oI examples ltave been selected to illustrate the w3y

i¡ which terratn evaluatton can be applied in ditferent environ-

ments in Nigeria and N{alaYsia.
In Nigerial an investigatlon lras made oi J0,000 square miles

of the Ñorth-Èast Stale (iormerly l3auchi anrl Bornu P¡ovtn-

c€s), lt covered an extensl\ e range of soil types derived trom a

wráe variety ol parent materials, including Basement Complex
granites, Cietacãous sandstones and shales, and Tertiary sand-

irones, together with more recent aeohan, lacustrine and

auuvl;l se¡rments. Laterltic ironstúncs tssoclated Ìvith a num'

ber of separate erosion surfaces were also encountered'

Climaticatly, the area falls within the West At¡ica savanna

zone and ii characterised by a brief rainy season in the sum-

mer months with a long dry season in the winter' The vege-

tation has been ascriberl to the Sudan and Sub-Sudan vege-

tatiot' zones'.
Th': engineering materials data were oblained f¡om a number

of rord irojects unde¡taken by the tormer Northe,rn Nigeria

Ministry of Works and compriserl mcasurements ot tnú partl-

clc-siz.e distribution of plasticlty characteristics includjng Att€r-
berc limits and linear shrinkages, of maxinlum dry d€nsitics 1t

difiãtent levels of compaction, and ol the soll strength at
optínrum moisture content expressed in terms ot the Caltiornia
B-earing Ratio. ln ¡ccordance lvith conventional site-survey
practici, samples were mostly obtained at fìxed intervals along

the centre line of roads'
Initially, pritrt lay'downs (photo mosaics) were used to iden'

tify proviiiónal land-system boundaries. La!er, a more detailed

inier-pretation was made using aerial photography. at scales

betwcen l: 10,000 and l:40,000. This enabled revisions to be

madc of the land-system boundaries where these sere required'
The component lanrl facets of each land system uere.idemifìed

and <iesciibed. Supplementary intormation was obtained from
geological sources't and agricultural ¡econnaissance soil maps

where these were available tr.
Field infornration obtained during the course of a number

of engineering surveys was used to chæk the results of the
photo study.

Subsequently, a land-systenr classification of the same area

was carrled out by the Land Resources Division of the Di¡ec-
torate of Ovetseas Surveys, an extension of an earlier survey

that had beer- undertaken in Adam¿*a Prorince". These

results have been used to revise the land classifrcation car¡ied
out by the Laboratory and the land-system boundaries now

cmployed are substantially the same.

Ii all, some twenty land systems we¡e delìned and mapped.
Each of the land systems was describcd in terms of its mùin
envifonmental featurcs, such as climate, geology' relief and

altitude ; a brief account was also given of the geomorphology,

soils and vegetation. Ï he indiviclual land facels sere descrtbed

and block diagranrs rvere preparèd to lllustrate their position

within each land system.
The first example of a lantl system fronr Nìgeria is shown

diagrammatically in the block scction in Figure l. This is the

Lugge land systenì Iocated near Bauchi. lt forms a distinctive
insilberg landscape consisting of rock domes anrl whale backs

separated by gently sloping plains and rircr valleys. 'I he under-
lying parent rock bclongs to the llasement Complex and com'
prises granite gneisses and miSmatites. More basic gneisses
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are mostly formed of granite. The loÌvlands are more com-monly forrned on sediments, which may be slightl). meta-
morphosed, but the area also includes lowlands- developed
ol.er granitic rocks.

An initiat division of the terrain was made from contùurcd
l.:61,360.mans. When air ¡hotographs b".u*. ãuàitu¡1. .o..
detailed division las possiLle, uñd i nlu." jnteniive anelvsis is
norv in progress at the Road Research Laboratory.

Front the ñrst analysis, sites l,ere selected for soil samplingto cover the main va¡iations of rock type and lerrain. jmaù
samples for classification tests and laigìr samples for mo¡e
detailed analysis çere collected from b-o¡eholei lor¡or. pits
and cuttings. A copy rvas also made of the test results prorluceci
oter the past ten years by the l\,lalayan public Woris Dcpart.
ment.

!6

oE

L¡quid lim¡t lp.r crnt)
Figure 6.Va¡iation ol Liquid Limit with tleprh <tl gradite x>ih.

system developed over Cretaceous sandstones. In thjs examole
considerably more d.ta¡l is provided. Tabies 3 anrl.l givË a
brief surnmary of the environmental features of the landicane,
includin3 a description of the soils. hydrolcgy unO ,egetáiion
of each land facet. A <liagrammatic biock sõtion of iíe lanO
sy'stem ir; shown in Figure 3. Tables 5, 6 and 7 shos tlìe types
of information that can be collected and stored ¡or tutuie'tise.
These ir clude laboratory test data on representative ,oitr, ani
engineering material rcsources. Table 7 ìhows horv an assess-
ment ca:1 be made of the suitability fo¡ ¡oad location of each
land facet within the land system.

The r¡ork in Western }lalaysia covered an area approxí-
mately .100 x 30 miles in the south of the Mala-v peå,n.uli.
The arer is backed by mountains parallel to th";"å.t, ;hi;h

,. Examples of Ntalaysian Iand classification are sho$n .n the
DrocK dlagrant of the Calla and Labu land systems (Figure 4).A characteristic feature of the Nfalaysian topogr"phi:,r-th.
abrupt change from mountain to lowland 

"i JIloir. i,i tti,
diagram. The photo.mosaic (Figure Ð ,h;*;-ih;' i;";ì;-covered mountains, which are too steep for cuttivation. a lainitthe low, gently sloping ground, Iarge pa¡ts ol ;;h';;;.
stopes ot less than 3 o. Details of the envi¡onmental featui.es ofthe Labu system are given in Tables g and 9.

The main difference between the two systems to the enÊi-
neer, apart from rhe obvious topograpt,icjt C¡n.rencer, ii'tË.
depth of the bedrock. For roaa ôngineerinl ñ;p;;;i;.;;ï.assumed rhat sulid rock rvill not be .n.o.inì.r.d i. tn. îoùu
system. Weathering continues to a great tlepth, and ì;i hiil,
and gentle slopes lead to moderare Jepth oicui. L tÀ" C.fì"
s¡"stem, rock is present in many stream channels and ls otten
encountered in road cut. Thus this system ls lik.ly t;;,;;i;;
good quarry sites, often s.ith negligiúle overburden. H;r;;;;.
on,the end of spurs, cuttings ofieñ show 15 to ZO *ìr* ätsorl and \reathered granite.

, The sojls in both of these systems are very similar as all areoerrveo lrom 
-the weatltering of granite rocks. In the Labus!stem the soils_ have highly plasiic fìnes. rvith l;quJ limißranglng trom Jj to over l0O. The range is normil fOr thissoil type as a singte soit.profite ."y it,o* c;";;'_;ìàtí*(Figure 6.¡. This figure also demonstrates tn"t in ttre upp"ì

Figure 4' Brock section srnwing Labu lan<' rysknt, Maraya, at iuncrion with Gara land system.G2o -2
Loh lond syslm
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Table 5 Engineering properties of mater¡als - Gombe Land System

Table ô Engineering resources: Gombe Land System
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layers of these soils plasticity increases with depth. This leads
to the presence of perched water tables after heavy rainfall.
fn general these soils are permeable and free draining and
tend to hav€ low in sira densities. At Kuala Lumpur airport
the weathercd granite soil had a relative densrty ot 85 per
cent BS. heavy compaction, and in construction two fect
of soil was excavated and recompacted to achieve a suitable
fóundation".

In the Calla system a typical soil profìle consists of a red
granite soil overlying dc-composed granite over fresh granite.
The properties of the soils are very sinlilar to those of the
Iabu system, and in both systems the soils are influenced by the
texture of tile parent rock. The results of plasticity and com-
paction tests on soils derived from fine and coarse grained
granite are rhown in Table 10.

It can be seen that the soils derived from tìne granite have
a lower maximum dry density and tend to be of lorver plas-
ticity than those derived from the coarse granire. The decom-
posed granite is of much lorver plasticity ¡efìtrting the lower
degree of weathering.

These soiis have a high rating as subgrade material, combin-
ing good strength with a free draining soil profile. Laboratory
tests show ':hat the addition of cement or lime can produce
base-quality material, and soil stabilisation has been used in
airfield construction at Kuala Lumpur and Singapore.

Discussion
One of the most important aims of these investigations was to
prove that w¡th the assistance of aerial phorography it was
possible to extrapolate the informatíon gained from one land
facet to ancther area where the same land facet occurred. Thus,
it enabled survey effort to be reduced in those areas rvhe¡e the
soils were Lnown to present few problems and little va¡iation
so permítting greater survey activity in the more difficult
situations.
In current survey practice, the frequency of sampling seems
to bear littie relationship to the complexity of terrain ; terrain
evaluation can therefore do much to improve existing methods
of survey,

By exam.ning a wide range of soil types, it became apparent
that much of the effort put into soil surveys is wasted. Under
some roads the variation in subgrade conditions is so small
that the design can remain unchanged in essentials for many
miles. Oftcn the sources of borrow materiais are restricted.
Any information, the¡efore, uhich can identify the available
cngineering material resources in advance of surveying on the
ground can produce substantial savings in time and costs.

Iandscape classification is being carried out by a nureber
of organisations throughout the world. The Land Resources
Division of the Directorate of Overseas Suneys is currently
cxtcnding the mapping in Nigeria after completing similar
work in other parts of Africa. Although these mapping
schemes are mainly carried out for agricultural purposes, there
is growing ar,vareness of the need to include information about
engineering features of terrain. Thus, very shortly the Road
Research Laboratory expect to contribute a section dealing
with engineering te¡rain conditions to a memoir describing
the agricultural potential of North-East Nigeria.

The Departmeot of Agriculture, Oxford University, have
reccntly completed the landscape mapping of Lrganda and have
produced a map at l:1,000.000 showing the distrihution of
some 90 land systems. Each of these has been described, after
dct¿iled examination of aerial photographv. Supplementary
information was oblained from existing geologìcal and agri-
cultural soil rcports.So far no immediate plans have heen made
to gather engineering information, but it is hop€d that a start
will be made as soon as the necessary co-operation has becn
echicvod.

¡uNE tt¡t .

Terrain evaluation has received considerable attention rn
Aust¡alia, The Division of Soil Mechanics, CSIRO, hale de.
veloped a merhod called the P.U.C.E. system involving rl.e
use of aerial photographs and land classification, which in
principle is very similar to the methods developed in the Unirid
Krngdom'0.

In Anlerica, attention has been directed mainly towards de-
veloping_.malhematical models for predicting the performance
of lerrafn fo¡ diflerent types oI engineering usage. This
a¡rproach has much to offer, and coukl be used to great beoelit
in developing countries, provitled sumcient data were avail-
able. Land classification methods would play a large part in
rr:trieving the necessa¡y information,

Conclusíons
\¡/ork in the United Kingdom, and in other parts of the uorld,
hrs shown that terrain evaluation can be used fo¡ both classi.
f ¡ing and mapping the engincering features of the ground. The
system is flexible enough to handle information at all lelels
and thus can be used to store datâ accumulated during road-
t.uilding projects, or any other civil engineering work.

The follorving points have emerged from the work desc¡ibcd
in this Paper.
(¡) The extent and nature of roadmaking materials and of
associated road building techniques can be displayed more
effectively by land classification than by interpretation oi geo-
logical and pedological mapping units. The relation of the soil
properties, and of engineering problems and solutions, to land
classification is the basis of terrain evaluation.
(2) At tne level oÌ the land svstem, broad but useful generali-
sations can be made about the availability of materials. suit-
able construction methods and costs of construction o¡ main,
tenance.
(l) L¿nd facets and land elements classify information in the
rletail required for road projects and thus provide a means of
recording data in such a \ryay that they can be used to design
roads on similar ground elservhere.
(4) As terrain evaluation is based on a classification of l,rnd
f¡rm it is particularly suited for use with aerial photographs
viewed stereoscopically. The initial identification of l¿nd
r.ystems is often established from single photographs or ph¡)to-
nosaics.
(5) The storâge of information from road projects, in a manner
irllorving reference rvhen similar ground conditions are en-
countered, should lead to a decrease in the amount of survey
rvork and an increase in its eftectiveness.
(6) The frequency of soil sampling and testing in manv site
investigations is often disproportionate to that necessao' for
¿tdequate design purpmes. A terrain evaluation can be r,sed
¡o decide the appropriate places and frequency of samp.ing.
Jjtudies made so far have shoìryn that in some cases su.vey
effort could have been reduced by as much as 70 per cerrt if
such information had been available.
17) Terrain evaluation for engineering purposes uses a classi-
fication similar to that widely adopted in agricultural and land-
use surveys. This leads to the possibility of ìntegrating engi.
neering surveys with surveys for land development.

In addition to the types of data referred to in the present
study, terrain evaluation can be used to record other kinds
ef engineering information. An example that is directly re-
iated to terrain is the quantity of earthworks associated with
road building to different geometric standards. There is in-
terest in the use of te¡rain evaluation as the basis of a t igh-
way sufficiency rating: if a highway sufììciency sunetr ,vere
combined rvith a land-use survey, which is also a fornr of
terrain evaluation, this would form the foundation of an
economic feasibility study.

lHE JOURNAL OF THE INSIITUIION Of HIGHWAY ENGINEEiS I'
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TÂ.BLE 7
Suitability for road location: Gombe land system

TABLE 8
Labu land system
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No.
Land facet

Name Appraisal Features

1 Lateritic ironstone surf ace Unsuitat'le, owing to isolated facet
situat¡on

Flat to gently undulat¡ng topo-
graphy. Generally well drained
with abundant supplies of gravel.

2 Hill slope GenerallT unsuitable. Moderate steep slopes, ch¿racter-
istically armoured with boulderv
talus overlying heavier scrls. Hiil
wash, slid¡ng and eros on are
possible hazards.

? Major valley Suitable Flat to gently undulating topo-
graphy. Well drained orving to
permeable nature of tht, sandy
soils. Spr¡ng lines developed at
boundary with clay soif s.

4 Minor valley Suitable Gently undulating topcgraphy.
Gullying owing to erosion from
hill wash mav cause Þroblems.

Cl¡matê: Monsoonal. N.E. monsoon November-March, S.W. monsoon May-September. Mean
annual rainfall about 2200 mm. p.a., mean annual temperature about2T'C.

Geology: Weathered granite of Jurossic or Cretaceous age. Depth to bedrock may be at least 15 m.

Landscape: An undulating landscape of low, regular, straight-sided interfluves, w¡th a Jendr¡t¡c
network of thin fa¡rly straight stream courses and broad flat-bottomed major valL;ys.

lioils: Deep brownish and yellorvish silty clays with quartz grains ( Rengam and Jerangeu Seríes)

Vegetation: Mostly rubber plantations, with occasional patches ofjungle and scrub.

Altitude: 30-60 m.

Relief : Up to 30 m, but may be up to 50 m in the vicinity of ¡solated h¡lls.
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TABLE 9
Facets of Labu land system

LANCI
facet

Form sorts, mater¡als and hydrology Land cover

L1 lnterfluves Slopes very gentle to
gentle (2-5"), more or less
stra¡ght; sides about 100 m long
meeting in a convex elongated
¡nterfluve órest; up to about
100 m high. Margins with Facet
L4 may be very gently concave or
abrupt.

(i) Rengam Series. Up to 1 5 cm cf
dark greyish-brown friable sandy
clay loam over brownish-yellow
sandy clay which may be 2-1 5 m
deep.
(ii) Jerangau Series. Similar to
Rengam except that subsoil is
strong brown to yellow¡sh red
sandy clay loan.

Almost entirely planted with
rubber; small patch of jungle
remains in the south.

L2 lsolated hills Straight, moderate
to steep slopes (upto 30'), usually
elongated in plan, sides meeting in
narrow ridge crest; up to 600 m
long and 10-30 m high; occur
locally at N. end of land system.

As Facet L1, but depth to bedrock
may be less.

Sundry tree cultivation; rubber on
less steep slopes.

L3 Minor valley floors Flat, more
or less straight, narrow, but
width may suddenly vary between
1 0 and 1 00 m ; valley heads often
about 50 m across; abrupt mar-
gins with Facet L2. Sinuous
stream course a few m. wide.

Perak Series. Grey, mottled yellow
silty clay loanr over blue-grey
silty clay loam over alluvium; iron
concretions nlay occur. lmper-
fectly drained ; streams flow for
short per¡ods a ter rain.

Mostly rubber, with occasional
small patches of grassland.

L4 Major valley f loors
(a) Floor. Level, fairly straight,
150-500 m across; margins with
Facet L1 sinuous in plan.

(b) Footslopes. Level to very
gently sloping; straight or slightly
uneven slopes; 1 50-600 m wide,
400-1200 m long, irregular out-
line in plan. Upper margin with
Facet L4a may be a short steep
bluff up to 2 m high, or gently
merging. Occurs locally only in
N. part of land system at the foot
of the adjoin¡ng granite hills (Galla
land system).
(c) Small stream. Very narrow
(few metres wide). and sinuous.

(a) As Facet L3 (Perak Series).

(b) As Facet L1 (Rengam Series)

(c) Perennial flow.

(a) Flattest areas under paddy
fields, better drained parts mostly
sundry tree cultivation ; small areâs
of rubber and scrubland.
(b) Rubber plantat¡ons.

TABTE 1O
Plasticity and density character¡stics of granitic soils.

t Samples taken outs¡de area shown in Fig.5.

Plasticityl Linear I Max. B.S.
lndex lshrinkagel Dry density

51
48
34

33
10
27

towLANDS (LABU)
Coarse granitic soil*
Coarse granitic soil
Fine granitic soil

MOUNTATN (GAttA)
Coarse granitic soil
Decomposed coarse granite

85
88
&

69
39
62

34
40
30

36
29
35

l6
18
16

15
5
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THE MADISON CANYON II\NDSLIDE

The Modison Canyon landsliale, illustrated
on the facing page and on the cover, occurred
¿bout 20 miles northwest of lVest Yellow'
stone, Montana, and was triggered by an
earthquake on the night of August 17' 1959.

Rocks in the canyon wall consist of gneise

andschist supportedbydolomite. The earth'
quake broke the dolomite support and about
40 miltion cubic yards of debris tumbled into
the canyoq creating a dam 400 feet high and
two-thirds of a mile long.

The slide buried Montan¿ State Eighway
28? and blocked the M¡dison River. Faultg
in the vicinity also cut Route 287 in sever¿l
places and disrupted trafrc on U.S. Hishway
191. Earthquake Lake, which,developed by
impoundment of water behind the slide-damt
covered additional portions of Route 287.

(Photograph courtesy Jach Amm¿nr¡, Pho-
togr¡mmetric Engineers, Inc.)

MADISON

CANYON

LANDSLIDE

ul



PREFACE

lbls ûeld handbook on landslides and related problems has been
prepûr"ed prlmarlly for the highway location engineer, although other
engineers, as well as g€ologists, teachers, and students, may ûnd tt
useful. It ls not, however, intended to be represented as an exhaustive
treûtlse, eompo.rable to the reference n¡entioned below. The tyfiical
teld engineer ls expected to have a working knowledge of a wide
variety of sUbJects, and ean hardly be erpected to be expert in them
all. As in other arcas, when the fleld engineer encounters unusual or
complex landslide prroblems he should seek the advice of experts
spec.lallzing in this subJeeL

The handbook is condensed ln a deliberate efiort to provide a work
that may be used ln the ûeld, It ts dtvided lnto fou¡ parts. The first
ls o very brief introduetion to geologie processes, rocks a¡d soil types,.
and geologlc stnrctures whieh provide the setting for landslides. The
Becond fnvolves the recognition of phenomena presaging the advent
of slide movements, and those characteristic of the landslirte ttsolf.
The tùtrd ls devoted to methods of landslide prevention, control, and
eorrectlon. The fourth discusses cletails of mapping and reporting
la¡dslid.ee.

the numerous lllustrations ane so captioned that they are self-
explanatory. They lnclude not only conventional techniquee but some
unlque methods ln overcoming landslide problems.

the brief glossary defines the words and their usage that might
be unfamiliar to the highrvay location engineer.

Slve principa.l references are listed at the back of the manual.
In them, ln addition to their own valu¿ble content, the interested
reader will tnd bibliographies covering books, articles, and other
references on landslides far beyond the intended scope.of this manusl.

The author is a member of the Com¡nittee on Landsllde Investiga-
tlons of the Eighway Research Board, which prepa.red Løndsli¿Ies
ønil Engåneerðng Proctice,IIRB Special Re¡nrt No. 29, 1958. Acknowl-
edgmeut is made of close adherenc€ to the fonn and. outline of several
chapters in that report.

Aeknowledgment is made of the eourtssy of several State highway
departments ¿nd others in furnishing some of the illustrations. fn
¿ddltlon to those speciûcally credited, 4gures t2, B, and,2Íl were taken
(with some modiflcation) from Hþhway Research Boartl Special
Beport No. 29, mentioned abovg and some of the other illustration¡
are from a flle of photogmphs of the HRB Committee on Landslide
IuvestlBetlons.
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Fíw¡e l-Slump'tvpe lands/¿ítil¿ uhÍch cove¡ed II'S' Hìshway I0I at

Pacíñ.c PøI¡,ødet, I-" A";;b; Cowrtv' Calíl' (Courteeu Ca6Íorn¿a

DìoisÍon oÍ EíghwøYu)

Part I.-INTBODUCTION

Prímøry Feøturea of Lüdelídw

A landslide ls the "downward and outward movement of slope

formlng materials c¡omposed of natural rock, soils, srttûchf ñllnr or
combinaüons of tbese m¿terials.,'r I¡andslldes in the strlct 8eDæ

do not lnclude creep phenomena, or subsidencg but theee toplcs are
lneluded her€ because of their relation to the nonstsblltty of sloD€ß

and beeauÉe they merge lnto emba'nkment ¿nd slope fallure.
The movement may be fasl as in' the ease of an avalanchg or lt

may be slow, iavolving hours or even tlays. The vcilume of material
may be mlllions of cubic ya¡ds (front¡spiece and flg. 1) or lt m¿y be

very small.
The downward and outward movement of materlale normally results

ln the development of the featuree showû i¡r ngu¡e 2' elthowh mme

of these festurea may not be reattily identüed ln a specLûc lanatslLle.

Problcms and Coet

The landsliite tåreat to highway location has always been prnesent'

but as we emerge farther and farther from the age"of Indian tralls
and oxcart traces, the danger of slides has become more a[tl]¡rent'
The demand for highways with gentler gradee and stralghter allne-

ment has required deeper cuts, higher fllls, and frequeut læatlon on

u¡suit¿ble terrain. The inclusion of these nec€ssary features ln the
highway design and locatlon has interfered wtth both natr¡ral surlsce
and subsurface drainage systems and eompounded the slide problem'

The problems created by landslidee are too numeroug to list' but
include highway clearing and reloeatiott' procurement of atlditlonal
right-of-way, and disruption of trafrc. Dislocation of utilltles' loß8

clf land and buildingq in additlon to street damagg aro t'he most

common results observed in urban areas' L¿ndslldee ln Ûrùan arres'
. along higùways, rallways, irrigation canals, reservolre, ¿nd l¡ other
sl¡nllar envlmnments usually requlre cnontrol or correcdon

rquoted froE ûrst reteteDce clted on Í,agþ 87,
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Attempts have been made to evaluate the coete of la¡dsüdet tû
the llnited States. flowever, so many factors become lnvolved, ln
additlon to actual physical damage and the necessar1r co¡rectlye
measu¡es, th¿t it probably will never be practicable to eetlmeto them
acturately. The costs undoubtedly amount to mllllons of dollars
anuually, without inclutling tbe loss of human llfe and the internrptlon
to normal use of public facilitiee.

Importønce of Prelí¡ninary Offiae Study

The inttial approaeh to any highway location investigatton lnvolves
a library study of the literature and of aerial photogra¡ihs, There ls
no necessity for embarking on a. highway location study without some
prereconnaismnce knowledge of the problems likely to b€ encountered,
because essentially all of the United States, and much of other coun-
tries, are well described in geographic and geologlc literatu¡e. The
general topographic and drainage features, the soll typea, and the
basie geology and geologic structure can be roughly evalu¿ted before
the ñeld study is begu¡-

Preknowledge of this type means difrerent thlngs to difierent engt-
neers. If the highway engineer bas a good backg¡ound lu physical
geology, geomorphology, and groundwater hydrolory, he ean antieipa.te
potential subsidence and landsllde areas, unfavorable foundatlon
probleurs, soil origin (transported or reoidual), a¡d c¿n even approxl-
mate a good estimate of the physical properties of the soil. On the
basis of his training or review of tùe literature, he woutd also h¿ve
an inkling of the soil fabriq the b€drock structure' the subsu¡faæ
hydrolcigy, and many other phenomena.

Obviousl¡ a location engfneer rvho does uot know the difrertnce
between basalt and granitg metamorphic and sedimentary rockg
and ancient beach deposits and glacial tills, ts not going to proflt
mueh from an ínvestigation of the geological and soil literrature.
Nevertheless, a-nd in spite of a limited background in geologic knml-
edge, a peruml of the lit€rature will be of some help to hlm

Although a literature investigatlon does not obvlate any part of
the actual location studies in the ûeld, it does simplify them.

Geologic Proeesses and Theír Efrect on Tenøín

The ground conditions encountered in the fleld are the direct ræult
of geologic proctsses operating on a¡d within tùe eartì- Surcih proc*
ess€ß are the movement of eurfac€ and subsurfa@ water, weatherlng,
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glaciatlon, tectonlcs, wlnd, and vulcanism' lbe terraln features also

rre the result of the same proc€sse8 having operated ln the geologic

psat. These processee, signiflcant in themselves' are often lnterre'

i.tJ; n"o"", t¡e g¡ound foto""" may be the result of ¿ comlnsite of

them.
The tntenslty and tmportånce of many geologic procesÊes in any

"p*i¡" 
t""" """ 

depend-ent upon geogrephic location' climate' rellef'

iã"""î -"t""ial, anã üme' Yarlations ln any one or ¿ combinatlon

äf tn""" can reeult ln a totally difierent landform' f,'or example' lime-

ðtone strata ln arld regions may form protective caps on meaas' In

semihumld areas, the softness and relatlYely high solubility of the

ttmestone accou¡rta for its presenc€ in valley floors'
- fn" Ugù*ty loeation problems in relation to the efiects of glaclatlon

ore very dlfierent with respect to the relief of the region' In areas

of the North.Atlantie St"t"t, nearly mountelnous country' stee¡rsided

moralnes, kames and kame terraces, kettle holes' and slmilar featu¡es

pose qutte difierent problems than do the areas of low relief' flat till

ãi"f"",-""¿ loess de¡rcsits of Illinois' Indiana' and Missouri' There-

iore ituoosn one Seologlc process-glaciation-has been dominant

ã""i tn" oth""r, the nlgnwav problems are not the same ln the two

regfons.

ßock TaPe an'd Geologíc Structure

The rock types provoke problems of nany difierent kinds tbat have

to be consldered by tbe nishway engineer. x'orgetting for the moment

all of the variations in each attributable to geologic processes' let us

eonsider only the general rock ty¡res-igneous' sedimentary' and meta-

morphic. Each of these maJor rock divisions can be broken down into

many cateSories, but it is proposed to eonsider here only broad

characterlstics. .
Igneoue rocks

fgBeous rocks origlnate from a nlÛlten nrelt deep below t'he surface

of the earth. Tho'æ t¡et solidify withtn the upper layers of the

earth's crust cool slowly, are coarse grained' and are called intrusive'

Those that flow, or are blown out onto the surface ol the earth' are

called extrusive.
The intrusive igneous rocks, sueh &s most graDites' diorite' gabbro'

and the ltke, ere reasonably homogeneous and' unless fractured and

broken by subsequent deformation and mechanlcal weathering' make

excellent foundation rock and permit steep exeavation slopes' when

the rocks are crushed, the coefrclent of frictlon on the rupture planee

is usually high, and steep slopes antl stability may stiü be obtained'

Itheertrugiveigneousrocksvaryfrommedium-toflne'grainedlava
flows, and volcanic ejects renging from co¿r¡¡e, atr8ul8r blocks anal

epindte'shaped volcanic "bombs" to cinders and flne-g¡alned ash'

Lava flows, cinders, and ash deposits, whether trmly indurated or not'

have.to be treated the same as layered sedimentary rock. The degree

of induration or llthiffeation controlg the steepness of the slopes ex-

cavatedinthem,butinterlayeringof..hard''and..soft''sequences'
such as lava underlain by cinders or ash, may require compound slopes'

Sediment¿ry rocks

sedimentary rocks are derived from the disintegration, deconposl-

tion, transportation, and deposition of m¿Ùerials derived from pre
eristing parent rock. They are divided into two principal Sroups:
(1) mechanlcal, or clastic sediments, in which transportation and de'
position h¿ve been chiefly by mechanical means; an'l (2) chemical

sediments, in which the materiat has been carried in solution 8nd lÈter
precipitated. îthe clastic sediments consist of such rock 8tr8tå 88

eonglomerate, sandstong siltstone, and shale, whereas the chemical

sediments include most limestones, dolomites, cbert and flint, rock sslt'
anhydritg and others.

There can be no broad generallzations about whlch sedimentarT

rocks wiil stand up well with steep slopes. If the strata are thlck-

bedded and flrmly cemented or lithiffed, they will stand well; lf nol
the engineer must use Judgment in determining the permisslble sloDe.

shales are perhape the moet rliñcult to analyze becrause of t¡e
tremendous ra.nge itr their physic'al eharaeteristics' Some' as t'ho Pen'D-

sylvanian clay shales of Missouri, are essentially hardpans or clay-

pans. Others, as the Conemaqh shales of western Pennsylvanla'

ãastern Ohio, and West Virginia, disintegrate and slo¡gh very rapidly'
and are focl of weaknesa for tandslides in this reglon. sdll other

shales are very highly lithifleal and stand weatberlng well'
In general, the thin-bedded and "soft" strata, and lnterbedtled ee-

quencesofflrm,massiverockandsoft,weekrock,wlllrequiregentle
slopes, or compound slopes.

If the sedimentary stratå are steeply inclined and the hi8hway cut

is made at a right angle to the strike, or trend of the rock, steep slopea

are possible even though there may be weak members in the sequence'

flowever,ifthehighwaylineparatlelsthestrlkeinacutarea,ltls
obvious that on one slde of the cut the strate dip away from the exca-

tlon, and on the other, toward it. In the ease of the former, ste€p
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ere&vatlon sfopes (flg. 3) are feastblg but ln the latter, unlem the
cut slope parallels the ilip of the beddfng planes, Bp€cirl precruflons
must be t¿ken to prevent slope fallure,
Metanorphic roc.ks

Metamorphle roeks are fqrmed from prgvlously ertsttng lg:neous or
sedimentary rock by the aetlo¡ of heat or pressure, or boü¡. There
are two prlncipa.l types of metamorphism: (1) eontact metamorphlsm,
coming chiefly from the action of heat and solutions ; antt (2) dynamlc
netamorphism, resultlng prlmarily from the action of difrerential
pressuÌe.

Marble, quartzite, and slate may be stronger and more durable than
thelr sedimentary equivalents, limestone, sandstone, and shale, but the
strongly foliated. Êehists and gneisses can be very treaeherous. The
dynamic stresges to which these rocks haye been subJected caused the
development of foliation, which implies the ability to split along ap-
proxlmately parallel surfaees due to the distribution of layers or lines
of one or more conspieuous minerals in the rock.

Structur¡l features
f,'raetures, faults, crush zones, and similar structural features in

rock must be evaluated in relation to their effect on the stability of
slopes and the supporting yalue of the rock. f,'ractures in carbonate
sedlmentary rocks and other soluble rocks, sueh as g:yllsum, may allow
elrculating groundwater to develoÞ solution channels and c¿verns,
which pose their special types of problems to the road builder.

Rock Weøtheríng and Soíls
The dlstlnetlon between soil and rock is not always clear. Engineers

generally conslder uneonsolidated or semiconsolidated material that
can be moved by common excavation equipment witbout blasting ae
soil materlal.

The weatherlng of rock in sltu produees a residual soil. fwo typ€6
of weathering are responsible for the destruction of rock and the ulti-
mate produetion of residual soil-mechanical (disintegration) and
chemlcal (decomposition). the climate (temperature and rainfall)
determines tùe type of weathering that prevails. Mechanical weather-
lng ¡rredominates ln norlhern cold ctim¿tes and in arid regions, while
chemical weathering dominates ln tropieal regions with high yesr-
round temperatures and rainfall. X.or erample, the soils developed
ln the Äretic from a granite parent material are granular, chiefly
eolluvial solls, and are derived prlmarily by mechanical weatherlng,
îhe varlous ml¡reral components that made up the granite are chemi-
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csUy unaltered. On the other hand' the same g¡anite in the wet troplcs

i, 
"ni"ny 

afrected by chemicel weatbering so that' except for its quartz

mlneral comlþnent, su of its other constituents are chemlcally altered

and many are decomposed lnto elay-type soils'

Graiu slze and structure of the rocks' (rock type) and the length

of time the geologlc materials are subjected to weatberlng play an

tmport¿nt role ln determining the soil that is developed' Geologic

materlals exposed in tropical climates for extended periods of time

;;tb" weathered to tlepths of more than a hundred feet'

Downwordmovementofthewaterthroughtheweatheredsoilma-
terlal results ln leaehing near the ground surface 8!d accumulation

of ctay-søe pa.rticles at a slight ttepth' These accumulations of clay

particles, whlch occur mostly in humid' temperatc climates' may re'

striet the downward movement of water end haYe low strength

when weL
Sliiles tn residual soils are cor¡lmon when there is s€epage due to

variatlons in permeauiiity of strata or layers of tbe soil or when

seepage from the undertving "ocf 
permeates the residual soil on sloping

S";oJ¿. Besidual soils in areas underlain bv stratiûed sandstone

and shale are particularly susceptible to landslides' Soils with a

high mica cotrtent ¿erlve¿ from schist, gneiss, or phyllite are easlly

eroded and are subJect to slumping when saturated with water'

lransported soils arl those that have been ileposited by the action

of wind, water' or ice. Ther€ is a variety of transported soils because

of the varying egencies of deposition' composition' time erposed to

we'athering, and climate'
Glacial deposits 

""" 
tt"o*io" in the northern United States and

other parts of the world that were subjeeted to continent¿l glaciation'

"Glacial drift" is a term commonly used when referring to all glacial

deposits, irrespective of their mode of deposition' These deposits

are usually divitted ittto t*o classes: (1) those that were tleposited

clirectly by glacial iee, &nd (2) those that were deposlted by glacial

melt waters.
Glacial ice aleposits are cslled moraine or till' These till deposits

¿rechâraeteriz€dby¡"ioso"æ"o8'"o"oostngrainsize(sometimes
varying fmm boulders to clay)' unsorted' and variable in composition'

Glaclal.weterdeBositssuchase+kers,kames,kameterroces'glacial
river terraces, outwasb, and lacustrine sediments are generally asso

ciated with till, but unlike the latter these have been reworked' trans-

ported, and alepositeal by weter' Rounding of pa'rticles' stratiûc¿tion'

lensing, and abrupt changes ln grain size vertlcally and laterally are

characteristlcs of these uaterlals'

Seepage zoÍes occur frequently ln glaciel water deposlts th¿t con-

sist of alternating permeable and impermeable layers' Sinilarly'
saturated pockets or lenses of sandy soil occurring tn glaclal dII
result ln water seepa.ge in baekslopee of highway cuts. Sluch sequeÛceß

of soil materials, coupled wlth high water conteûts, qre IIXely to
ræult in slumping and sliding of the* materlals lrr hlghway cut
slopes, particularly in steeper topog¡aphy. Since theee sltustlons
cannot alwtys be avoided, attequate dralnage provisions muet be

made to insure stable backsloPes.

Glacial till has a tendency to creep or slump downn¡ard along steeper

hillsides (sotifluction) under the lnfluence of freeatng ancl tbawlng'
Movement octurs during spring thaws, when the soils are woter-
logged.

Windblown silty sediments knowu as loess are wldespread ln the

midwestern and northwestern States. these deposiw are fairly
uniform in composition end grain size. a peculiar characterlstlc of
most loess is that vertical backslopes.of highwey cuts are relatlvely
stablg whereas those on a fletter slope are more susceptlble to ero8lon

and slumping. Ilowever, this structural characteristic of some loess

is not universal, and local fietd investi8ation of existing cut 8lope8

.is needed before deciding that vertical backslopee shoul'l be

recommended.
sand dunes are wind deposits that contain coarser grained materitls

thenloess.Althoughhighlysusceptibletowindorwatererosion,
the dunes are not susceptible to slicling uûless the angle of repose of

the sand grains is exceeded'

x'luvial or alluvial (water) sediments such as river alluvium (recent

river deposits and terraces ) , alluvial fans, valley fill, and Coastal Plaln

sediments represent a large portion of trelrßported soils in the \rorld.

These have many of the characteristics indicated for glacial water

deposits.
Colluvial deposits occur at the base of steep slopes, and are primarlly

due to gravity action. Ilowever, çonsiderable sorting of particles by

weter action has occurred in some deposits. The colluvial deposits

thathavelensesofûne.grainedmaterialinterspersedryitbleyersor
lenses of coarser grained materiel are perticulerly suscéptible to slial-

ing or slumPing.
Inadditiontothesoitsdiseussedabove,therearlepartiollarweat¡-

ering conditions and topographie situations that produce speclal soils'

such as organic deposits (peat bogs, tidal m¿rshes), lateritic 8olls, and

alkali or saline soils.
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Efrcct of Constructínn on Loeøl,Súres¡ Conditiorc

Changes in stress conditions of geologfcal and soil materials ln the
section may have a dynamic efrect on the highway. The lo-

ion engfneer should have suffcient training and experience that
wlll recognize tJre possibility of potentially deleterious stress con-

[n the soils and geologic materials of the proposed highway
location, and assure that an adequete investigatlon and analysis will
be made.

Stresses in the geologie or soil material may be increased by any
of the following factors :

The addition of a ûll or other structure;
Tratrc loads;
Blasting and construction vibrations.
Other factors that may afrect the ability of the geologic or soil ma-

terial to withstand the change in stress condition caused by construc-
tloûare as follows:

An increase in the water pressure in the soil by impoundment of sur-
water or through blocking of subsurfaee flow by impervious flll,

freezing, or compaetion under ûlls;
f,eakage of water from culverts, water mains, and canals ;
Inflltration of surface water resulting from stripping the protective

overburden from a stifr, flssured clay;
Elxposure of geologic materials, permitting water to enter fractures

and joints and accelerate weathering;
Swelling of clays rilhen the confining load is removed.

This brief discussion has been included with the intention only to
gfve the engineer some appreciiltion of the relationships of geological
processes, structures, and rocks to landslide phenomena.

Part 2,-LANDSLIDE RECOGNITION

Apprmch to the Problem
In any loc¿tion study, assuming that the terrltory le one where

the engineer has had no prevlous erperlence, the ûrst and obvloue
step ls a study of the geological and soil literature and any aerlal
photographs available for the proJected route. Through this study,
he becomes acquainted with the rock types and their relaHonshi¡n and
structural attitude, as well as the soil and ground condltione that
must be considered in route location and bighway desigp-

Survey of geological snd soil literature
îhe highway location engineer needs speclñc geological anal soil

information relative to an exact geographie area. The broad gen-
eralities and enuneiation of basic principles found in text books are
trot much help when what he needs appìies to a certain area ln a pa.r-
ticular county and townshîp, Consequently, he must know where to
look, and Tshat types of geologic information are avallable.

The principal sources of such informatlon are the maps and publl-
cations of the United States Geologlcal Survey and the StateGleologfcal
Surveys. these essential source materials may be found ln moet
government engineerlng agencies, ln many public libraries, and. eollegþ
libraries wherever geology is taught. Many utility companies, engf-
neering organizations, and others possess geologfcal literature and
maps pertinent to their local areas of interest.

the geologic maps renge from general, coverijlg the e¡rdre a¡ea of
North America or South America (published by the Geologlcal'society
of America), and State geological maps, published by the indlvldual
States, to county ard quadranglegeologieal maps. fn many States the
county maps are aecompa.nied by published bulletlns ttetailing the local
geology. fn addition, New Ham¡xhire has modem cover&ge on &
topogaphic quadrangle basis, published by the New Eampshire plan-
ning and Development Commission.

The U.S. Geologlcal Survey is publishing more and more quadrangle
geologie mapS on a topogrep,hic base. One serles of these is speciûcally
to eover the development of the Missouri River Basln. Comprehensive
geologic data and some engineering iaformation ate printed on tàese
map sheets,
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The u.S. Geologicel Survey has publtshed geologfc map lnd€xea for
all States. These may be purchased from the Distrlbutlon Sectlon,

II.S. Gleologtcal Survey, Washington 25, D.C., or from the Distrlbutlon
Sectlon, U.S. Gleologlcal $urvey, f,'ederal Center, Denver, Colo.

The geologlcal literature being published annually ls not all found
in Í'ederal and State publications, but also in publicatlons of many

dtfferent geolog{cal organizations. To search out and ûnd a partlcular
report on a speclflc area would be a hopeless t¿sk were lt not for two
prlnclpal, regularly published biblioS¡aphies. X'or North 'A'merlca, tbe
flawailan Islands, and Guam, the U.S. Geological Survey publishes the
Bíbtðogrøphv ol North American Geologg iq bulletin form, contalnlng
Beperate lndexes listeal by author, subJecb and State. Geological
llterature and maps published for areas outside of the United Ståtes

are reported ln tbre Bibl'iotrøphy ønil Inil,eo ol GeologA Eoclusi'ue øt

North Amaricn, published regularly since 1933 by the Geological Society
of Âmerica, 419 \ilest 117th St., New York 2?' N.Y.

In additlon to these sources, the State Geological Surveys will fur-
nlsh ltsts of maps and geologfcal reports lssued under State auspices.

The SolI Survey maps and bulletlns, prepared by the tl.S. Depart-

ment of Agriculture iu cooperatiou with State agencies, provide useful
lnformation regarding the soil ma4tle that overlies the bedrock. The

recently publisbed bulletins rnay be obtained from the Superintendent
of f)'ocuments, Government Printlng Oñce, lryashington 25, D.C. Ref-
erence copies are usually available in the local ofices of the Sotl

Conservation Service, U,S. Department of .Agriculture, and ln State and
publlc libraries. The Br¡reau of Public Roads and most of the State
hlghway departments assist iD preparing the engineering applications
sectlon of these bulletins, ¡vhich makes them have greater value in
englneering. Some of the bulletins published in the 195&S1 periotl

have an englneering ap¡llications section and most of those published

after 1961 will have one.

Use of aeri¿l photographs

f,'rom aerlal photographs, the engineer can obtain a measure of
understanding of terrain features, such as slopes, drainage, vegetatioû,
roads and trails, and simllar phenomena. If highly skilled in photo-

lnterDretation, be can galn an understanding of much of the basic
geology and physiographic features.

Many location engineers have Dot had sufficient training in either
geology or aerial photographie lnterpretation to be able to visuallze

the geologic structure or the meaning of the geomor¡rhology from
photographs. Nevertheless, even those witbout such experlence can

lnterpret the presence of such gFound conditlons as landslidee' swempy
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areas, ûooded areas, highly erodible areaÊ, and rugged topogråphy
from the aerlal photographs. He can atso ltlentify many slmple
geologie fomratlons, It does not take a geologist or a skllled aerial
photogxaphie interpreter to identify a voleanie cone or an alluvtal
fan. It is ariomatlc, thereforg that with very lltfle speeialized traln-
lng, the location engineer can derlve signlñcant beneûts from the
use of aerlal photog¡aphs, ft is also axiomatic, of course, that a
location engineer who is well equipped with knowledge of geology
and aerial photographic interpretation can do a far better Job.

Of what help ls the stutly of these photographs in spotting actual
landslides? Landslides have a typical appemance on aerial photo
graphs that makes them easlly discernible (fiS. 4). The typical
eharacteristics inclùde a semicircular scar (main sca4) in frg. 2),
and a spoon-sha¡æd area of disturbed ground rvitb hurumocky topo.g-
raphy and undrained depressions. For the most part, only relatively
large slides are likely to be identiûed on photographs haying a scale
smaller than 1:20,00O. the one exception to this somewhat broad
statement is the avalanche, where long, light-colored, linear scars,
in areas of gÌeat relief, show up on the slope (flg.5),

I[¡ithln the scope of the author's experience, more than gO percent
of all landslides requiring control or correetion have been small,
averaging less than 50O feet in width fr,om flank to flank, and 100
to 200 feet in length from crown to toe. The ruajority of these are
discovered when they have only begun to encrroach on the highway
shoulder; hence, they are hardly discernible on aerial photographs
with scales of 1:2O000 or smaller. Consequently, these gmall-scale
photographs are of more help in spotting suspicious or potentlal
landslide areas tha¡ in identifyiug the slides themselves (ñS. 6).
Ilowever, with the use of modern photogrammetric methods for the
preparation of topographic maps and the design of highways, aerial
photogrephs with seales of 1:10,000 or larger are obta.ined for many
highway projects. Many of the small slides can be identiñed on the
large-scale aerial photographs.

Loc¿tion traverse
Subsequent to a study of geologic reports and the aerial photographs,

the locatlon engineer makes a reconuaissance study of the proposed
line in the fleld. With this background, he should be abte to recognize
ancl identify old or active slides and, in many eases, pin-point potential
ones. Recog¡ltion and planning for corrective action at this time
constitute slide prevention. Many future slide areas cannot be identi-
fletl positively at this time, of coursg because of the vegetative mat
masking the overburden and bedrock. Ilowever, prellmirary core

l4

Fígure í-Theae lang narrou acata are cluracterístíc of øoalanclæe.
Although auch slídes øre shnllow ìn d,epth, theír mooementt maç
attaìn oerg hígh oelacítíee. Theg are generølly rect¡ícted to regíonE
of hígh relí.ef , and híghway iocatíon in such areøs ís díñctlt. Vlen
relocøtían ìs not feasíble, eheda and, eaen tunnels øre resortcd to
ín efrorts to heep the híghway open Læatíon ín lranconÍa Notch
N.E. (Courtety New Eanpshìre Deputment of publíc WorIø øttd
EíghwøAa.)

borlngs and geophysical surveys in proposed cu.t areas may reyeal
suspect conditious, and result in a deslp. to prevent or avold Eerious
slides.

The depth of a proposed cut and whether tt ts a sidehill cut or not
may hrve little bearing on whetber excayation will tnitiate a sllde.
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tr'or e¡ample, ln one community near Pittsburgh, Pa., an &foot c'ut

made at the toe of a slope triggered a slide about 500 feet wltle antl
several hundred feet long. This resulted tn the tot¿I destructlon ol
slx homes and damage to others, and dislocation of a State highway'
a streetcar line, and overhead and underground utlütleá.

Another urban landslide involving less than 25 cubic yards of matÈ
rial caused the rupture of an underground gas llne- Subsequent gas

seepage through the shsle bedrock entered two bulldings near the
crown of the slide and caused erploslons that resulted ln extenslve
damage. This slide was chiefly caused by a surcharge of pavlng
blocks dumped on the slope, but also orred slope sensitivity to recent
heavy rainfall and thawingground.

These examples serve to point out the faet tJrat small slldes deserve

Just as serious consideratio¡ as large on€Ê.

Problems in Cut A¡eas

What shoulcl the location engineer look for, witJ¡ resp€ct to land'
slides, in future cut areas?

Steep slopee
on steep slope locations, the englneer should look for t'he followlng:

Coltcsíae claaey æítø. that are, or may become saturated. These are

soils in a sensitive condition which, when disturbed by removal of the
vegetûtive cover, or by ercavation, will start to move.

IInconsolídated materiale having relatively low shear strengtb,

Inclíneil beùIing planea oî aedímentary rock strata, when the bed'

ding planes incline toward the proposed excavetion (û9. 3).

Fotiated and achi.stose metamorphíc roclr, where the planes of folia-
tion and schistosity not only incline toward the proposed excavatlon,
but where micas or serpentine are concentrated on the lineatlon planes'

Decornposed ígneous and metamorphíc rocks susceptible to large

increase in moisture content. Atlditionat chemical weathering of such

rocks may very quickly reduce their shear strength past t'he crltical
point.

F¡actu¡e sFetems, farlts, øttd, crush zones, in the excavatlon slopqs'

acting as decomposition zones, and even ag water eonduits.

ILnfavo¡øble rock sequences tikely to produce rock or soit falls'
These may be anticipateil by recognition of Seologlc conditions apt to
produce overhanging or over-steepened cliffs (flg. 7). Dxamples are:
massive lava flow over strongly fractured flow, or poorly consolldated

tufr; thlck beds of sandstone or llmestone underlaln by clay' soft
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This rock fall is due
to tbe undercutting of tìe
river bank on the outside
of a bend. $¡ch falls are
also com,rnon on lake and
sea cliffs. It should be
kept tur mind that highway
location close to the edge
of cliffs and scarps can
be hazardous.

shale, or coal; frozen g¡ound or fracùured rock Bubtect to local thaw-
lng; and ûrm, coheslve, or partly consoltalsted soll over noneobestys
soil that ls subject to erosion.
W¿ter

Water eondltlons that tle englneer should look for t¡cluite the
followlng:

Su¡føce wdter accunulatetl ln segË, depresslono, or ponals, lD the
slope, above the slope, or near tJre toe of the slope (flS. g).

Groundwater seeping through the soils, rocks, or toek structures ùr
the slope, or saturirting tt so thot there are htgh pore pressur€s, or
hydrostatic pressureß; a¡rd see¡x over lmpervloue beds underlylng
pervious beds. An occasional or seasonal high grogndwater table may
produce these conditlons in an otherwise stable slope. X.urthermone,
the bloekage of "piping" through a pervlous layer may suddenþ ln-
crease hydrost¿tle conditlons and the pore pressurg and cauge a slopo
failure, Glroundwater, it ls generally agreed, lÊ the most tmportant
eontrlbutory c'¿use of landslld€s.

Ioc¿tion close to bodies of w¡ter
The loeatlon of hlghways cloee to rivers, stleams, and reservolrr

should.be eramlned closely, üot only because ol tåe posrlble poor
supporting value of the terraln of low grouud, but also becauge of the
phenomena llsted below :

Undercuttlng of the banks on the outslde of bends of streams, and
wave action on the sldes of reservolrs.

Sudden ¡elease of "futtk atoragen wder lnstreams efter flood stage
(flS.0). This ismost llkely to occur ln streams trlbutary to maJor
rivers.

Røpid dramdoun of reseraoíre, resulflng ln release of pressure and
"bank storage."

Surcharge on.river banIs, subject to sudden changes ln molgture
content. The surcharge mtght be stoeþlltng or wasflng of materlalr,
or even hþhway embankment construction (flS. 10).

Eroe¡an of sllty river banks too rapidly for gllde development dur-
ing the eroslon. a cessation of eroslon ca' cause suale fallure of the
eilt banks.

ßedu¿tíon oi evaporatìon, causing fallure tlue to ewelllng of clays
by absorptlon of water.
Slopes eituated ¡bove mine$ etc.

On slopes above mines (1g.11), aedvely pumplng oll fleldl, ol shal_
low water aquifers from whlch large volunes of llqutda are betng
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Compendium 2 Text 9

ç Potentfal ellde due to storage of vâter ln stream ba¡rk a^frer a flood.
i 'tsank storage" ìpater cen c¿u¡e overstreaatng of the soll ln streaq bank
r above terrace.
I
I

t
I

Fígu¡c 9-Potcntíal clj/,e ùæ to ct¡eambank uatcr ctorøge.

Fígure 8.-4¡ecp ønd ponded wøter.
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Protection for bJghways in mtntng
¡egions requlres "slushing" (limlted
ftllbg wtth eand o¡ stmlla¡ materlal)
of the mined-out areas beneath the
pavement and shoulders.

aa6t

ô¡
6i¡

Fílure I l.-lIíne-caoed a¡óa.

Potential fâ.ilure in unconsolidated sand and
gravel overlying impervious shale. Excess
water from the wa.shing and screening plant
or a combination of heavy rain and the sur-
charge of stocþiled Ìnaterial may cause
failure. Vibrations due to blasting of imper-
vlous material may also be a contributing
factor.

Flgure l0-Potentìal clide duc to surclurge.
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fígure l3-Typícøl anow and rock aaalanche whích completely cloeed
a State highway ín 1956. Cotuíderable d,eb¡ís accw¡tubted nes¡ tlæ
water líne. Locatíon qt the læad of Emerald, Bay, Lake falroe,
CaIít. (Cou¡tery CalífornÍa Dí.uhíon of flíghuaUe.)

withdrawn, subsidence is quite coûrmon. Evldence of sueh condltlons
is readily recognized as s&gs, ponds, and other undralned depresslons
which are often circumseribed by eracke and terracettes.

Lines of springs and seeps on slopes

I¡ines of sprlngs and Eee¡x on slopes are lndlcadons of permeable

materlals underlain by nonpermeable soils or rock, and are tndlcatlve
of potentlel slide condltio¡s.

21
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Co[uvi¡l soilr
constructron over conuyral solls at the base of slopes (as a talus

cone) may eneountet ertremely unstable condldons.
Ancient slide gcsrg

Old gllde seary ranging from latge to mall, generally appea¡ as
escallo¡æd or spoon-shaped depresslons ln a slope, with hummocky
rldges at the base or lowest part of the depresslon (Ag. 12). fU"i
often look llke slumped, rong-abandoned mine drifts. rn areas of
pronounced rellef, avalanche scars and rock chutes may oceur, and
talus eones deyelop at tbe break ln slope (flg. 18),
Ground cracks

Lunar-shaped eracks, parallel llnes (en_echelon) of cracks, a.nd
shrlnkage cracks In the surface soü (ûg. 14) are not readily seen, par_
tlcularly on grassy sropes and rn forest .ritter, More carefur **uoyls required than for the prevlously menüoned features, but theslt¡les of cracks often can t¡e seen and rre among the flrst srgns of
actlve sllde movemetrt.

Creep phenomena

Llke ground cracks, creep phenomena (flg. g) ilemautt eareful
observatlon. lbey include terrecettes, whrch reeemble cgtfle traces
pa,rallellng the eontours on sloping ground. X.ence llnes, stone walls,
roads, pole llnes, and hedgerows that are warped downhilt and out of
alinement, a¡e lndications of ereep. ræanrng trees, and. soil strretehrng,
whleh may be recognized by series of emall craeks conüguous to oi
touching roots, boulders, or other rigtd bodies, are also lndieatto¡s of
movements ln surûelal soils" so',e of these features may be recognized
in aerlal photographs. Excavation Into sueh slopes mqy produce
maJor slides. creep conditions have often been observed to ãevelop
subsequently lnto avalanches, or earth and mud flows.

Problems ín Fill Arcas

So-ealled ',slipout" slides ar¡e not only common ln flll areas, but
are oftetr moFe c$atly to repalr than slidee that move down and bu:ry a
hlgbway (ûS. f5l. Ineluded ln thls category arre ..slipout. elldeÊ
eaused by subsldence of the ground beneadr the ûll. Many of the
clues and means of 

'eeognrzing 
potentiel srtdes rn future ûll areas,

and ln already cÐnstrueted fllls, are the sa.me as in cut ateas.
^{, thorough sur{ace and subaurface invesflgadon should be made

where high embankments or brldge approaeh embankment¡ are to be

26

lígure Íl.-Tewíon cracks tücvelopcrü tn ø elump dtdc.
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Fígure lí-Sídeh¡ll frII faìlure, with "slípout" tgpe of slunp clÍ.de.

Trafic was slowed down but nöt dìsrupted. The sìtu.at¡an was btcr
cor¡ected, wíth d ileep draìn at the baee of the back cut elope anù a
benchcd, ctone butt¡eee ín the area of abpe laílute.

constructed, in order that an unsultable soil condition can be c.orreeted

or an approprlate em,bankment design be made. Soil strata with low
bearing capactty or high compressibility that occur withln the depth
and area that may be afrected by the pro¡rosed embankment should
be detected.

lYhat should the location engineer look for, wlth respect to land-
slides, in flll areas?

Need for benching and drainage at eidehill ûll areag

Improper benchlng and dralnage are probably the most common

causes of failure ln sldehill ûllg. Drainage mey be unnecessarT ln
heavy stone ûlls, especially ln view of the permeable characteristice

28

of the tll. In the case ot stdehtil earth ñllq however, dratna^ge t¡ the
bench nert to the baekslolÞ may be essentlel. p¡sllmln¿¡y subßur'
face ex¡rloratlon may have revealed the presence of water on pardcul¿r
planes, or ln eert¿ln ÊtratiSxaphlc horlzons. fn such caseo, tbe bench

ehould be located at the elevatlon of the bottom of the wster-besrlng
zone.

Damp to wet or ooggy aneas o¡ e slolÞ may be epotted durlng locs'
tion surveyg lndicating need for proper desiS¡ of benchee and dral¡r-
ege. f[owever, the permeable stratum should be accurately loclted
before the bench and dralnage desls¡rs are made, lnaem.uch as w&ter
may seep along flat-lying or g€ntly diptng strsta and follow the base

of the overburden downslo¡ra

Inadequote toe bearing of sidehiil ûn

The base of the natural ground slope and the valley ûatlancl adJacent

to lt, antl that portion of the valley wall lmmedlately tlownslolÞ f?om
the probable locatlon of the toe of the proposed ûll' should be ænrd-
nlz¿fl f6¡ seepagg high moisture cìontent' and the pr€ßenoe of organlc
or other hlghly comoressible m¿terlals.

Swamps

Swamps owe their exlstence to lnterseetlon of ttre Sround flr¡tace
by the water table, or a perehed water tsbte, or because the ground

forms a basin or receptacle for water seeping from the slope. The
ground is saturated and in the swamp there ls an acrcumuladon of
vegetation and organle soils. The compresstblllty and low shear

strength of these materials threaten the stabtlity of a flll. Some

sw'amps, howeÌ'er, may be underlain by good, flrm bedrock at shallo\P

depths, in which case satisfactory bearing for the flll may be obt¡lned
with a mlninìum of excavation, or by other techniquee utllized for
settling the flll on the rraterlel having adequste bearing capaclty'

Other swamps, particularly ln former glacl¿ted or glaclal outwasb

areas, may hale organlc rnaterial underlaln by glac'lal rock flour.wblch'

when agitated, becomes "quick'" Thls must be ascertalned ln advancg

for ñll constructlon over such ground requlres very speclal treatment'

sometimes as extensive as vertlc¿l sand dralns and a s¿nd blanket

Irrig¿ted ground

The constructton ol fllls over lrrlgated ground or adracent to l¡rtga'
tlon canals, or over ground likely to be lrrtS¿ted ln tbe future, requlres

caneful stutly. .{ relatively dry foundation sott may susteln the wetght

ót tne nu but may be vulnerable to an lncrease ln molsture coÛtent

that ls csuaed by tand üoodtng or saep¡ge trom a leaklug ca¡ral. Tho
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pþslcal condltlon of such soils to conslderable depths must be
deteml¡ed-

Alluvi¡l f¿ns

Co¡struction of ûlls over the marginal ends of aluvial fans may be
a hazardous undertaking. Near the apex of an alluvial fan, the
lntereonnectlng or branchlng water channels may have unstable walls
or ¡etv channels may develop durlng flood stages. Generally, the topo_
graphic rellef makes this ground undesirable for erossing by high-
wtys. On the other hand, the lower margin of the fan may go un_
suspected; yet here, where the groundwater lies near the surfaee, and
the soils are flne grained, the moisture content ean be very high and
the strength of the soil very low. Äny surcharge imposed on such
soll may result ln rapid developmônt of shear failures. considerabre
terraln analysls and soils investigation ln such area.s are necessary.

Surcharge on pervious material overlying impervious stratum
X'ills or any other type of sìrrcharge plaeed on sand, gravel, or other

highly pervious deposits, which in turn rest on sloping surfaees above
elays or lmpervious roek, or adJaeent to scarps, are subject to po_
tentlal f¿ilure. IVater moves through the pervious material and is
eoncentrated at the contaet with the impervious material, and the
combined weight of the surcharge and pervious material may cause a
slide to develop (flg. 10). Some years ago, under such eonditions, a
slide moved over an escarpment on the west bank of the Hudson River
in New York, and buried the West Shore Branch of the New york
Central Railroad.

Mine settlement and ginkhole areas
îhe plaeement of a ffll across mine setflement or sinkhole areas is a

caleulated risk. The danger is apparent to the location engineer if he
observes the subsidenee at the grouud surfaee. If he only suspects
there are such phenomena in the region, it behooves him to make an
investigation (û9. 11).

TÍhere mining has been by the room and pillar method, and the ore
is relatlvely flat-lying, a cover of about 60 feet, which includes bed-
rock, has been found reasonably safe. Ifowever, if the ore is coal and
the long-wall mining method has been used (Ìvhere the pillars are
progressively removed as ore is extracted), subsidence is very likely
to oceur. Sueh subsidence invariably brings ground water up to the
Burface solls and frequenily causes ponding on the ground surface.

30

x'allure of fllls due to subsrdence of the foundadon materl¿l,s ts qutt€
likely in regions where the ore beds or deposits are steeply dlpplng, asin the anthracite eoal ûelds of northeastern penneylvanra. su¡face
indieations are generally present rn the form of open craeke and down-
faulted areas.

Sinkhole areas may pose serlous problems. Thls depends on
lvhether they indicate rarge ceverns at sheilow depths. rnvãsfigation
is essential so the selected highway route will avord large caver¡a
underlying the area.

Rapid drawdown
a flll located on a soil foundation acuacent to a reservorr or stre&m

is susceptible to failure if there is a rapid drawdown or lowerrng of
the water level.

Problems ín ExístitW Fílte
'what should the location engineer look for rn fllrs tùat have failed

or show evidence of potential fallure?
Upside-down flls

x'ills may fail when built with surface soils and weathered rock at
the b¿se of the flll and roek at the top. Water moves readily through
the rock and saturates the upper portion of the soil flil. rhts sort of
construction may happen if there is inadequate inspection.
Frozen materi¿l

f,'reezing of a soil lift, or use of frozen meteriel in the tift, may con-
stltute a plane of weakness within a flll when thawing occurs, and
result in a "slip-out" slide.
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Part iL, LANDSLIDD CONTROL AND CORRECTION

Basb Landsl¡de TgPct

There are three basle t¡les of landslide moYement:

føll¡, whtch are lnluenced by the laws governlng free'fatltng bodles'

¿nd by mechanlcal and chemlcal wettherlng;
Slídeo, whlch are fallures ln elsstlc or seml-elastlc materlals; and

Flowo, whlch follow the prlnclples of vlscous flow of fluld ¿nd seml-

ûuld materlals.

The eontrol or preventlon of stldes and flows involves one or both

of two baste prtnelplee: Iteduetlon of the nrotivathrg force, and ln'
crease of the reslstlng foree. Inasmuch ae the same basic prlnclples

are lnvolved ln control and preventlon of both ¡lldes and flows, the

latter are not treated Eeparately ln the following dlscussion. The eco-

nomlcs of tbe proposed control or correctlve work has a Etrong bearlng

on the feaslblllty of the method chosen. Qulte often the best 8nd most

positive method of treatment eannot be employed because of lts hlgh

cost and llmltation of avallable funds'

Íallc

The cholee of technlques for hlghway protectlon from falls is gov-

erned, flrst, by whetber the problem lnvolves materials from slopes

above the road, or the falllng out of materlals from steep slopes be'

low the road (ûg. ?). Secondly, the fragments, whether slabs or

blocks of rock, or earth-slze materlal, determlne those methods most

llkely to be suceessful.

Beloc¡tion
Relocatlon is resorted to when space is available and the cost of

other co$eetive work l8 too great. If space i8 not aveilable and the

road must be mal¡talned tn its original allnement, other methods have

to be evoluated.

82

ÌÍ¡ll-¡upport construction

WaU support ls applicable where, ln a very eteep rock cul an over-
hang has developed. Support may be glven to the overhang by the
eonstruction of a conerete, brlck, or masonry wall or f¿clng (ûs. 18).
Thie method ls chiefly used in slopes developed ln Jolnted ¡nd frac-
tured, blocky rock, and where medlum- to masslYe-bedded strata reet
on easlly erodibte shales atd soft rock. The technlque lg Senerally
llmited to relatively small areas.

Boc.k anchoring
Rock bolttng, dowelllng, and asoclaþd use of tlerods atrd cbannels

ls a relatlvely inexpenslve method of securlng rock slabs and blocks ln
the face of steep cutq and platy to blocky rock on beddlng, fault, or
fracture planes that are inclined toward the exeavatlon (flg. 17).
They are only for use in solld, flrm, lithlfled rock. They shoulal not
be ueeal ln clay shales or ln tbtn-beddetl, highly schlstose, follated" or
deeply weatbered rock that tends to slough upon weatberlng, or ln
poorly consolldated, granular rock.

'Where the rock ls less blocky, wlre mesh ean be draped over the elope

face, and beavy wire fenctng or rubble, masorlry, or concrete walle can
be used to protect the roadway from boundlng rock (û9. 18).

Reducing ¡nd benching of slopee
'Where feasible, reductlon and benching of slopes may be used.

Benchlng ls partieularly eüective where masslve beds of hard rock
overlay thtnly bedded, eaelly weathered materials.

Avoidance of ecarps
'Where tùe highway must be locateal on a rock or earth bank above

the bentl of a river, or next to ¿ lake or the ocean, the best protectlon
sgainst stldeg is to keep a reagonable dlstance ¿way from the scarp.

Masslve rock or thick-bedded, compet€nt rock that ls not subJect to
undermlning or exeegsive frost spalling permits mucb closer coüstme'
tlon to the clifi brink than we&thered, thln-bedded, and poorly con'
solldated "rock" or sollB.

Surf¿ce dr¡in¡ge
Surface drainage adJecent to the top of the cut slope, wbere rock

and earth falls are anticipated, may be De(€ssary. Shallow, paved,
peripheral ditches and lnterceptor dltches, wlth outlet dralns where
nec€ssory, can be lustaUed. Elowever, sucb dltcbes are often plac'eû
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Compendium 2 Text I

Fígurc 17Åock blting.

Fígure ld-lÏall-suppo¡t cotatructíon beneath ouerha ngíng ræk.



Figure lE-ßetaÍnÍng wøll and high øíre fence protect a raÍlwøy and
híghwav f¡om tallíng, bourulíng rock. Locat¡an on U.S. flíghwav 22

a¡roes the Suequchanna Bùter from Duncannon, Pø" (Cou¡tesU
P enrcUlaanía Depørtmcnt ot Eþhwaye.)

without realiz¿tion that seepage water may pass under tbe ditches,
through or beneath the overburden, and undermine them. When such
seepage and ground conditions exist, a solitl-type ditch lining' such as

concrete, should be installed. The ditch may be lined with waterproof
paper, sprayed with a bituminous coating, as a temporary expedient
prlor to ûnal construction.

Slid.es

There are many methods and techniques for coDtrolling &rd cor-
recting true landslides. No one method or combination of metbods is

:t6

unlyers¿lly applicable. Consequently, each Bllde nust be consliler€d
on the brsis of its own intlivitlual characteristics.

Avoid¿nce
.A.voidance of slides or potentlal slide areas should be a prlmary con-

sideration of the engineer when selecting a new highway rouþ par-
tlcutarly in a region that is susceptible to slides. Àfter the slide has
occurred" avoidance bfrelocation or by bridgfng must be corcpared
with other remedies, and may not b€ feasible bec¿use of ercessive
cost.

Erc¡vation
Excavatlon, in par¿ or total, ls usually the fl¡st remedy aplilled after

a slide has occurred. Partly this ls a primary necesslty incident to
reopening a road for traffic. Ilemoval of slide debrls ¡t the toe verT
often aggravates dn already serlous condltion Cons€queltly, thle
step shoultl be carefully analyzed ln conJunction witJr alteruatlves or
atlditional measures.

Ilsuslly, where posslble, an attempt shouLl be made to ne¡nove

some of the material at the hesd of the sllde so 8a to r€duce the moü-
vating torce. Ilowever, if thls means removlng a row ol hougea ôr the
afrected roadwa¡ for examplg some other method must be consldered.

Some slides are so large that it may not be economlcally feaslble to
nemove sufficient mqterial to do any essential good. Realuclng tho
slope, perhaps by using e eompound slope, and constructlon of b€scheß
(ffg, 19) are remedies that are frequently suct€ñdul. Ttese two
methods are also recommended as sllde prevention measnrles Both
of these methods tend to reduce the motlvatlng foroe.

Surf¿ce dr¿inage

Exeavatlon techniques are usually used ln conJunctlon wlth varlous
forms of surfaee or subsurfac€ drainage, or both. In the cag of a
relatlvely smalt sttale, where the motivatlng forrceg a¡e ¡¡ot gxeat,

regrading the moving mass, treating the surface with a rock or con-

crete faclng, and lnstallation of approprlate pervlous bla¡kets and
underdrains, have been successful.

Surface ditches, clrcumferential around the crown of a slidg are
almost always employed. Such dltehing often goes hand-ln-han4
with regradingof the slide surfaee, and sealing or fllling of all cracks,
includlng Joitrts, faults, and flssureo, Tbese measures almost tnvarl-
ably require contlnuing naintenance, hence they only help contrcl the
sllde but do not Btop lt. Circumferenüal dltches, as mendoned prevl-
ously, shor¡ld ugually be ltned.
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Subsurface drainage

Subsurface dralnage methods ar.e varled tn ktnd and efrecflveness,
dependlng ln large ¡nrt on the physlcat characterleücs of the material
to be dralned.

"EorízontaX' perforøteìI-pípe d¡aíne have been used wtth ¿ t¡tgh tlè
gree of auecesn by the Californla Dlvlsion of Eighways and by some
other State hlghway departments. Iforizontal dralns are very eftec-
tlve where the soils have ¿ relauvely hlgh permeabllity, sre semi-
granular to granular, and are ¡roorly eemented (flS. Ð). Thetr useful
applicatlon ln cleyey soils ls hlghly speculative, but lf attenpted, they
should be sand-fllled ln order to fllter out the clay-Blze ¡nrHclee and
keep the drain free'flowlng.

Interceptor trenchee in slldes, or in potendal sllde areas, lnvolving
cohesive, clayey soils, have been one of the most successful technlques
(fl98. 21, n). These utilize a granular fllter and perforated pipe.
\ühen placed abovê the slide crown the obJect lt to intercept t¡e
horlzon or zone of groundwater flow or seepage. This presumes, of
course, that the water horizon has been located by borings. A ditch
depth of 16 to 2O feet is about the limit, of practical and economtc
feasibility, When the seepage zone ls too deep to reach from above
the crown of the slidg it is often possible to use a dragline or back-hoe,
trenehing upslolÞ through the slide debris until the water-bearlng
horizon is located. Such a trerch must cut through the slide d€brts
and original overburden on the slope, untit the edges of the undistubed
stratâ. are expoßed. When the water-seepege horlzon or zo¡e ls
located, lateral sand-ûlter, perforated-pipe drains may be installed
sûd the slide mqss stabilized. This technlque has been successfully
employed in the solution of several urban landslides ln claye¡ loessial
solls in the St. Louis area,

There are difrerences of opinion about the requirements for the bed-
ding of the perforated pipe in the fllter trench. Ihe bose of the trench
sboulal be a few inches beneath the plane upon which the water is mov-
lng. The Bureau of Publie Roads' ßtøni,aril Specifr,catio¡u þr Aon
stntcti,orù of Roadt øttl, Bri,il,ges on Feiterø|, EùOlt'øøA Projeota (Fp41,
ealls for a +inch layer of granular mqterlal beneath the pipe. Some
State highway de¡nrtments permlt a thinner layer, and others vary
the thiekness by showlng on bhe proJect plens the thickness requtreti
for the loeal condltions. X'or municipal work in the SL l¿ouls area,
a l\â- to 2-Ínch sand bed has been found. effectlve. Some engineers
lay the pipe on the natural ground ln the base of the trench and then
bulkl the sa¡d-fllter up around the ptpe.
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Compendium 2 Text 9

Use of interceptor trench, Irervlous blanket artd perforated-plpe dratns to stabtllze
foundatton for stdeh¡ll ftll on portlon of Dunsmuir Freeu'ayr U.S. Hwy. 99, Northern
CaliJornia. Bottom of longltudinat trench, outlet trench, and upslope slde of tlench
have 3 ft. blanket of gravel.

Figu¡e !1.-l¡1p¡¿¿ptoì trcnch rrlíth peroìoat blanlcet oni! ptforaæil-pípc d¡aín l¡om úì/r,hìll frIl.
(Couræq Yeûe¡n Conú¡ucrion atd Calìlotnìa Dioüíon of Híglwøyt.)

F ígure 20 
-SídehÍll 

horízontal d¡sÍna.
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Compendium 2 Text I

An interceptor d¡ain of the sand-filter,
p€rforated-pipe t]ry€. This condition
typifies the importance of differential
permeability in the landslide problem,
Water movíng through the pervious lime-
stone and coal is prevented from moving
downward by impervious shale and ctay.

Figwe 22.-lnterceptor drain îor dífrerentìal permeøbíIítg sítuøtíone. (Courtesy Míseourì Støte
HíghwaA Department.) S
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Compendium? Text I
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Thls drain ls removlng water from a aandy
layer beneath a clayey loess and emÉytng it
lnto anotåer permeable sand, which is above
the permanent ground water table. A row of
piles, to the right, had been used ln an attempt
to prevent sliding.

Fígure Zì.-Waahìngton síphon. (Cou¡tesy Washíngton Department oî'EíghwøAs,)

Fígure 2l-Loess draíned to wate¡-bca¡hg earul.

A siphon inståltration has been
used in the $¿te of Washington.
for lowering t¡e $,ater table and
stabilizing landslides. It has
the depth limitations of all
siphons.

Section 8" Pipe
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.--_----_-------_-_:

---Perlor.---
I- Conc. Pipe-
-_-_-_-_--7:- _--:___--r_-----
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Compendium 2 Text I

The buttress acts as rèstraint at toe against
the slide movement. A filter-type, perforated-
pipe drain, at the uppef surface of the imper-
vious clay at the left, is needed to insu¡e safety.

Fígure 26.-Buttress as rcstraint øgaínet slíde movement.

å.Ëgåååq¡lËËËåi:
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Compendium 1 Text I

''''r'l;:::l:¡:
::::i:t:
:::Ìì:{:...,i.t
:::i!:ii
::::t:l:..,.r.t.

....r.i.
'::: i?:l:'. r¡ I

:;:{+i
::::l:i:

Buttress -supported retalnlng wall.
Note thât the wall is also supported
on drllled, cast-in-place piles.
Drainage is achieved by a pervious
blanket b€neeth the inclined buttresses
and subdrain at base of slope.

Fígure 2&-Strutted retaíníng uall on pílee, (Courtecg Calítornìa Díohíon oî flígLuaga.)

rttrt

Fígure 2?.-Modífred butt¡eas. (Cou¡teea CøIifornía DivísÍ¡.n of flígluDags.)

A pervious blanket of gravel or crushed rock
provides drainage of slope and increases its
strengt¡ by buttress action.

e-- - - - ¡.- Original Ground

----
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opposlte the slide. À unique example of strutting involved seven
horizontal concrete buttresses used as restraining devices for slope
failure near Belle Vernon, Pa. (fiS. 29). The seven buttresses, mqfls
of precast solid concrete blocks, are on 25-foot centers and have an
exposure 10 feet vertically and 18 feet horizontally, at each end.

Buttresses constructed of crushed stone or other materials having
higher shear strength than the native soil may be used. However,
there is always the danger that the added load may increase the driv-
ing force of the slide.

In many cases the effectiveness of the buttress is insured by the use
of drainage facilities.

Píles are used as restraining devices in an effort to control and stop
landslides. Oil-well casings have been a favorite type in many States,
and telephone poles and sheet pites are eommonly used. It is common
practice to place about threejourths of the pile length below the ground
surface. No doubt there have been successes, but in general they
prove ineffective (ûS. 30). The soils may flow through the intervals
between the piles, overturn thent becâus€ the slide forces have been
under-estimeted, shear the piles, or develop a surface of rupture below
their tips.

.{, unique method in St. Louis.(flS.81) involved beTrching the slide
area and then casting the piles in place in pl-inch diameter auger
holes. tr'ive feet of pile extended above the bench in fiber tubes and
established e netv toe for the bâckslofre above the bench. This tech_
nique was used to restore a steeply sloping lawn in front of delure
apartments where exposed restraining devices were not desired, re-
gardless of cost.

Blasting
Blasting is frequently cited as an old-time favorite nethod for slow-

ing down and stopping a slide that is nroving on a well-defined slip
surface. T'he theory is that rupture of this slide surface increases
the shearing resistance. Blasting has been em¡rloyed with apparent
success in relatively shallow slides on rock ¡rlanes. When strata, or
ground beneath the slip surface, are highly ¡rermeable, the water within
the slide mass and on the slide surface may lrc drained into this
pervious ground, thereby increasing friction in the slide mass and.
stopping the slide. There is ûlways the possibility, of course, that
the use of explosives may accererate the sride rnove¡rìent and make the
situation worse. Most engineers are retuctant to employ this
technique.
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Compendium 2 Text I

Fígure il-Slope stabìlízatíon wíth buríed, piles.

Figure l0,-FaíIure of píles as slíde protectíon.
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Hardening the slide mass

chemical lnjection or cement grouting, whereby diserete particles
within the slide mass are cemented together, has been used success_
fully in stong and in sandy or other granular rDaterial, to prevent or
stop slides. Cement grouting and chemical grouting require that
careful soil anaryses be made in advance. The high unit cost andpoor "miring" assurance of chemical grouting mitigate against its
recomnìendetion. x)lectro-osn¡osis has been used for reducing the
water eontent of clayey, cohesive soils, and thus increasing their
strength, but high l)os'er eosts usually prohibit the use of this method.
Sinkhole correction

Sinkholes, unless indicative of a large cavern at shallorv depth, when
relocation or realinement is necessrr.y, may be brocked by choking
the hole with fleltt sto'e and topping ofr the upper few feet with ffner
stone, rvhi<'h is then grouted. If the subterrauean chanltel must con-
tinue to serve as an outlet for surface water drained from the area,provision for drainage must be made in the stone fiu. rn some easesit is desirable to construct a manhole so that future inspection is
possible.

Part 4.-MAPPING AND REPORTING SLIDES AND
POTENTIAL SLIDE AREAS

Purpose ønd Scope

The loeation engirreer not only faees the responsibility of recogniz_
ing slides and poteutial slides in the ñeld, and possibly recommendlng
control and corrective nreasures, but also mapping the stide and col-
lecting materials for laboratory analysis. It is logical that he do this,
inasmuch as he is the ûrst engineer in the fleld, may have to accept the
responsibility for corrective work, and his report will determine the
scope and magnitude of any further investigations.

The purpose for rvhich the investigation is made, and lts scope, must
be deterrnined eårly in the study. It is poinfless to initiate a¡r ex-
haustive program unless necessary. Obviously the purpose is deter-
mined by whether the.objective is prevention, control, or correctiou, or
a combination of these measures.

While the following text is generally phrased in terms of the map-
ping and reporting of slides that have actually occurred, it can readily
be interpreted for application to the mapping and reporting of poten-
tial slide areas as rvell.

Purpose

The usual purpose of a landslide investigation, after its recognidon,
is to determine the cause of the slide and plan the proper repalr and
correction measures, However, the purpose may be to obtain essen-
tial dat¿ for prosecution or defense in a damage suit. The magnitude
of any slide study depends on the property damage done or threatened,
the values involved, the irnportance of the land area concerned" the
time permittetl for the study, and the urgency for control or corrective
¡n€asures.

Scope

the scope is governed by the economic aspects and by the aetual or
potential hazard posed by the particular slide. The maJority of slides
require only a reconnaissance type investigation rather than a detailed
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one. Ân outllner of the various faetors essential to any enalysls ls
as follows:

1. Locatlon: Station, milepost, distance from well-known point;
whether above or below grade,

2. Efieet on traflc: Whether the road is closed, partialty olæn, or open.
3. Size: Surface limits---+rown, toe, flanks; sutnurface limits_maxi-

mrrm depth to surface of rupture.
4. Material: þpes of soil and rock.
5. Water conditions.
6. Weather conditions.
7. Evidenee of movement.
8. Ilistory of slope.

The reeonnaissanee report provides a basis for determining whether
a more detåiled report is necessary before aqy flnal decision on the
appropriate control or correetive measure is made.

The outline above will ordinarily afrord ample information for
studies of minor slides of the nuisance type. x'urthermorg the detaits
lndieated ean be ascertained rapidly anil with a minimum of erpense.

The balance of this discussion is primarily devoted to slides of con-
siderable map.itude and impo.rtance.

Møpping and ßeporting procedures
The mapp¡¡g ¡rroeedure embraees two teehnical areas: general or

areal, and geologie.

Loc¿tion
rt is essential to locate the slide so that there is no doubt about lts

geograpbic position. Some point on or near the slitte must be ref-
erenced to an acceptable benchmark, sueh as those placed by the U.S.
Geological Survey or the U.S. Coast and. Geodetic Survey. These are
geDerally fountl on bridge abutments, cornerstones of public buildings,
monumeDts, or on easily recognized topographic feåtures.

Legd reference poínlr shoutd be used, such as property lines and
eorners, highway or railway survey stations, or State coordinate
systems.

GleographÍc reîerenaea are easily applied to re¿dity identiûed ter-
rain end drainage features such as hills, streams, and springs, all of
whleh should be referenced in with precise distances and directions,

- 
¡ thls outllne and the ge'erar drscus'ron followrng are adrptear from ehs.pter6 of the report ll8ted as the ûr8t r€ference oo p"g.-OZ.
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Field survey methods

Regular surveying or plane-table methods may be used for prelnrlng
eontour or planimetric maps and for determining points of referelee
wlthin and outside of the slide area, Accurate maps ean also be matle
by special techniques frorn aerial and terrestrial photographs' but
these generally would not be applied to the &verage small landslide
lnvestigation.

To obtain a hlgh degree of accuracy in lantlslitle mapping, trlaugula'
tlon stations should be established on stable ground, outside of the sllde
area. From these, a base line may be established above or below the
disturbed mass. X'rom the base line, points may be establisheal wlthtr
the slide area and checked periodically for movement.

If more precision is deslred a grid system can be established over
the slide area, with the grid lines at any convenient spacing. the
grid corners, when determined and staked, may be used to checl both
vertical and horizontal movement.

Map scale and contour interval
The map scale chosen will vary with the intended use, the area in-

volved, and the economic aspects.of the slide being mapped. A very
small landslide, but involving loss of life and great property damage'
may deserve mapping on a scale of 1 inch to õ or 10 feet. Another slide
covering several hundreds of acres may be mapped on e sctle of 1
inch to 20O feet or smaller.

A contour map of the physieal features of the slide may tre deslrable.
De¡rending on the Judgment of the investigator and the lmportanee
of the study, a 2-foot contour interval may be required. in one lnrtance,
whereas anywhere from 5- to S}foot contour intervals may be ettirely
edequate in others,

Mapping the slide
The ûnal map should show the slide proper, all associated water

and other pertinent conditions, and the geographic frame.

The area to be napped n¡ust be determined with eare. I\fore than
the actuat disturbed g¡ound should be shown. The position of the
stide with respect to adJacent terrain and cultural features, such as
highways, railroads, powerlines, buildings, and simllar features, must
be shown. iI more or less arbitrary scheme for small slides is to in-
clude a dlstance about twice the slide width on either side. À leßser
side margin proportion ls usually mapped for larger slides. The mlnl-
mum distance u¡xlope from the crown should erteûd to the flrst break
ln slope. Downslope from the toe the.minlmum distanee agaln thould
ertend to the ñrst major break in slope.
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The límÍl" of the slíde proper should be mapped flrst in ord€¡ to
lllustrate its size and shape. The slide nomenclature (crown, bead,
flanks, toe, etc.) as shown in figure 2, should be used so that the de-
scription will be elear to aìl readers, and so that there will be uni-
formity of language with reports from other investigators.

Internal feøtures wíthín the aríde masa properry frequenfly need to
tre shown. These include searlx, fractures, flow lines, and recognizable
displaeements of surfaee features.

The characteristics of fractures and cracks that may be reeorded
include the strike, dip, anrr elevations; verticar and horizontal dis-
plaeements, and any components of the same, including rotational
movements; and depths of openings. These will vary from one frae_
ture to another, as welr as individually with time, according to attjust-
ments within the slide mass.

rn the more prastic materials, flow features may merge with the frac-
tures and eracks associated with drier materials. In mapping po_
tential landslitres or the early stages of slides and flows, the trend
of flow paths and the gradients of soil flows within the mass, or in
associated terrain, should be shown.

su¡frcíal îeatu¡es indicating deformation should be"shown. These
inelude ofrsets of linear features sueh as fences, lines of vegetation,
ditches, roads, railroads, pipelines, walls, and utility lines. Deformed
reetangular elements, such as buildings and ûelds, should also be
shown.

A map and ctoaa seetíons showing.alr flre surflciar and subsurface
data of the slide area are considered basic.

Water eources within or adJacent to the slide area, such as springs,
seeps, pipelines, sewers, ponds, canals, reservoirs, and permeable
strata, shouìd be reported and shown on the map. Seepage from any
one of these could be a contributing factor in a slide movement.

Slíde mate¡íals wlthin the sllde area should be mapped. The soils
should be deseribed in terms of a standard classifleation, and arso in
terms of strueture (prismatie, granular, dense, ete.). If it is a rock
slide' the physical and structurar characteristies, any mappable geologre
units, and pertinent features, should be reeorded.

Weatlær anil hydrolagy should be reported. preclpitation and tem_
perature data are important in analyzing not only the chronologie
date of actual movements but also the slope history, as both factors
are lmportant in arriving at the cause or causes of a sride. îhe ter-
rain stability may be upset by only a mlnor variation in the normal
clímate. Barometric pressures, seemingly unlmportant, may be the
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triggering efreet that set the slide in motron. Records of preeipitation
and the temperature should be noted for the period prior to and after
a slide. Because the year rnay have been unusual, weather data for n
period of years should be reeortled. The essential reeords are ob_
tainable from the u.s. weather Bureau and most utility compa.nies.

The importance of hydrorogic data to landsrides shourd not be under-
estimated. Groundwater data, sholving water-table fluctuations and
groundwater flow, may reve¿l an intinlate relation with the laDdslide.
Ifydrologic data should be plotted against rate of movement.
Subsurface investigations

subsurface investigåtions are made for the purpose of aseertaining
the physical, geologic, and mineralogic eharacteristies of the stide
material, and should inerude a study of the adjacent stabre rock and
soil' and the location of the surface of rupture and groundwater con-
ditions. some of these data may be determined from surface investi-
gations. subsurface examinations may not be feasible in some very
mobile, active slides.

DrìlI holeq te*t píts, and, teat trenches are the methods of subsur-
face exploration in most common usage, but identification samples may.
be t¡btained by core and auger borings, and standard penetration tests
may be r¡¡ade.

The large earth augers that can rapidly drill a hole tens of feet deep
and 3 or more feet in diameter are useful toors in landslide investiga-
tions in materials other than rock. In slow-moving slides such auger
holes can be drillett and visually inspected convenienfly, whereas a
test pit rvould not stay open long enough to be completed and exåmi'ed.

water ínvestîgatíons relative to landsrides are coneernd with the
rnovernent of water, the groundwater level, and hydrostatie pressure.
Dyes may be employed to trace the movement of water in a slide area,
using household bruing or fluorescein dye in neutral water and uranrne
dye in acitl water. Tr¿ce amounts of radioactive isotopes have been
used experimentally for detection of seepage, and further investigation
may prove that this method is Just as.effective and more economical
than some of the conventionar nrethods. The revel of the water table
and its fluctuationS rnay be measured by the use of observation wells.
Hydrostatic pressures may be determined by the use of piezometers.
When exploratory borings are rnade, it is often desirable to use one or
more às observation wens and to instalt a piezometer in one for future
observations of water-table fl uetuations.

GeophgsÍcal me.thods have been used for the pnrpose of locating the
sllp plane irr 

'rany 
landslides. The electrical resistivity method has

given accurate results in ruany areas and lt rnay be considered n
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prlmar? exploratlon technrque rn the study or aetual as well as poten-
tlal landslides. Both seismic and resistivity methods are useful ln
determining the depth to firm bedroek, in detecting the thickness and
gÞneral eharacterlstics of layers of soil or weathered rock overlying
the flrm bedrock, and ln obtaining data from whieh bedrock contours
may be plotted.

Slope history
The hlstory of the slope is one of the most important features in

terrain a¡alysls relative to landsrides. îhe landslide causes and
mechanies have a deflnlte reration to the geological history and the
slope eharacterlstics. Both natural and artiflcial ehanges in the srope
should be analyzed, Sueh ehanges lnclude construction changes, such
as excavâtion of a slope or the placement of surcharges on the slope;
and hydrologic ehanges in response to seasonar and cyericar variations
ln temperature and precipltation. These resurt in variations in hyd.ro-
statlc and pore pressures, and the position and rate of movement of
the groundwater.

Dxamlnation of the slope for evidenee of previous movements rn
It should be made, and a.vailåble eye-witness descriptions should be
lncluded in the slide report.

Beeause vibrations may trigger off a slide, it is important to repo.rt
location in an earthquake belt, near an operating quarry, stamp mill,
erushing plant, raihvay, or heavily traveled highway, or any other
phenomenon likely to produee earth tremors.

Photographs

The lmportance of terrestrial and alr photographs e&nnot be over_
estimated ln terrain study. They can be the most convlncing evidenee
ln any damage suit or aeademie study. Terrestrlal preslide photo-
graphs may be lmpossible to obtain in many eases, but in areas of deep
cuts, and in areas of predetermined ¡rotential slide areas, they should
be taken at the time of the qrigÍnal loeation study or eonstruetion.
They ean be most convinclng in illustrating..before and after" efrects.
Two types of landstide pbotographlc coverage after the fact åre
needed: General, showing the overall picture of the slide; and speeifle,
lllustrating de-tails of partlcular slide features.

Laboratory tests
Effeetlve eontrol of slldes, elther eorrective or prevenüve, may re-

quire a laboratory investigatlon of the physieal properties of the solls
arrd roeks ln the afieeted area. The extent of such an investigaüon
wlll vary, depending on the nature of the parHeular slide problem.
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It may lnclude routùre tests for identiffcatlon of materlals, shear
strength, types antl amounts of minerals, and degree of weathering.
They may be classified as soils tests and mineralogfcal terts. In
some landslide investigatious exp€rience alone will afiord all the
information neeessary; in others, where quantitative information is
desired, at least a nornin¿l number of tests will be necessary.

Soíls teets should inelude determination of the natural (ffel(t) mols-
ture eontent, liquid an<l plastie limits, and grain-size analyses, These
identifleation tests help in estimating the probable behavior of tbe soil
in the field. The assignment of standard test values to a soil eliminates
confusion in interpretation antl allows engineers from widely separatd
areas to s¡reak in terms common to all. The shearlng resistanee may
be determined by direet shear, triaxial compression, or unconflned
compression tests.

MÍneralogícal tests may also be needed. All soils and rocks are
aggregates of minerals, each with its own physical and ehemical
properties. Recause of these eharacteristics the soils and roeks may
have a positive relation to the individualistic nature of the lantlslitle
and consequently to the method of treatment selected.

For example, if the material is a glacial rock flour composed of
discrete particles that are primarily quartz, a position below the water-
table may nlake the snil "quick." Under speeial conditione of physio-
graphic lcrcation and water content, such materlal is known'to 'break
ouf" and flow as a result of spontaneous liquefaction.

As another example, a reasonably stable clay soll may beeome un-
stable or sensitive if percolating water affects the exchangeable
eations of the constituent clay minerals or leaches out soluble salts.
Because such factors will affect the type of treatment to be used, eer-
tain laboratory studies are useful, among which are:

X-røg ili,firacúioø.-This test is made when the roek or the soll eon-

talns minerals of such small grain size that other identi4eation methods
are impracticable. A difrraction pattern of the roek or soll is eom-
pared with the patterns of known minerals for ldentliertlon.

Differentìal thermøl onal,gai*.-Thls method lnvolves heatl-ng
samples of a material to an elevated temperature end determinlng
the temperatures at whieh thermal reactions take place, and the lnten-
sity and general character of such reactions" Beeause e¡othermlc and
endothermic reactions in a given mlneral take plaee at typteal tempera-
tures and with typteal lntensitles, idendfleatlon of the mlneral ls
posslble.
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Petrogrøph,ín tests.-It the sample material contalns mlneral grains
of approprlate size, or ls suitable for the prepâration of thin.""tioo.,
eonstltuent minerars and their relations to each other may be deter-rnjned with the petrographic rnicroseo¡re from the optical properties
of each speeiûc mineral.

Synthesis of Informatûon

once all of the essentiar data described above are assemlrred for aglven landslidg the information may be studied as a whore and theseveral observations and. investigations interrelated so as to permit
reasonable Judgments fro¡n whieh will emerge a tnre ¡ricture of thelandslidq its eauses, and possible corrective Ã*u"o..r.

GLOSSARY

Most ol the ¿Iefrnitiùns tltat lolloØ are from the túo gtrossariea l,ísteil
immeiliatclg bel.ow. The specific grlossør! lrøn which the ilefr.nitiott
wøs taken òs indi,cate¡I by the i,tølic nttrnber in pørenthesee at th'e enl,
oÍ tl¿e defrnitinn.

(l) Glossary of Selected Geologic Terurs, b7¡ W. L. Stokes ønil'
I). J. Varnes, Colorailo Scientôfic Society Prooeed,ì/n0s, t¡ol'. 16, 1955.

(2) Glossary of Geology and Related Scienees, bU th'e Amerìeøn
Geol,ogöcal l,tßtitute, N a,tionnl AcøiIem,U o1 Slciences, 79 5'1.

Alluvial fan: A sloping fan-shaped mass of loose roek material de-
posited by a stream at thò place where it emerges from an upland into
a broad valley or a plain. The highest point is at the apex of the
fan, which is generally com¡nsed of boulders and cobbles that are
dropped âs soon as the stream emerges from its conffning wall. . . .

If the mass of material has steep slopes, it is generally called an al-
luvial cone, but if the slo¡res are relatively flat, it is called an alluvial
fan. (I)

Aquifer: A geologic formation or structure that transmits water ln
sufficient quantity to supply pumping wells or springs. (I)

Basal till: Dense, clay-rich till with glacially worn stones. De'
¡rosited by todgpent beneath the ice, ilx contrast to "ablation" or super-
glacial till which is let down by the melting of the ice.

Clastic: Oomposed of broken fragments of minerals or rocks. . .

['amiliar examples of sediments belonging to this giloup ere gravel,
sand, sìlt, and clay, and their eonsolidated equivalents, conglomeràte,
sandstone, and shale. (f)

Cohesion: The capacity of sticking or adhering together. In efrect,
the cohesion of soil or rock that is part of its shear str.ength which
does not depend upon inter-pa.rticle friction. In soils, true eohesion
is attributed to the shearing strength of the cement or the adsorbed
water ûlms that separate the individual g¡ains at their areas of
contaeL (J)

Colluvium: Earth rnaterial that has moved or b€en tleposited mainly
through the action of gÉevity. Talus piles, avalanches, and sheets of
detritw moved by soil creep or frost actlon are eramples, (I)

6:l
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conglomerate: The eonsolrdated equivalent of gravel. The eonsfl-
tuent rock and mineral fragments may be of varied eomposition and
of a wide size range. îhe matrix of ffner material between the larger
fraguents may be sand, silt, or any of the common cementing mate_
rials such as ealcium earbonate, siliea" etay, or iron oxide. The rock
fragments are rounded and smoothed from trans¡nrtation by water,
or from wave action. . . . (J)

consolidation: used here as densifieation of soir by naturar earth
processes, ln contrast with artifieial densiflcation of a soil.

Creep: An imperceptibly slow and more or less continuous down_
ward and outward movement of slope-forming soil or rock. Creep
may afrect only the top layer of a slope, and thus result not only from
grnvity but also from the seasonal influenie of freezing and thawing,
alternate wetting and drying, and thermal forees; or the movement
may be deepseated under the action of gravity alone. In ereep, the
movement is essentially viscous under shea.r stresses sufficient to
produce permanent deformation but too small to produce shear failure,
as in a landslide. (1)

Erosion: TLe wearing av¡ay and removal of materials of the earth's
erust by natural means. . . . The agents that aceomplish the trans_
porta.tion and cause most of the wear are running water, waves, mov-
tng ice, and wind currents. . . . (J)

Foliation: The banding or lamination of metamorphic rocks as con-
trasted wlth stratification of sediments. x'oliation implies the ability
to split along approximately fmrallel surfaces due to the po.rallel dis-
tribution of layers or lines of one or more conspicuous minerals in
the rock. The layers may be smooth and flât or they may be undulating
or strongly crumpled. (J)

Geomorphology: Through common usage it has come to mean the
sclenee of landforms. rt is interpretative and descripJive in that li
deals with the evolution of surface features as well as their
morlrhology. (J)

Induration: the hardening of rocks due to heat, pressurre, or the
lntroduction of some eementing material. The term may also be
applietl to a hardened mass of rock or soil. (J)

Kame terrace: Stratifled drift deposited by melt water bétween
glaeier ice and adjaeent higher ground and left as a constructional
terrace after disappearance of the ice. (.l)

Kettle hole: A depression found in glaeial drift believed to have
orlgfnated when a bloek of ice, left isolated by general melting away
of a flaeler, is pa.rtly buried by sediments and later melts enürely
eway. . . (J)

6{

Lithifcation: That complex of proeesses that eonverts a newly de-
posited sediment into an intlurated rock. It may occur shortly after
deposition-mây even Ì.)e concurrent \ry'ith it-or it may occur long
after tleposition. (2)

Loess: Àn unconsolidated or weakly consolidated sedimentary de'

¡nsit composed dominantly of silt-sized roek ând mineral particles
deposited by wind. . . . Ihe particles are mostly fresh and angular
and are generally held together by calcareous cement or binder. . . .

In nrany places, the accumulation of loess seems to be associatecl with
past glacial or interglacial climates. (I)

Moraine: An ar:cunrulation of clrift with an initial topographic ex-
pression of its own, built within a glaciated region chiefly by the direct
aetion (deposition and thrust deformation) of glacier ice. . . . (f)

Petrography: The branch of petrology dealing with the description
and systematic classification of, rocks. Specifically, it deals with the
textures, mineral associations, and chemieal compositions of the roeks
and it aims to provide a systematic classification of rock types. . . . (l )

Rock flour: Very finely ground rock material of silt and clay size
formed by the abrasive action of glaciers. It consists predomlnantly
of anguìar, unweathered mineral fragments and thus does not possess

the eohesion characteristics of fine-grained materials composed of cley
minerals. Rock flour is common in glacial outwash stream ¿nd. lake
deposits. (-f)

Schistosity: The property of a foliated rock by whlch lt can be
split into thin layers or flakes. The property of splitting may be due
to alternating layers of differing mlneral composition or to preferred
orientation and parallelism of cleavage planes of the mlnerals. (I)

Sink (or sink hole): A depresslon in the land surface . . . in lime'
stone regions often communieating with a cavern- or subterranean
passage, so that waters running into it are lost. . . . (f)

SoiI fabric: Arrangement of the soil constituents in relation to each

other.
Stratum: Ä single layer of homogeneous or gradational lithology,

deposited paraltel to the original dip of the formation. It is separated
from adjacent strata or cross-strata by surfaees of erosion, non-
de¡rosition, or abrupt change in character. . . . Restricted to seali-

mentaryrocks. (f)
Structure (geolosic): The attitudes and relatlve posltlons of roek

masses as caused by deformational processes such as faulting, folding,
and lgneouslntrusion. (I)
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Subeidence: A stnklng down of a large area of the earth's crusl (f)
Tectonic: Pertaining to the rock struetures and external forms re-

sultlng from the deformation of the earth's crusL (f )
Terracettes: Small "cat-steps" or ..sheeptracks," that occur in the

soil on steep grassy slopes above valley floors. These features are due
to small landsli¡x, whieh, as they are of frequent oceurrenee, cor¡-
tribute to the removal of mantle deposits. They paraltel the contours.
The essential conditions are lack of support in front and lubrication
behind. (r)

Till: That part of glacial drift deposited directty by iee, without
transportation or sorting by water. (f )

Till plain : The surface of a broad body of titl. ( I )
Yulc¿nism: The phenomena related to or resulting from volc¿nic

action. (f)
TÍeethering: The various chemical and mechanical processes acting

at or ne¿r the surface of the earth to bring about the disintegration,
decomposition, and comminution of rocks. lVeathering is accom-
ptished in place; no transportation of the loosened or altered particles
islnvolvecl.... (r)
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l'Lerr: q,. A. Parallactic displacement on parts of a stereo pair of photos. The u'hite
¡ines Ì'epresent photo base, ancl mark a grouud distance of abor¡t r r75 ft, The
outenn(,st c¡'osses indicate the cetìler ¡roints of the trlo photos. Notc "tilt" o[
buildirrgs antl smokestack. lPltotos courlest of Abrams Aeríal Sun'et Corþorolion.l
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7o AERIAL PHOTOGRAI'HS AND THEIR AI'PLICATIONS

PROCEDURE FOR STEREOSCOPIC ORSERVATION

In using the stereoscope for tlle first time, correct procedtrre
and plrotos of sood quality are important. The photos should be
fairll' rvell mat(:lìed for average color tone, shoulcl have at least
tnoderate contr-ast, and sh<¡rrld shorv u'ell-definecl features olr a

tol)osraplì)' of at least moderate relief. Gloss finish is preferable,
brrt not essenrial. correct orientation of the photos l'ith r-es¡rect
to one anotller and to fhe instru¡nent is particularly important,
as othentisc tllere may lle sorne difficulty in obtaining stel-eoscoPic
"f'sion" of the t*'o vierçs. As experience is acq'ired, horve'er,
¡rhotos de¡rartinu far from the ideal may be used successfully, and
Iess attention to details of procedure is neeclecl.

In disr:rrssinc ¡>rocedure, three netu terms are used, n'hich may
first lre defined. E1'c base represents an imaginarv line betl'een tlre
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pupils of the eyes. Its length equals the distance between the pupils

rryhen tlre eyes are focused at infinity, H'ith zero convergence'

Sterco ba.st may be defined as the direction and distance betrveen

complenrentarf image points on a stereo pair of photos correctly

adjtrstecl for comfortable vien'ing under a given stereoscope, or
under the unaided eyes. In the lens type of stereoscoPe, it lies in
a plane containing tlte axes of the tn'o lenses. In the mirror type, it
lies in a plane rertical to tlìat of the mirrors. In length, it varies

for different itrstrt¡ments. Pltoto ücs¿ is a term here introdttced to
refer to li¡res, on each pltoto of a stereo pair, connecting the center

point of one rçith that point corresponding to the center of the

other (Plate b A). In direction, it parallels the line of flight, and

in lensth it eqtraìs tlle air-line clistalrce betrveen exposure stations

redr¡cecl to the scale of tlte pltotos. LInless there is distortion, the

length is the same on each plroto of the pair.
Correct orientation of photos for stereo visio¡r reqtrires that eye

base, stereo base, ancl photo base lte parallel. There are various

rval's of effecting correct orientation, and the one otltlined belorv

is representative. As facility is gainecl, moclifications aud short-

cuts maY sr.ls^¡,^est tllemsel ves.

r. If the centcr ¡>oints arc not already markcd on the photos, they
arc locatcrl bt' rh'awing intcrsecting lincs benvecn o¡tltosite collimating
rnalks. If it is dcsired to avrticl marring the cmuìsion sirle of the photo,
the ct¡llilr.¡ating nrarks may be ransferrcd to the reverse sitlc by prick'
in¡; r'ith a finc rlcc<lle heìd pcr¡rcnclicular to the photo. Crossing lines
arc lhcn rlrarvn as alrrlvc, and their intcrsection Point transferred to
thc op¡rositc sirle b1, carcfully pricking.

g. Thc stcrco base f<¡r thc instrument used is rneasured by rneans o[
a scalc such as tlrat shon'n in Fisure rz.

3. The nro pl.rotos arc next placecl in correct overlapping relation to

one alrothcr. anrì <lctail along thc eclge of one is matched 'rvith cor-
res¡rorrtling rlctail on tlte otlrcr. A straight-etlge is then aligne<l u'ith
the ccnter points of the two photos, ancl one of the pair is movetl along
the straight-crlgc, maintaining thc same relatil'e position rvith respect

to it. until corn¡rlcrncntary imagc points al'e seParated by thc distance

rneasured in (z) abor c. If imagc points along the straight'eclge on one

photo do not correspond cxactly with thosc on the other, one or both
photos mal be rotatccl slightlv about thcir cenler points until the ile-
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72 AERTAL PHOTOGRAPHS AND THEIR AppLrCATroNs

sirecl alignment of complementary points with the straight-edge is
attainecl_. Thc_ phoros may then be fastened in position r+'iih draTting
tape if desired.

4. A stereoscope is now placed over the plìoros arr<l is alignecl with
the sraight-edge by noting whether the images <¡f rhc latter in the
two e),es fall in linc. The phoros shoulcl be evenly lighted, and the
light sourcc shoukl be correctly oriented with respect ro the shadows,
as ex¡rlair.red on pagc 55.

Flc. :s. Scalc for mcastlrittg sterco l):rsc for a lcrrs tlpe of slclcosco¡rc. \t'lrerr vrerle¿
tttt<lct tlrc stcl'c()scoPe, the arr'orç lill a¡rpear to l¡c irr cont¡tct r\.itlì tlre scalc at
tlre right. arrtl the ¡rr¡ruber to rr'hich it points l'ill rc¡rrescnr the length of the
sterco basc. For a mirror tlpe of stcreoscope, a lorrgel scalc is rrecessarv, [Srrg.gesfarl
ln' L. Dcsjanlin.s.]

ir. It should now be ¡rossible for the observer to bring comple-
Ùìcntary images on the two ¡rhotos into stereoscol;ic lusi<ln. Attention
should first be clilecrccl ar sonte sharp and well-clefined object or fea-
turc, an<l thc gaze aìlorved to resr on it until a three-dimensional pic-
turc crrcrgcs. Aftcr <lbtaining fusion for one ¡toir.rt, thc gaze is gradu-
aìly movc<l lr-ortr point to ¡toint over tl're photo, until the cntirc arca
is sccn stcrcoscopicaÌly. ,\frcr a shol'r ¡reriod ol ¡rracticc r,l'ith different
¡rairs of ¡rhotos, it shoulrl bc ¡rossiblc ro obrain fusior.r instantaneously,
ancl to maintain it u'hilc glancing rapìcll1, from point to point.

Stereovision colnes nol'e slorçlv to sonìe persons than to otlìers,
and for those rçho encounter clifficr¡lties, special aicls may be help-
ful. Ani'one rçllo call see even ntoderately l'ell rvith both eyes,

horlever, shotrld sooner or later be successful. If diffictrlty is ex-

¡rerienced rçith one type of stereoscope, it ma1' be found more
satisf'actorl to try the other. One device rvhich may be of assistance
rlhen fr¡sion is not readily obtained is to place a ¡narker, such as
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the corner of a plairr rthire or trlack card, at each of the photo
points on rrhich tlìe attellrion is directecl. If this fails, it mal' be
rtcll to clleck the aìislrnrerrt of ¡rhotos and instmment by alter--
uatelv closing eacll ele, and notinq l'llether compìementary points
ol-l tlre t'rro ¡thotos seem to lle in the same position ancl to be
equally distinct. If not, slight readjusrment of photos or of Iight-
ing mav lrel¡r.

If one ey'e is dominant, or stronger than the other, it may be of
assistance to have stronser liglrting on the plìoto under the rveaker
ele, and to close tlre stronger ey'e rrntil a clear image is first seen

rvith the otlrer eve. If these various devices fail to bring about
stereosco¡ric ftrsio¡r, it ma;'l¡e necessary to resort to some of the
exercises later descrilled for olttaining stereovision rvithout the
stereoscol)e, using them, hrxvever, rvith the instrtrment.

For all purposes requiring ver) accurate observation of detail.
sr¡ch as map makine, photos should be aligned carefully bv the
above procedrrr-e or its eqtrivalent. For n'ork of less exacting char-
acter, nlore t-a¡tid and appr"oximate methods may be used after
stereovision llas lrecorne eas)' and natt¡ral. Drre care must be exer-
cised, hol'ever, for, evcn tlrotrgh frrsion is obtained, an1' seriorrs
de¡rartrrres fronr correct orientation rçill car¡se unnecessary eye

strain.
One nrethod for rapid adiustment is first to place the photos

approrirnately in position rrlrder tlìe stereoscope by estimation,
alrd tlten, seeing dorrlrlr,, to l<¡cate anv t\\'o corn¡tlementarl, image
points, and to slide the ¡>hotos in st¡clr directions as to brins tlrem
into corresponclencé of position. A finger tip or other marker
placed belorv each point may be helpful in doins this if no verv
sharpll' defined features are present on u'hich to fix the atrenrion.
Anotìler method for approxi¡n¿rte orientation is to blink borh
eyes in rapid alternation, noting the relative position of some
distinctive ¡roint rvhiclr is shon'n on borh the photos, and move
the photos so that the point seems to jtrrnp less and less on shifting
eves, and finall1' renrains in the same position. Srereoscopic fusion
lor that ¡roint shoulcl the¡r lre ¡nssible. The al¡ove procedrrre
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slrould be repeated for adclirional points in orher parrs of the
overlap area, to make certain that the over-all adjustment is cor-
rect.

In olie¡rting photos for stereosco¡tic examinarion, it is impor--
tarrt all'ays to separare them in the direction of the flight line. A
(ìomrron mistake of beeinners is to separ-ate the photos in some
otlrer direction. Althouglr this may permit some deeree of stereo-
scopic perce¡rtion, it rcilì ntake for distortion and e1,e strain, witlr
a clirninutio¡r of the relief effect.

STEREOVISIOhI WITHOUT THE INSTRUMENT

tlnder many conditions, as in the fielcl r¡se of aerial plrotos,
the stereoscope ma)' be eitller una'ailable or incon'enient to use.
In such circumsrances, and for the hasty examination of photos
in general, it is extremely convenient to be able to see stereoscopi-
callv rcithout tlle use of any instrument. This, of cotrrse, permits
no rnasnification, and does not afford the conrfolt and stability
of a stereoscoPe on the table. It is not to be recommended for sr¡s-
tained periods of exactins observation, and is best usecr to supple-
ment standard instrr¡mental r¡ethocls rather thalr to re¡rlace them.

stereovision rçith rhe r¡naicìed e1'e requires the disassociation of
converÍì'en(ìe allcl accornlnodation (or foctrs) of tlle eyes, rvlrich nor--
rnally ale coiirclinated instinctively. In othel rrorcls, it is necessary
to acc¡rrire loluntar-y c<¡ntrrrl o'er a p'e'iorrsll irr'oruntary reflex.
Tllis, horrever, is less clifficulr rhan mig^ht be expected, and re-
c¡rrires orrlr the practice of certain simple exercises. The ones
described belorv ha'e been found by the l'riter to be particularly
srrc:c:essful in teaching students. For some individuals, one methocl
is easier tlran another, and for others, a combination of difierent
methods may þ. most effective. If glasses are \{orn for ordinary
reading, thel'should generally be worll for these exercises.

-r, Th-e simplest rnethod requires <_rnly a stereo pair of photos and a
¡rlain r+'ùite carcl, 5 x 8 in, or Ìarger- i' size. ihe phôtos are first
rnatched rogether, and then separ.arcd until conrplemenrary image
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points are about z in. apart. The card is then placed upright between

ihe photos, so that the right eye sees only the right-hand photo and

the ieft eye only the left-hancl photo. Attention is then concentrated
on some well-clefined feature common to both photos, and an efiort is

made to superirnpose the images and to bring them into focus. If this

can be donè, fusion should be easy' If it cannot be done, however, the

separation of thc photos rna;' be decreased to about half an inch or

leis, ancl the sante proce<lure repeaterl. If this succeeds, ancl stereoscopic

fusion is attainecl, thc photos are gra<ltrally moved farther apart, r,+'hile

maintaining fusion. This, at first, u'ill seem to srain the eyes, and at a
cerrain stage the fusecl image will waver ancl then seParate into two

flat images. \'\Ihen this occurs, the eves are rested for a few minutes and

the exercise repeatecl. After a tirnc, the card is dispensecl with, and the

eyes are trained to focus at will oll two seParate points. some distance

aþart, ancl thus to bring the photos directÌy into position and into
siereoscopic fusion. B,1' practising this exercise several times a da1, for
seïeral da1's, it should be possible to attain stereoscopic fusion of

¡roints separated by a distance equal to that between the eyes, or about

2.5 in.-srlfficient for viewing any of rhe stereoscopic illustrations in this
book. with aclcìecl pracrice, the distance of separation may be increased

to 3 or 4 in. by many Persons, and to as much as 6 in. at normal view-

ing disrãncc bv a fcw inclivirìuals. .A,s ¡rroficiency is acquirecl, the sense

of eye strain disappears, and this medtod of stereovision bccoules easy

and natural.
z. For those who flnd clifficultl'with the method outlined above, it

is commonlr.helpfr.rl to substitr¡te black dots on r,"hite Papgr.for the

photographíc ima¡4es. The shar¡rer conrasr ancl absence of interfer-
än." òi ciistraction'makes for greater ease in focusing the eyes under

the requirecl conclitions. The clots should be exactll' a]it9, a1a are best

made with a drop-bow compass anrì black inclia ink. using the card as

clescribed un<lcr (r) abor.e, it may be possible at the outset to obtain
ft¡sion for d0ts abour z in. apart (Fig. z3 A). Thc convergence of the

eyes should bc nearly zero, as in looking at a distant obiect. The dots

ríill probably bc seen doublc ar first, and an effort shoultl be rnacle to

brinf them togcrhcr, evcn though rhey are blurred. \\¡hen this is ac-

corrplished, a further effort is made to bring the fused. dot into sharp

focus. This is practised until it can be done at will, without the card'

If ¿ots sepaiated b1, the disrance indicared above cannot easily be

brought inró fusion ancl focus, two clots on separate cards may be tlsecl,

or-," ñ.". thc eclge o[ the card. These are place<l close together for the

first attempt, ott,l the upright carcì used as before. After fusion is

attained, túe clistance of separation is graclually increased, rtP to at least

2.5 in. A variant method is to use a series of pairccl dots. separatctl by

regularly increascd tlistances, as shoryn in Figurc z3 B. Fusioll is first

ob-taineá for tfic pair closesr rogerher, and thcn the gaze is made to
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progress to those of wider spacing by a series of small jumps. It will
be noted that tlre various pairs of dots appear to be at differenr depths.

After proficiency in fusing the dors is artained, phoros are piaced
u'ith their eclges close to the dots, and with. cornplementary image
points just below the dors. Then, afrer fusing the irnages of rhe dors,
tl.re gaze is shifted to thc ¡:hotos, a¡rd an effort is made to maintain

A.

B.

Flt;. 23. Pail'etl <lots for ¡;r';rcticirrg stereovisiolr l'ithor¡t tllc itìslrt¡nìctìt. lf it is ¡6t
at first possiblc to ftlse tlre plir in,4, an efhrrt is rìr;r(lc lo fusc sr¡cccssive pails in
.B-. startirrg:tt tltc lo¡t antl ptrrcccrling rlolrrl:rrrl. in tl.¡c rlilectiorr of incrcasirr¡ç
scparation, l>r a series of sm:rll jtrrn¡rs. lt nral bc hcl¡rlul to co.r,er all cxccpt thc
Pairs nearcst thc one in fr¡sion, rrith cartls. Ârr rr¡rr-iglrt car(l l)etrlectì the ri¡¡ht
a¡rd left-halrtl rorçs airls irr pleventing irìtel'fclence bctl'een r.ight and lcft imagcs,
particularll irr the beginnirrg.

fusion. Dots or small clrclcs inkc<l on conr¡rlcmentary photo imagc
points may bc t¡scd as a fr¡rrhcr airl, it nc(ìcssal'y.

3. A thirrl cxercise i¡rt'olvcs tÌlc rrsc of nvo dots on a strip of trans-
parent ccllulr¡irl. T,hc <lors sllor¡kl bc sc¡raratcrl br a tlistancc ec¡tral to
or slightll less than thc inrcr¡ru¡rillar,v (lisrancc. T'his strip is helcl at
arm's lcngth, an<I, looking throueh it, thc cvcs are focuscd on rhe sky.
.{t tllc sarnc timc thcy shoulcl sec, althrxrgh somcu'lrat out of fclcus,
cither threc or four dors. If four arc sec¡1, rlìc ccnrral clots u'ill ¡rrobably
l¡c closc ros¿¡l¡s¡, anrl shot¡lcl casill,bc su¡rcrirn¡rosed, either bv rotat-
ing the cclluloicl stri¡r arourrcl an axis parallel ro tlìe line of sighr, or
by slightly clranging thc scrting of thc o,cs. An cffort is rhen tnade ro
changc thc f<>crrs of thc cvcs fl'onr tlìc distant r.icw tr¡ thc central rlot
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witlrout changing their convergence. After this is clonc, the dots are
gradually brought nearer to the eyes, to within a distance of about
ro in. This is practisetl until it becomes easy, ancl then thc gaze is
shifted from the dots to photo image Points as in (:) above.

By practising one or nrore of the above exercises, it should be

¡rossible for virtualll' all individuals having anything approaching

nol'mal vision in both e)es to obtain stereovisi<.rn rtitllotrt tht'

instrument. Some u'ill acqtrire tlre faculty mt¡ch tnor"e quickll' than

otlrers, and some u'ill achieve a mt¡ch greater distance o[ separatiou

than others, but all shot¡ld fincl it a rrot'kable rnethod.

CHARACTERISTICS OF THE STEREOSCOPIC I]\IAGE

The appearance of tlre stereosco¡ric image is that of a relief
model or spatial moclel, eiring the im¡rression of soliditv ancl

depth. For lerticaì ¡rhotos havinc 6o ¡rer cent olerlap, the ver-tical

scale of the "model" al)l)ears to be consiclerabll' exatgelated, ancl

the inrlrression of relief is far sreater than that rlhich an obserler
in the photogçra¡rlric airplane rtould have received visualll'. This is

ch¡e to tlle rrruch fìreater angtrlar difference betrveen the ravs fr-onl

an1' given glounrl point to t'u'o strccessive exposure statiolìs, as cont-

parecl to tllat betrleen ravs to the observer's eves frorn the same

ground point. This differe¡rce in relief effect rnav be likened to
that bençeerì tlìe imafles ol'objects vierterl at distances of 8 i'n. and

l mile, respectilel\'. Tlrc strengtlì of tlre relief effect is clirectly
proportional to tlre ratio of air base (distance betrveerr exl)osure

stations) to fìight altitr¡de . For ¡rhotos made rçith the same carnera,

the strensth is inlersely' pro¡rortional to tlle amottnt of overìa¡r,

as nlaY bc seen br'<'om¡rarine'inrages of the same featrrre as vierred
on the 6o per cent overlap area of st¡ccessive photos in tlre flight
strip and on tlìe 20 pel <'elrt overlap area of alternate photos. If it
be assurned that the size and scale of the photos ancl tlle amor¡nt of
orerìap rerrrain tlre sa¡ne. tlìe strength of tlle relief effect varies

directll' rlitll thc arrg-rrlar coverage of the camera, and tllus in-
versell' u'ith local length.
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In addition to tl-re relief model, rrvo satellitic images, rvithout
relief, may be seel-r on either side under certain conditions. This
occurs rçhen each e)'e not only, sees the image directly beneath it,

A.

B.

c.

D o
o

o
a

o
a

E'ar-. a
Ftc.24. Stet'eograttrs illustrating cffects of distortion bv parallacric displacement on

the stereoscopic inrage, I¡r .1, the tlistorrion on thc t\ro images is equal in a¡ìo¡nt
but opposite i¡r directio'. ln ll, thc distortion is zero on orrc inrale ancl rtru ¡rer
cent on tlrc otlrer. Irr lloth A at¡d Il, thc ".t", or lertical comporìe¡ìt of clistorLi-on,
is zero. I. (,', ho*'e'er', lhar cornl)olre.t is ia'gc, ancl the othei', o¡ ''.t" corn¡rone.t
is the same as in..{. Stereosco¡ric examination shorts that the r com¡rone¡rt i.s aler.
aged on the spatial model, r'hile the I' conrpo'enr is u.affected. b ancl ð shory
t$'o sets of dots hariDg the sanlc relative spacing l)ur difle¡errt position, anrl,
vierced steleosco¡ricall1, shorç thar the ft¡sed images appear to be haifrça1.bençeer.r
the actt¡al itnages. These slereogranìs nral be vierred either rvith a sirnple lens
tlpe of stereoscope or rçith tlre unaided e1.es.

but also has a marginal vie¡v of
Thus the satellitic image ar rhe
eye, and vice versa.

The effects of distortion b1'

stereosco¡ric image are different

tlie image under the other eye.
right is the one seen by the left

parallactic displacement on tlìe
from those on any single photo.
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The observed displacement, as meastlred paraìlel to the photo

base, e<¡rrals tlle alseltrait' ttteall ol tlle clis¡llacerlrclìts ol) eacll itr-

dividual ¡rlroto. Thr¡s. if'tlre dis¡tlacerlìents ol'a ¡4iven point on tlre

t\t'o pltotos at'e equal in amottnt but ol)l)osite il-¡ clirection, they

cancel one another, and the ¡roint ol object shorçs no distol'tion

along the one co<irdinate (FiS. 2q A). If the distortion is zero on

one ¡rhoto, the obserrecl distortiolt tvill l¡e half that seelr oll the

otlrer se¡rarately (Fig. 2.4 R). That component of distortion trans-

verse to the photo base, hou'eler. is rrnaffected. For points lling
close to the photo base, it rtill, of cotrì-se, be itrap¡rreciable (Figs.

z4 .{ and B), btrt for points lf ing u'ell arçav flonr the photo llase. it
rçill lle r-eaclily distingtrislrallle, as slrol'n in Fi-^rrre :4 C. These

effects are drre to tlle simple fact tltat tlre apparetlt Positioll of anv

point on the "spatial moclel" rvill be halfrçav betlveen its cornple-

mentary irnage points on the t\\'o plìotos, as may be seen in Figures

z4 f) and E.

FACTORS II{TERFERING WITH STEREOVISION

Assuming that the obsener Iras norlrtaì evesight atld has ct¡lti-
vated stereovision, tlrerc renrain several factors, arisitrs from the

nature of the terrain, fronr the plo¡rerties of irldividt¡al photos, or
frorn faultl' proceclrrre, rthich mal interfel'e tltore or less seriously

rlith depth perceptiorì.

l. Incorrect orientation. The effects of this factor hale been noted
in the ¡rrececling discussion. Suffice it to sav tllat careless orientation of

¡rhotos with respect to one another an<l trl the clc base mav allorç some

irnage points to bc readill' fused, rçhile thosc ill ctthcr parts of the
overlap area are less easilr fusecl. Other difficulties introtluced by this
factor in its various f<lrms are eye strain, <limintrtiotr of the relief
effect, ancl increasecl clistortion.

2. Marks on photos. Ink marks, strch as sonetimes r¡sed on photos
to emphasize drainagc lilrcs ol-to rccor(l variorts tlata, <ìetract seiiously
from the effectiveness of tlcpth perccption, particularll r,r'hcn on only
<>ne photo of a stet'er¡ pair. lnjuries to tllc clnttlsion have the sal-ne

effect.

3. Monotonr¡usl1' uniform colr-¡r trlne ancl texture. This condition,
on one or b<¡th photos, may be due to the traturc nf thc grourl<l surface.
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to faulty photographic processing, or to both. It makes stereovision
u.nsatisfactory or even impossible for the areas afiected. This is par-
ticularly well shown on bodies of quiet warer, and may sometimei be
seen also on grasslancl or on cultir.ated fields.

4. Scale clifference. The effect of appreciable overall difierencc in
scale between photos is to cause clifficulty in obtaining stereovision in
all parts of the overlap area wirhour readjusring the photos. llhis
difficulty mav be dealt with, either by realigning the phoios for exam-
ining different parrs of the overlap area, or by bringing the photo
of smaller scalc closer to the eye, as by placing a book under it.

5. Tilt. This factor also necessirates readjustment of the position of
one or both photos for viewing different parrs of the overlap area. 11

very large in amount, it may make srereovision impossible for some
parts of the overlap area. There is no simple way of compensating for
tilt except rectification of the photo by projection printing.

6. Deep shadows. The effect of strong shadows may be such as ro
obscure photographic detail locally, and thus prevenr stereoscopic
fusion. Proper printing technique, however, may partially counteract
this factor.

7. Clitrs and steep slopes. Steep, r'ertical, or overhanging slopes,
particularll' u'hen facing away from the center of the photo, may
cithcr compress a part of rhe fielcl of view, or cut it off entirely, and
thus interfel'e .n'ith rlìe two full views required for stereovision.

8. Large ancl abrupt local differences in elevation. The effect of
this factor is to make it im¡nssible to mainrain fusion for adjoining
high and low points at the same rime. This is frequently true of tall
sm<¡kcstacks (Plate 5 A) or high, steep-sided buttes. A simple illustra-
tion may be ha<l by looking down the end of a pencil helcl about 8 in.
from the eyes. \Vhen the end is in fusion, the part farrher away is seen
<louble, an<l vice versa.

g. Changcs in position of objects between exposures. This applies
to such moving objects antl features as cars, trains, and waves. Such
objects cannot be viewed stereoscopically.

¡o. Reversal of photos. If the rìght- aml left-hancl photos are ex-
changecl uncler the stereoscope, without roration, the relief effect is
reversecl, with the streams appearing as riclges and the ridges as valleys.
This effect is similar in appearance to that produced by incorrect
shadow orientation, but is of physical rather than of psychological
origin. It is termed the þseudoscoltic efiect. Generally this reversal of
the topography is so abnormal in appearance as to be readily derected,
but in certain types of hummocky terrain, where distinct points for
comparison are lacking, it may pass unnoticed on casual observation.
The pseudoscopic effect is likell, to be seen only under the rnirror
stereoscope, for the distance of separation required is too great for rhc
average lens stereoscope when photos of standard size are usecl.
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APPEI{DIX C

H0sArcs

Mosaics are composite photographs made by assembling positive photographic prints of individual and
adjoining consecut¡ve aerial pictures to form one over-all picture of the total photographed area. These may be
made using controlled, semi-controlled or uncontrolled photography.

A controlled mosaic is one which is controlled by a ground survey. A semi-controlled mosaic is usually defined
as one which is controlled by features on a previously existing map. ln the controtled mosaic, each photograph is
rectified to remove the effects of camera tip and tilt and laid to a base map for control of azimuth, scale and
position. Extènsive ground control survey v.rork is necessary to establ¡sh the hor¡zontal coordinates of the points
on the ground.

ln a semi-controlled mosaic, each photographic print is indvidually ratioed and enlarged to produce matching
of planimetric features. No ground control is necessary for the semi-controlled mosaic.

The uncontrolled mosaic is assembled by using photographic prints without any rect¡fication or rat¡oing
procedures. This type of mosaic is least costly and can be assembled w¡thout specialized equipment in the off ice
in which it is to be used.

The photographic scale selected will depend upon the anticipated use of the mosaic. the funds available, the
size of the mosaic area, and the space available for utilization. The scale should be large enough to afford
recognizable images at a reasonable viewing distance.

The materials needed to construct an uncontrolled mosaic include the following items:

1. Photographicprints. Asetof single-weightcontactprintsprovidingcoverageof dæiredarea

2. Mosaic board. A smooth, hard-surfaceand non-porous material such as masonite, should be uæd

3, Adhesive. An excellent adhesive for constructing mosaics is a mixture of gum arabic and water with a
specific gravity of 20o Baume'

4. Sandpaper. A fine sandpaper rolled around a paper cylinder is usually used

5, Sanding block. A small block of wood in the form of a half-cylinder provides a support surface for
the photograph while the edges are feathered with the sandpaper

6. China marking pencil

7. Masking tape

8. Sponges
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9. Water container
10. Plasticsqueegee

Bæin by asembling eacå f light strip of photography by matching images along the flight line only. adiusting
all assembled strips to the same length, and finally assembling strips by matching the ¡mages in the overlapping
areas. Select an image in the overlap area of each adlacent pair and ad¡ust the photographs so that when they are
flipped back and forth the image does not appear to move. Fasten the or¡ented photographs along the flight line.
The flight line, of course, is the trace across the photograph from the center of the photograph of concern to the
image on the photograph corresponding to the center of each adjacent photograph in line of flight. The length
adjustment must be made for all stríps within an area to compensate for changes in ground elevation and for
variations in the flight height of one strip of photographs in respect to another. lt may be desirable to make the
length adjustment in segments if local scale differences have been introduced by abrupt changes in height of the
ground.

There are several techniques for assembling a mosaic. A method used by one road department is included for
your information. With diagonal lines, locate the center of the mosaic board and mark it. Then draw a straíght
line across the mosaic board through the center point parallel to the direction that the flight lines are to b€
oriented. This line will serve as the controlling azimuth of the'mosaic.

Disassemble the oriented center flight of photographs and carefully extend the line all the.way across each
photograph. Select the center pho:ograph of the center flight and prepare ¡t to be laid. Draw a line on the
photograph enclosing the area to be used in the mosaic. Holding the photograph in one hand with image side up,
use the other hand to tear off the portion not to be used. The tear should be done with a twist¡ng mot¡on away
from the portion to be retained in such a manner that the edge of the portion to be used is left in a taperd
fashion.

Lay the edge of the photograph over the cylinder shaped block with the picture side down and draw the
sandpaper wrapped paper tube over it until a featheredge effect has been obtained. Be careful not to get the edge
too th¡n as such exposed areas will appear darker after it has been laid.

Apply the adhesive to the mosa¡c board. Then lay the first print in the center of the board match¡ng the line
on the photograph to the line ón the board. Remove excess adhesive by working the squeegee from the center of
the photograph to the outer edç, forcing the photograph down and the excess adhesive from under it.

Allow the adhesive to set and select either of the adjacent photographs in the center flight. Or¡ent it to the
center photograph by matching deta¡l in the overlap area and flipping to check for apparent movement. Draw a

line on the second photograph along the area where the photograph is to be torn. Areas should be selected where
adjoining photographs have the same tone. Avoid straight line tears except where the tear is parallel to stra¡ght,
elongated images such as roads, railroads or fence lines. Then, using a very sharp blade cut through the emulsion
along the marked line and tear away the port¡on to be discarded as previously explained.

After the torn edges have l¡een feathered, re-orient the photograph in its proper position on the mosåic board,
again matching deta¡l and the lines of the photograph and mosaic board. Holding the photograph in its place,
draw a series of match lines from points an inch or more from the edge of the photograph to be laid, across the
edge of the photograph and onto the adjacent photograph or mosaic board for a distance of an inch or more.
These match lines shoulb be placed at intervals from two to three inchæ apart around the per¡meter of the
photograph.

Apply adhesive to cover the area where the photograph is to lay and then lay the photograph, matching up the
previously drawn lines. Using the squeegee. remove the excess adhesive and then wipe the prints clean with a
damp cloth.

Continue in this manner until all of the photographs in the center flight have been laid. Care should be taken
to maintain the azimuth by matching the lines drawn on the photographs and mosaic board for that purpose.
When the center fl¡ght has been completed, photographs in the adjacent flights should be laid by matching
photographic detail in the overlap areas. Thereafter, each flight laid becomes the base for laying the next flight.
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DRAINAGE PATTERN SIGNIFICANCE IN
AIRPHOTO IDENTIFICATION OF

SOII.S AND BEDROCKS

Herle Puris, Research Engineer
rnd

Assishrit Professor tn Eighrey Englneering
foint Bighway Reseerch ProJect, hrdue University

snfoPs$

This paper reports the rnelyses of dreinege petterns for thci¡ r¡.8€tn tåe ldentific¡tion of reglon-
d eoils ¡nd bedrocks by me¡¡s d etrphotos. The etudy ls one of eeveral concerniDg tåe inter-
pretetion of aerid photogrrphs þ the Joint Htghwey Reserrch Project ¡t Purù¡e University. The
reletive ease with *l¡lch stre¡m systems c¡n be observed on ¡crl¡l photographs f¡ctlitates the
rccognition of drainage p.tterns.

In the nrtural sclences, lt h¡s been eccepted for e long tlme thet cert.ln basic drein4e patterns
auch ¡.s the &nd¡itic, trellls, redial, perellel, urnuhr, end rectangular e¡e ¡ssociated with
qrecific lu¡d surf¡ce meterials. Airphoto interpretation has rerveded s€veral modifications of t¡e
basic dreinage patterns. For example, Érome of these modified tl¡pes ¡te the reticuler, phantom,
¡¡d l¡cun¡te.

Drainege patterns, tr¡ced directly lrom represent¡tive eirphotos of ve¡ious phystographic
regions throughout tbe United States, ere presented ¡s illustrations of patterns vhich develop
in the soils end bedrocks typlcel of the regfons. lhese exenples have been selected to show
¡otice¡ble differences in drainage patterns. For instance, dreinage petterns in regions vl¡ere the
rocks a¡e ba¡eor ¡¡e covered only wltì shelloç soils, ere decidedly diff¿¡s¡f th¡¡r those ln reglons
of deep glaciel drtft. Llkerise, drainege petterns develop rlifferently in horlzont¡l rocks than ln
tllted rocks.

It is concluded that surf¡ce drelnage patterns c¡n be relied rpon in ttre eirphoto identific¡tion of
eoils ¡nd bedrocks on r regionel brsis.

Dreinage patterns have intrigued
scientists over a long period of years.
As a result of their findings, many
patterns havebeen classified and incor-
porated into the literatureof the netural
sciences of geology, physiography, and
geomorphology. Recently - probably
witl¡in the last decade - engineers have
been studying drainage patterns by
means of airphotos. In the laboratories
of the Joint Highway Research ProJect
at Purdue Universiþ, highway research
engineers have been using airphotos to
construct detailed drainage maps of
Indiana on a county basis. During the
progressive stages in the compilation
of tl¡ese mE)s recurring drainage
patterns were obsenred. This led to
tìe investigationof drainage patterns on
aerial photographs of a¡eas of land
surface materials, witlt known char-
acteristics, which occur elsewhere in
the United States.

The study of an a¡ea for the purpose
of identifying its soils and bedrocksby
means of airphotos is best effected þ
stereoscopic examination of tlre vertical
eerial photographs of that area. By
this means such "elements" of the
terrain as landorm, drainage pattern,
erosion features, vegetative cover, and
land usage a¡erevealed onthe airphotos
in a most realistic manner. Photo
tonality is ar¡otl¡er ilelement" vital to
airphoto interpretation. Tonality can
be observed without the aid of a stereo-
scope. Colors found in soil, rock,
vegetation, or water are recorded on
the airphotos in black, white, or tones
of gray which vary according to the
values of the respective colors and the
reflection of incident light. While all
tlte elements ¡rre correlative and are
considered equally important in air-
photo interpretation, only the drainage
pattern element is herein set forth. In
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doing this, it is not to be assumed that
the drainage pattern element ean be
relied upon alone in the identification of
soils and bedrocks by the use of air-
photos. It must be used in conjunction
with the otàer elements.

It is known that the drainage of a
region is affected by such factors as
bedrock structure, soil textures,
topography, artificial waterways, rain-
fall, vegetation, and evaporation. Since

the drainage ways and landorms of a
region are interdependent, they exist
together as interrelated features of the
region. Therefore, soils and bedrocks
irúluence the evolution a¡-rd cha¡acter of
the patterns of a regionf s many rivers
and tributary streams. These facts
lead to the premise that drainage pat-
terns ca¡r be used to identify soils and

37

bedrocks on a regional basis.
The airphotos employed in the prep-

aration of this paper were taken ù¡rtng
193?-1943 in connection yitl¡ the United
States Department of Agriculture map-
ping program. The prints were ob-
tained from tÌ¡e Agriculture Adjustment
Administration (now Production a¡¡d
Marketing Administration). They are
standa¡d ?-by 9-in. and 9-by f-in.
contact prints having an approximate

scale of l:20,000 or 3 in. per mi.

DRAINAGE PATTERN
CI,ASSIFICATION

Apattern has been definedþ Webster
as "an arrangement or composition that
suggests or reveals a design". The

Fi¡ure l. Draina¡e Pattern of thc Hcadwaters of a Strcan Svsteu lÞveloped in lliscons¡n
Glãcial thift - Fli¡t C¡eek, Tippecanoe County, Indiana -'Ihe areas bãunded by dotted
lines are infiltration basins. Nunbere indicate Cængressional Iand scctions. (Thie
pattern ras traced dircctly frou aerial photographs of the arca. Origi.nal Scale :

1:20,000)
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term "drainage pattern" is used in this
paper to apply to the manner, or "de-
sign", in whieh a given set of tributary
streams arra¡rge themselves within a
given drainage basin (See Fig. l).

Drainage patterns are classified on
thebasis of formand texture. The form
oI the pattern is its shape which may be
described by eomparing ,i-e patiern
with a familiar object such es the

streampatterns which have been formed
þnatural'forces ectingupon the earth's
land surfece materials, six have been
cl¡ssified es tìe basic drainage pat-
terns. Analyses of the more or less
characteristic anangement end repeti-
tion of tlte ltnes of these patterns have
revealed sigaificant reletionships be-
tween the patterns a¡rd the soils and
bedrocks of the regions in vhich ürey

Figurc 2. Skctches Illuatraring Basic Drainrge plrrcrns (20) (21)

branches of a tree. The texture (or
density) of the pattern refers to the
spacing of tìe tributaries in tlre stream
systems. If the tributaries are closely
spaced the texture is rtine", and if they
are widely spaced it is frcoarse".

Certain drainage patterns a¡e con-
sidered as the basic patterns. Varia-
tions of the basic t!?es are known as
modifications of the basic patterns.

Basic Drainagc Pattcrns - Of the matry

are found.

Figure 2 illustrates the six basic
drainage patterns. They can be de-
scribed as follows:

1. A dendritic drainage pattern is
tree-like in form; the main stream
corresponds to the tru¡rk of the tree and
its tribut¿ries resemble the irregularly
subdivid€d branches, limbs, urd twþl

DEûNRfTlt rneus RADIAL

âfütlLAR ËCTÀNGTLAN
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of tlre tree (22tl2llt. Anotåer term for
this type pattern is "trborescent"
(11:300). It is the most common $pe
drainage pattern. It is formed wùere
the "rock struch¡re does not interfere
with the free development'f of streams
(r5: 340).

2. A trellis type of drainage pattern
may be compared to a vine on a gerden
trellis; the primary tributariesare long
and straight and often parallel to each
other andto tìe main stream. Numerous
short, stubby secondara tributaries join
the primary tributa¡ies approximately
at right angles (22: L2T. This dralnage
pattern may be thought of as one "ed-
justed" to struch¡re (2:L221. "Grrpe-
vine" is another name for this type
pattern (26: 503).

3. A radial drainage pattern may be
likened to the spokes of a wheel. The
pattern may be eitìer centrlfugal or
centripetal; that is, the streams may
flow radially either outward from a
peak or inward toward a basin (1?: 175)
(222L27). Also, this t€rm cen refer to
a groq, of drainage patterns originating
at a common point (13:350). Stream
systems on lsolated hills often take
tåis form.

4. In a parallel drainage pettern the
strea¡rs or tìeir trlh¡taries are paral-
lel or nearly parellel to each otler
(22:127). The way inçhich tl¡e streems
are arra¡rged might aptly lead to the
naming of the pattern cauda equina -
horse's tail.

5. In an ar¡nula¡ dreinage pattern
I'ring'like" trib,utaries flow into the
radial streams (222 L2ll, This type
pattern hasbeen compared to the unual
growth rings in a tree (17: 1?5).

6. A rectangular drainage pattern
shows tl¡e influence of the ugularity of
rock Joints; lt is cherecterÞed by many
"abrupt bends" in both the maln streems
and their tributarles (222L291. This
pattern is a "right-urgle system of
streems'r (7: 130). The pettern ts effect-
ed locally þ horlzontal rock strata of
diff erent composition.

Rock structure is tr maJor factor ln
the development of these slx patterns.
rNumbers ln parentheees refer to reterê¡ces
rt the end of the papèr.

!9

Dendritic dreinage petterns ¡¡e nor-
mally formed by streams flowing tn
hortzontal homogeneous rocks. Trellis
patterns develop tn folded or dþping
rocks wìere there ls a Eerles of parel-
lel frults. These dso result fron
rdjustment and rre strea¡n systems
"eligned on e strike of the rock for-
metionst', the streams occaslonally
mûtng "right-angled ü¡rns to croas
strike ridges" (4: 86). Streems draining
volcanic peaks ¡ssume the radial type
of pattern. Drainage patterns in tilt€d
rocks having p¡rellel fer¡lts end in
valley-filt materials often show striling
perallelism. A parallel drainage
pettern implies r'þronounced regional
slope" (26:510). Streems r¡ound a
dome follow circular, or ennular,
courses. Streams followlng the feults
and cracks ln Jotnted rocks produce
rectangular dralnage patterns (17: 1?5).
Fractures in the rocks of the elrth's
surface have "influenced the actlvlties
of running water". Sometimesa riverrs
course is in t'rectangular zlgzagat' -
its walls ere formed of Jotnt plues"
(1222241, All tlrese dreinage prtterns
reflect details of relief that ¡re ch¡¡-
¡cteristlc of the materials from shich
tåe strean valleys h¿ve been ce¡ved.

Ioclifications of tho B¿sic Orain¿gc P.t-
te,'ns -There ¿re aeyeral modiflcations
of the besic drainage patterns. Figures
3, 4, 5, ¡nd 6 illustrete some of tlre
modified types. A number of these
petterns have been descrtbed ln eci-
entific lltereture. Ttre ¡uthor h¡s
identified otlers þ meurs of ¡erl¡l
photogrephs.

IÞscriptions of the patterns tn Figure
3 ¡re as follows:

1. The pinnate drainage pattern ls
a modlfication of the dendrttic t¡rpe.
The second order tributa¡ies are s¡-
ranged in ¡ more or less pa¡aüel
meriner þarallelism indicates e nearly
uniform elope). The ratìer evenly-
spaced first order tributa¡les Join the
second ordertributa¡les et rcute urgles
(near right urgles) much tn the manner
of a fertlrer - hence tåe ne¡re 'þin¡ratet'
(20: 512).

2, The deranged or disordered type
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of drainage pattern ha.s been applied to
the drainage of drift-eovered regions.
It has been so termed because of the
great imegularities of its pattern
and the confused intermingliÀg of
lakes, marshes, andwide-open valleys
(?: 503). Runoff water collects in the
lakes, swemps, and marshes; and
streams wander aimlessly about üre
landscape (8:295). The numerous

l¡kes and swemps depict the undevel-
oped character of the drainage. The
terms t'erratlc" and "haphazard" may
also be apptted to this pattern (12:300).
Patterns of individual drainage systems
within the a¡ea are usually dendritic.

3. The subparatlel drainage pattern
resembles the spire-like Lombardy
poptar tree ln its type of branching.
The first order trlh¡ta¡ies are usually
nearly parallel to tlre second order
tributaries. Agein, in this g4le, par-
allellsm denotes unlformlþ of elope

(26: 513). This pattern is a modified
type of parallel drainage, but "lacks
tåe regularity of the parallel patternf'
(26: 518).

4. The contorted drainage pattern
type is a t'response to rock structure"
(7:2L6). Streams flowing in one di-
rection may be completely reversed
in direction when they encounter re-
sistant rock or granular barriers.

5. The subdendritic drainage pat-
tern is a modification of the dendritic
type. This ty'pe shows minor slope
control of the second and third order
gtreams (first order tributa¡ies a¡e
the fietd gullies); other thur that it
closely resembles the dendritic type
pattern (26:513). It is a result of
streams flowing from a non-resistant
material area through another of slight
structural control.

6. The anastomotic drainage pattern
ls characteristic ef f lood-plafn drainage.

Figurc 3. Sketches of l¡lodified Basic Drainagc Parrerns (20) - Shaded arÊas are råtcr
fillcd basins - lakes, ponds, slough, bayous. Areas bounded by dotted linec are in-

filtration basins.
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The meanderings of the main stream
has produced sloughs, bayous, exbow
lakes, and "lnterlocking channelsr'. A
network of anabranches may even be
present. This type pettern Ís considered
to be I'a phase in tåe development of
dendritic draÍnage" in restricted areas
(26: 5r4).

Patterns illustrated in Figu.re 4 are
described as follows:

1. The colinear drainage pattern is
a modif ication of the parallel type.
Parallel strea¡ns are alternately surface
and subsurface. This is a recognized
type of drainagepattern found in certain
foreign countries (26:519). It is a
system of intermittent streams flowlng
in very straight lines tlrough porous
materials.

2. The centripetal drainage pattern
is a modification of radial drainage. If
the headwater divide of a drainage

4t

basin is "roughly an arc of a circlet',
a¡d tlte inside surface is steep and
evenly sloping, then tributaries from
opposite sldes of the basin wlll enter
the rúrain stream at nearly t}te same
point (13:350). This term ca¡r refer to
a group of drainage patterns converging
to a common point (13:350) (26: 517).
This pattern occurs frequently.

3. The branching pattern of the

distributariesof a stream is üre dichot-
omlc pattern of alluvial furs (8). The
end branches ere called anabranches -
branches which lose themselves ln tlte
valley fill. Also, this pattern may be
applied to tlte arrangement of the
streams tn the birüoot þ¡le of river
delta.

4. In nearly level areas man has
dredged ditches to drain swamps and
low-lying soils. These ditches a¡e
fairly straight; they foltow topograph-

COLINEAR CETIlRIPETIL DrcHoTourc

REOTIUilEAR

.- 
'.r'> ,, ìl '.'

' 
a 'at '

''rr'rr-$ r.r¡.t. *\
a .- .W.

i'.. j."^t*/..\

STALLOU IN.^Ë ILLU SORY

Figure 4. Sketches of lúodified Basic Drainage Patterns (20) - Linear dotted lines in-
dicate subsurface drainage rays. Shaded areas are rater-filled basins. lbts are gink-

holes. A¡eae bounded by dotted lineg arc infiltration basins.
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ical depression channels or tìe section,
half -section, and quarter -section lines.
Often they do not "accord with üe
pattern of the soil and vegetation" of
tlte area (6: ?3). They have been grad-

pattern is common to regions of mas-
sive strata of limestone. The pattern
of a youtìful karst region might ap-
propriately be called the ',dot'r pattern.
In mature and old age limestone regions

Figure 5. Sketches of Modified Basic Drainage Patterns - Shaded areas are çeter-fill
channels ancl basins - rir""", lakes, sloughs.

ed sothat low rises aretraversed which
would otherwise block tìe natural
drainage. This pattern is identified asI'rectilinear" in t¡'pe (22). It is a form
of artificial drainage. It is not to be
confused with the pattern of irrigation
ditches which is a distributary páttern
(6: 73).

5. Drainage ln horizontal limestone
areas is both surfece and subsur{ace.
Where sinkholes predominate, small
streams are trswallowed in holes" to
contlnue under gFound as subterranean
streams. Sinkholes plugged with debris
become ponds. This swallow hole

sinkholes, fensters, and solution valleys
form "unsystematic" drainage patterns
in that surface drainage ls interrupted
by the disappearance of the streãms
under ground (18: 116).

6. The itlusory type dratnage pat-
tern is occasionally observed on air-
Bhotos of porous low-lying soils which
are tilèd for drainage. While this is
subsurface drainage the network of tile
drains is often'VÍsible" onthe airphotos
because the soil above the tite has
dried and tlere appears on the photos asort of 'X-ray near-white system of
lines - formed by the trunk tiles and
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their parallel laterals (14: 30). This is
a form of artiJicial drainage. The lines
appear somewhat spectral on the air-
photos - they may be likened to tlre
spreading of the ink in a line drawn on
blotting paper. This pattern is depict-
ed graphicatly by dashed lines - tìe
accepted symbol for hidden linés. The
pattern is a¡ ovanescent one; as the
soil dries the pattern becomes imper-
ceptible. Also it is adeceptive pattern;
a buried pipe line, a buried telephone
cable, or an abandoned raÍlway grade
might easily be mistaken for a large
tile.

The patterns shown in Figure 5 have
the following descriptions:

1. The angulate pattern is a mod-
ified type of trellis drainage pattern.
Parallelism in it is similar to üre
rectangular type but tlre tributaries
join t}te principal streams at acute or
obtuse angles (26: 517). Like the rec-
tangular pattern it reflects the influence
of rock joints.

2. An "asymmetrical" dr ain ag e
pattern has more tributaries on the
upslope side of a trunk stream than on
the down slope side. This type is
commonly found in mountainous terri-
tories (13: 352). It is often 'þectinate"
- shaped like a comb.

3. The barbed drainage pattern is
a t¡pe of drainage pattern which results
from stream piracy. Branching trib-
utaries form obtuse angles with üre
trunk streams (fl:180). The pattern
is "calcarate" - spurred. It is a form
of "backhand drainage".

4. The braided drainage pattern is
that of a graded stream. An intricate
network of shallow ehannels forms "a
complex pattern on the valley floor"
(18: 69). Usuatly the materials de-
posited by a braided stream are gran-
ular, especially in the upper reaches of
the stream.

5. An anomalous dra.inage pattern is
the general irregular pattern of an area
formed by the combination of dissimilar
patterns in adjoining but different types
of topography. This complex pattern
indicates tlte existence of untike mate-
rials in an aÌea. The component pat-
tern of the complex pattern can be
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studied individually.
6. Thethermokarst drainagepattern

is that produced by the surface thawing
of permafrost (25: 2). It is formed by
cave-in lalces which eventually become
joined together by streams. The con-
catenate pattern of the "button" lakes
is a singular feature. Usualty the
thermokarst pattern is found in areas
of fine-grained alluvial sediments
(9: 1?).

Figure 6 presents other patterns
which can be described as follows:

1. The lacunate type drainage
pattern is formed by small "lakes"
spaced at random over an are¿L In-
dividual tributary systems may be
dendritic. It is found where there is
impervious substratum. Thispattern
occurs in areas where the erosion cycle
is very young (2). It is a closed-basin
type which is found in parts of the
southern Great Plains region of the
United States.

2. The Yazoo type drainage pattern
pertains to larger stream systems than
tiose which are usually considered. It
is due to the inability of tributary
streams to break through the natural
levees of major streams. It is the
pattern found on co¡rfluence ptains -
plains on which the tributaries unite
before entertng the main streams.
This pattern develops Ín alluvial bottom
lands.

3. The kettle hole type of drainage
pattern is one of rar¡dom-spaced de-
pressions, witl¡ an occasional water-
filled basin. Like the lacunate pattern
it is a closed basin t1rye, but it occurs
where there is a porous substratum.
It is the pattern found in granular
moraines and outwash plains. Individ-
ual tributary systems may be dendritÍc.

4. The elongated bay type drainage
pattern is one peculiar to coastal ptain
or delta areas. (The author believes
the bays in tlte Carolinas and Texas to
be cave-in lalces formed in permafrost
during glacial times. ) Rows of the bays
follow thelows (troughs) inold beaches.
This indicatesthat they have beenform-
ed in fine-grained sediments.

5. The reticular type drainage
pattern Ís a network of stream chan-
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nels. It is "canaliculated" - having
many channels. It is a variation of the
anastomotic pattern but is different
in that it is found in tidal marshes and
in youthful coastal plains (26:5f4).
At flood tide the water flows inward
through the channels; at ebb tide,
outward. It is a pattern of anabranches
- the diverging branches of a large
coastal plain stream which reenter

ANALYSES OF REGIONAL DRAINAGE
PATTERNS

The following illustrations which
show airphotos paired with drainage
maps are presented as examples of
representative typical regional drain-
age patterns. The examples show
noticeable diff erenc es in drainage
patterns of materials common to various

Ficure 6. Sketches of [4odified Basic Drainage Patterns - Shaded outlined areas are
water-filled channels or basins - rivers, ponds, lakes. Shaded lines indicate high

tvater table areas or seepege ways. lbttecl Iines bound infiltration basins.

that same streem.

6. The phantom drainage pattern is
one of seepage vrays. It is a network,
also. The pattern is caliginous and
arachnoid - dim, and cobweblike. It
is found in "loose" (unconsolidated)
fine-grained but well-drained soils on
impervious subsoils.

physiographic regions.
The patterns are classified accord-

ing to tlte basic or modilied types of
drainage patterns. The forms and
textures of the patterns ere studied
for the influences exerted on them by
tìe soils e¡d bedrocks in which they
exist. The effects of peculiarities of
topography and extrarieous materials
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on tl¡e patterns a¡e noted also.
From a logical standpoint, the

examples of drainage patterns found in
residual materials are considered first;
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tilted rocks; and the examPles from
regions of transported materials e¡e
drainage patterns found in glacial drift,
a¡rd water-laid a¡rd windblow¡ soils.

Figure 7. Drainage Pattern of Limestonc-Shale (Ordovician) (20) (2f) - l¿ft - Airphoto
of Area i¡r SouÈhwestern Sritzerland f¡r¡¡¡y, Indian.a - Hight - Draina6e [,lap of Sa¡ne Arca

- Small circles are sinkholes.

['igure 8. Sloughing of Colluvial Hill-
gide - Eastern Ohio County, Indiana (10)
- Roclc and soil break away from the hill

to produce landslides.

then, those in transported materials.
The examples from rlifferent regions
of residual materials ere drainage
patterns found i¡ both horizontal and

Linestone-Sha/e - The intricately den-
dritic d¡ainage pattern shown in Figure
7 compares closely to the basic den-
dritic pattern shown in Figure 2. It
has some of the characteristics of the
subdendritic pettern shown in Figure
3 but hardly enough for it to be classi-
fied es subdendritic. However, the
presence of two materials, nearly
horizontal thinly-bedded strata of lime-
stone and shale of different textures,
does lend tlte pattern an irregularity
which indicates slight structural con-
trol. The primary tributaries flowing
in shale are deflected, sometimes
sharply, when tley contact t}te more
resistant limestone. Sinkholes are
found on tlte ridges where a limestone
layer is sufficiently thick to permit
tleir development. These sinkholes
alfect tlre drainage pattern only to the
extent of occasional surface depres-

r.: .,
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sions, for most
flowing through

of the runoff water
them finds its way

immediately into adJacent streams.
The densiþ of the pattern is great (or

Figure 9. þsinage Pattern of Sandsrone-Shalc (Mississippi) (20) (Zf) - Iæfr - Air-
photo of Weed Patch llill Area in Brown County, Indiana - Right - Drainage Map of Sane

Area - Artificial lakes are indicarcd by shaded spots.

Figure I0. GuIly inRcsidual SoiIs Forn-
cd f¡o¡r Sandstone-Shale (lligaiseippian),
Eest-Ccntral BrornCounty, Indiana (10) -
In the forcground, fragnenta of ¡andstonc
nay bc ¡cen in thc botton of thc gully.

fine) bec'ause of t}te presence of im-
penriousshale as well as because of a
great difference in elevation between
the ridges and tlte valleys.

This region was once covered with
Illinoian glacial drift but the drift has
been removed by erosion until now
only tracesof it are found ontfie highest
ridges. The presence of the Illinoian
drift apparently does not affect the
drainage pattern. The pattern has
resumed its primitive, or pre-glacial
development.

Colluvial slopes found throughout
the region ceuse many landslides in
highway construction (See Fig. 8).

Sandsfone-Sha/e - Figure I illustrates
the slightly modified dendritic drainage
pattern - somewhat subdendritic - de-
veloped in an area of la¡ninated sand-
stone and shale. the area is especially
knownfor the 'þerfection and symmetry
of its drainage Unesr' (lt 90-94). The
sandstone-shale has eroded to produce
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a "rangy" dendritic drainage pattern of
which tlte branching of the smaller
tributaries is confined mostly to tleir
"tip ends". The sandstones are more
or less pure, are usually rather soft,
and are intercalated with sandy shales.
Soils weathered from them are plastic
clays which erode in V-shaped gullies
because of steep slopes (See Fig. 10).
Forests cover most of the hills as
shown by the botryoi¿rqì texture of the
airphoto in Figure 9.

The influence of the shale is seen in
tìe additional subdivisionsof the small-
er tributaries. Angularity in thepattern
occurs because tl¡e sandstones are
resistant to erosion. The density of the
pattern indicates tf¡at immediate runoff
is less thanfor limestone-shale regions
(Fig. 7). The medium density is due to
the somewhat pervious nature of sand-
stone and to the considerable difference
in tlte elevation between tlte ridges and
tlte valleys. The pattern is influenced
very little by the general slope of the
region.
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The region is mature and the inter-
fluves have been reduced to knife-like
ridges. The ridges are clearly defined
by the spacesbetween tÌ¡e tip endsof the
first order tributaries (field gutlies).

Weattrering sandstone breaks down
into small flat fragments; stream de-
posits of t]¡is material a¡e known as
"brown grevel". Atthough this gravel
is used locally for road building mate-
rial it is not very durable. It is detri-
mental as en aggregate for concrete.
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Figure ll. Drainage Pattern of Young Karst Topography (Mississippian Limestone) (20) -
Left - Airphoto of Sinkhole AreainWashington County, fndiana - Right - Drainage Map of
Same Area - Dots indicate sinkholes, ¡ome of vhich have small dendritic drainage

aystems. Shaded areas are rater-filled basins - pluggcd sinkholes.

llass ive L inestone - Figure 11 illus-
trates the "srflallow hole" drainage
pattern of a youthful karst plain. Such
plains are distinctive because tl¡eir
surface features are tlte "result of the
solvent work of underground water" in-
stead of sur{ace streams (8:321). In
t}te arearepresented þ this illustration
tlere are no small streams although
small streams are occasionally present
in similar areas. The surface of a
young karst plain is unù¡lating, often
rolling, and sometimes rough; it is
known as sinkhole topography. The
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sinkholes are identified on the airphoto
portion of Figure l1 by dark-centered
circular light gray spots.

In the formation of young karst
plains, water first flows through L
fissure in tàe underlying limestone and
begins dissolving the rock. When the
surface depression hes become approx-
imately five feet in diameter it is known
as a 'þonor"; it has steep vertical

Figure 12. Topography ofLimesLone Area,
North-Central Harrison County, Indiana
(I0) - Roads constructed acrosa plugged
sinkholes give poor perforrnance because
of water-loggeC subgradea. Flooded con-
ditions during ret reaùhcr result in the
roads being impassablc for periods of

aeveral daya at a tine.

slopes as a result of initiat erosion but
is "asymmetrical in both plan and
profile". After tìe depression is deep-
ened and widened it is then called a
"doline"; its slopes are regular and its
outline is symmetrical - it is circular
iJ the fissure is short and oval if tl¡e
opening is long. A 'basin" is a filled
doline; if the bottom outlet has become
plugged with clay and otler debris,
sr¡amps, temporary ponds, a¡¡d even
permanent lalces form (5:713) (See Fig.
L2).

The clays tlrat develop from the
weathering limestone have a peculiar
"nutty" structure. They are well-
drained "in situ", but they ere very
impervious urd plastic when reworked
þ highway construction machinery (See
Fis. 13).

Cley Shate -A most minutely (very fine)
dendritic drainage pattern, shown in

Figure 14, is that produced þ eroding
clay shale. Because the shale is com-
pletely impervlous, the runoff is almost
equal to the total rai¡¡fall. Surface
drainage is developed fully. Streams
flowing in shale usually do not reflect
lineal control. An intricate stream
system is formed which resembles ttre
venation of a broad leaf of a deciduous
tree. This pattern a¡ryroaches the true

Figurc 13. Concretc Pavcnent in Central
Laçrcnce County, India¡a - Pavenents
often break up in ahallor road cuts i¡

thc clays of linestonè rcgions.

dend¡itic pattern illustrated in Figure
2. Where thegeneral level d theupland
is nearly flat - one to two mi. from the
river - the gullies have "ro¡¡¡l&d"
slopes; tl¡is is especially noticeable in
the lower center of the airphoto ln Fig-
ure 14. This is a characteristic of clay
shale topography. The "smooth' areas
outlined in whit€ ln the airphoto - left
center ar¡d lower left - are remnants of
the Great Ptains mantle *hich is gran-
ular tn texture; they do not contribute
to the drainage pattern. Gravel is a
material resistant to erosion; there-
fore, it "holds rqr" the hills. Near the
river the drainage pattern is irúluenced
þ slope control of tlte streams. Some
of the smaller tributaries are straight
and the argles of their junctions with the
Iarger tributaries are very acute.
Anotl¡er cause for this slight change in
thepattern is thepresence of thinlayers
of weak sandstones. These can be
detected in the airphoto by tìe "bands"
a¡ound some of the knolls, and þ the
presence on tlrese bands of vegetation -
shrubs and bushes. Steep slopes car¡se

lF'"F

269



Compendium 2 Text 12

270

49

Figurc l¡1. Drainage
County, Sou¿hDakota -

Patt,crn of Pierre Shrlc - Lcft
Right - Drainage Mepofsanc Arca

- Airphoto of Arca in Stenley
- Sh¡ded Area is Mig¡ouri Rivcr.

Figure 15. Poor Pcrfornance of Flcxibrc pavcnent con¡tructad
Northe¡n Great PIeins, Ncar Glc¡dirc, Montana - Lebo sh¡lc¡ ¡rc

t,¡ated in Figure 14.

on Clay Sh¡lee of rhc
¡iuil¡r to those illus-
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V-shaped gullies; tlerefore, the cyma-
curve cross sections of the upland
gullies are extremely modified or lack-
ing in the gullies near the river. The

Flexible pavements, like the one shown
in Figure 15, suffer considerable dis-
tress when placed directly upon plastic
clay subgrades.

Figure 16. Drainage Pa¿tern
of Area in Hanpshire County,

of Tilted Sandstone and Sandstone-Shale - Left - Airphoro
West Virginia - Right - Drainage Map of Same Area - Shaded

area is a river.

flf
f
L
F

Figure 17. Drainage Pattern of Granite Dome - Left - Airphoto of Area in Lawrence
County, South Dakota - Highways are sbraight çhite lines - Rieht - Drainage Map of Same

Area - Shaded area is an arÈificial pond.

main tributaries have almost reached
base level, in the vicinity of tl¡e river;
here their courses have many full-curved
meanderings. Parallelism may even be
detected in tle larger tributaries.

Clay shales weatl¡er to fine-grained,
plastic, poorly-drained clay soils.

Tilted Sandstone and Shale - Figure 16
is tl¡e drainage pattern of an area of
folded and tilted saridstones and shales.
The drainage pattern, \phere the shales
predominate, is dendritic (See the upper
left half of tlre airphoto in Fig. 16). Re-
sista¡t strata- probabty sandstones - in
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the shale areagive lineal control to some
of the streams in that area- Streams
are absent along the crest of the sand-
stone ridge (See lower right half of the

51

drainage pattern on tl¡e left side of the
ridge. The stream coltecting the run-
off waters from both the shale and t}te
sandstone areas is flowing in shale.

g
*.,J,

Figure 18. Drainage Pattern of
Area in Ripley County,

[ìlinoian Glacial D¡ift, (20) (21) - Lefr - Airphoto of
fndiena - Right, - Drainagc Map of Same Arca

Figure 19. Erosion Cont¡ol in Illinoian
Glacial Drift Region., Jennings County,
Indiana - At tl,e exLreme right-center,
the very I ight tones of gray mark the

sil ty edges of a lateral gul I y.

drainage map in Fig. 16). Small "par-
allel" streams are spaced at t?regular"
intervals along the steep slopes of the
Êandstone ridge and form a subparallel

This stream is a part of a regional
trellis drainage pattern which ca¡r not
be shown by a single airphoto. The
weahly developed subparallel drainage
pattern on t]¡e right of tJ¡e sandstone
ridge has formed partly in shale since
t}te river is flowing in shale, also.

In regions of sedimentary rocks
slope control plays an important part
in the development of ttre drainage
pattern - the more resistant tJ¡e mate-
rial, the steeper the slopes. Conse-
quently, tìe lines of the pattern are
more nearlly straight on steep slopes
for fast-moving water tends to flow in
straight Lines. Sandstone is more
resistant to erosion than shate. The
drainage pattern in shale has a "round-
ness" contrasted to the ',angulari$1"of the stream patterns in sandstone
areas.

âranite Doare -Figure l? illustrates the
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radial and annular drainage patterns of
a granite dome. The streams of tlte
plain have been forced to go around the
bufging masg of granite, some of them
mahing right-angle turns in tlte process.
Radial streams course down the dome.
These streams unite at lower elevations
with sharp entrant angles. Near the
base of tlte dome the runoff waters are
collected in annula¡ streams inside the
rim of upturned sedimentargr rocks.

t t I inoian 6taciat Drift -Figure 18 is a
typical drainage pattern of the trlinoiar¡
drift region in soutleastern Indiana.
The drainage pattern is "subdendritic",
a modification of tl¡e dendritic type with
long, nearly parallel tributary systems.
The pattern has a pronounced I'lacy"
appeara¡rce. Illinoian d¡ift is tlte oldest
surface drift in Indiar¡a Its topograph-
ical features are subdued. It is free
from swells and ridges. It shows the
effects of age and weatlering, for tàe
soil has a developed profile of approx-
imately 10 ft. (3: 187). The "4" hori-
zon consists of about two ft. of silt and

the '8" horizon usually consists of I to
10 ft. of "expansive silty-clay" (3:18?).
Much of tl¡e surfece la so nearly level
that it is imperfectly drained. The
subsoil isimpervious and isvery poorly
d¡ained internally. Surface drainage
furnishes a particularly significant air-
photo identification element which is the
"white-fringed" gully. The broadflat
bottom of this type of gully is formed
þ erosion removing the top soil (silt)
from tlre impervious clay zubsoil (See

F.ig. 19). Long shallow tributa¡ies
indicate low velocity of the runoff water.
IVhere tle gradient becomes steep and
the runoff water cuts into the clay, t}te
gullies become V-shaped. Secondary
tributaries show minor slope control.
Wide epanses show no developed drain-
age pattern; here tlte terrain is nearly
flat and headward erosion has not cut
into the silty "4" horizon"

llisco4stn blaciat Drirr -Figure 20 is
representative of a typical drainage
pattern of the Tþton Till Plain which is
an irregular, undulating sheet of ti[.

figure 20. Drainage Pattêrn of liaco¡ein Gl¡cial Drift (20) (2I)' Tipton County '
Indiaua - Left - AirphotoofTipton TiIl Plain - lhite lines arc roads rhich follor land

section boundari¿s - Right - Dreinage llap of Sane Are¡
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Although the main streams in the illus-
tration are "roughly parallel, witl few

53

Tilt Plain is featureless - differences
in elevation being from 2 to 20 ft. It
has been referred to as a region of
"little relief and meager modification
by dissecting streams" (24Ê l7l. The
drift is recent in age - it is unconsoil-
dated and, therefore, pervious. This
reducesthe amount of small gullies, for
part of the runoff becomes subsurface
drainage. Besides the drainage pattern,
an outstanding identifying airphoto
element is tìe "marbleized" or "black-
and-white motiled" pattern often re-
ferred to as the Brookston-Crosby
pattern (23:39) (See rig. 21). The
drainage of the till plain is connected
through the darker, lower-lying de-
pressions. These dark areas indicate
the presence of moisture, silty clays,
clay, and organic matter in the soil
$a:27). Gentle gradients of these

Figure 21. Lor Al titude Oblique Airphoto
of e lYisconsin Glacial Drift Area, Tipron
County, Indiana - The B¡ookston-Crosby
soil pattern is easily idcntified cven
though the field ha.s a cover crop. Faint
near-white lines in so¡rc of the dark
areas show a tendency torard gully de-

velopmcnt.

0
t

t/r/
\

t/tv{t
Figure 22. Drainage Par¿orn of G¡¡nular Terrace (20) - Left - Airphoro of A¡ea in
Versrillion Co¡rnt,y, Indiana - Righr - Drainegc llapofSarne Area - Shaded spots are îãtér-

fillcd gravel pira.

and only short tributaries" the general
drainage pattern of the till plain is
broadly dendritic - very coarsetextured
(15:390). It has ttre appearance of the
forked ends of chain lightning (Also see
Fig. 1). The topography of the Tipton

depressions prevent any but sheet
erosion over extensive areas. The
divides are flat and tfie streams slug-
gish. Wherever the gradient becomes
steep enough for gullies to form these
gullies are like "grooves" in the plain
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and t}tey empty into creeks which flow
in shallow, wide "valleys". The drai¡-
age of a glaciated region has been de-
scribed as "glacially disturbed" for
drift deposits have obscured pre-glacial
stream systems ar¡d neu/ drainage
systems have developed (26).

oranular ferrace - Figure 22 is Ûre
weakly developed dendritic drainage
pattern characteristic of granular
terraces found in tÌre Wabash River
valley in western Indiana. The almost
total absence of surface drainage in the
right half of the map in the illustration
is a significant feature of tìe pattern.
Internal drainage through infiltration
ba.sins provides an escape for nearly
all runoff water. A few drainage ways
foll.ow depressions which are abandoned
channels of the post-glacial braided
stream that deposited the gravel.
Occasional short, steep, V-shaped
gullies are found along tåe terrace face
next to the river. Gravel because of
its porosity and permeability to water
resists erosion. A most striking
feature is the inabitity of the upland

streams to cut across the terrace. The
stream collecting the drainage of these
upland streams flows in a slack water
trough to a point where it car¡ enter the
river. The complete lack of relation-
ship of the upland subdendritic drainage

pattern of medium density to that of the
terrace gives t}te entire area an "ir-
regular" drainage pattern (26) (See
sketch of anomalous drainage pattern in
Fig. 5).

Terraces such as t]¡e one illustrated

ftr:e.-

Figure 23. Flexible Pavenent Cons¿ructcd
on an Ohio River Granular Terrace,
Svitzerland County, Indiana (20) - Only
very shallow side ditches are required
because of good internal drainage of the
lerrace naterial s. Highways on granular
terraces usually give excellent per-

formance.

ere composed of granular materials
transported by glacial melt waters
draining lVisconsin drift areas and are
important sources of gravel and sand
throu¡çhout Indiana. Figure 23 shows
excellent highway performance on a

Figure 24. DrainagePattcrnof Glacial Lakebed - Left - Airpboto of Glacial Lake Souris
Area in lYard County, No¡th Dekota - Right - Drainage Map of Sa¡re A¡ea - Sasins are

outlined by dotted lines.

oto
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similar granular terrace.

6taciat Lakebed - Figrue 24 illustrates
the anomalous drainage pattern of an
area in a glacial lakebed region. The
gullies in the walls of the valley of the
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These lakebed sediments cover the
uneven glacial driÍt of the inner border
of a granular moraine which is a short
distance southwest of the area illus-
trated. Lakebed silty clays are strat-
ified and impervious to f,'ater. They

r'g¡T r i.:'Í,1

Figure 25. Poor Highray Performance on

Glacial Lakebed Soils of Ward County,
North Dakota

figure 27. fopography of AlÈamont Mo-
raine in lTard County, North Dakot,a - Left
- Organic Soils of Infiltration Basin

rrgure 26. Dtainage Pattern of Xetcle-Kame Mo¡aine - Left - Airphoto of e Portion of
the Alt¡mont Mo¡eine in lYard County, Nortlr Dakota - Right - Drainage Map of Same Arce -

Jnfiltration basins are bounded by dotted lines.

river are typical lahebed gullies. The
pattern of t}re shorter gullies is sub-
dendritic and that of the longer stream
systems is pinnate. The pinnate drain-
age pattern is found in eroding silty
soils. The upland areas - tìe even
floor of the lakebed itself - contain
small basi¡s. These give t¡e overall
pattern its irregularity. The lakebed
sediments ere "comprised largely of
sand, silt, and clay" (1:59).

are generally plastic and poorly drain-
ed internally (See Fig. 25).

K.etfle Kane lloraine - Figure 26 illus-
trates the "kettle hole" drainage pat-
tern of a granular moraine. Gra¡ular
knolls of various sizes and shapes are
scattered over the area q¡itìout orderly
arrangement; these consist of uncon-
solidated gravels, sands, and boulders
"with minor amounts of finer sediments"
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(1:58). Numerous depressions called
kettle holes are found among the knolls
throughout the area. It is difficult to
say whether the knolls or the depres-
sions predominate. There is no de-
veloped surface drainage in the area.
Short, V-shaped gullies having steep
gradients can be seen on some of the
knolls; this is an identifying charac-

teristic of a granular deposit. Drain-
age from tl¡e kettle holes is through tìe
underlying gravels. Many of the de-
pressions have very small dendritic
tributary systems. Some of tltedepres-
sions are partly filled with organic
accumulations while others have more
or less ephemeral lakes. The smaller
depressions are nearly circular while
the larger ones are elongated. The de-
pressions are closed basins from a few
yards to a mile or more in extent. The
floors of some of the larger basins are
level and are cultivated since the soils
hold moisture for a period of time (See

Fig. 27).

Val tey Fi t t llater ial -Figrre 28 illus-
trates the parallel drainage pattern
of valley fill materials. This area is
the gently sloping apron of erosional
debris accumulated from the nearby
mountains. The texture of the material
is predominately coarse, although dark
bands in the airphoto portion of Figure

28 indicate beach lines where finer
sediments(clays) havecollected. These
ribe¡rds" support vegetation for they
retain moisture (See Fig: 29). Straight
streams having box-Iike cross sections
are formed by flash floods.

Creaî Plains lanfle (Ogal lala) - Figure
30 illustrates tfie lacunate drainage

Figure 29. Poor Highray Perfornance in
Velley Fil¡ Mat,erials - Northeastern
Neveda - Construc¿ion operations renroved
granular raùerials - highvay rêaÈs on

fine-texÈured rediments.

pattern of an Ogallalaa¡ea in the south-
ern Great Plains region. The relief of
tlte area is gently undulating. There
are no streams otìer than the small

Figure 28. Drainage Pat¿ern of Valley Fill Material - Left - Airphoto of Area in
Inperial County, California - Dark bands in lower Ieft corner of airphoto are beach lincs
- haye fine-grained sedimen¿s - Right - Drainage Map of Same Area - Shaded area is sater-

filled basin (ìake).
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d.endritic systems of individual basins.
Many of the depressions contain water
for days ar¡d even weeks after a period
of wet weatler. The term 'þoly basin"
might aptly be applied to this area
because of the depressions. The subsoil
is impervious; it is probably a "marl".
Erosion is controlled by contour farm-
ing (Seethe airphotoportionof Fig. 30).
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sions are called "buffalo wallows" (See
Fig. 31).

Loess - The drainage pattern in deep
Ioess deposits, illustrated by Figure 32,
is a modified dendritic pattern referred
to as pinnate because of the feather or
frond-like appearance of individual
tributary systems. The lateral gullies

t\

t\

Figure 30. Drainage Pattern
Area in Lanb Co'r¡ity, Texas

of Greaù Plains Mantle (Ogellela)
Right - Drainage Map of Same Area

are shaded.

Left - Airphoto of
ÌYater-filled basins

Figure 31. "Buffalo ìYallow" in Eastern
Colorado Near Kansas State Line - These
sl ight depressions a¡e cl osed basins.

In the inter-depression ridges the soils
are silty and in places contain a large
percentage of sand. The clay content of
tl¡e soils increases toward the centers of
tàe depressions. Locally these depres-

a¡e short and spaced at "regular" in-
tervals along both sides of the principat
tributaries which they enter at nearly
ri¡¡ht angles (See Fig. 33). The gully
cross sections are hyoid shaped - like a
"U"; and their gradients are compound
- very steep at the headward end. Fig-
ure 32 is a striking example of eroding
wind-blown silt found in parts of the
Great Plains Region. The density of the
pattern indicates large scale erosion in
tlis area. Great Plains loess areasi Írre
generally nearly level tracts with very
long, parallel, low, and fairty broad
ridges which are not easily detected on
single airphotos. Loess has a peculiar
structure in that internal drainage is
vertical. Where slopes ere steep
enough for erosion to start ar¡d where
there is sufficient rainfall, the region
soon becomes badly dissected. The
ridges and valleys of deep loess depos-
its fix the direction of tìe trunk streams
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(16:98). The principal tributaries are
long and often nearly parallel to each
other.

The ridges of river valley loess are
morepronounced than those in the Great
Plains (See Fig. 34).

the drainage map of the county (See Fig.
35).

It ls easily seen tlrat the dendritic
drainage pattern et 'A' is repeated in a
band 5 to 10 mi. wide atong the right
bank of tlre Ohio River. It is possible,

Figure 32. Drainage Pattern
Nebr a sI a

of Loess - Left
Right - Drainage

Airphoto of Area in Lincoln County,
Map of Sa¡¡e Area

Figure 33. Gully System in Loess-Covered
Area, Posey County, fndiana - Lateral
guJlies to the right and left of the
nain gul I y form the pinnat,e drainage
pattcrn by which loess-covered regions

can be identified.

THE APPLICATION OF DR.â,INAGE
PATTERNS IN THE IDENTIFICATION
OF REGIONAL SOILS AND BEDROCI(S

Drainage patterns can be used in the
identificationof soils andbedrocks of en
area. This statement is verified þ the
compilation from airphotos of a detailed
surface drainage map of Switzerland
County, Indiana (19). Three drainage
patterns may be recognized readily in

Figure 34. Highway Consrrucred Through
Ridges of Loess, North of Vicksburg,

Mississippi - Rcad cuts arevertical.

then, to state with reasonable accuracy
that bedrock materials (Ordovician Iime-
stones and shales) similar tô those found
at 'rA' will be found throughout this
band.

It is observed, also, that the sub-
dendritic drainage pattern at "8" is
repeated in an area, centering about
"8", of 35 to 40 sq. mi. in extent. It
is possibletostate, with assurance, that
one material (tllinoian glacial drift) is
the sur{ace soil throughout this entire
area.

The weahly developed dendritic
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drainage pattern at "C" identifies a
granular terrace. Similar patterns are
detected about five mi. to the right oft'C", and about five mi. to the left ofrrC'. Knowing that a granular terrace
exists at "C", it is within reason to
predict tlat granular terraces are to be
found in the otl¡er two areas.

õ9

application of keen observation on the
part of the airphoto interpreter. The
correlation of the salient characteristics
of drainage patternswitl known types of
lurd surface materials is dependent
rpon his ability to understand the sig-
nificance of tìe form and texture of the
developed dralnage patterns. This

tCta

I
1-

Figure 35. The drainage map of Swit,zerlarrd Coun¿y, fndiana, exhibits the folloring
drainage pat¿erns: ' rA' ' - Dendritic drainage patt,ern of Ordovician limesÈone-¡halc
regions (See Fig. 2 end 7). "8" - Subdendritic drainage pattern of Illinoi¡n glacial
drift regions (See Fig. 3 and. l8). 'rC" - lleal<ly developed dendritic drainage pattcrn
of river vallcy granular Lerraces (Sce Fig. 22). (This nap was compiled from aetial
photographs in the Iaborotories of the Joint Highway Reacarch Project at Purdue Univer-

sity, Lafayette, Indiana. Scale: Typical sguare ofgrid 6yatem eguals one eq. ni.)

SUMMARY AND CONCLUSIONS

The recognition, on eerial Photo-
graphs, of tJle patterns of Etream
systems of ari a¡ea is essentially the

understanding makes possible t}te draw-
ing of tentative conclusions regarding
the identity of regional soils end bed-
rocks.

Drainage patterns are formed of
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s1¡qight and cunred lines. Where there
is no structural control strea¡nchannels
are curved. In regions of reslduat
materials tàe drainage network depends
upon tlte distribution of bedrock, and its
surfaces of weakness. If the plan of a
drainage system conforms with the
structure of the bedrock, the sarne re-
peating pattern of uniformly-spaced
fractures in that rock may be e:çected
to appear in tìe lines of tlre drainage
pattern. If the bedrock fractures are
straight the streams will be straight
between ugular bends. Streams witlr
steep gradientstend to be straight also.

Since most streams have their be-
ginnings in soils or thinly mantled
bedrocks, the patterns of streams of
lower order (first, second, third, etc. )
furnish clues by wtrich those soils or
bedrocks can be identified. It is the
streams of hþher order that show tfie
influence of the structural control of tlre
bedrocks.

Drainage patterns a¡e coarse-tex-
tured in regions where the bedrock or
soil manile is resistantto erosion; e. g. ,
sandstones, granular deposits, uncon-
solidated glacial drift. Fine-textured
drainage patterns are associated with
materials non-resistant to erosion;
e. g., clay shales, silts, sand clays.

In otler words, tàe drainage pattern
reflects the porosity of tl¡e soil or bed-
rock in which it ls found. Likewise,
tåe relative depth of the soil mantle a¡rd
the dip of the bedrock may be inferred.

DraÍnage patterns a¡e classified for
convenience of describing and comparing
tåem. Eowever, regardless of tùe name
assigned to a regional dralnagepattern,
once it is established for a particular
type of soil or bedrock, similar drain-
age patterns recognized within the
region indicate the presence of materials
similar to tlose associated with tàe
established pattern.

By studying first the particularly
consplcuous features d the overall
drainage lines of a region it is possible
to make deductions concerning bedrock
struch¡ral control of tlte streams of the
area" Moving, tåen, from the general
to thespeciflc, the detailsof tìepatterns
formed þ theheadwater tributa¡ies ere
the means by which repetitive drainage

patterns within the region ¡re classi-
fied. Accidental localized veriations in
t¡ose recurringpatterns are disregard-
ed. Recurring patterns ere similer
but rarely identical.

On the basis of obsen'ations made
during the analyses of recurrlng drain-
age patterns in various physiographic
regions throughout the United States,
the following conclusions have been
reacheù

1. Drainage patterns may be clas-
sified according to the basic types or
modilications of them.

2. There is a high degree of cor-
relation between the drainage patterns
and the soils and bedrocks of regions.

3. Drainage patterns recognized in
the aerial photographs of a region can
be relied upon to aid in the airphoto
identifieation of the solls and bedrocks
of that region.
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Chapter Five

Airphoto Interpretation

Ta Liang and Donald J. Belcher

Airphoto interpretation, one of the
many tools for recognition of actual or
potential landslides mentioned in the
preceding chapter, warrants treatment
in a separate chapter. This is because the
interpretation of aerial photographs for
engineering purposes is a relatively new
and growing field. It is one, moreover,
whose techniques and possibilities are
perhaps less known to most than are
most other engineering and geologic
technÍques.

Highway engineers have long been
familiar with the use of topographic
maps, both in planning and in grouncl
reconnaissance. It was natural, there-
fore, that when aerial photographs be-
came available, the engineer should
make use of them as an additional tool.
Aerial photographs present a complete
map, as well as a three-dimensional model
of the area covered. When properly in-
terpreted, they reveal not only the topog-
raphy but also considerable information
concerning soil, geology, and ot\er nat-
ural, as well as manmade, features.

Use of airphoto interpretation in va-
rious phases of highway engineering has
increased rapidly during recent years.
The fact that almost all of the United
States and a good part of the world is
already covered by aerial photography of
suitable scales is an important stimulant.
New photography is being added rapid-
ly.õ In addition, new techniques in pro-
duction ¿nd interpretation processes
have eontinued to extend the advantages
of aerial photography.

Advantages

The advantages of using airphotos in
the investigation of landslides are sum-
marized as follows:

1. Airphotos present an over-all per-
spective of a large area. When examined
with a pocket or mirror stereoscope,
overlapping airphotos give a three-di-
mensional view.

2. Boundaries of existing slides can
be readily delíneated on airphotos.

3. Surface and near-surface drain-
age channels can be traced.

4. Important relationships in drain-
age, topography, and other natural and
manmade elements that seldom are cor-
related properly on the ground become
obvious in airphotos.

5. A moderate vegetative cover sel-
dom blankets details to the photointer-
preter as it does to the ground observer.

6. Soil and rock formations can be
seen anil evaluated in their ',undis-
turbed" state.

7. Continuity or repetitions of fea-
tures are emphasized.

8. Routes for field investigations and
program for surface and subsurface ex-

6 Det¡ileil information ag to ¡v¿llability of e¡i¡t-
ing alrphofos may be obtained from: üap Info¡ør
tion Service, U. S. Geolo¿ic¿l Survey, Washl¡gto¡ 2õ,
D. C. Prevailing scalæ of photosraphs: l:16,000 to
1:80,000. Price for eacb DhotogtaDh, coveríng 6 to g
square miles: 30.60 tð f0,66. å,irphot¡¡ teke¡ spe
ciñcelly for hlghway Drojects are usually ol nuch
larger scale and may be procured through the hlgh-
rray authority concerned.
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ploration can be effectively planned.
9. Recent photographs can be com-

pared with old ones to examine the pro-
gressive development of slides.

10. Airphotos can be studied at any
time, in any place, and by any person.

11. Through airphotos, information
about slides can be transmitted to others
with a minimum of ambiguous descrip-
tion.

Limitations

Although aerial photography proves a
very useful tool for the study of both
existing and potæntial landslides, the
highway engineer should be aware of
its limitations. Some of these follow.

Personøl Enperi,ence. - The useful-
ness of airphotos increases with the in-
dividual's experience in interpretation
and with his knowledge concerning the
area under study. An inexperienced in-
terpreter should be particularly careful
in a new, complex area in which he has
Iittle background knowledge.

Scale.- The scale of ordinary exist-
ing photography (1:15,000 to 1:30,000)
is adequate for the study of most terrain
and slide problems. However, in geologi-
cally complex areas or in areas where
landslides are rather small, a scale of
1:5,000 to 1 :10,000 would be desirable.
Pictures within this range of scale are
commonly available when the route has
been photographed for photogrammetric
mapping purposes. Photography of scales
even larger than this is good for de-
tailed examination, but the area covered
in each photograph is then limited and,
therefore, the over-all perspective is
more difficult to grasp.

Citg Deaelopment. - In well built-up
areas, natural conditions are alterecl or
concealed by human activities. There,
air photography may have special mer-
its Ín city planning and related pur-
poses, but its usefulness in landslide in-
vestigation is greatly hanclicapped, es-
pecially when the landslides are small.

Ground Inaesti,gatíon. 
-It should be

emphasizetl that the use of airphotos
cannot and should not replace ground

LANDSLIDES

investigation entirely. Through careful
planning with airphotos, however, the
surface and subsurface exploration nec-
essary for a landslide study can be profit-
ably reduced to a minimum.

Principles of Airphoto
Interpretation

The interpretation of airphotos in-
cludes three major steps: (a) examÍna-
tion of airphotos to get a three-dimen-
sional perception, (b) identification of
ground conditions by observing certain
elements appearing in the photographs,
and (c) interpretation of photographs
with respect to specific problems by as-
sociation of ground conditions with one's
background experiences. The quality and
reliability of any interpretation is, of
course, enhanced in direct ratio to the
interpreter's knowledge of the soils and
geology of the area under study. The
acquirement of such knowledge, either
by field examination or by study of
available maps and reports, should,
therefore, be considered an essential
part of any photointerpretation job.

Three-dimensional perception can be
acquired with a little pra'ctice by any
person having normal vision. Ability in
the identification of ground conditions
and the interpretation of them in terms
of specific engineering problems grows
with one's experience in the use of aerial
photographs and in his specific field.

There are several major elements that
can be seen in air photographs that in-
dicate ground conditions accurately.
They are: landform, drainage and ero-
sion, vegetation, soil tones, and man-
made features. These features are dis-
cussed briefly hereafter; more thorough
treatments âppear in the papers of Belch-
er (1943, 1946) and Liang (1952). A
bibliography on airphoto interpretation
in general ìilas compiled by Colwell
(1952) and should be consulted.

LANDFoRM

The term landform as used by photo-
interpreters indicates a mappable unit
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of the earth's surface that appears on
the aerial photograph to be made up es-
sentially of a single kind of geologic ma-
terial, which together with similarity in
overburden and in topographic expres-
sÍon give a recognizable homogeneity to
the unit. Because the underlying geology
tends to be the key factor in determining
the appearance of a unit in aerial photo-
graphs, most of the landforms described
in this chapter are given geologic terms.

Certain landforms are more suscep-
tible to landsliding than are others, hence
the identification of landform is highly
important. By observing the topographic
expression ancl the boundary of a unit
area, and by comparing it with known
sample photographs, a landform can
often be identified on airphotos. For
areas where geologic or soil maps are
available, such identifieation can, of
eourse, be checked against the facts
shown on those maps.

The following major landforms (in
the airphoto-interpretation sense) are
classified according to differences in
their physical composition: consolidatetl
sedimentary rocks, intrusive and extru-
sive igneous rocks, metamorphic rocks,
glacial deposits, unconsolidated sedi-
mentary deposits, and windlaid materi-
als. Each of these groups, together with
the n'ormal weathering protlucts of eaeh
one, poses relatively distinct problems
for the engineer, particularly from the
standpoint of landslide susceptibility.
Each one, moreover, can be more or
less easily identified on aerial photo-
graphs. Numerous examples of each of
the foregoing landforms, and of sub-
types of each, are described and illus-
trated in the references previously cited.

DRATNAcE ^aND EBosroN

The density and pattern of drainage
channels in a given area reflect directly
the nature of the underlying soil and
rock. The drainage pattern is obvious
in some cases, but more often it is nec-
essary to trace the channels on s sep-
arate sheet of paper in order to study
the pattern successfully.

Under otherwise comparable condi-
tions, a closely spaced drainage system
denotes relatively impervious underly-
ing materials; widely spaced drainage,
on the other hand, indicates that the
underlying materials are pervious. Gen-
erally speaking, a treelike drainage pat-
tern develops in flatlying beds and rela-
tively uniform material; a parallel
stream pattern indicates the presence
of a regional slope; rectangular and vine-
like patterns, composed of many angular
drainageways, are evidence of control
by underlying bedrock, and a disordered
pattern, interrupted by haphazard de-
posits, is characteristic of most glaciated
areas. fndeed, disorilered pattern of a
much smaller scale is common in land-
slide deposits. There are other patterns
developed in response to special circum-
stances. A radial pattern, for instance,
is found in areas where there is a domal
structure in the rocks, and a featherlike
pattern is common in areas where there
is severe erosion in rather uniform ma-
terial, such as loess.

The shape of gullies appearing in air-
photos gives valuable information re-
garding the characteristics of surface
and near-surface materials. Thus, long,
smoothly rounded gullies shoulil indicate
clays, U-shaped gullies indicate silts, and
short, V-shaped gullies indicate sands
and gravels.

SOIL ToNEs

Soil tones are recognÍzable in photo-
graphs unless there is a very heavy vege-
tative cover. Black-and-white, rather
than color, photography is commonly
used in present-day engineering proj-
ects. Thus, the color tones examined are
merely difrerent shades of gray, ranging
from black to white. Because gray tones
are highly respontlent to soil-moisture
conditions on ground, they are an im-
portant airphoto element in landslide
investigations.

A soil having high moisture content
normally registers a dark tone and low
moisture a light tone. The moisture con-
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diticn is a result of the physical prop-
erties of the soil or the topographic po-
sition of the ground, or both. The de-
gree of sharpness of the tonal boundary
between dark and light soils aids in the
determination of soil properties. Well-
drained coarse-textured soils show dis-
tinct tonal boundaries whereas poorly-
drained fine-textured soils show irregu-
lar, fuzzy boundaries between tones.

VEGETA,TIoN

Vegetative patterns reflect both re-
gional and local climatic conditions. The
patterns in different temperature and
rainfall regions can be recognized in air-
photos. Locally, a small difference in soil
moisture condition is often detected by
a corresponding change of vegetation. A
detailed study of such local changes is
very helpful in landslide investigations.
For instance, wet vegetation, represented
by dark spots or "tails," is a clue to
seepage in slopes. Cultivated fields, as
well as natural growths, are good in-
dicators of local soil conditions. Thus, an
orchard is often found on well-drained
soils; the sparseness of vegetation Ín
nonproductive serpentine soils, where
landslides are common, is very conspicu-
ous and revealing.

M¡Nulnr Fnttunns

The identification of manmade fea-
tures such as highway, railroad, and air-
port locations; dams, canals, and irri-
gation systems; sand and gravel pits,
stone quarries, mining and other indus-
trial operations, is obviously important
in the investigation of landslides. With
a little practice, an engineer who is
familiar with these items on the gr.ound
should have no difficulty in recogni2ing
them in airphotos. Some old, overgrown
manmade features are actually easier to
see in photos than on the grountl.

Interpretation of Landslides Ín
.A.irphotos

Having obtained a general understand-
ing of a given area through airphoto ex-
amination of the major elements dis-
cussed in the preceding section, the en-
gineer may proceed to a study of the
specific features that are related to land-
slides.

L¿r.¡ns¡,rop l¡lotcluoNs

An engineer already familiar with the
appearance of landslides on the ground
should orient himself to the airphoto
view of landslides by examining photo-
graphs of some known examples. The
difference between an air view and a
ground view results chiefly from the
fact that the former gives a three-tli-
mensional perspective of the entire slide
area, but at a rather small scale. Ground
photos, on the other hand, show only two
dimensions but on a larger scale. The
indications of a landslide in airphotos
are: the sharp line of break at the
scarp; the hummocky topography of the
sliding mass below it; the elongated, un-
drained depressions in the mass; and
the abrupt differences in vegetative and
tonal characteristics between the land-
slide and the adjoining stable slopes. In-
clined position of trees in landslides is
often observable in photographs.

Where a highway is built on unstable
soil, the irregular outline and nonuni-
form tonal pattern of broken or patched
pavement are often visible, even in rela-
tively small-scale photography. Failures
due to improper fill or ínherently weak
soil are also registered.

VulNpn¡¡m LocarroNs

Many slides are too small to be readily
detected in smell-scale photography. In
addition, the highway engineer often
must cover an extended territory. Con-
sequently, it is very important for him
to locate and to examine closely all of
the ¿reas where the visible sisns of
slides may not be apparent, but in which

293



Compendium 2 Text 13

294

AIBPHOÎO INIERPRDT.A,TION

there are speeial conditions that are
conducive to slides. Typical vulnerable
spots are as follows:

Clifs or Banks Und,ercut by Streams,

- Banks that are subject to attack by
streams commonly fail by sliding. V{here
the banks are made up of soil or other
unconsolidated material the weakest,
hence most favorable slide position, is
often located at the point of maximum
curvature of the stream, where the bank
receives the greatest impaet from the
water. In areas of rock outerops, on the
other hand, the section at and near the
point of maximum stream curvature is
often occupied by hard rock and the
weak spots are to be found on both sides
adjacent to that section.

Steep Slopes. - In stereo-examination
of airphotos, it is reasonably easy to
observe and compare the different hill
slopes within a land unit. In a potential-
ly dangerous area, large earth masses
standing on the steepest slope are natur-
ally the most vulnerable to landslides and
should be examined closely. Comparison
of slopes for this purpose should, of
course, be confined to slopes of similar
materials. Thus, a slope cut in earth or
talus should not be compared with a rock
cliff in an adjacent l¿nd unit.

Contríbuting Dra,ì,nng e. - Water con-
tributes greatly to many slides. Careful
examination of existing slide scars often
indicates that a line connecting the scars
points to some drainage channels on
higher ground. Such drainage may ep-
p€ar on the surface or go underground
and reappear as seepage water causing
the damage. This drainage-slide relation-
ship can frequently be detected in air-
photos.

Seepage Zones, - Seepage is likely to
occur in areas below ponded depressions,
reservoirs, irrigatíon c&nals, and di-
verted surface channels. Such circum-
stances are sometimes overlooked on the
ground because the water sources may be
far above the landslide itself, but they
become obvious in airphotos. the impor-
tance of recognizing the potential dan-
g€r in areas below diverted surface

drainage, especially in jointed and frac-
tured rocks, needs particular emphasis.
It has been proven repeatedly, through
extensive field experience, that within an
unstable area one of the most dangerous
sections is the lower part of an inter-
stream divide through which surface wå-
ter seeps from the higher st¡eam bed to
the lower one. The recognition of seep-
age is sometimes aided by the identifrca-
tion of near-surface channels (appear-
ing in airphotos as faint, dark lines),
wet, tall vegetation on the slope (shown
as dark dots or "tails"), and displaced
or broken roads adjaeent to the slope.

Or,o L¡Nnslmrs

An investigation of existing landslides
in any area gives an excellent basis for
evaluating the possibility of future land-
slides (see Fig. 47). The indications of
an old slide are similar to those of new
slides except that they are not as fresh
or as striking. Thus, the scarp may not
appear sharp; the hummocky ground sur-
face, although still present, may be sub-
dued topographically; drainage and
vegetation may have become established
on the mass; and the change of gray
tones between the landslide mass and
the adjacent areas may be gradational
rather than abrupt. As a matter of fact,
the degree to which the vegetation and
drainage are established on the mass
helps determine the relative age and
stability of the moved land.

Once an old landslide is found on the
photographs it serves as a waruing that
the general area has been unstable in
the past and that new disturbances may
start new slides. However, such a w&rn-
ing should not discourage construction
unconditionally. The unstable condition
of the past does not necessarily exist to-
day. In some western states, for ex-
ample, railroads built in extensive old
Iandslide areas have been stable for a
long time.

In addition to the registration of un-
stable slopes, the airphoto also furnishes
an excellent reference for the engineer
to judge the attitude of slopes that ¿re

73



'fr'.#-.
:i .;#\
ii' .,'

Figure 47. Old landslide, Rio Ä¡rib¡ County, N. Me¡. Thls l¡ one of th€ largest rlide area¡ ¡n the country.
The ¡lide i¡ of ¡uch ntSnitudc thrt lt c¡n bc rudily .potted cyen in the photo-index shæL Thc ch¡r¡c-
teri¡Hc ¡h¡n¡ cl¡fi ¡t the rcarp, hummæky su¡f¡ce ¡nd Dondcd depre¡¡ion¡ lre well lll¡ctr¡tcd. Sltded
which the cn¡:lnær ordinarily encorntera are generally of much rmaller ma¡nitnde, ¡lthough they m¡y
¡¡sume simil¡r form¡.

The conbin¡tion of b¡ult rnil the undcrlylng ædlment¡ provlded ¡ favor¡blc condltion for thc ¡Ilde ln
thi¡ ¡re¡; th. once ¡ctivcly domcutt¡ng lnd l¡terally eroding river precipitrted the movemcnt. The wcll-
cstrbll¡hed vcgetetlon (¡hown in d¡¡k grry ton6) lnd dr¡in¡gev¡y¡ in the moved m¡s¡ indic¡tc that the
Sencr¡l ¡rer l¡ no* ¡t¡billzcd. The cu¡rently cr¡tlcd rDotr ¡re (¡) wherc the rlver or ¡rtiûci¡l conat¡uc-
tion hrs cut lnto the toc of thc lorer ¡lops; (b) ¡¡ea¡ lnmedlately bclow ponded de¡r¡e¡¡ion¡; ¡nd (c)
arcm elong thè cllfi rhcrc ln¡rlnent rockf¡ll l¡ lnillc¡ted by brallng m¡rl¡. Thc llnor cllfi rbove thc
¡lide lndic¡to¡ th¡t thc frrcturG prttcrn of thc c¡prock l¡ ln coincidence wlth the horlzont¡l ¡ric of thc

¡llilc. (Acrl¡l r¡hoto¡r¡rth by U. S. I)Grr¡rtncnt ol A3rlcultnrc)
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generally stable. Within the photo cov-
erage, there is always a wide choice of
combinations of circumstances, such as
drainage, topographic position, and ¿s-
sociation with a gully or stream. For
guidance in the design of new slopes the
engineer often can find some existing
slopes having conditions similar to the
ones he is to build.

LANDFoRMS Suscprt¡sln ro L¿nosl¡ons

Landslides are rare in some landforms
and common in others. Most of the forms
susceptible to landslides are readily rec-
ognizable in airphotos. The identifying
elements and significant facts about them
are summarized and illustrated in the
following sections.

It should be noted that the order of
presentation hereinafter follows a se-
quenc€ based on origin and character of
the materials rather than on the order
of their importance in landslide occur-
rence. In general, the forms most sus-
ceptible to landslides are basaltic lava
flows, serpentine, clay shale, and tilted
sedimentary rocks; other forms are sus-
ceptible occasionally, depending on local
circumstances.

Consolidq,ted Sed,í,mentarg Roclcs and,
Their Resíd,ual, Soils. - The discussion
of rocks and their residual soils is com-
bined in this and in the following two
sections because the recognition of types
of residual soils depends primarily on
the recognition of the landform developed
in the parent rocks. The determination
of depth of reÈidual soil requires con-
siderable judgment. However, the engi-
neer working constantly in his ow¡r re-
gion should have no difficulty in estimat-
ing the depth onee he is familiar with
local conditions.

Generally speaking, rounded topogra-
phy, intricate drainage channels and
heavy vegetation are indicators of prob-
able deep soils, in contrast to the sharp,
steep, resistant ridges and rock+on-
trolled channels commonly found in sreas
of shallow soil. The local climatic and
erosion pattern should be considered in
the Ínterpretation.

A very high percentage of all slideg
occurs in residual soils and weathered
rocks. they are usually'in the form of
slumps or flows. Rockfalls and rockslides,
by definition, occur only in bedrock ter-
rain.

In horizontal positions, massive sand-
stone is little likely to slide. Clay shale,
especially if interbedded with sandstone
or limestone, is highly susceptible to
landslides (Figs. 48, 49, 50, and 51).
Landslides are uncommon in thickly
bedded limestone unless it is interbedded
with shale or other soft rocks. In steeply
tilted positions, any sedimentary rock
may fail by slidíng (Fig. 62). Depending
on the dip angle, joint system, and cli-
mate, slides may take one or a combina-
tion of the forms of rockfalls, rockslides,
debris falls, debris slides, and earth-
flows. River undercutting and artificial
excavation are important factors in ini-
tiating landslides in both horizontal and
tilted rocks.

Methods of identification of sedimen-
tary rocks in airphotos are well estab-
lished. Hard sandstones are noted for
their high relief, massive hills, angular
drainage, and light tones; clay shales
are noted for their low rounded hills and
well-integrated treelike drainage system ;

and soluble limestones are characterized
by their sinkhole development in tem-
perate humid areas and by rugged karst
topography in some tropical regions. In-
terbedded sedimentary rocks show a com-
bination of the characteristics of their
component beds. When horizontally
bedded, they are recognized by their uni-
formly dissected topography, contour-
like stratification lines, and treelike
drainage; when tilted, the parallel rÍdge-
and-valley topography, the inclined but
parallel stratiflcation lines, and the trel-
lis drainage are evident.

The identification of landform as a
means of detecting associated landslides
is important in the flatlying serlimentary
group because the slides there are often
small and, therefore, not very obvious
in the photographs. This is particularly
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Figu¡c 48. CI¡y ¡h¡le, lfonong¡Ii¡ County, TlI. V¡. Thi¡ rtereo pair ¡how¡ ¡n ¡rs vhere cl¿y ¡h¿le Dre-
domi¡¡tc enil l¡nd¡lidc¡ ¡re ¡ctivc. Th¿re ¡¡c vcry few compctent bedg in thc gencral area e¡ evldenced
bv thc roundcd' loft llo¡td and dnll, uniform, gny toneß. Minor irre3¡I¡ritie¡ ¡¡ si¡n¡ of moYcment rte
¡een in mo¡t of the rteep aloper. Even vithout artilci8l di¡turbences, n¡ture ls acúively red¡cing the re-
lief of the ¡re¡ by creeDc, ffows, ¡nd elide¡. .A.t ¡¡ea (A), both the r¡ilroad and highway h¡ve experienccd
continuour land¡lide trouble¡. The irregular outline of the bant dong the river and the patchwork on the
road p¡vemont ¡rc clearly seen in thê photos. The steep dope ¡nd ¡ctivc att¡cL by the river Drovide¡ ¡
f¡vorablo condition for lend¡lldc¡. Fnrthermore, eurface drainage in the back of the ¡lope i¡ blocked bv ¡
hill ¿nd water lr æeping th¡ough the hill tow¡rC the river. Such ¡ circum¡t¡ncc lr conduclve to ¡llds.

(A.erial Dhotogrrph by U. S. I)cpartnent of Âgriculture)
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Figu¡o 5C. Fl¡t-lyins sed¡ments¡y ¡ocks, Mes Verde National P¡rk, Montezuma County, Colo. The inter-
bedded competent Ea¡dEton€E rnd soft shales are nearly horizontå!, sr indicet€d by the contour-like súrat-
iûcstion lines on hi[s. The numeroua landslideg ¡nd erosion¡l sc¡¡¡, reen sa vhite p¡tches, are ßtrlking
throughout thG aræ. Serlous slideg ¡rc merked (A), (B), (C), (D), ¡nd (E). (C) indic¡tes whcre capræk
f¡tl¡, (D) lndic¡tec ¡lumps where ¡h¡lc l¡ prinarily involved. I)rain¡8:e condition ln back of (C) helped
to proilote the n¡s movement.

It l¡ difrcult to n¡int¿ln the hlghw¡y on the ¡hale eloper bccauæ thêy trc ¡lrædy over¡teepened and
do not provide a good foundation; further disturbance would h¡sten the ¡lide. Bea¡se of the dificulty in
m¡int¡ining the roada on the rteep glopec, ¡ever¡l ronts (X) hsv¿ bccn ¡b¡ndoned in the general arca. A
plan of relæating the ¡ccnic highw¡y that psls€s the h¡nrdou¡ ¡rea (C) ¡nd (D) l¡ nor ¡ndcr cons¡dcrt-
tion. The new route will fotlow the valleys and go through ¡ 1,400-f@t tunncl (F). (Aerlal photogr¡ph bv

U. S. Dcpartment of Agr¡cultute)
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Fi¡ure 51. G¡ound vlcw of rocl¡lide¡ ¡nd rockfall¡ in ¡h¡le and ændrúone, ¡hoçn ln F¡aure õ0. (Photo-
gr¡ph by N¡tional P¡rk Scrvice)

true for slides in colluvial deposits at
the base of flat-lying beds. Furtherrnore,
sedimentary rocks are the most wide-
spread of all surface rocks and their
conditions are to be met everywhere.

Intrusi,oe and, Eu,trusíae Igneous Roclcs
and Theír Resi,ilunl Soi,Is. - Bøsøltí,c løaa,

flows are one of the most common r€pre-
sentatives of the extrusive igneous rocks.
They are readily identifiable in airphotos.
Basalt is highly susceptible to different
types of landslides (Fig. 53). Basalts
often form the caprock in a plateau, with
sharp, jagged cliff line! clearly vÍslble
in photographs. Surface irregularities or
flow marks, sparseness of surface drain-
age, and dark tones are confrrming air-
photo characteristics.

If a basaltic flow is underlain by or
interbedded with soft layers, particularly
if it occupies the position of a bold es-
carpment, a very favorable condition for
large slumps is present. The joints and

the cracks in basalt give rise to springs
and seepage zones and greatly facilitate
movement. Rockfalls and rockslides along
rim rock are usually favored by vertical
jointing of basalt and by undercutting
of basaltic cliffs. Talus accumulations of
various magnitudes are found at the foot
of cliffs. Disturbance of talus slope dur-
ing road constructíon has caused some
large slides of talus materials. Old slides
and breaks indicating incipient slides
often can be seen in photographs.

In areas of relatively deep weather-
ing the landscape is somewhat motlified.
A more rounded topography and heavier
vegetation develops, although dark tones
still predominate. Slumps of both large
and small size are common in basaltic
soils.

Grani.te and related rocks are the most
widely occurring intrusive Ígneous rock
types. The landslíde potential of gran-
itic roeks varies widely, depending on I

I
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Figu¡s õ2. Tllt¡d ¡cdinent¡ry rock¡, Luzerne Counh¡, Pr. Thl¡ ¡tcm palr ehorr hov rn airphoto lnter-
¡tret r miaht Dlcdlct thc a¡rct loc¡tion and na¡nltudc of ¡ futurG ¡lftlo. Th¡t thl¡ fu ¡n rra of dutGrol¡r-
þ dipptnr ¡cdlnæt¡ry rocl¡ i¡ ælf+vldcnt. Along thc n¡Jor hlghr¡y, thc no¡t crltlcal ¡pot l¡ rt (A),
rhe¡o there l¡ ¡ clc¡rly dcûned breking linc. Such an inclplcnt brcel, elthough rtdkina ln tha photo, l¡
not obvlour on thc gruund. Flvc ye¡r¡ efter thi¡ photogr¡ph wtr t¡l.n, whcn thc hlgh¡¡y bclo; thc brcrt
rar bclng çldcncd, thc rhole blæL of ¡100,000 cublc ylrde crno dovn durlng ¡n um¡¡dtr havy r¡ln.

(Aerl¡I photo¡¡aph by U. S. dæloric¡l Survcy)
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Figure 53. ll¡slt [ow, Gooding County, Idaho. the bas¡ltic pl¿te8u on the fr¡ side of the riyer ie recog-
nizable i¡ the photo by it¡ sh¡r¡¡ clifr, minor ¡urface marks, ¡nd d¡rl tones. It is underlain by bcdr of tufi
.nd chy, creating r f¡yoreblc slturtion for l¡ndslide¡. Thcre ic ¡ belt of tilus rccumulition ¡nd l¡nd-
¡lide ileposit¡ along almogt tho ènt¡re bottom of the clifi. Land¡lides ¡re distingui¡hed f¡om trl¡r tloDer by
tho Þtæcnce of r ¡hrrp b¡¿ak on the upland and the hummocly topogr¡phy of the mas. An inciplent
slldo lc lndic¡ted ¡t (A). Ee¡e, the Þrrt¡el breaking of ¡ block of bs¡¡lt from thc m¡¡¡ i¡ cle¡rly ¡horrr:
the rlide c¡n be precipit¡t¿d by ¡ El¡ght d¡¡trrb¡nce. Sm¡ller ¡nd lem dlstinct brÐkt often r¡rp6r ln
benltg donS thc cllfi edge ¡nd c¡n be detected by e careful inßpcct¡on of ¡i¡Þhoto¡. (Aerlal Dhotolr¡ph by

U. S. DeDrrtment of Agriculture) æ
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the composition of the rock and its frac-
ture pattern, the topography, and the
moisture conditions. In granítes that are
híghly resistant to weathering or of low
relief, there is generally no slide prob-
lem. In hilly country where the granite
is deeply weathered, slumps in cut slopes,
as well as in natural slopes, are common.
Fractures in the rock and high moisture
condition undoubtedly are favorable fac-
tors Ín producing landslicles.

Granitíc masses are identified in air-
photos by the rounded (old) to A-shaped
(young), massive, uniform hills, and
by the Íntegrated treelike draínage pat-
tern with characteristic curved branches.
The presence of fractures and the ab-
sence of stratification and foliation aid
to confirm the material.

Metømorphic Roclcs a,nd, Theír Resìdu-
ol Soíls.- Landslides in metamorphic
rocks vary greatly. The interpretation
problem is renderecl even more difficult
because the criteria for identification of
different metamorphic rocks in airphotos
are not well established. Although the
airphoto characteristies of major types
of gneiss, schist, slate, and serpentine
have been worked out, these rocks do
not often have exposures of sufficient
extent to be recognized by their topo-
graphic expression.

lVithin the metamorphic group, many
slídes are associated with serpentí,ne.
Serpentine areas are identified in air-
photos by their sinuous ridge, smoothly
rounded surface, short steep gullies, very
poor vegetative cover, and dull gray
tones.

There are, however, many serpentine
areas where stable slopes prevail. Low
relief and low rainfall are among the
factors responsible for the stability of
some of those serpentine slopes. A close
examination of airphotos to detect ex-
isting scars is neeessary before the in-
stability of a serpentine area can be
coneluded. Within a general area, local
conditíons, such as vegetation, moisture,
and slope, may create specíal, favorable
cireumstances for landslides.

Glacíøl Deposits, - Landslides are
common in some glacial and glacio-fluvial

LANDSLIDES

deposits. Although most of the distinct
glacial forms are easily identified in air-
photos, there are complex areas which
requíre a high degree of skitl for their
identification.

Mora,tnøs are found in nearly all gla-
ciated areas. They ¿re identified in air-
photos by their jumbled, strongly roll-
ing to hilly terrain. In moraines, particu-
larly in the semiarid areas, there is a
large proportion of waste, untilled land.
Disordered drainage pattern, irregular
fields, and winding roads are confirming
clues.

Minor slumps, debris slides, and earth-
flows are common in cut slopes in mo-
raines as the result of the presence of
undrained depressÍons and seepage zones
in the mass. Because morainic hills are
usually small, these slides are not very
extensive. They are, nevertheless, large
enough to cause continuous trouble to
many highway maintenance engineers
(Figs. õ4 and 55).

Slides in shallow gløcial mantle over-
lying bedrock often take the form of
slumps, debris slides, and debris falls,
and often contribute to failures in artifi-
cial fill. They usually occur along valley
walls that have been oversteepened by
glaciation. The topography of such areas
is basícally that of the underlying bed-
rock with slight local modifications, de-
pending on the thickness of the mantle.
these cases ¿re commonly found in the
northern and northeastern United States
where sedímentary beds predominate
(Fig. 56). Slides seldom occur in other
kinds of glacial deposits, such as k&mes,
eskers, outwash plains, and till plains.

Anco¡æ olíilnted S edí,mentørg D epo sí.ts,

- \{Íthin this group, which includes such
diverse forrns ¿s.flood plains, alluvial
fans, beach ridges, and swamps, most
landslide problems are associated with
dissected coastal plaÍn deposits, river ter-
races, and lake beds.

Coøstql plni.ns are among the well-
established forms that can be definitely
recognized in airphotos. An undissected
coastal plain is identified by its low, flat
topography; its association with tidal
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F¡g[rc 5¡1. Morainc ¡nd l¡lc bcd, TompL¡ns County, N. Y. Ncw rlumpe and dcbrlr dldes, ¡¡ wcll ¡¡ old
slld. ærn, trc comnon occl¡rrcncca in thi¡ ghci¡tcd v¡lley whc¡e port-glaclal cro¡ion h¡¡ d¡ßúcd thc
no¡¡lne¡ ¡nd thc ovcrlylnr lale deporitr. Illor¡ln¡l !rc¡! r¡e recognlzed by thclr humnæþ toDogr¡¡rhy.
L¡Lo dcpo¡lt¡ r¡e u¡ully dlrtlnguiehed by thclr ft¡t, horlzont¡l dirpoaltlon. Ilowevcr, when l¡kc cl¡y¡ ¡¡c
dlst¿d, ruch r crlt rlon no lon¡:er holds. Rather, thc clue¡ for cl¿y ldentiicatlon, ¡¡ch ¡¡ thc chlr¡ctcr-
lßúlc snæth dops, hlgh dcgræ of d¡rrætion, and greduel changc of color toncú, rre nore ¡ppllflblc.

A cloæ ln¡tnctlon of thc photo rcv.¡l! thrt thcrc rrc mrny old l¡nd¡lldø, (Ä) bctng r pronlncnt cram-
plo. Othcr oftl ¡lldc¡, ¡uch r¡ (D), (G), ¡nd (E), rrc comnon thrcrshort thc vdlcy. AII of th¿n hrva
bæn norc or ls ¡t¡bllkcd, ar lndlcatcd by thc .rt¡bl¡shcd ycSetrt¡vc p¡tten. Mo¡t hl8hw¡y cut! of nod-
crrtc dcpth h¡vc c¡De¡lencod lendrllda, ¡¡ ln (B), (C), (E), ¡nd (F). Although dæputcd and lar¡e
¡crlc ¡Ildc¡ ¡ro not lllcly to æcur l¡ ¡cch ¡n lro, contlnuou m¡lntcn.nce rort ln clc¡rlnt thc dldlnr
nrterl¡l ¡nd ln Drotectin¡ doper from e¡oslon l¡ næan¡y. (Acrlel photognph by U. 8. Dcp¡rtn¿nt of

Atr¡cdturc)
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Fl¡urc 5õ. Ground vicw of e typlc¡l sllde on ¡ c¡t rloÞc ¡hown ln Flgurc 5,1, (Photogrrph by Don¡ld J.
B¿lchcr)

flats, marshes, and swamps; and the
presence of broad, shallow, tidal stream
channels. The disseeted coastal plain is
identified by its rolling to rugged topog-
raphy and integrated drainage system.
It is also associated with coastal fea-
tures and appears on airphotos to be
somewhat similar to areas underlain by
consolidated sedimentary rocks.

In undissected plains, landslides offer
a problem only in the construction of
canals or similar struetures that re-
quire deep excavation in flat lands. In
dissected plains, however, slumps in nat-
ural hill slopes, as well as in road cuts,
are common (Figs.57 andõ8). The strat-
ified and unconsolidated nature of the
sands, silts, and clays that characterize
most eoastal plains have provided a fav-
orable situation for landslides.

Tema,ces are easily recognized in air-
photos as elevated flat land along major
or minor valleys. Terraces of gravel and
sand are usually stable, maintaining a
clean slope on the face. However, where
terraces are composed of interbedded

silts and clays, or where the natural
equilibrium is disturbed by artificial in-
stallations, slumps will occur. Slumps in
terraces naturally start on the unsup-
ported slope facing the low land. The
presence of slide scars along the terrace
front is a reliable indicator of instabil-
ity (Fig. 69).

Lalce beil deposits generally display
flat topography unless they are dissected.
Although generally composed of clays,
lake beds have little chance to slide ex-
cept when exposed at valleys or at deep
cuts. There have been slicles of consider-
able magnitude in lake clays under each
of the following circumstances: (a)
where lake clays are interbedded with or,
especially, are overl¿in by granular de-
posits, and (b) where lake elays overlie
bedrock at shallow depth and the base
level of erosion of the general area is
greatly lowered. The former sítuation is
common in some glaciated regions of
New York. The latter combination has
produced slides of extraordinary magni-
tude in western Canada.
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Fl3urc 50. Gl¡cl¡l m¡ntle over bcd¡ocl, PlkG Co¡rnty, Pr. Thln depoeltr of unconrotldsted mater¡rta on
bcdrocl oftcn dcvclop landtlido! tlong rtrom nllcyr rherc undercuttlng lr Drey¡Icnt rnd the bank elopea
aro progranlvcly rtGcpenGd. Glaclal deporltr tre uudly [ncqErlty dl¡trib¡tcd over the bedrock 

- thlnner
dn the hlll¡ rnd thlcLet over thc yrllcy. Thcy tGnd to Emooth thê o¡lain¡I bedroch topognphy. In the pic-
tnre, et (A), thc ¡llds l¡ ¡hon to pro¡rê$ towrrd thc ræd, thteitenlng thc lod ¡nil the plpellne of r
hvdrælcctrlc plant behlnd the roail. À simll¡r thræt, though of lelser degree, erirtr at (B)-

In examlning the r¡rphotor, lt l¡ cle¡r thrt undstonê end ¡h¡Ie ortcro¡, tt placea tikc (C) and (D). On
úhc bc¡l¡ of the gènenl conlgrntion of thc ¡edimentary ræk hitl¡, the relstive depth¡ of uncon¡olldsted
deporltr 8t vrrlou! t ointt crn be e¡tim¡ted ¡nd r syltematic, ln¡teed of h¿ph¡nrd, ¡rrognm for ¡ub¡u¡-
face lnvertlgatlon c¡n bc plamod.

I)r¡ln¡gc condltlon¡ ¡ro clurly ¡hom ln thc Dhotoaruphr. Pond.d dcprerlone¡ Uto (E), lrc obylotrr tn
thc plcturc; bEt on thê ground, lt vould tllc nuch time ¡nd cfio¡t to læ¡ts thcm ln thi¡ trce*ovcrcd
ara. I)ralnagc of ¡uch dcprcarionr rould rcd¡cc thc dan¡er of inpenitlng ¡ltde¡ bolow thom. (Aorl¡t

photogrrrrh by U. 8. Irc¡rrtnùt o? AsrlcdtErc)
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F¡irrc 57. Cdrtrt Dtiln, Prlnca Gær¡u Co¡ntv, Md. The ttereo palr rhowa ¡ p¡opo¡ed rild (rhltc llne
on tcft Þhoto). Tho dt¡ætcd pl¡ln l¡ ldentlfled by lt¡ low, loft hi¡lr ¡nd thc a¡¡ocl¡ted tld¡l ch¡nnel¡. Cut
dopes ltee¡Er th¡n the natnral rlopce ¡rc ¡uæeptlble to ¡lide¡ unlc¡s tdequte t rætqtlonr ¡rc t8ken. In
h¡Íhwry tættlon ln ¡n e¡c¡ lltc thi¡, ¡t wo¡ld bc b€ttcr to let the trrdc llnc below d¡nge¡ou¡ cl¡y hycr¡
!o thrt GyGn ¡f ¡ rlldc occun, lt woutd not tfiæt thc found¡tions of the ¡ord. At (A), r ¡oad conttructcd
rftGr thc Þhoto¡ vcr" t¡hcn r¡r læ¡ted ¡bovc thc cl¡v. Thc lubrcqucnt ¡lidc not only dlmtred the upper

rtoDc b¡t took ¡rry pert of thc plyen¿nt ¡¡ rcll. .At (B) ¡nd (C), thc to¡d c¡t lnto the toe of the nrturl
elopcc. Slncc the toad vr¡ loc¡t d bclor thc clry t¡yer, ¡lldc¡ ln both pl¡cc¡ occurred on the c[t dopc

onþ. The c[t rloDa ¡t (D) ¡læ f¡llcd, b¡t thc dr¡lna¡:e ¡nd topogrephlc litürtion wt! norc f¡vor¡ble therc

.nd thG ¡llrtc r¡r ¡f¡blltrod ¡hortly. At (E) l¡ ¡n old ¡ltdc th¡t c¡n bc u¡ilv ræo¡nized in thc photo'

tnph: lt l¡ hlddon by vefct¡tlon whcn lnrpætcd on thc ground. (Aerl¡l Dhotog¡¡ph bv U. g. I)eDtltnent
of Agrlculturc)
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Figurc 58. Ground vlew of l¡nd¡lide ¡t Dolnt (A) ¡hown ln Flgure 6?, Hcrc, thc grry clay ttyor llcr
Endemerth the pevehont, whlch l¡ dtnagcd by the ¡lldc. (Photogr¡ph by T¡ Lt¡ng)

Undissected lake elays are easily iden-
tìfied in airphotos by their characteristic
broad, Ievel tracts, dark gray tones, and
artificial drainage practices. Dissected
and complex lake bed areas are relatively
difficult to identify, particularly for one
that is not familiar with the local geo-
logic conditions. Again, the presence of
existing slides is the most reliable warn-
ing signal.

WittÅlÃ,i¿l Ma,teríøIs. - Loess, or wind-
deposited silt, can be identifred unmis-
takably in airphotos by its vertical-sitled
gullies, which are evenly spaced ¿long
wide, flat-bottomed tributaries to show
a featherlike drainage pattern. Egual
slopes on hills and valleys, an indication
of uniform material, heavy veget¿tive
cover, and soft gray tones gerve to con-
firm the landform.

Ioess is well known for its minor
slumps, generally called catsteps. The
catsteps are seen in airphotos as frne,
roughly parallel, light tone contours

(Flgq. 60 and 61). On the ground, the
individu¿l steps of these small slumps
are commonly 2 tn 4 feet wide, and sev-
eral inches to 2 or 3 feet high.

Compler Forms.- Most of the land-
forms prevÍously described may be c¿lled
simple forms because they consist pre-
dominantly of one type of material in
each unit. fn nature, however, complex
or superimposed forms are numerous
¿nd of common occurrence. This is es-
pecially true in glaciated areas, as men-
tioned previously. They are further em-
phasized here because of their signifi-
cance in landslide studies. Airphoto rec-
ognition of the basic simple forms is
definÍtely helpful in the interpretation of
complex forms.

A change of material vertically or
horizontally in complex areas often af-
fects the internal drainage characterÍs-
tics ¿nd creates slope stability problems.
The most common situation favorable to
slides Ís when impervious form¿tions
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F¡E[rc 61. A ground Dhoto showlng c¡tlteÞs in lm, tuch rs those ¡hown in Flgure 60. (Photogrsph by
T¡ Li¡ng)

are underlain by relativeÌy pervious beds.
Actual failures are commonly tletect-

able in airphotos in the following situs-
tions:

1. Glacial outwash or delta deposit
over old lake bed. Photo pattern changes
from that of light-toned, well-tlrained
outwash at high ground to poorly drained
lake elays exposed on the slopes. Old
landslide scars are present in the slopes.

2. Glacial drift over shale. The photo
is likely to show numerous landslides
along river banks composed of shallow
drift.

3. Valley ûll over bedrock. îhe photo
may show the landform characteristic of
betlrock, but this is modited locally by
fill deposits. Slides of frll material along
st€€p hill slopes may be observed.

4. Sanil over clay. This combination
is common both in glacial and coastal
plaÍn areas. Slope failures along natural
or cut slopes can be seen in many photos.

Procedure for Detecting Evidence
of Landslides in Airphotos

A step-by-step procedure for landslide
investigation by airphotos is outlined
in the following:

1. Lay out locations of mad or other
planned structure on photos.

2. Take a quick survey, on the photo'
graphs, of all cliffs or banks adjacent
to river bends, antl of all steep slopes in
the photo area, to see if landslide move-
ments are evident.

3. Outline areas along the right+f-
way that show consistent characterÍstics
of topography, drainage, and other nat-
ural elements within the same unit.

4. Evaluate the general landslide po-
tential of the areas with the help of
Table 2.

5. M¿ke a detailed study of all cliffs
or banks adjacent to river bends and all
steep slopes above and below the center
line of the road. It is important to com-
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Elimlnation
Præedure

SupportíDg
Cherscterlstice

Prob¡ble
I¡ndform¡

L¡nil¡llde
Potentl¡lr

I. Level tenain

A. Not elev¡ted:

B. Elevated l

Unlform tone
Surface irregularitlæ, sharp elifi

IL Hllly terr¿l¡
A. Surface dnin¡ge r¡ot well integr¿t¿d:

B. Surface drainege well lnûegrated:

1. P¿r¿llel ¡itlgee

a' Parallel tlt"lo"guDr"k 
tor"u

b. Trelli¡ dralnage
Rldgeand-valley tppography, bsnded

hlUs

c, I'eatherlike dralnage
Ve¡tlcal-¡ided gullie

2. Branching ridgæ

a' Featherlike dt"ltî::r¡"rr-"¡ded 
gulrie

b. Trælike dmlnage

(1) Banding on ¡lo¡re

(2) No b¡nding on alo¡rc

toderatcly to blghlv dls¡ectêd rldge,
uniforn rlo¡n

Low ridges, a¡socl¡t¿d wlth co¡¡t¿l
fe¡ture¡

Itindlng ¡ldgea connectlnt conlc¡l
hllls, sperse vegetrtlon

8, Randon ridge or hllls

r Treellke dnlnage

Flood plain, etc.

Terrace, I¿ke bed
Basaltic platau

Limetonea, et¡.

Baealtfc hills

Tilt¿d or folded
6edlEentsry rccks

Loess

Iæ

Fl¿t-lylng
sedlmentrry ræks

Clay ¡hele

Dlssæted costsl
plaln

Serp€nt¡ne

Cl¡y ¡hele
Grrnitlc ruks
üor¡lne

to¡¡íne

(b)
(r)

(¡)

(¡)

(b)

(b)

(bt

(r)
(¡)
(¡)

Iow, rounded hlll¡, ue¡nde¡in8 rüran
turlve, unlforn, rounded to A-ah¡ped

hlll¡
Bunpy topogrsphf

b. Dleordered dralnage

Disordered, overlapping hill¡, associ¿t¿d
with lakes and gwemp¡8

(r)
(b)

(b)

(b)

¡ The land.fo¡ms listed sre the m6t llkely oner to ¡ep¡êa€nt the condition ¡ilted. It mu¡t be remembetcd,
h_owever, t¡at other klnds of gælog:y and t¿rr¡in ca n give pbotog:aphic repræentation sinll¡r to lone of
tboåe ligt¿d. Only a high degræ ol sklll in photo tnt€rpretetlõn oi knowledge of the local g€oloay c¡n b€
regarded aE certsin to avold erron.r (a) susceptible to lenilslldæ; (b) susceptible to landslldæ under eert¿in conditlong; (c) not ¡u¡ceptlble
except in dangerouo locatlons discuesed above,I Glaciatcd areas only.
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pale slopes within the same unit area
rather than of different area¡¡. For in-
stance, slopes in bedrock would be more
stable, even though steeper, than slopes

in adjäcent soil areas. Realize that slides
usualiy appear small in photos, qnd s.o

look carelully, inspecting slopes in mi-
nute detail. Look esPeciallY for:

a. Existing slides. Relatively ne\ry

slides appear in white tones; vege-
tation ánd drainage are not well
established on them. The reverse
conditions are true for olil slitles'
(1) Hillside scars and hummockY

topograPhY.
(2) Pãrallef moon-shaPed dark

patches on hillside, likelY to re-
flect vegetation in minor dePres-
sions. Draw a line through the
axis of scars or crescents in the
slides. This line often Points to
drainagewaYs on higher ground
that contribute to the landslide
movement.

(3) Irregular outìine of highways
and random cracks or Patches
on existing Pavement.

b. Potential slides
(1) Pontled dePressions and di-

verted drainageways.

(2) Seepage are¿s suggested bY
faintly dark lines, whÍch maY
mean near-surface channels and
fanshaped dark patches, Prob-
ably reflecting wet vegetation.

6. Ground check some of the land'
slides that are recognized in airphotos.

7. Ground check all suspected spots,
using methods ¿nd criteria clescribeal in
Chapter Four.
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B¡bliography
The following bibliography contains two sets of ref-
erences. The first set consists of a reference for each

selected text that appeared in the preceding part of
this compendium. The second set consists of ref-
erences to additional publications that either were
cited in the selected texts or are closely associated
with material that was presented in the Overview
and Selected Texts. Each reference has five parts
that arq explained and illustrated below.

(a) Reference number: This number gives the

position of the reference within this particular bib-
liography. lt is used in the compendium index but
should not l¡e used when ordering publications.

(b) Title: This is either the title of the complete
publication or the title of an article or section
within a journal, report, or book.

(c) Bibliographic data: This paragraph gives names
of personal or organizational authors (if any), the pub-
I isher's name and I ocation, the d ate of pub I ication,
and the number of pages represented by the title as

given above. ln some references, the paragraph ends

B¡bliog rafía
La siguiente bibliografía contiene dos series
de referencias. La primera serie consiste en
una referencia para cada texto seleccionado
que apareció en la parte anterior de este
compendio. La segunda serie consiste de
referencias a publicaciones adicionales que
fueron mencionadas en los textos seleccio-
nados o que se asocian intimamente con el
material que se presentó en la Vista General
y los Textos Seleccionados. Cada referencia
tiene cinco partes que se explican e ilustran
abajo

(a) Número de referencia: Este número dá

la posición de la referencia dentro de este
bibliografía en particular. Se utiliza en el índice
del compendio pero no deberâ utilizarse al
pedir publicaciones.

(b) Título: Este es el título de la publicación
completa o el título de un artículo o secciÓn
dentro de una revista, informe, o libro.

(c) Datos bibliográf icos: Este parágrafo dá los

nombres de autores personales o organizacionales
(si hay alguno), el nombre del editor y su direccion,
la fecha de publicacion, y el numero de paginas

representadas por el título en la parte (b), En

algunas referencias el paráQrafo termina con
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B¡bliograph¡e
La bibliographie qui suit contient deux caté-
gories de références. La première catégorie
consiste en une référence pour chaque texte
choisi qui est inclus dans la partie précédente
de ce recueil. La deuxième catégorie contient
des références pour des documents qui ont
soit été cités dans les textes choisis, ou soit
sont étroitement associés avec des écrits qui
sont présentés dans I'Exposé ou les Textes
Choisis. Chaque référence est composée de
cinq parties qui sont expliquées et illustrées
ci-dessous

(a) Numéro de la référence: Ce numéro

indique la position de cette référence dans
cette bibliographie. Ce numéro est indiqué
dans I'index du recueil mais ne doít pas ëIre
utilisé pour les commandes de publications.

(b) Titre: Cela indique ou le titre du livre
entier, ou le titre d'un article ou d'une section
d'une revue, un rapport, ou un livre.

(c) Données bibliographiques: Ce paragraphe

ind ique les noms des auteurs personnels (quand

il y en a) ou des auteurs collectifs (organisation),

le nom de l'éditeur et son adresse, la date de

l'édition, et le nombre de pages qui sont in-
cluses sous le titre dans (b). Certa ines



with an order number for the publication in paren-
theses.

(d) Availability information: This paragraph
tells how the referenced publication is available to
the reader. lf the publication is out-of-print but
may be consulted at a particular library, the name
of the library is given. lf the publication can be or-

dered, name and address of the organization from
which it is available are given. The order should in-
clude all ínformation given in parts (b) and (c)
above.

(e) Abstract: This paragraph contains an ab-
stract of the publication whose title was given in
parr (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 organización cuyo nombre
y dirección están indicados. El pedído deberá
íncluir toda la informacíón dada en las partes
(b) y (c).

(e) Resumen. Este parágrafo 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 I'adresse sont indiqués ici.
L'ordre de commande doit inclure toutes les
ínformatíons données dans les part¡es (b) et
H.

(e) Analyse: Ce paragraphe est une analyse
du texte dont le titre est cité dans la partie (b).
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(cl Données bibliographiques
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(el Abstract
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(cl above,
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(b) y (cl.

L'ordre de commande doit inclure toutes les informat¡ons
donnêes dans les parties (bl et (c).

Rcference 5
,1 REVIEV OF HICHVAY DES¡GN PRACT¡CES lN
DEVELOPING COUNTRIES

Cron, Frêderick W. Vashington, DC: Intcmåtional
Bank for Reconstruction and Development; 1975 May.
57 p.

Order from: International Bank for Reconstruction and
Development, ltl8 H Stre€t, N.V., Vashintton, DC
20433.

thc design standards of some 150 highway proiects
linanced by the lnternational Bank for Rêcor¡struction
arìd Dcvelopment between 1960 and 1970 are re-
viewcd, and areas of agreement betwæn the stand-
ards of the 63 countr¡es studied arc identified;
practical highway standards bæed on these areas of
atrcement are sketched for the guidance of planners
in dcveloping countries. The roads discussed hereì
fall into three functional catetories: a smatl group of
cxprcssways, freeways and toll roads carrying large
volumes of traffiq a very large group of 2-lane
highways carryint a wide range of traffic volumes
scrv¡nt both local and long distilce traff¡q and a
smaller group of low-traffic tertiary or sp€cial
pü¡posc roads eústing pr¡marily for lild servicc.
Comments are made on the problem of dassitying
highway standards, and on the comparison of stand-
ards. Condusions regarding standards for the
capacity- related elements of design and stmdards
{or the ve¡ocity-related elements of design (radius of
curvatur€, stopping sight distance, pass¡nt sight
distancc) are discussed, as well as the horizonta.l ánd
vcrtical clearances for bridges. The standard live
loadings Ior bridges, the structural capacity ot
pavements and legal .load limits are covered, and
condus¡ons relating to pavement design, dcsign
standards for , Z-lanc highways, rncrementã
development oI highways, anã leviÉ of service'arc
presented.



SELECTED TEXT REFERENCES matnitudes and the development of the flood fre-
quency curve are also covered.

Reference 3
SUBSURFACE SOILS EXPLORATION

Finn, Fred N. Washington, DC: National Association óf
Counties, Research Foundation; 1972 July. 36 p.
(National Association of County Engineers Action Guide
Series Volume XVI).

Order from: National Association of Counties' 1735

New York Avenue, N.'rV., Vashington, DC 20006.

Thls manual attemPts to give the county engineer a
basic understanding of the need for subsurface soil
exploration, a review of the techniques currently
available, and proper field and office procedures for
logging, recording and interpreting data. Pointers are
given on planning the soil investigation Processt
followed by a brief review of the properties of soils
and their strength values for design process. The
conduct of the exploration is then detailed' this
covers aspects such as locating and sampling borings'
sampling procedures and techniquesr field identifi-
catiõn õf soils, soil classification systems, and field
identification of rock. Reporting of 6 types of
subsurface exploration information is discussed: gra-
phical presentations of soil borings; special use of
materials or potential problems areas; photographs of
land forms; profiles of surface and subsurface mate-
rials, properties, strength and grading; and unusual
problems and recommended solutions.

Reference 4

FIELD IDENTIFICATTON OF SOILS AND AGGREGATES
FOR COUNTY ROADS

Shurig, D.G.; Hittler Jean 8.. Laf ayette' Indiana:
pur¿,Ë Univårsity; l97l December. 57 P. (HiShway

Extension and Research Project for Indiana Counties
Engineering'Bulletin, Engineering Experimertt Station
Co-unty Highway Series No. l3).

Order from: Highway Extension and Research Project
for Indiana Counties, Engineering Experiment Station'
Purdue University, West Lafayette' Indiana 47907.

Instruction on rating the quality of soils and pit-run
materials used in the construction and maintenance
of county roads is presented, and a system of soil
classification for identifying soil types' ProPerties
and problems is outlined. Chapter II provides ins-
truct¡ons on the identification of soil componentst
based on their physical properties as determined by
visual examination and simple hand tests. Five soil
components are defined, along with their size ranges,
properties and simple hand tests for identification.
The Unified Soil Classification System is presented in
Chapter III: The classification recognizes 15 basic
soil groups. Definitions, word descriptions and
classification symbols are summarized in tabular
form. Chapter lV outlines instructions and proce-
dures for identifying each of the l5 soil groups, using
visual examination and simple hand tests. The
identification Process is summarized in tabular form.
Chapter V outlines additional field identification
tests. These "indicator'r tests are mainly for pit-run
gravels and sands but can serve for both
identification and general quality evaluation tests.
Guide gradings are presented for gravel base and
surfacing aggregates. Tests to indicate the relative

Reference I
HIGHWAY DRAINAGE GUIDELINES; VOLUME I:
GUIDELINES FOR HYDRAULIC CONSIDERATIONS
IN HIGHWAY PLANNING AND LOCATION

American Association of State Highway Officia'ls' Oper-
ating Subcommittee on Roadway Design, Task Force on

Hydiology and Hydraulics. Vashingtgn' ?-C-t .American
Associaii,on of State Highway Officials; 1973. 4 p'

Order from: American Association of State Highway
and TransPortation Officials, 444 North Capitol Street'
N.W., Suite 225, Washington' DC 20001.

These guidelines Present a design approach to drain-
age an? hydraulic problems which brings together
.äat.d diiciplines 

-in 
highway engineering' The

effect of the highway construction on the existing
drainage Pattern ãnd on the potential flood hazard, as

well ai the effect of floods on the highway must be

assessed in the preliminary planning and design

si"gur. Special ltudiet and investigations (topo-
gr.þtric máps, aerial photographs, streamf low re-
ãords, historical highwater elevations and flood dis-
chargãs) including cónsideration of the environmental
and écological impact should be made comensurate
with the iñportance and magnitude of the project and
the compleiity of the problems encountered. Com-
ments aie made on potential construction and main-
tenance problems. The desirability of interagency
coordination, and the need for information oRexisting
and planned non-highway projects are noted. The
reguirement of permits, legal liabilities.with regard
to'highway drainage construction' and the reporting
and dlocumentation of hydrologic and hydraulic data
are discussed.

Reference 2
HIGHWAY DRAINAGE GUIDELINES; VOLUME II:
GUIDELINES FOR HYDROLOGY

American Association of State Highway Officials, Oper-
ating Subcommittee on Roadway Designr Task Force on

Hydiology and Hydraulics. Washington, DC: American
Aisociati,on of State Highway Officials; 1977. 23 p.

Order from: American Association of State Highway
and Transportation Officials, 444 North Capitol Street'
N.W.r Suite 225, Washington' DC 20001.

Guidelines are given for a recommended approach to
the hydrologic analysis for the design of highway
drainage facilities. The need for the documentation
of the design of highway drainage facilities is
indicated, and the basic items'that should be docu-
mented are noted . The need for familiarization with
the factors affecting flood runoff is emphasized.
These factors include drainage basin characteristicst
stream channel characteristics, flood plain character-
istics, and precipitation. Flood hazards must be

evaluated; comments are made on historical flood
records, flood data, flood history of existing
structuresr and methods ol determining flood magni-
tudes. Factors in the selection of a design flood
frequency (highway classifications, risk and
ecoñomics) are outlined. The predicting of flood
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amount of fines and relative plasticity of fines are
also outlined. In Chapter Vl, the lJ ioil groups are
rated with respect to their inherent properties as
road-building materials. Each soil group is rated for
its: (l) load-carrying properties as road-building
materials, (2) drainagé properties, (3) frost proper-
ties, and (4) compaction properties.

Reference 5
DES¡GN MANUAL: SolL MECHANICS, FOUNDATIONS
AND EARTH 5TRUCTURES

U.S. Navy Department, Bureau of Yards and Docks.
Vashington, DC; 1963. Various paging. (Stock Number
Q85q-0007 5-e).

Order from: Superintendent of Documents, U.S. Gov-
ernment Printing Office, Washington, DC 20402.

This manual, which is part of a series of design
manuals, provides direction and standards for proce-
dures, methods, dimensions, materials, loadl and
stresses relating to soil classification, exploration and
sampling, laboratory tests and properties, as well as
field tests and measurements. The distribution of
stresses and pressures, settlement analysis, stability
analysis, seepage and drainage analysis, are covereâ
in addition to compacted embankments, compaction
procedures and hydraulic fills, and the analysis of
walls a¡d retaining structures. Spread foundãtions,
!.up foundations, pile foundations, pressures on
buried structures, soil and rock stabilization are
detailed and special problems relating to foundations
in seasonal frost areas, vibrations and seismic effects
are discussed. A bibliography of publications
containing background information and additional
reading on the subject is included.

Reference 6
THE IDENTIFICATION OF ROCK TYPES

Revised ed. Woolf , D.O.; U.S. Bureau of public Roads,
Division of Physical Research. Vashington, DC: U.S.
Government Printing Office; 1960 Novèmber. l7 p.

Out-of-print; may be consulted at U.S. Department of
T¡lnsportation, Library Services Division, iìoom 2200,
400 Seventh Street,5.V., Washington, DC 20i9O.

The method for identificat¡on of rock types presented
here in simple terms, is intended for 

-application 
to

pieces large enough for the rock struiture to be
observed clearly. The method which follows that
described by Pirrson and Knopf and which is based on
that.given by Geikie, uses a combination of simple
physical and chemical determinations to identify iherock. The necessary equipment consists of a steel
knife blade, a magnifying glass of 6 to l0 power, and
dilute hydrochloric acid. A general classiiication of
rock type, mineral composition of rocks, and a
geologic classification are described. Rock structure,
the identification of quartz, feldspar and other
minerals are reviewed. Comments aie made on the
difficulties encountered with intrusive igneous rocks
and on the engineering properties of rock]

Reference 7
THE ENGINEERING SIGNIFICANCE OF LANDFORMS

Belcher, D.J. The Appraisal of Terrain Conditions for
Highway Engineering Purposes. lVashington, DC: High-

way Research Board; 1948 Novemberi pp.9-29. (Bul-
letin No. l3).

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

Influences of the land unit or land form upon the
design, construction, and maintenance of highways
are described. Specific solid rock and móisture
conditions existing in the land form are important. A
Biven land form possesses a distinctive typã of relief.
The texture of the soil varies in a prescribed way and
ground water and soil moisture follow typical trends.
Land forms influence the quality and type of grading,
pre-determine the drainage requirements and fix th;
soil or rock conditions. Emphasis is placed on the
physical characteristics of the materials that
compose the land forms, and the inter-relationship oftl,e relief, soil, rock and ground water
characteristics. Aerial and ground phãtographs have
been used to illustrate individual foims ai well as to
identify the variations that occur within each unit
area. Soil survey objectives are analyzed in the
following land forms: (l) soluble limestones, (2) wind
transported materials, (3) glaciated regions, (4) arid
regions, and (5) landslides. Characteiistics of the
land form under study conditions of topography, soil,
water and bedrock provide conditions tõ determine
design methods and construction procedures.

Reference E
TERRAIN EVALUATION FOR ROAD ENGINEERS
IN DEVELOPING COUNTRIES

Dowling, J,W.F.; Beaven, p.J. Institution of Highway
Engineers Journal, Vol. 16, No.6, 1969 June; pp.5_15.

Order from: Institution of H_ighway Engineers, 3 Lygon
Place, Ebury Street, London SWtW 

'OfS,î.rc.

Some..aspects of engineering planning are reviewed
rnqudlng route location, site investigation and sur_
veys_ of engineering materials. The lasic unit usedlor land classification is the land facet; land facets
recur. 

^together in land systems which are usually
id-entified by means of aerial photography. Èxamplesof terrain evaluation studies'f rom-Norti,ern ruigà.iu
and Weste¡n ñla.laysia are illustrated. A disðussion is
appended in which Dr. Millard, Road Research Labor_
atory, took part.

Reference 9
LANDSLIDE ¡NVESTIGATIONS; A FIELD HANDBOOK
FOR USE IN HIGHWAY LOCATION AND DESIGN

Cleaves, Arthur B. Washington, DC: U.S. Bureau of
Public Roads; l96l July. 67 p.

Out-oi-print; may be consulted at U.5. Department of
Transportation, Library Services Division, Room 2200,
400 Seventh Steet, S.W., Vashington, DC 20590.

The handbook is condensed in a deliberate effort to
provide a work that may be used in the field. It is
divided into four parts. The first is a very brief
introduction to geologic processes, rocks and soil
types, and geologic structures which provide the
setting for landslides. The second involves the
recognition of phenomena presaging the advent of
slide movernents, and those characteristic of the
landslide itself. The third is devoted to methods of
landslide prevention, control, and correction. The



Reference l0
AERIAL PHOTOGRAPHS AND THEIR APPLICATIONS

Smith, H.T.U. New York, New York: D. Appleton-
Century Company; 1943. 372 P.

Out-of-print; may be consulted at U.S. Department of
Transportation, Library Services Division, Room 2200t
400 Sèventh Street, S.W., Washington' OC ZO¡lO.

This presentation of the elements of photographic
mapping, photointerpretation and their various appli-
catiòns, emphasizes practical working procedures as

well as outlines the underlying principles. The
interdependence of aerial photographs and map-
making'procedure is emphasized, and the rnethods of
study ãnd the recognition of all important typep of
man-made and natural ieatures seen on photos is
covered. The topographic and geologic aspects of
interpretation is based primarily uPon PhotograPhic
illustiations. The various chapters cover the details
of characteristics of aerial photos, stereoscopic study
of aerial photos, the general principles of photointer-
pretation' geographic and topographic interpretation'
þlanimetriC mãps from vertical and oblique photos'
photo-mosaicsr contour maps from physiographic in-
ierpretation, aerial Photos in economic geologyt
engineering and other fields, as well as, military
apþlications. Problems are included in several
chapters and laboratory exercises are included in the
appendix.

Reference ll
AERIAL PHOTOGRAPHY

Caraway, Jack. Washington, DC: National Associatión
of Counties, Research Foundation; 1972 July. 57 p'
(National Association of County Engineers Action Guide
Series Volume XIII).

Order from: National Association of Countiesr 1735

New York Avenue, N.V., Washingtonr DC 20006.

This manual provides information that can lead to
innovative changes in engineering and planning Proce-
dures. It is designed to assist engineers in providing
the greatest amount of service possible for the
minimum expenditure of funds. The broad aspects of
available types, forms, and sources of aerial
photographs are discussed. Details are given of how
àerial-photographs can be used to obtain information
and daia imþortant to the county engineer. Detailed
descriptions are provided of appiications.in highways'
drainage and flood control, water supply, sewage.and
solid waste disposal, land use and development plan-
ning, and land evaluation. Some limitations of aerial
photography are also Pointed out.

Reference 12
DRAINAGE PATTERN SIGNIFICANCE IN AIRPHOTO
IDENTIFICATION OF SOTLS AND BEDROCKS

Parvis, Merle. Soil Exploration and Mapping. Vash-
ington, DC: Highway Research Board; 1950 November;
pp-.3Ç60. (Bulletin No. 28).

Order from: University Microfilms International, 300

North Zeeb Road, Ann Arbor' Michigan 48106.

fourth discusses details of mapping and reporting
landslides.

This paper rePorts the analyses of drainage Patterns
for tÉeir use in the identification of regional soils and
bedrocks by means of airPhotos. The study is one of
several concerning the interPretation of aerial photo-
graphs by the Joint Highway Research Project at
Þurdue Úniversity. The relative ease with which
stream systems can be observed on aerial photograPhs
tacilitates the recognition of drainage patterns. In
the natural sciences, it has been accepted for a long
t¡me that certain basic drainage Patterns such as the
dendritic, trellis, radial, parailel, annular, and rect-
angular are associated with specitic land surface
materials. Airphoto interpretation has revealed
several modifications of the basic drainage patterns'
For example, some of these modified types are the
reticular, phantom, and lacunate. Drainage patternst
traced directly from rePresentative airphotos of
various physiographic regions throughout the United
States, are Presented as illustrations of patterns
which develop in the soils and bedrocks typical of the
regions. These examples have been selected to show
noiiceable differences in drainage patterns. For
instance, drainage Patterns in regions where the rocks
are bare or are covered only with shallow soils, are
decidedly different from those in regions or deep
glacial drift. Likewise, drainage Patterns develop
differently in horizontal rocks than in tilted rocks.

Reference l3
AIRPHOTO INTERPRETATION

Liang, Ta; Belcher, Donald J. Landslides and Engineer-
ing Èractice; Chapter Five. Highway Rese-arch Boardt
Cõmmittee on Landstide [nvestigations. Vashingtont
DC: Highway Research Board; 1958; pp.69-92.
(Special Report 29).

Order from: University Microfilms Internationalr 300

North Zeeb Road, Ann Arbor, Michigan 43106.

This book, which is designed for practical use, brings
together information useful in recognizing, avoiding'
controUing, designing for, or correcting landslide
movement. The first Part of the book provides the
tools and methods needed to solve an actual or po-

tential landslide problem. The economic and legal
aspects are covered here, as well as landslide types
and processes, their recognition and identification'
the úse of airPhotos in landslide investigationr and

field and laboratory investigations. The second part
of the book summarizes the methods known to have
been applied to the prevention and control of land-
slides; 

-it 
also discusses the methods of making

stability analyses and of using them in the solution of
design problems. Areas in which information on

tan¿ãti¿ès and their control are needed are noted, and

methods by which such information may be obtained
are suggested.

ADDITIONAL REFERENCES

Reference l4
SOIL MECHANICS FOR ROAD ENGINEERS

Great Britain Road Research Laboratoryr DePartment
of Scientific and Industrial Research. London: Her
Majesty's Stationery Office; 1952. 541 p.

Out-of-print; may be consulted at U.5. Department of
Transpoitation, Library Services Division' Room 2200'
400 Seventh Street, 5.W., Vashingtonr DC 20590.
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This book presents the collective experience of a
large body of people concerning the use of soils and
soil engineering techniques in road construction and
maintenance. The information, which is equally
applicable to road and airfield pavements, deals with
the embankment, the foundation beneath the embank-
ment, the cutting, and the road pavement. The
nature of soil and the characteristlcs of its various
components are reviewed, and the classification of
soils on the basis of simple laboratory tests and
plasticity tests is described. The methods for
dassifying subsoil drainage and moisture control,
frost damage to road foundations, soil strength mea-
surements, pavement design, and foundation failure
investigations are descibed, as well as soil stresses,
bearing capacity, and the consolidation of
compressible soils. The construction of roads on
swämpy ground, the stability of clay slopes, and soil
testing laboratory equipment reçirements are also
covered.

Retcrcnce l5
GLOSSARY OF PEDOLOGIC (SOILS) AND LANDFORM
TERMINOLOGY FOR SOIL ENGINEERS

Highway Research Board. Vashington, DC; 1957. 32p.
(Special Report 25).

Oràer from: University Microfilms International, 300
North Zeeb Road, Ann Arbor, Michigan 48106.

This glossary defines terms used to describe soils and
landforms and which are used in pedologicat and
aerial photographic studies. The glossary also pro-
vides a means of understanding information from
other technical and sc.ientific fields and is an aid to
consistency of terminology in reports and discussions.
This compilation provides a reference for terms used
in the soil survey maps. Terms describing the
properties, types and classes of soil, and landform
terms describing topographic features and geological
aspects are included. Many sources were used in the
preparation of this glossary of soil and landform
terms.

Reference l6
MANUAL OF PHOÎOGRAPHIC INTERPRETATION

American Society of Photogrammetry. Vashington,
DC; 1960. 868 p.

Out-of-print; may be consulted at U.S. Department of
Transportation, Library Services Division, Room 2200,
400 Seventh Street,5.W., Washington, DC 20590.

The development of photointerpretation is traced, the
procurement of aerial photogiaphy is discussed, the
fundamentals of photointerprètation are set forth,
and the use of photointerpretation in various disci-
plines is covered. Contracting for new photography,
and the parameters governing the selection of aerial
photographic equipment and materials are discussed.
Photointerpretation in geology, particularly geomor-
phism and stratigraphic interpretation, is deicribed,
as well as the factors affecting photointerpretation
of soils. Photointerpretation in engineering, is
discussed with reference to its application in higñway
traffic, power line, pipeline, damsite and flood
control. Basic soil and geologic concepts, the
identification of landforms and landslides are also
covered. Applications in forestry are discussed with

reference to the classification of forest stands,
volume inventory timberland appraisals, sale and
exchante of timber, forest roads and soils, forest
protection and damage assessment, and reforestation.
Vildlife and forest range management are also
cons¡dered. Photointerpretation techniques in hydrol-
ogy and watershed management, agriculture, and
urban area analysis are detailed, as well as the use of
such techniques in archaeology and geography. Com-
ments are made on special forms of photointerpreta-
tion such as photomicrography, electron microscopy,
fluorescence microscopy, radiography, radio-
antography, spectroscopy, high-speed photography,
and photography in space.

Reference 17
TROPICAL 5OIL5: CHARACTERISTICS AND ATRPHOTO
INTERPRETATION

l-jglg, fa; Cornell University. Bedford, Massachusetts:
U.5. Air Force, Cambridge Research Laboratories; 3l
lúgust 1974. 83 p. plus photographs and appendices.
(Report llAD-6t35ii).

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

To facilitate engineering studies of tropical soils, and
particularly their airphoto interpretation, a classi-
fication 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 age are reviewed. The phy-
sical and chemical characteristics, and engi-
neering problems of each of the major soil groups are
examined. A method of airphoto interpretation by
direct recognition of soil features, and by inference
gained from observation of soil-forming factors and
c¡rcumstances ¡s presented. Air and ground
photographs from Central and South America,
Tropical Africa, Southeast and South As.ia, and
Australia are included to illustrate a cross section of
the major soil groups in the tropics. Recommenda-
tions are made for further study toward refining the
airphoto interpretat¡on of the major groups and
subgroups of tropical soils, in addition tò the sup-
plementary use of other remote sensing devices.

Reference 18
PCA SOIL PRIMER

Portland Cement Association. Skokie, Illinois; 1973.
39 p. (Engineering Bulletin EB00Z.04S).

Order from: Portland Cement Association, i,U2O 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, construction, and perform-
ance of concrete, soil-cement, and other types of
pavement. Definitions of soil terms are given and
tests commonly employed by soil technicians are
described, with particular emphasis on the practical
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-Tesiing and Materials (ASTM) and the
Federal Aviation Administration are described. The
engineering Properties of soils (compaction, struc-
tural strength, elasticity and compressibility' Perme-
ability and capillarity) and related tests are outlined'
as well as soil surveys and soil sampling. Examples
are used to illustrate the engineering application of
the information presented here. These examples
include a soil reconnaissance survey for an airport' a

detailed soil survey, sampling, testing, and classifi-
cation procedure for the same airport, and the
analysis of soil tests ¡n terms of the design and
performance of concrete, soil-cement, and granular-
base pavements.

Reference 19
SO¡L A5 AN ENGINEERING MAT€RIAL

Holtz, Wesley G. Washington, DC: U.5. Bureau of
Reclamation;'1974. 45 p. (Water Resources Technical
Publication Éeport No. 17; stock number 2403'0091-4).

Order from: Superintendent of Documents' U.S. Govern-
ment Printing Office, Washington, DC 20402,

This publication, which is derived from years of
experience in sampllng and testing materials and

constructing earth dams' canals, foundations and

other works-, describes the forming processes of soilst
the properties of soils, soil types, soil problems
related io soil propert¡esr construction control' soil
sampling and testing and future research needs. The
soils engineer's job is largely one of investigation to
determine the physical properties of the material and

the reactions of the soil mass to imposed conditions.
To obtain meaningful data for the design of earth
structures and foundations, consideration must be
given to geological history, Present conditionsr cons-
iruction iequences, and the anticiPated operation
conditions. Proper construction control procedures
are imPortant to assure that the ProPerties assumed
in the design are obtained. The complex nature of
soils, the relatively short era of the science, and the
increased engineering requirements indicate the need

for extensive research in the future.

Reference 2l
DESIGN AND CONSTRUCTION OF COMPACTED
SHALE EMBANKMENTS. VOL. I. SURVEY OF

PROBLEM AREAS AND CURRENT PRACTICES

Shamburger, J.H.; Patrick, D.M.; Lutten' R.J.; U.S.
Armv. Waterways Experiment Station, Soils and Pave-
meníi taUoratoiy. Vashington, DC: U.5. Federal
Highway Administration, Office.s of Resejrfch.and De-
veioprént; 1975 August. 292 p. (Report ll P8253120).

Order from: National Technical Intormation Service'
5285 Port Royal Road, Springfield' Virginia 22161.

The first phase is reported of a three-phase study to
develop design and construction methodologies that
will enable ìhales causing settlements and slope
failure in highway embankments in the Past to be

identified and used successfully in future cons-
truction. Information obtained from state and
federal agencies on the extent and types of problems,
possible Causes, and problem lormations is discussed,
an¿ current highway practices are summarized.
Physical and chemical weathering of shale placed as

rock fill is a primary cause of problems. Nine states
do not permit shale to be placed as rock fill' and
seven states allow placement as rock fill with special
provisions. Corps of Engineers and Bureau of
Reclamation experiences indicate that heavy com-
paction equipment and relatively thin lifts þroduce
well compacted embankments having no problems.
Data from l6 projects indicate that saturated com-
pacted shale materials have low shear strengths. A
review of shale composition, factors contributing to
degradation, and laboratory testing emphasizes the
im-portance of mineralogy and slake-durability char-
acieristics. The natural variability of shales
collected from formations in five geologic age SrouPs
is described.

Reference 22
DESIGN AND CONSTRUCTION OF COMPACTED
SHALE EMBANKMENTS. VOL.2. EVALUATION
AT{D REMEDIAL TREATfuIENT OF SHALE EMBANKMENTS

Bragg, G.H., Jr.; Zeigler, T.V.; U.S. Army' Waterways
Expeiiment Stationr Soils and Pavements Laboratory.
Washington, DC: U.S. Federal Highway Administration'
OfficeJ of Research and Development; 1975 Septem-
ber. 235 p. (Report llPB-253121).

Order from: National Technical Ínformation Service,
5285 Port Royal Road, Springfield' Virginia 22161.

The second phase is reported of a three-phase study
to develoP design and construction methodologies
that will enable shales which have caused settle-
ments and slope failure in highway embankments to
be identified and used successfully in future cons-
truction. Techniques for evaluating the stability of
existing embankments, and remedial treatments lor
distresied embankments were developed. lnformation
obtained from State and Federal agencies and the
literature was reviewed. Types and probable causes

of distress, evaluation techniques, and remedial
treatment measures are discussed. Eva.luation tech-
niçes recommended are: instrumentation with pie-
zometers, inclinometers, and settlement markers;
undisturbed sampling and laboratory testinS; in situ
testing with borehole devices (Menard pressuremeter
and lõwa shear test device); and back analyses of
failed slopes. The primary considerations in remedial
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Rcference 20
VORLDWIDE DIRECTORY OF NATIONAL EARTH-
SCIENCE AGENCIES

Falk, Anne Lucas; Millerr Ralph L., comps. Vashingtont
DC: U.5. Geological Survey; 1975. 32 p. (Geological

Survey Circular 716).

Out of stock; may be consulted at U.5. Geological
Survey Library, National Center, 12201 Sunrise Valley
Drive, Reston, Yirginia 22092.

This directory provides references to earth-science
bureaus in América (North and South and.Central)r
Europe, Africa, Asia and Australia. Thirty countries
in Eúrope, 49 countries in Africa, and 44 countries in
Asia are included. Agencies in Australia and New
Zealand are a.lso included. This directory lists only
governmental institutions whose f unctions correspond
io one or more divisions of the U.S. Geoiogical
Survey.
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treatment should be subsurf ace drainage (mainly
horizontal and vertical drains) and surfacè drainage
(mainly paved ditches). Slope flattening, berm-s,
retaining walls, cement grouting, and/or complete
reconstruction should be considered in addition to
drainage measures when extensive movements and/or
shale deterioration have caused large reductions in
shear strength. This is the second of two volumes.

Reference 23
LATERITE AND LATERITIC SOILS AND OTHER
PROBLEM SOILS OF THE TROPICS; AN ENGINEERING
EVALUATION AND HIGHWAY DES¡CN STUDY FOR
UNITED STATES AGENCY FOR INTERNATIONAL
DEVELOPMENT, VOLUME I

Morin, W.J.; Todor, Peter C. Baltimore, Maryland:
T yon Associates, Inc.; 1975. 369 p. (Performed jointly
with the Brazilian National Highway Department, Road
Research Insti tute; report /lPB-2 67 262).

Order from: National Technical Information Service,
5285 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 engineering behaviors, as well as their ap-
propriate 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 fropicai mate-
rials used in highway construction, and methods of
work¡ng with and using problem soils such as black
clay and volcanic soiis are also described. All
tropically weathered red residual soils including true
lateritic soils as well as those undergoing lateri-ation
were studied. The more descriptive peda.logical
classifications are preferred, and it is noteC that
variations in properties among groups in difíerent
classification systems should be established in each
country. Correlations of properties of red tropical
soils are established that can be used in identification
of soil type and preliminary assessments of engineer-
ing properties. The special pretreatments and proce-
dures 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 recommend-
atiohs are made regarding the following: the soil
compaction curve, the establishment of the CBR,
maximum deflection values for standard axle applica-
tions, structural coefficients, flexible pavement
design, design tables, over.lay design, unpaved road
design, Los Angeles abrasion and ãggregâte impact
test, shale durability test, repetitive triaxial load
tests, soil stabilization with cement, lime, and
asphalt, African black clays, c.lassification of terrain
by remote sensors, and specifica,tions.

Reference 24
ACQU¡SITTON AND USE OF GEOTECHNICAL
INFORMATION

Jones, Gay D., Jr. Washington, DC: Transportation
Research Board; 1976. 40 p. (NCHRP Synthesis of
Highway Practice 33).

Order from: Transportation Research Board, publica-
ticns Office, 210l Constitution Avenue, N.lf ., Washing-
ton, 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 geotechnicaÌ information in
route selection, design, and construction of trans-
portation facilities. Information is presented on such
matters as- planning, conducting, and presenting in-
formation from geotechnical investigaiions, the- eq-
uipment, procedures, and selection of sampling locá-
tions for geotechnica.l investigations, and the struc-
turing and positioning within the agency framework
of the organization that must ãcquire and use
geotechnical inf orm ation.

Reference 25
SOILS MANUAL FOR DESIGN OF ASPHALT PAVE-
MENT STRUCTURES

?!9.d: The Asphalt Institute. College park, Marytand;
1978 March. 248 p. (Manual Series No: lO).

Orde¡ from: The Asphalt Institute, Asphalt Institute
Building, College Park, Maryland 20740.

This manual describes laboratory and field soil test
procedures used for obta.ining design information.
The origin, composition and propertiei of soil and the
significance of tests for soil materials are discussed,
and a soil survey is presented because of its im-
portance in obtaining accurate test results. The
three commonly used soil classification systems and
the three pringipal testing methods used in selecting
Pavement thickness are included: American Associa-
tion of State Highway Officials (AASHO) Classifica-
tiol of Soils; Unif ied Soil Classif ication System;
Federal Aviation Agency Methods of Soil aná
Subgrade Classification; California Bearing Ratio
Method; Bearing Value Determination - plate-Bearing
Test; and Hveemrs Resistance Value Method. Thã
importance and use of aerial photographs for highway
Iocatjon, drainage, soil studies and design arè alsò
briefly discussed. The AASHO procedureifor several
routine soil tests are included in an appendix.



lndex
The following index is an alphabetical Iist 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
cont¡nue 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-

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 nombres
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 tas 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 direccìones postales
para cada organización listeada.

Los números que siguen a un vocablo deì
tema, nombre personal, o nombre de organi-
zacion son los números de página del com-
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lndex
Cet index se compose d'une Iiste 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.g., Ref.12) refer Io
references in 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 organizat¡on 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. .12) indican referencias en la
Bibliografía.

Algunos vocablos del tema y nombres de
organizaciones están seguidos por Ia 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, 12) 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

Selected Text page numbers
Números de pågina en los Tex

Seleccionados
Numéros des pages des Textes Choisis

Organization name and address
Nombre y dirección de la organización
Nom et adresse de l'organ¡sat¡on

Overview page numbers and
reference number

Número de página en la Vista
General y Numéros de referencia

Numéro,des qaSes, gp l'Expose et
numeros des relerences

Subject term and see term

Mot-clé et see

Personal names
Nombres
Noms propres

lllustration

Subject term and see a/so terms
Vocablo del tema y términos see a/so

(ver también)
Mot.clé et see also

mountainor¡s terrain (see also degree of curvature;
design speed; maúñüñÇradie-nt; radius of curva-
ùrre; shoulder width): ll, 17, Ar 35r 3E, 173, 175,

217, 214, 238

National Association of Australian State Road Author-
ities(P.O. Box J14l, Bricldield Hill, N.SV. 2000,
Ar¡stralia):
pr.rblicatioru, xxiii, Ref. E, Rel,9

nepassing markings and signs: 31,95, 132

norpassing sight distance, sec stopping sight distance

Odier, L.: Ref.3

Oglesby, C.H.: 23 1, 233, 234, 2t9, 240, 24 1, 242, Ref . l4
I
I

I Selected Text page numbers and reference
I number
L-¡6¡¡gr.. de página en los Textos

Seleccionados y número de referencia
-' 

îiffi ,::ï::r,"uîd€s 
rextes cho isis er

llustración



AASHO, see American Association of State Highway
Officials

aerial photo8raphs and interpretation: xx, xxi, 7,
15, 17r48, l6l, 164, 165-166, 167, 169, 17l, 173,
175,178,184, 187' 189, 190, 192'Ref.7,
Ref. 8, Ref. 10, Ref. I I, Ref. 12, Ref. l3'
Ref. 15, Ref. i6, Ref. 17, Ref. 25

in drainage pettern studies, 257-283
in landslide studies, 200, 204, 20>207, 229, 290-313
mosaics, 252-253
stereoscopic, xx, 238-248, 257

aggradation: 20

aggregates (see also atkali aggregates; field tests;
gradation): xvi, 51, 63,76t 112-124, l45t l58r Ref.4'

Ref. 23
surfacing,76, 104, 109

airphotos, see aerial photographs and interpretation

alkali aggregates: 51, 157

alkali soils: 178
flats, 176-177

alluvial deposits: 57, l7),185, 189
fans, 176, 2141 230,262

American Association of State Highway Officials
(AASHO) (now American Association of State Highway
and Transportation Officials, AASHTo) (444 North
Capitol Street, N.V., Suite 225, Vashington, DC
20001):
publications, xv, 67, Ref. I, Ref. 2
soil classification system, 62, ReL. 25
test methods, 53

American Society for Testing and Materials (ASTM)
(1916 Race Street, Philadelphia, Pennsylvania 19103):

49, 50,6g

American Society of Civil Engineers(345 East 47th
Street, New York, New York 10017): 69

American Society of Photogrammetry (105 North Virginia
Avenue, Falls Church, Virginia 22046); Ref. l6

amphibole and ampNbolite: 143, 144, lr0, lJ-5, lJ8

anamolous drainage: 263, 264

anastomotic drainage: 261-262

andesite: 143, 144,145, 152

angulate drainage: 263, 264

annular drainage: 259t 260,273

aquif¡ers: 208,230

arct¡c regions: 16l, 173, 174, 175,202

arid regions (see also semi-arid regions): l6L,176-178,
2011 202, Ret.7

artesian zones: 47

Asphalt Institute (Asphalt Institute Building' College
Park, Maryland 207 4ù: Ref . 25

asphalt pavements, see flexible Pavements

asphalt stabilization: 67

asymmetrical drainage: 263, 264

Atterberg limits: 130, 133, 137, 167, 189

augers and augering: 54-55, 59,60
hand,46, 59
bucket, 56

augite: 144, 145,148, lr0, l5l, 152

Australia: 187, !92, Ref. 17' Ref. 20

avalanches: 2061 212

backhoe:57

backslopes: 46,203

banks: 294

barbed drainage: 263t 264

basal till: 230

basalt: 143,144,149,155, 156, 16l,178, 179

landslides, 29 5' 302, 312

base courses: 95,104, l14-ll5' l16' ll7, ll9,
l2l, 172

gravel, 76,106, 109, 172

basement complex: 188, 189

beach sand areas: 97

bearing capacity (see also California bearing
ratio): 49, 55,67,76, L12-ll5' l6l' Ref. 4'

Ref. 14

Beaven, P. J.: Ref. 8

bedrock: xxü,47,54, 57,63, 162, 165-166, 175, 178
identification by aerial photography' 257-281, Ref.l2
in landslide studies, 200t 292,296,305, 306
influence on drainage, 2651 292

Belcher, D.J.: xviiir Ref. 7' Ref. l3

benching: 213,215,224

bibliographies:
aerial photograph interpretation' 291

landforms and terrain evaluation, 180-l8l' 193

landslides, 20 5, 233, 3 L 3

soil identif ication, 7 7

soil mechanics, 179

Bibliography and Index of Geology Exclusive of North
America: 205

biotite: 144, lrl
blasting: 224

bolting, see rock anchoring

borings (!gg_4_:9 wash borings): 47, 55-56, 57' 58, 59,
64-65, 66, 681 206

dry,59
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Borneo:187

borrow:
areas, 55
placement of materials, 67

boulders:61

Bragg, G.H. Jr: Ref. 22

braided dra.inage: 263, 264

breccia: 143, 150, 153, 155, 158

bridges (see also Iootings): 9, I4r ZO,33, 44,46, 50

bulkheads: 220-221

Bureau of Public Roads (now United States Federal
Highway Administration, Department of Transpôrtation,
ìVashington, DC 20J90): xviii, xix, 142, I I3, 154, ZOj,

218, Ref. 6, Ref .9

Bureau of Reclamation(l8th and C Streets, N.V., Wash-
ington, DC 20240): 67

buttresses: 222-224

calcareous rocks (see also limestone; dolomite): 143
t44

calcite: 143,144

Ca]ifornia bearing rario (CBR): jlr 62, I3j,lg6, lg9
Ref. 2J

Caraway, Jack Ref. I I

carbonaceous soil, see organic soils

caving:176

CBR, see California bearing ratio

cement: i57
grouting, 226
stabilization, 67

centripetal drainage: 262

channels (see also drainage patterns; streams): 14,
l8

changes, 8-9,20, ?)
slope, l7

chemical properties, see soii properties

chert: 143, 144,148, 155, 157-158,201

classif ication, see rocks; soi.l classif.ication

dastic: 230

clay: 49, 50, 5I) 61, 62,78,82,94, Lli, L16, l17, IL9,
129, I3I, 136, 16l, 16g, 179,203

black, Ref. 23
drainage, 268, 269, 270, 27 l, 277, 279
identif ication, 98-99, L0l
landslides, 207, 222, 296, 297 | 307, 312
silty, 166, 167, 17l, 172

Cleaves, Arthur B.: Ref. 9

diffs: 294

dimate (see also arctic regions; arid regions; semi-
arid rel-iãñÐ-' 15, 228
in relation to soil and landforms, 163, 174-176,

186, 188, lgg, 193,202,203

coarse-grained components (see also gravels; sands):
78r 87 r 88, g l, 93

coastal plains:
drainage, 265
landslides, 303-305, 307

cobbles: 82

cohesionless soils: 59, 60

cohesive soils and rock: 50, 52, 5g,210,231

colinear drainage: 262

colluvia.l soils: 202, 212,230,267, 300

color, see soil color

Commonwealth Scientific and Industrial Research
Organization (CSIRO) (p.O. Box 89, East Mel-
bourne Victoria 3002, Australia); l9Z

compacted sample test: 132, 135

compaction, see soil compaction

compression and consolidation: 49--50

computer-aided computation of
flood frequency, 32

concrete: 157, 19l

conglomerate: 143, l50r.l53t 155, 158, 20I, 231

consolidation and compression: 49-50

consol¡dation tests: 137

construction and its effect on stress conditions of
geological and soil materials: 204

contorted drainage: 261

control surveys: l7

costs: 2ê28
construction, xür 8, 261 28, 43
maintenance, xii, 8, 43, 44

creep: 209, 212,231

crib walls: 222

crush zones: 2021 207

crystalline rocks (see also andesite; basa.lt; diabase;
rhyoli te; t rach yEI-f4E

culverts: 14,24,25, 46, 51, 172, 178



cuts and cut slopes (see also slopes): 48, 55r 67, 69,
169, 206-207, 222, 303

damage: 261 27,3l

dams: 7, 20, 25, Ref. l6

debris: 9, 19r 20

degradation: 20

dendritic drainage (see also pinnate drainage; sub
de n d r i t i c a r ai ñ a gã) : Z 5 -9 - 2 6 O, 2 6 7 - 2 6 8, 2 6i,' 27 l,

274, 277, 278, 279-280, 312

deranged drainage: 260-26 I

dewatering areas: 50

diabase: 143, 144, 145, 150, Ir2,155,156

dichotomic drainage: 262

differential thermai analysis: 229

dilatancy: 61,62

diorite: 143, 144, 145, 149, 150, 153, 154, 155,201

ditches: 14, 57, 172, 2!5, 217, 262-263, 275

dolomite: 143, 144, 145, 149,150, l15, 157,165,201

Dowling, J.W.F.: Ref. 8

drain wells: 220

drainage (see also ditches; drainage patterns;
surface water): xii, xiii, xiv, xv, xxir7, 10, l14,

llÇ117, 136, 165, 178, 192,214, Ref. 4,
Ref.5, Ref. 14, Ref. 25

basin, lJ-19,21
facilities, 8-10, 14, 223, Ret, 7

subsurface drainage, 50, 67, 17 I, 218
surface drainage (see also surface water), L7 I, 215,

2t7
tunnels, 220

drainage patterns:
identification by aerial photography, 257-281, 290,

291, 292, 293, 296t 306, 312, Ref. ll, Ref. l2

drained condition: 49

drains, see perforated pipe drains

drawdown: 2081 214

dry areas, see arid regions; semi-arid regions

dry density, see soil density

dry strength, see soil strength

dust formation test: 86-87, 88, 96, 100

earth resistivity: 55

earthquakes: 46

earthworks:192

economic planning: 184, 192

economics, see costs; economic planning

elongated bay drainage: 264

environmental impact: 7,8, 9

eskers:173

excavation slopes, see slopes

failures (see also caving): 44

Falk, Anne Lucas: Ref. 20

f.aultsz 202,207

feasibility investigation: 48

feather-like drainage, see pinnate drainage

Federal Aviation Administration (FAA) soil classi{ication
system: 62, Ref.. 25

feldspar: l4r, 146-148, 149, 150,152, 151, 155

felsite (see alsg andesite; rhyolite; trachyte): 149,
tsTTllJst

ferruginous soils: 186

ferromagnesian minerals (see also augite; hornblerrde;
mica): 148, 150, 153

field investigations (see also soil identificationl 47,
52, 60-62, 63

field tests (see also soil identification tests):
f or aggr$ìã-materials, 7 5, lQ3- L I I
for moisture content, 122
for plastic.ity, E3

fills and fill areas: 67,212-213,214, Ref. 5
rock, Ref. 2l
sidehill,219

fine.grained soils (see also clays; fines; silts): 49, 51,
54,61178-79,82,94, 122, 137, Ig0

fines (see also fine-grained soils): 86, 9I, l04,
106-109, ll0, Ref.4

Percent, 78r 86-E7, 107
tests,76

Finn, F. N.: 45,Ref. 3

fish habitats: 8, 9

flexible pavements: 104, 172, 27Q, 27 l, 27 5, Ret.23,
Ref. 25

floods: 7,22-23, 205,209,261, Ref. I
control (see also drainage) 9, 19-20
design discharge, 14, 28
design flood, 14, 22, 25-26, 30
design f requency, 28-3 I
determination of magnitude, 24-25, 28-34
discharge and peak discharge, 24-25, 18,30r 32,

33
frequency and frequency curves, 14t 23, 30-33
history, 20-24
landforms and landslides, 165, 167, 174,312
predictions, 28-34

I

327



328

recotnition of. hazarc, 7 -9
recordsr S, l4-1,
runoff and runoff computations, 15, 16, 17rFtef..Z

foliated rock (see also amphibole and amphibolite;
gneiss; schisiiJlãlã[ 63,'1q3, I gG I 48, t 49, I 50,'

lr3, lJE,202,207,231

footings: 49r 64,67
bridge, 56
spread, 57, 58

forests, see vegetation

fossils:145

foundations: 43r 47r 50,55r 67, Ref. 5, Ref. l4

fractures: 202, 207, 208

frost damage (see also frost susceptibility): I l7-l lg,
Ref. 5, Ref. 14

frost susceptibility (see also ground ice; ice lenses):
51, 57r75,76, ll2, l17, 157, 174-1761 209,214,
Ref. 4

gabbro: 143, 144, 145, 150, 153, 155, lI6,2Ol

gaging stationsz 30, 33
records, 15, 22, 23, 28, 32

G¡lla land system: 189, 190, 192

Geikie, Sir Archibald: 142, Ref. 6

Geological Society of America (3300 Penrose place,
Bou.lder, Colorado 80301): 205

geology (see also rócks): xii, xiii, xviii, xix, lg,47, lBO, Z3l,
Ref. 16

in landslide studies, 200-2A2

geophysical surveys: 206, 228-229

geotechnics: Ref. 24

glacial drift and glaciation (sgg also morainic landforms):
54, 164, Ref.:7

drainage, 266, 267, 272, 27 3-27 5, 2Z 6, Z8l, 292
landf orms, L7 0- 17 3, L7 8, 202, 204, 229, 23 l, 232
landslides, 303, 306, 3l I

gneiss: 143, 144, 147, 150, 155, l-58, 186, l89r 2OZ,
303

in relation to landslides, 203,303

Gombe land system: 185, 188, 189-190, lgl, 193

gradation: 87-89,91,93r 96, ß6
aggregates, 7 5-76, 103-104, L14
test, 133

grading: xviii, l6l, 173rRet.7
approach, 27

grain size, see particle size

granite: 143, 144, 145, 147, 149,150, 153, ll,4, Ili.ô
156, 165, 17I, 173, 175, Lg9, lg0, 192, Lg4,2Ol,
202,203

and landslides, 300-303, 312
drainage, 271,272
in Lugge land system l8r, 186

granular materials (see also gravel; sands): 49, l2l,
172, 202, 276-277, 281

granular teriace: 27 4, 27 5-27 6, 2BO

gravel (see also base courses)z 611 7Zr 7g, 82r 86,
87-Egrg0- 92,g3,g6r97, 101, 106,107, ll3, llg,
t2l, 123, 129, 130, I5t, 17l, 172-173, l9l,2lo,
Ref .4

drainage, 268,269r 275
roads, 104

Great Britain Road Research Laboratory (now Transport
and Road Research Laboratory, Department of the
Environment, Department of lransport, Old Wokingham
Road, Crowthorne, Berkshire RGll 6AU, U.K.):
Ref. l4

ground ice: 173-175, 176

ground photographs: 16l, 229, 293, 3l I

ground water (see also water table): 47,64, llg, l6l,
162, 165,176, Ref. 7

in landslide studies, 200, 208, 228, 229

Guinea: 186

gullies: 17 l, 27 I, 274, 276, 278, 279, 292, 296, jO3,
3t0

Guyana: 187

hand stain test: 87, 88, 96-97, 100

high-water marks: 2J

Nghway drainage (see also drainage): Ref . l,
Ref. 2

Highway Extension and Research Project for Indiana
Counties (Engineering Experiment Station, Purdue
University, rrVest Lafayette, Indiana 47907)z xvi,

Ref. 4

highway planning (see also road location studies):
9, 46-48

legal aspects, l0

highway realignment: 46

highway relocation: 21 5, 226, 299

Highway ReÈearch Board (HRB) (now Transportation
Research Board, 2l0l Constitution Avenue, N.W.,
Washington, DC 20418): 69, 164
publications, xviii, xxii, Ref. 7,Ref. 13, Ref.l5,

Ref. 24

highway sufficiency rating: 192

hills: l6l, 165, 187,188, l9I, 193, 194, jO3,3lz

Hittle, Jean E.: Ref. 4

holes: 48, 52, 56

Holtz, Wesley G.: Ref. l9

horizontal drains: 69

hornblende: 143, 144, 145, 147, 148, I.5O, ljl, 152,
153, 156,157



Hveems resistance value method: Ref. 25

hydraulics: xv, xviii, xxii, 7-10, 14r 24) 25,28, Ref. I

hydrographs: 22
for flood prediction, 33-34

hydrology (see also drainage): xv, xvi, 7,10, 14-36,19,
20r28r?01r228, Ref.2, Ref. l6

peak flow, 18, 19, 33
research and development, 2l
storate, 18-19, 21, 22, 30

hydrometer test: 133

ice (see also ice lenses): 9, 20

ice lenses: 51, ll7,172-173

igneous rock (see also basalt; diabase; diorite; felsite;
gabbro; granite; perrCotite; syenite): 63,143, 144,

145, 146, 148, 152, 153-154, 155, 156, 158,201,
292, Ret. 6

and landslides, 207, 3Q0

illusory drainage: 262, 263

index properties tests: xvü, 132-13)

Indiana State Highway Commission Standard Specifi-
cations: I 19

indicator tests: 104, l06-l I I, Ref . 4

inorganic soils: 5l

Institution of Highway Engineers (3 Lygon Place, Ebury
Street, London SWIV OJS, U.K.):
publications , xix, Ref. 8

interfluves: l94r 27l

internal friction: l12, ll4, I15
angle,137

iron- containing rocks and soils (see also ferromagnesian
minerals): l4J, 186

irrigation: 8r 9, 2l

Jones, Gay D. Jr.: Ref. 24

Knopf, Adolf: 142, Ref. 6

kaoli,n: 143, 145

kettle kame, see morainic landforms

kettle hole drainage: 264

karst: 18, 261,2681 269,296

laboratory testing: 47, 51, 52, 54, 62, 64r 66-67, 68,
761 77 r 81, 132-137, 229

Labu land system: 189, 190, 192, 193, 194

lacunate drainage: 264, 277, Ref. l2

lakes: I 9, 165, 177, 203, 261, 264, 267, 269, 27 7, 304,
305, 312

land classification: 184, 187, 189, Ref. 8
Malaysian, 190

land facets: 187,188, 189, 190, 192, 193, 194, Ref.

land use (see also urbanization)z 7, 17-18, 30
survey, 192

landforms (see also terrain; terrain evaluation): xvlt¡
L6561 64, l6l-181, 231, Ref. 7, Ref. lJ, Ref.

identification, 48, 291-292, Ref. 3, Ref. 8
susceptible to landslides, 296-31 I

landscape (lgg_alsg land classif ication; landf orm s;
terrain evaluation; topography): 186, 187, 188, 192,

193

landslides: xix, xxii, 8,46,49, 16l, 165,178, 179,
199-2321 266, Ref. 7, Ref. 9, Ref. l6

control and correction,215-226, Ref. l3
in urban areas, 199, 207
nomenclature, 200
reporting, 226-230
use of aerial photographs in investigations, 290-313

Iaterite: 189, Ref. 23
ironstone, 185, 186, 187, 188, 189,191,193

legal aspects: 10, 14, 24, Ref. I, Ref. 13

Liang, Ta: Ref. 13, Ref. 17

lif t tNckness: l2l

lime stabilization: 67

limestone (see also karst): 143, 144, 145, 149, 150,
l5l, 155, 157, 158, 163, 1781 202

and landslides, 207, 312
drainage, 263, 264, 266, 268, 269,279
soluble, 165-167 , Re[. 7

liquid limit: 50,91, 136, 190, 194, Ref . 23

liquidity index: 138

load-carrying capacity, see bearing capacity

loading test: Ref. 23

loess: l6l, 165, 167-169,201,231
and landslides,22L,222, 310, 3ll, 112
drainage, 278-281

Los Angeles abrasion test: Ref. 23

Lugge land system: 185, 186, 189

Lutten, R. J.¡ Ref. 2l

magnetite: 143

Malaysia (see also Galla land system; Labu land system):
189, 190' Ref.8

maps: 7, 14, 15-17,19,46,47t 48, 164, 167, 169, 17l,
176, 187, 190, 192,204-205, Ref. I

drainage, 257, 258, 265-280
landslides, 22Ç230, Rel..,9
using photographs, 241

marble: 143, 144-145, 150, 155, 1581 202

marshes (see also swamps): 67r 2611 2651 305
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metamorphic rock (see also amphibole and amphibolite;
gneiss; marble; quartzite; schist; serpentinite; slate):

63, 143, 144, 145, 146, 154, 155, 156, 159,201,
202,292

and landslides, 207, 303

mica: 143, 144, 147,150, l5I, 155

micaceous soil: 98, 203

Michigan method: 163

Miller, Ralph L.: Ref. 20

minerals (see also quartz): 63, 102, 142-158,229,
Ref. 2l

mining areas: 210, 2141 292

morainic landforms: 163, 165, 174,2311 276,303,
304, 312

Morin' rV.J.: Ref . 23

muck: 80, 81,82r 92, 113, 178

National Association of County Engineers (National
Association of Counties, 1715 New York Avenue,
N.W., Washington, DC 20006):
publications, xvi, xxi, Ref. 3, Ref. lI

National Technical Information Service (5285 Port
Royal Road, Springfield, Virginia 22161)z Ref. 17,

Ref. 21, Ref. 22, ReI. 23

New Guinea: 187

Nigeria (see also Gombe land system; Lugge land system):
185, 189, 192, Ref. 8

noncohesive soils, see cohesionless soils

nonfoliated rock (see also marble; quartzite; serpentinite)l
t43

obsidian: 143, 144,148, 149

office investigations: 47

olivine: 143, 148, 150,152

organic soils (see also muck; peat): 7E,79-80, 82,
94, 9E, 99, lL7, 129

outfalls: 14, l6

overdesign: 43-44

Oxford University, Department of Agriculture (University
Offices, Wellington Square, Oxford OXI 2JDr U.K.):

187,192

parallel drainage (see also colinear drainage; subparallel
drainage): 259, 260, 312

particle size: 51, 60, 6Lr7\ 87r 90, 102, ll4r l36t
170, 189,203

Parvis, Merle: Ref . l2

Patrick, D. M.: Ref, 2l

pavement damage: 44, 45

pavement thickness: I 14

peak flow, see hydrology

peat: 80, 87r 82,92r 94, ll3, 165

peridotite: 143, 152, 155,156

perforated pipe drains: 2181 219,220,222

permafrost: 173,264

permeability, see soil permeability

Perm¡ts: 9

petrography: 231
tests, 230

phantom drainage: 265, Ref., 12

photographs (see also aeria.l photographs; ground photo-
graphs; ): 48, 64

piles:
and landslides, 223, 224, 225
foundations, Ref. 5
support, 67

pinnate drainage: 261, 276, 278, 279, 292, 312

pipelines: 176, Ref. l6
steel, 178

Pirrson, Louis V.: 142, Ref. 6

p¡t run materials: xvi,75, 123, Ref. 4

plains, coastal, see coastal plains

plast¡city, see soil plasticity

plate bearing test: Ref. 25

porphyry: 149, 152-153

Portland Cement Association (5420 Old Orchard Road,
Skokie, Illinois 6Q076)t Ref. l8

Portland cement concrete and paste: 51r 63, 152,
156, 157, 158, 169

precipitation (see also rainfall): 8,21-22, Ref.. 2

probing: 52-54

Proctor test: 135

P.U.C.E. system (Pattern-Unit-Component-Eva.luation
system):192

pumice: 143, 149

pumping plants: l8

Purdue University(West Lafayette, Indiana 47907):
Highway Extension and Research Project for Indiana
Counties, xvi, Ref. 4

Joint Highway Research Project, 257,Ref.. 12

pyroxene and pyroxenite: 143, 150, 157

quartz: 143, 145,146-148, 150, lJl, l53t 155, 165,
203



guartzite: 143, 144,149, 155, l5E, 175,202

rrquick" soilz 229

radial drainage: 259, 260, 27), 292

rainfaJl (see also precipitation)z 15,2L-22, 192

rational formula: 33

reali6nment, see highway realignment

reconnaissance: xir 48

records and reports (see also floods; gaging stations;
maps): 10, L4-15,51-TT-, 46, 47, 48; 6'4-69, Ref . l,

Ref.9

rectangular drainage: 259, 260

rectilinear drainage: 262, 263

regional analysis: 28-30, 32, 33

relocation, see highway relocation

remote sensing devices: Ref. 17, Ref. 23

reports, see records and reports

reservoirs: 7, 8, 19

residual soils: 296, 300,303

resistance value: 51, 62

restraining structures: 220-224

retaining walls: 49, 58, 220-221, 223

reticular drainage: 264-265, Ref. l2

rhyolite: 143, 144,145, 152

ribbon test: 84, 100, l0l, 102

risk: 26-28

rivers (see also drainage patterns): 19,204,208
undercutting, 208,296

road improvements: I l4

road location studies: xii, 184, 204, Ref. 8, Ref.
23, ReL. 25

roads, see rura.l roads

rock anchoringz 2l 5, 2 l6

rock glass: 143, 145

rockfalls: 208, 296, 300

rocks (see also boulders; igneous rock; metamorphic
rock; sedimentary rock;): i86, 188, 201-202
classif ication, l4)- 14 5, 146
engineering properties, xviii, 154-156, Ref. 6

identification, xvü,47r 63, 142-158, Ref. 3, Ref.5
particles, 102
structure,146
weathering, 202-204

roughness coefficients: 2J

runoff: 14, 19,21r 22, 30, 13
rate, 18, 19

rural roads: 46

safety (see also safety factor): 46
codes, 52

safety factor: 43, 44

samples and sampling (see also compacted sample
test): xvi, xvii, 55-60, Ref. l9
disturbed, 47, 55, 59-60
in soil identification and surveys, 95, 162-163, 164,

166, 167,169, 189, 190, 192, Ref. 3

undisturbed, 47, 50, 55, 561 60

sand drains: 67

sand dune areas: 28, 165, 169, 170
analysis of sand, 17l

sands (see also sand dune areas): 49, 50, 61,78, 82,
g6;Ð:{192,93,96,97,99, tol, Io7, It3, Lt6,
lI7, !19, l2l, 123, 129, 130, 167, 168, 172, 173,
1E9,275

plains, 170

sandstone: 143, l¿+4, 149, 150, 155, 157,158, i63,
165, 178, 189,201

drainage, 267-268, 269, 27 I) 272t 281
in Gombe land syste"n, l8J, 188, 190
in relatìon to landslides, 203t 207, 296, 299, 300,

306

savanna: 186, 189

scarps: 215

schist: 143, 144, 146, 147,150, I5),155, 15E,202t
103

in relation to landslides, 207, 207, 231, 303

scour: 20

sedimentary rock (see also breccia; chert; conglomerate;
dolomite; limestoneffidstone; shale): 63, l4l,

144, l45t 146, 148, 154, 155, lJ6, lt8, 163, 190,
201-202,292

and landslides, 2Q7, 295, 296, 299, 300, 301, 302,
305, 312

drainage, 272,273,277

sedimentation: E

sedimentation test: 97, 104-106

seepage: 44, 48,50, 294, Ref. 5

seismic refraction: J5

semi-arid regions: 163

serpentine soils: 293, 303,312

serpentinite: 143, 149, 155, 158

settlement: 67, 176
prediction, )0
rate, 50
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shale: 143, 144, 149, lr5, 157, 16l, 163, 165, 178,
lE9,202, Ref. 23

drainage, 266, 267, 268, 269, 270, 27 1, 272, 279
embankments, Ref . 20,Ref..22
in relation to landslides, 203,2081 215,222, 296,

297, 298, 299, 300, 306, 312

Shamburger, J.H.: Ref. 2l

shear strength (see also bearing capacity; soil
strength)i 4 8'- tr c-ç- 68
failure,214
tests, 49, 52

shrinkage: l3), 136, 167,186, 189,212

Shurig, D.G.: Ref. 4

silica: 144

silicous rocks (see also breccia; chert; conglomerate;
san ds t one; sÏ-at e)I-t + ¡

silts: 9, 50, 6!, 62,78-79, 82, 92,94, ll2, ll7, ll9,
129, l3l, 166, 167,168

drainage, 273,276,278
identification, 97 -98

sink holes: 165-166, 214, 226, 231, 263, 266, 268-27 I,
296

siphon: 2201 221

site investigations, see landforms;
terrain evaluation

slate: 143, 144, 155,202,303

slopes (see also back slopes; cuts and cut slopes); 48,
49r 201, 202, 209-2llt 22), 225, 229, 294

stability, 44r 55, Ref. 14, ReI. 22

slumps: 296, 303, 305, 310

Smith, H.T.U.: xix, Ref. l0

solt strata: 54

soil classification (see a.lso land classification; Unified
Soil ClassificatiõñSystem): xvi, xvii, 47, 5d, 621 75,

137, Ref . 3, Ref . 4, Ref . J, Ref . L7rRef..23,
Ref. 25

soil color and tone: 165, 166, 170, 192,257r 292-293,
2941 2951 2961 297, 300, 303,309, 313, Ref.4

soil compaction (see also compacted sample test):
641 75, 76, l12, 119-122, Ref. 4, Ref. 23

eguipment, ll9-l2l

soil compression: 135, 136

soil components; 7 8-82, 92

soil deformation: 5l

soil density:
dry, 186, 189, 194
in place, 60, 192

soil drainage, see drainage

soil erosion: xxii, 8, 9r 24, 176,208,231
control, 169

soil identification (see also aeria.l photographs; soil
identification tests): xvi, xxi, 47, 48r 52r 60-62175,

83,124, Ref.3, Ref.4, Ref.5, Ref.23
by aerial photography, ?57-281

soil identificetion tests: 7 5, 7 6-77 , 78-90, 95-102
hand tests, 75r 76| 7E, 83
visual examination, 75, 78r 861 96, 102, 130

soil mechanics: Ref. 4, Ref . l3

soil mo¡sture conditions: L6l, 162

soil moisture content: L19, I2l-122, 136, 189, 194,
207,292

test, 133, 137

soil particles, see particle size

soil permeability:49, 50r 52r 60, l16, 134,135, lJ6
203,2t4,219

soil plasticity (see also liquid limit): 49,50-5lr 60,
6l-621 761 78, 92, 93-gJ, gl, gg-99, 104, 162,
189, 190, 192, 194, Ref.4, Ref. 14

chart, xvii, 138
index, 50
lim¡t, 50, 133
test, lOGlll

soil porosity: 281

soil profiles: 64, 66,95, 163, 172
in Galla land system, 192

soil properties (see also shear strength; soil compression;
soil permeability; soil plasticity; soil strength): 43,

49-51, 62,78,91, l6l, lE4, 187, 190, Ref. 19,
Ref. 23

soil samples, see samples and sampling

soil stabilization: 192, Ref. 5, Ref. 23

soil strength: 60, 61-62, 112-115, 137, 187,Ref. l4
dry,61,62,85r 97, 100, l0l, 102

soil stress, see stress

soil surveys: xvii, l6l-18l

soil swell: 51r 64

soil testing (see also soil identification tests; soil
moisture coñtèñq soil properties): 49, 68, 229, Reî.23

soil texture: 16l,162

soils rating: xvi, 7 5, 7 6, ll2-124, Ref.. 4

soils use chart: I l?-113, I 16, I 19

sounding, see probing

South Africa: 187

stability analysis: Ref. J, Ref. l3

stabilization (see also soil stabilization)r 67



stage: 25

Standard Penetration Test (SPT)¡ J3

Standard Soecifications for Construction of RoadS
l'

218

standardization: 61, 16lr 180

stereoscopic observation and stereovision (see also
aerial photographs and interPretation): xx, xxi,

238-248, 257, 290, 301,307, 3lo

storage, see hydrologY

storm sewers:9' 14, I8r 14

streams (see also drainage Patterns): 9' l8' t9-20,
zos, n ;Z-%,296, Ref . 2

crossing, 7

records, 7t L8,22t 23, 32

runoff, l5

stress: 50, 51r205, Ref. l4

subdendritic drainage: 261

subgrades: 67,95,97, Il4-1i.5' ll6' l19, 170,271
frost damage' l18

subparallel drainage: 261

subsurface explorations (see also foundations;
site investi gations; soiTìñîã3îigations): xvi,

37-69, 228, Ref.. )

Sudan: 186

sumps, see drain wells

supervision: 52, 54

surcharge: 208, 210, 214, 229

surface water (see also drainage Patterns): 2081 209

surfacing;
materials, 104

swallow hole drainage'. 262, 26)

swamps (see aÌso marshlands): 19, 57, L74t 2051 261,
262,269' 305, Ref. l4

syenite: 143, 145' 149, 150' 153,154, 155

talus: 300, 302

terrace landform¡ 172' 174r 305;309, 312

terrain (see also landforms; terrain svalrr.ation; topo-
graphlfG'iëã-noes and volcanic terrain): Ref. 23

in landslide studies, 200-201

terrain evaluation: 184-194' Ref. 8r Ref. I I

test pits: 48r 52r 55,56

texturer see soil texture

thawing:174-175

thermal characteristics: 49, 5l

thermokarst drainage: 263, 264

Todor, Peter C.¡ Ref . 23

topography (see also landforms; terrain; terrain evalua-
iiöl''2, t5lTlZz, !61, t64, t65, t78

toughness: 61, 62

trachyte: 143, 144, 145, 152

Transportation Research Board (TRB) (2101 Constitu-
tion Avenue, N.W., Washington' DC 20418) (see

also Highway Research Board): Ref. 24

trap rock, see basalt; diabase

tree-like drainage, see dendritic drainage

trellis drainage (see also angulate drainage): 259,260'
272,296, 312

trenches: L751 228
interceptor, 218,219

triaxial shear tests: I 37

tropics (see also Malaysia; Nigeria): Ref.
Ref. 23

landforms and terrain evaluation, 166'
187-194,202, 20)

17,

169,

Uganda: 192

unconfined compression tests: 49

undrained condition: 49

Unified Soil Classification System: xvi, 62, 7 5t 76,

79, E3r 9l-94,95, 129-l3Lt Ref. 4' Ref. 25

Un¡ted States Agency for International Development
(320 2Lst Strãet' N.W., 

"ìíashington, 
DC 2025ùt

Ref. 23

United States Army Corps of Engineers(Chief of Engineers,
Forrestal Building, Vashington, DC 20)14); 17r75,

76

United States Army Corps of Engineers, Waterways
Experiment Station, Soils and Pavements Laboratory
(P.b. Sox 631, Vicksburg, Mississippi 39180):

Ref. 22

United States Department of Agriculture(l4th and
Independence Ávenue S.W., Washington, DC 20250)z

Bulletin No. 348, 145
Bureau of Plant IndustrY maPsr 164

maps, 164,2051258
Soil Conservation Servicer 205
Soil Survey Division' 164

United States Department of the Navy, Bureau of
Yards and Docks (now Naval Facilities Engineering
Command, 200 Stovall Street, Alexandria, Virginia
22T2)z xvii, Ref . 5

United States Department of TransPortation (400

Seventh Streetr S.V., Washington, DC 20590)z
Ref. 6, Ref.9, Ref. 10, Ref. 14' Ref. 16
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United States Geological Survey (12201 Sunrise Valley
Drive, Reston, Virginia 22092h l5-t7r 2jr 24,

30, 32, 164r 205, Ref. 20

United States Government Printing Office, Superintendent
of Documents (WashingtonrDC 20402): Ref.5,

Ref. 19

United States National Bureau of Standards (Washington,
DC 2023Ð: 178

University Microfilms International (300 North Zeeb
Road, Ann Arbor, Michigan 48106): Ref. Z, Ref.

12, Ref. 13, Ref. 15

urban areas: l7-18r 30r 33, 199,207,291, Ref. l6

valley fill material¿ 277

valley trains: 170

valleys:
in Gombe land system, 188, 189, l9It 193
in Labu land system, 194

vegetation: xxii, 19, 2It 165,174
forests, 166, 170, 178,268
in Gombe land system, 188
in Labu land system, 193
in Lugge land system, 186
landslide area identification, 293, 294,295, 303

vertical sand drains: 220

visual examination (see a.lso soil identification tests):
48,52, 54t 57,5g,6õ, nef. +

voids: 50, 87

volcanoes and volcanic terrain: 18, 163, 2011 207,232

volume change: 49,50r 51, ll9

wall support: 215,216

wash borings: 54-55

Washington siphon: 220, 221

water, see groundwater; surface water

water content: 6l-62, 68

water iniiltrationz 18, 21, 22

water resource projects: 9

water supply wells: 7

water table: 47,50, 51r 57r 67r 228
lowering o'1., 221
perched, 192

watersheds: 16, 17r 23t 30
agricultural, l8

weathering: 163-161, 166, 167, 200-201, 202, 232,
268,269, Ref. 2l

Veibull's formula: 32

well drilling: 47, 54

wind transported mater¡als: 167-170, 278,292, 3Og,
Ref. 7

X-ray diffraction test: 229

Yazoo drainagez 264

Zeigler, T.V.: Ref. 22


