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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 relF'ively inexpen
sive means for the movcment of people and goods. 
The bulk of this nee'i is for low-volume roads that 
generally carry only 5 to 10 vehicles a day and 

Descripcidn del Proyecto


El desarrollo de la agricultura, la distribuci6n 
de viveres, la provisi6n de servicios de sanidad 
y el acceso a informaci6n por medio de 
servicios educacionales y otras formas de 
comunicaci6n en las regiones rurales de paises 
en desarrollo todos dependen en gran parte 
de los medios de transporte. Aunque en ciertas 
areas !os 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 
al movimiento de gente y mercancias. La 
gran parte de esta nec-esidad es para caminos 
de bajo volimen que generalmente mueven 

Description du Projet 
Dans les regions rurales des pays en voie de 
developpement, I'exploitation agricole, la 
distribution des produits alimentaires, I'acces 
aux services medicaux, I'accbs l'information 
par l'interm6diaire de moyens 6ducatifs et 
d'autres moyens de communication, d6pendent 
en grande partie des moyens de transport. 
Bien que les transports par voie f~rree et 
par voie navigable jouent un r6le important 
dans certaines regions, un besoin dominant 
et universel 6xiste d'un reseau routier qui 
puisse assurer avec certitude et d'une faqon 
relativement bon marchb, le deplacement 
des habitants, et le transport des marchan- 
dises. La plus grande partie de ce besoin peut 

that seldom carry as many as 100 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 iscontinually 
produced in both the less and the more developed 
countries. Some of the technology has been doc

unicamente unos 5 a 10 vehiculos por dia y 
que pocas veces mueven tanto como 100 
vehiculos por dia. 

Con respecto a la economia, calidad, y 
rendimiento, el planeamiento, diseio, cons
trucci6n y manutenci6n de caminos de bajo 
vol~men para regiones rurales de paises en 
desarrollo pueden ser mejorados en grat; 
parte por el uso de la tecnologia de caminos 
de bajo volOmen que se encLientra disponible 
en muchas partes del mundo. Mucha de esta 
tecnologia ha sido producida durante las 
epocas de desarrollo de lo que ahora son los 
paises mas desarrollados, y alguna se produce 
continuamente en los paises menos y mas 

6tre satisfaite par la construction de routes 
A faible capacit6, capables d'accommoder 
un trafic de 5 a 10 vehicules par jour, ou 
plus rarement, jusqu'6 100 v6hicules par jour. 

L'utilisation des connaissances en tech
nologie, qui existent d6j6 et sont accessibles 
dans beaucoup de pays, peut faciliter I'6tude 
des projets de construction, trace et entretien, 
de routes ' faible capacite dans les regions 
rurales des pays en voie de d6veloppement, 
surtout en ce qui concerne I'6conomie, la 
qualit6, et la performance de ces routes. La 
majeure partie de cette technologie a W 
produite durant la phase de d6veloppement 
des pays que I'on appelle maintenant d6



vi 

umented in papers, articles, and reports that have 
been written by experts in the field. But much 
of the technology isundocumented and exists 
mainly in the minds of those who have developed 
and applied the technology through necessity. In 
either case, existing knowledge about low-volume 
road technology iswidely 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. 

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

desarrollados. Parte de la tecnologia se ha 
documentado en disertaciones, articulos, e 
informes que han sido escritos por expertos 
en el campo. Pero mucha de la tecnologia 
no esta documentada y existe principalmente 
en las mentes de aquellos que han desarrollado 
y aplicado la tecnologia por necesidad. En 
cualquier caso, los conocimientcs en exis
tencia sobre la tecnologia de caminos de 
bajo volumen estan grandemente esparcidos 
geograficamente, varian bastante con respecto 
al idioma y su forma, y no se encuentran 
facilmente dsponibles para su aplicacion a 
las necesidades de los paises en desarrollo. 

En octubre de 1977 el Transportation 
Research Board (TRB) comenzo con este 
proyecto especial de tres ahos de duracibn 
bajo el patrocinio de la U.S. Agency for 
International Development (AID) para mejorar 

velopp6s, et elle continue , btre produite a la 
fois dans ces pays et dans les pays en voie 
de developpement. Certains aspects de cette 
technologie ont 6te documentes dans des 
articles ou rapports ecrits par des experts.
Mais une grande partie des connaissances 
n'6xiste que dans I'esprit de ceux qui ont 
developp6 et appliqu6 cette technologie par
n6cessit6. De plus, dans ces deux cas, les 
ecrits et connaissances sur la technologie 
des routes CAfaible capacite, sont dispers6s 
geographiquement, sont 6crits dans des 
langues differentes, et ne sont pas assez ais6
ment accessibles pour 6tre appliques aux 
bescins des pays en voie de developpement. 

En octobre 1977, le Transportation Research 
Board (TRB) initia ce projet, d'une dur~e de 
3 ans, sous le patronage de I'U.S. Agency
for International Development (AID), pour 

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 colntries. 

Broad goals for the ltJIimate imrplict of the 

project work are co promote effective use of 

existing information in the economic develop

nient of transportation infrastr ic'ture arid 

thereby to enhance other aspects of rural 

development throughout the world. 


In addition to the packaging and distribution 
of technical information, personal interactions 
with users will be provided through field visits, 
conferences in the United States and abroad, and 

el transporte rural en los paises en desarrollo 
acrecentande la disponibilidad de la informa
cion en existencia sobre el planeamiento, 
diseho, construccion, y rnanutencion de 
carninos de bajo volmen. Con el consejo y 
direcci6n de un comite de iniciativas para 
el proyecto, el TRB oefinir , producir , y 
transmitir productos informativos a traves 
de una red de corresponsales en paises en 
desarrollo. Las metas generales para el impacto 
final del trabajo del proyecto son la promo
cion del uso efectivo de la informacion en 
existencia en el desarrollo economico de la 
infraestructura de transporte y de esta forma


mejorar otros aspectos del desarrollo rural a


traves del mundo.


Ademas de la recoleccibn y distribuci6n 

de la informaci6n tecnica, se proveran acciones 
reciprocas personales con los usuarios por 

ameliorer le transport rural dans les pays 
en voie de developpement, en rendant plus 
accessible la documentation existante sur la 
conception, le tracb, la construction, et I'entre
tien des routes a faible capacit& Avec le 
conseil, et sous la conduite d'un Comit6 de 
Direction, TRB definira, produira, et trans
mettra cette documentation a I'aide d'un reseau 
de'correspondants dans les pays en voie de 
developpement. Generalement, I'aboutisse
ment final de ce projet sera de favoriser l'utili
sation de cette documentation, pour aider au 
d6veloppement economique de I'infrastructure 
des transports, et de cette faqon mettre en 
valeur d'autres aspects d'exploitation rurale 
.travers le monde. 

En p!us de la dissemination de cette docu
mentation technique, des visites, des con
f6rences aux Etats Unis et a I'6tranger, et 



other forms of communication, 

Steering Committee 

The Steering Committee iscomposed of experts
who have knowledge of the physical and social 
characteristics of developing countries, knowl
edge of the needs of developing countries for 
transportation, knowledge of existing transpor
tation technology, and experience in its use. 

Major functions of the Steering Committee are 
to assist in the definition of users and their needs, 
the definition of information products that match 
user needs, and the identification of informa
tional and human resources for development of 
the information products. Through ;ts member

medio de visitas de campaia, conferencias 
en los Estados Unidos de Norte America y en 
el extranjero, y otras formas de comunicaci6n. 

Comite de Iniciativas 

El Comite de Iniciativas se compone de 
expertos que tienen conocimiento de las 
caracteristicas fisicas y sociales de los paises 
en desarrollo, conocimiento de las necesi
dades de transporte de los paises en desarrollo, 
conocimiento de la tecnologia de transporte 
en existencia, y experiencia en su uso. 

Las funciones importantes del Conite de 
Inicialivas son ias de asistir en la definicion 
de usua ios y sus necesidades, de productos 
informativos qtue se asemejan a las necesi
dades del usuario, y la identificacion de 
recursos de conocirnienios y humanos para 

d'autres formes de comMUnication permettront 
une interaction constante avec les usagers. 

Comite de Direction 

Le Comite de Direction est com~pose d'experts 
qui ont a la fois des connaissances sur les 
caracteristiques physiques et sociales des 
pays en voie de developpement, sur leurs 
besoins au point de vue transports, sur la 
technologie actuelle des transports, et ont 
aussi de I'experience qUant I'utilisation 
pratique de cette technologie. 

Les fonctions majeures de ce coniite sont 
d'abord d'aider a definir les usagers et leurs 
besoins, puis de definir leurs besoins en 
matibre de documentation, e d'identifier les 
ressources documentaires et humaines n6ces
saires pour le d6veloppement de cette docu

ship the committee provides liaison with project
related activities and provides guidance for interactions with users. In general the Steering Com
mittee gives overview advice and direction for all
aspecis of the project work. 

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

Information Products 

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

el desarrollo de los productos informativos. 
A traves de sus miembros el comite provee
vinculos con actividades relacionadas con el 
proyecto y tambien una guia para la interacci6n 
con los usuarios. En general el Comite de 
Iniciativas proporciona consejos y direcci6n 
general para todos los aspectos del trabajo 
de proyecto. 

El personal de proyecto tiene la responsa

bilidad para la preparacion y transmisi6n ue


los productos informativos, el desarrollo de


una red de corresponsales a traves de la


comunidad de usuarios, y la interacci6n con


los usuarios.



Productos Informativos 
Se preparan tres tipos de productos informa

tivos: los compendios de la informaci6n


documentada sobre relativamente limitados



mentation. Par l'intermediaire de ses 
membres, le comnite pourvoit A la liaison entre 
les differentes fonctions relatives au projet,
et dirige I'interaction avec les usagers. En 
general, le Coniite de Direction conseille et 
dirige toutes les phases du projet. 

Le personnel attache a ce projet est respon
sable de la preparation et de la dissemination 
des documents, du developpement d'un rdseau 
de correspondants pris dans la communaute 
d'usagers, et de l'interaction avec les usagers. 

La Documentation 

Trois genres de documents sont prepares: 
des recueils dont le sujet sera relativement 
limit6, des syntheses de connaissances et 
de pratique sur des sujets beaucoup plus 
generaux, et finalement des comptes-rendus 



practice on somewhat broader subjects, and pro
ceedings of low-volump 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 er
ployed to prepare syntheses at the rate of 2 per 
year. At least two conference proceedings will 
be published during the 3-year period. In sUm
mary, this project aims to produce arid distribute 
between 40 and 50 publications that cover much 
of what isl-nown about low-volume road technal
ogy. 

Interactions With Users 

A number of mechanisms are used to provide in

temas, la sintesis del conocimiento y practica
sobre temas un poco mas amplios, y los 
expedientes de conferencias de carnmos de 
bajc volumen que estan totalmente o parcial
mente amparados por el proyecto. El personal
de proyecto prepara los compendios a razon 
de unos 12 per aro: se utilizan consultores 
para preparar las sintesis a razon de 2 per
ario. Se publicaran per lo.menos dos expe
"entes de conferencias durante el periodo
de tres arios. En breve. este proyecto pretende
producir y distribuir entre 40 y 50 publicaciones 
que cubren mucho de lo que se conoce de 
la tecnologia de caminos de bajo volumen 

Interaccion con los Usuarios 

Se utilizan varies mecanismos para proveer 
 
las interacciones entre_ el proyecto y la 
 

de conferences sur les routes a faible capacite
qui seront organisees completement ou en 
partie par ce projet. Environ 12 recueils par 
an sont prepares par le personnel attache 
au projet. Deux syntheses par an sont ecrites 
par des experts. Les comptes-rendus d'au 
moins deux conferences seront ecrits dans 
une periode de 3 ans. En resume, I'objet de 
ce projet est de produire et disseminer entre 
40 et 50 documents qui couvriront I essentiel 
des connaissances sur la technologie des 
routes a faible capacit6. 

Interaction Avec les Usagers 

Un certain nombre de m~canismes sont utilis~s 
pour assurer l'interaction entre le personnel
du projet et la communaut6 d'usagers. Un 
bulletin d'information est publi6 dans chaque 

teractions between the project and the user com
munity. Project news ispublished 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 beneficial 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 
opportunities for interaction with users arise 
through international and in-country conferences 
in which there is project participation. Finally,
annua olloquiuMs will be held for students from 
developing countries who are enrolled at U.S. 
universities. 

comunidad de usuarios, Se publican las 
noticias de! proyecto en cada edicibn de la 
Transportation Research News. Se transmiten 
formularios de retroaccibn con lo,'"productos
informativos para que los recipientes lengan
oportunidad de decir como benefician los


productos y conio pueden ser mejorados.

A traves de visitas sernianuales a ios paises


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 tecnicos 
especificos. Siirqen oportunidades adicionales 
para la interacci6r, con los usuarios a traves 
de conferencias intenacionales y nacionales 
en donde participa el proyecto. Finalmente,


habran dialogos con estudiantes de paises


en desarrollo que estan wrscriptos en universi

dades norleamericanas. 

numero je Transportation Research News. 

Des formulaires sent joints aux documents, 

afin que les usagers aient l'opportunite de 

juger de la valeur de ces documents et de 

donner leur avis sur les moyens de les am&

liorer. Au cours de visites semi-annuelles 
dans les pays en voie de developoement, le 
personnel obtient de premiere main des sugges
tions sur le bon fonctionnement du projet et 
peut aider a resoudre sur place certains 
problemes techniques specifiques. En outre,
des conferences tenues soit aux Etats Unis, 
soit a 1'6tranger, sont I'occasion d'un 6change
d'idees entre le personnel et les usagers. 
Finalement, des colloques annuels sont or
ganises pour les 6tudiants des pays en voie 
de d~veloppement qui 6tudient dans les uni
versites 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 engineE
begins to make detailed calculations. 

Vista General 
Antecedentes y Alcance 

La ubicaci6n de la ruta Ilena el vacio entre el 
planificador de transporte y el ingeniero de 
disero vial. El planificador determina la 
necesidad para una ruta en su sentido mas 
amplio. En muchos casos el periodo de plani
ficacidn consiste unicamente en la determina
cibn de las terminales del camino. El ingeniero
de diseho vial determina en detalle las cuali
dades geometricas de la ruta, utilizando normas 
de diseo geometrico apropiadas mencionadas 
en el Compendio 1de esta serie. La ubicaci6n 
de la ruta es el proceso de determinar la 
mejor ubicacion vial entre las terminales dadas 
antes de que el engeniero de diserio vial 
comience Sus caIlculos detallados. 

Se puede considerar la ubicacicn de la 

Expose 
Historique et Objectif 

La d6termination de I'emplacement d'une 
rou!e reunit les responsables de la planification 
des transports et l'ingenieur routier. Le service 
de planification d6termine qu'une route est. 
n6cessaire dans le sens le plus large du terme. 
Souvent, la phase de planification consiste 
seulement determiner les deux points entre 
lesquels la route va 6tre construi!e. L'ingenieur
routier determine la georn6trie de la route en 
detail, en utilisant les normes de dimensionne
ment geom61riques que noUs avons discutees 
dans le Recueil 1de la serie. Faire la selection 
de I'emplacement dune route est le procede
qui consiste 6 determiner le meilleur chemin 

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

ruta en dos fases. La primera fase consiste

en un estudio de reconocimiento o una investi
gaci6n. Se escogen varias alineaciones o

vias alternativas que satisfacen los recuisitos

o controles basicos establecidos para el


proyecto. Esta primera fase tambien puede


describirse como la eliminaci6n de las muchas 
alineaciones alternativas que no satisfacen los 
ccntroles basicos del pro/ecto.

La segunda fase consiste en un estudio 
de ubicacion o selecci6n. Se repasan las alinea
ciones escogidas en el estudio de reconoci
miento y se afinan las alineaciones de la 
alternativas mas prometedoras. Se utilizan 
m,todos mas detallados de estudio para
desarrollar geometricos horizontales y verti

entre les deux points initiaux, avant que I'in
genieur routier ne commence a faire ses calculs 
en detail. 

Cette selection peut se faire en deux temps.
La preniere phase consiste a faire la recon
naissance des lieux. Plusieurs trac6s sont 
choisis, qui reunissent les conditions de base 
requises par le projet. La deuxieme phase
consiste 6 faire I'etude de I'emplacement. 
Les tracbs qui ont t6 choisis lors de la premiere
phase sont passes en revue, et ceux qui parais
sent les plus prometteurs sont analyses. On 
d6termine 6 I'aide de m6thodes topographiques 
plus detaillees, la geometrie verticale et hori

xi 



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 ma or 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 fcrm must still consider the 
same principles. Some form of geometric design 
standards must be followed. Construction and 
maintenance costs are very mportant. but it is 
riot possible to provide a team of experts to 

cales y las valuaciones prelilmnares de costo 
de las rutas alternativas La resultanle de 
esta fase es la seleccion de un diser:o pre
linlinar dei camino en la ubcacibn mas 
economica. 

La Libicacion de la ruta en proyectos mcayores 
es un procedimiento complejo Puede in,.oU
riar varios equipos de ingorieios geologos, 
expertos en suelos, y agrimensore,, . Eilos, 
a su vez, son asistidos por ingeneros de 
transito, econornistas estimadores, y una 

Xii 	 multitud de miembros de personal subsidiarios. 
Este nivel de complejidad en la ubicacion 
de la ruta esta fuera del alcance de este 
compendio. 

En su forma rnas simple la ubicacion de la 
ruta todavia debe considerar los mismos 
principios. Se debe seguir alguna forma de 
normas 	 de diserio geometricos. Los costos de 
construccion y manutencion se vuelven muy 

zontale des traces, etonetablitundnvisestirnatif 
de ceux-ci. L'objectif de cette phase est le choix 
preliminaire de I'emplacement le plus 
economique. 

Pour la construction de grands projets, ce 
procede peut btre tres complexe et exiger la 
cooperation de toute une equipe d'ingenieurs, 
de geologues, de specialistes des sol, arpen
teurs, etc., qui sont a leur tour assistes par
des specialistes de la circulation, des eco
nomistes, et toute ne multitude de personnel
auxiliaire. Ce niveau de complexite depasse 
I'objectif de ce recueil. La determination de 
1'emplacement d'ur,,e route, rndme dans sa forme 
laplussimpleexigequand mdmeuneadherence 
aux m~mes principes de base. Un certain 
nombre de normes de dimensionnement geo
mbtrique doit btre utilise. Les frais de construc

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. If 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 conlstruct and to maintain. 
The purpose of this compendiurn is to prese nt 
information about drainage and geological
considerations that will assist the location 

importantcs. Sin embargo, la naturaleza misma 
del camino de bajo volirnen prohibe el costc 
de "ncontrar la ubicacion ideal por un equipo
de expertos. 

Sucede frecuentemente que 1I resporsabili
dad de la ubicacion de un camino de bajo 
volumen cae sobre un ingenIero de experiencia 
limitada. Se le da asistencia tI nica a este 
ingeniero unicarnente si ouede idc.atificar on 
Area singlar con problemas Los ingenieros 
viales confrontados con este dilema rccurren 
a la aplicacion de criterios geometricos uni
camente en sus problernas de ubicacion La 
exclusion de otros controles, especialmente 
las consideraciones de controles de drenaje 
y geologicos, resullta rnucas veces en la 
ubicacion de un camino de bajo volumen que 
es costoso para construir y mantener, sin 
haber necesidad para esto. El propbsito de 
esle compendio es el de presentar informacion 

tion et d'entrelien deviennent tres important. 
Cependant, de par sa nature, la construction 
d'une route a faible capacite prohibite I'emploi 
de ces experts pour trouver l'emplaceent 
ideal. 

Frequemment donc, la responsabililt de ce 
choix retombe sur les epaules d'un ingenieur 
routier qui n'a que des connaissarces restreintes 
sur ce sujet. L'appui technique ne lui sera dorn 
que s'il est capable d'identifier un proboiine 
specifique Face , ce dilernrie, beaucoup
d'ingenieurs routiers s'en tiennent a I'applica
tion de crit&res gomdtriques. L'exclusion de 
tout autre critbre, rnotamment I'exclusion des 
criteres geologiques et de drainage, resulte 
souvent en une route a faible capacite qui 
sera d'une construction et d'un entretien pro
hibitifs. Notre objectif, dans ce recueil, est 



engineer to select the best route, 

Ration Je 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 doe'; not have such experience will have 

relativo a drenaje y geologia que puede asistir 
al ingeniero encargado de la ubicaci6n para 
seleccionar la mejor ruta. 

Exposicion Razonada para Este Compendio 

Este compendio trata unicamente sobre la 
identificacion de areas de problemas de 
drenaje y geolbgicos por parte del ingeniero 
encargado de la ubicacion. Las limitaciones 
de espacio no permiten que presentemos las 
tecnicas de diseho cietalladas aplicables a 
areas de problemas especifhcos. Se considera
rrn soluciones para algunas de las ,Areas de 
problemas, una vez identificados, en corn
pendios futuros. 

En forma Iogica, se seleccionan los ingenieros 
viales encargados de la Libicacion del personal 
que tiene experiencia en disefo vial. Sin tal 

donc d'offrir une documentation sur le drainage 
et les facteurs geologiques, qui permettra a 
I'ingenieur routier de determiner le meilleur 
emplacement. 

Objet de ce Recueill 

Ce recueil s'adresse seulement l'identifica
tion des probleines geologiques et de drainage 
par I'ingenieur routier qL:i determinera I'em
placement de la route. Le peu d'espace dont 
nousdisposonsnenouspermetpasdepresenter 
en detail les techniques de dimensionnement 
qui s'appliquent seulernent a des problmes 
spcifiques. Dans de futurs ouvrages, nous 
considererons la solution de cps problbmes, 
une fois qu'ils auront ete identifi6s. 

Les ingenieurs routiers qui feront le choix 
de I'emplacement d'une route doiVrt logique
ment btre selectionn6s parmi ceux qui ont des 

great difficulty in selecting the best alignment. 
Design 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 drainage 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. In 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 

experiencia el ingeniero de ubicaci6n tendrA 
mucha dificu~iad en seleccionar la mejor ali
neaci6n. Esta experiencia de diserio general
mente se obtiene en ]a olicina. Normalmente 
muchoF ingenieros de diseio visitan la ubica
ci6n en campaha de un proyecto durante el 
curso de los procedirnientos de diseio. Estas 
visitas ocurren con el prop6sito especifico 
de relacionar geometria con terreno. Por 
consecuencia, el ingeniero de diseho muchas 
veces no tiene tiempo de obsorvar los puntos 
ms detallados del drenaje y de las caracteristi- , 
cas del suelo que no son criticos a la alineacion 
de diseo dada. Ocurre muchas veces qje 
los suelos que se encuentran han sido clasifi
cados antes de iriciarse el proceso de diselo. 
En tal situacion el ingeniero de diseo no 
necesita poder identificar los suelos especificos 
en su estado natural. 

connaissances solides de geometrie routiere. 
Sans cette base, l'ingenieur routier aura beau
coup de diffic.ultes , choisir le meilleur trac& 

Les connaissances en dimensionnement sont 
genbralement acquises dans un bu!au. 
L'ingenieur routier normalement visite le terrain 
pendant qu'il etablit le dimens;onnement
afin de verifier bi celui-ci se rapporte au ti -rain. 
Mais ces visites sont faites specifiquement pour 
cela, et cet ingenieur n'aura peut 6tre pas le 
temps de remarquer certaines caracteristiques 
de drainage et de geologie qui ne sont pas 
absolument indispensables au trac6 de la route. 
Souvent la classification de sols a 6t6 faite 
avant que le trace ne soit commenc6. Dans 
ce cas, l'ingenieur n'aura m~me pas besoin 
de pouvoir identifier les sols dans leur 6tat 
naturel. 

Une fois que l'ingenieur passe du dimensionne
ment au trace actuel de la route, sa conception 



i 

must differ considerably from the design en
gineer's concept of the same road. Geometry 
is no longer the only concern. Route sb,"ction 
can be influenced as much by consideration 
of drainage, geology, and soilsas it is influenced 
by clever geometric design. In 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. In thiis 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. 

Una vez que el ingeniero de diseho se 
vuelve ingeniero de ubicacibn, su concepto 
de un camino debe cambiar en forma con
siderable. Ya la geometria no es SU 6nico 
interes. La seleccion de la ruta puede influen
ciarse tanto por consideraciones de drenaje, 
geologia. y suelo, como por buen diseito 
geometrico. Un disero geometrico preliminar 
ecoromico es un resultado directo de la evalua
cion correcta de las modificaciones de otros 
controles sobre diseho geometrico basico. 

Este compendio trata con las ccnsideraciones 
de drenaje y geologicas. Estas consideraciones 
deben ser evaluadas en forma concurrente y 
continua a medida que se evaluan las posibilH
dades geometricas. Las consideraciones de 
drenaje se tratan en forma general. Casi todos 
los ingenieros de diseho realizan algunos 
calculos de drenaje detallados en algon punto 
de su curso de instrucci6n en drenaje. Otros 

de la route doit changer consid6rablement. 
La geombtrie routiere nest plus son seul souci. 
Le choix de I'emplacement de la route doit 
6tre influence autant par le drainage, et les 
facteurs geologiques, que par le dimensionne
ment g6ometrique. Pour en arriver a un dimen
sionnement geometrique prelimiriaire qui soit 
6conomique, il faut tout d'abord bien 6valuer 
les differents facteurs qui pourraient avoir 
tendance le modifier. On doit evaluer 
constammant et conjc;ntement ces deux fac
teurs en meme temps que les differentes 
possibilites geom6triques sont examinees. 

Le probleme du drainage est traite en general 
dans ce recueil. La plupart des ingenieurs ont 
W expos6s a des calculs de drainage detailles, 
lors de leurs etudes. Nous adresserons le 
probleme en d6tail dans un futur recueil. Par 

The identification of geological concidera
tions is treated here in greater detail because 
most design-oriented highway engineers do 
not have much training in these problem areas. 
Basic information on soils is included, since 
soils problems ate part of the geological con
siderations in highway location. Detailed infor
mation about specific soil and rock types, 
such as tropical soils, shales, and volcanic 
materials, wili 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, 

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

Las consideraciones geol6gicas de la ubi
cacion de carreteras son planteados en mas 
detalle porque los ingenieros viales orientados 
hacia el diseho normalmente tienen menos 
ensehanza geologica. Se incluye inforrnacion 
basica de suelos dentro del alcance general 
de las consideraciones geologicas que se 
tratan en este compendio. Se presentara infor
macibn mas detallada sobre tipos especificos
de suelo y roca, tales como suelos tropicales, 
lutitas, materiales volcanicos, etc., en com
pendios posteriores. 

Tambien se incluye en este compendio la 
interpretaci6n de fotos aereas de ciertas carac
teristicas geolocjicas y de drenaje. Las fotos 
aereas son Una excelente herramienta en el 
trabajo de reconocimiento. Permiten un recorri
miento rapido de grandes areas; y su dispo

contre les facteurs geologiques sont examines 
en detail, car les ingenieurs routiers normale
ment ont moins de connaissances geologiques. 
Une documentation de base sur les sols est 
incluse dans ce recueil. Une documentation 
plus detaill6e concernant des sols specifiques 
et des types de roche, comme les sols tropi
caux, les schistes, les sols volcaniques, sera 
presentee dans un futur recueil. 

Ce recueil examine aussi I'interpretation et 
la lecture de photos aeriennes prisent de cer
taines caracteristiques geologiques et de 
drainage. Les photos aeriennes sont un excel
lent outil pour le travail de reconnaissance. 
Elles permettent de faire la reconnaissance 
de larges 6tendues tres rapidement, et sont 
accessibles dans la plupart des pays. Ling6
nieur routier qui ne doit s'attendre qu'6 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 are 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, 
problerns 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. 

nibilidaid es casi mundial. Seria un bu6n plan 
por parte del ingenieio encargado de la ubi
caci6n del camino, que tiene el minimo de 
asistencia fuera de su equipo, investigar la 
posibilidad de que alguna agencia en su 
gobierno pieda tener fotos aereas de su area 
de proyecto. 

Algunos de los textos seleccionados para 
este compendia incluyen alguna informacion 
que no es aplicable a paises en desarrollo. 
Por ejemplo, las preocupaciones de derecho 
de via de los Estados Unidos de Norte Arnrica 
pueden ser de poco interbs para un ingeniero 
de ubicacion en un anbiente de desierto. Los 
problemas de helada permanente no influencian 
las decisiones de ubicaci6n del camino en 
la selva. Tal material ajeno no debera suspender 
o desalentar el uso del resto del texto salec
cionado en donde aparece. 

aide minimale devrait certainement examiner 
la possibilite que quelqu'organisme de son 
governement ait deja des photos aeriennes de 
I'endroit o6 il veut construire la route. 

Les textes choisis pour ce recueil contiennent 
des information qui ne sont pas applicables a 
des pays en voie de developpement. Par 
exemple, le probleme de l'emprise aux Etats 
Unis, sera de peu d'intbrbt pour l'ingenieur 
routier qui doit travailler dans une region in
habitee. Les problbmes de permafrost nont 
certainnement pas d'influence SUr le trace des 
routes dans la jungle. Bien que ces problemes 
soient examines dans les livres que nous citons, 
cela ne devrait pas decourager l'utilisation 
du reste des Textes Choisis. 

Discussion of Selected Texts 

The first two selected texts provide a corn
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. It 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 

Presentacitn de los Textos Seleccionados 

Los nrimeros dos textos seleccionados pro
veen un resumen breve pero amplio de las 
consideraciones de drenaje que deberan in
fluenciar sus alineamientos geometricos. El 
primer texto, Guidelines for Hydraulic Con
siderations in Highway Planning and Location 
(Pautas para Consideraciones Hidraulicas en 
Planeamiento y Ubicacior 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 for Hydrology 
(Pautas para la Hidroiogia) (AASHO, 1973), 
tambien reproducido en toto, describe el 
analisis hidrologico necesario antes de cual
quier diseo hidrologico de las estructuras 
de drenaje vial. El ingeniero encargado de la 

Discussion des Textes Choisis 

Les deux premiers textes donneront 6 I'in
genieur routier un bref aperqu d'ensemble de ces 
facteurs de drainage qui doivent influencer son 
tra_. geom trique. Le premier texte, Guidelines 
for Hydraulic Considerations in Highway 
Planning and Location (Guide des Facteurs 
Hydrauliques pour la Conception et le Trac6 
d'une Route) (AASHO, 1973), met I'emphase 
sur ]'importance de reperer tout de suite les 
problemes de drainage. Le texte est reproduit 
en entier. 

Le deuxibme texte, Guidelines for Hydrology 
(Guide d'Hydrologie) (AASHO, 1973), reproduit 
en entier, ddcrit I'analyse hydrologique qui 
doit 6tre faite avant que I'on prepare les plans 
des structures de drainage. L'ingenieur routier 
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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 hydiaulics design for the 
alternative alignments of the project.

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

ubicacion del camino de bajo volumen puede 
ser el ' ingeniero involucrado en el diselo 
hidrol6gico e hidraulico para las alineaciones 
alternativas de su proyecto en particular. 

El tercer texto es Subsurface Soils Explora
tion (Exploracion de los Subsuelos) (National 
Association of County Enginecrs Action Guide 
Series, 1972). Este manual se prepare para 
darle al ingeniero de condado un entendimierto 
basico de la necesidad de la exploracion de 
los suelos debajo de la superficie del terreno. 
El texto repasa tecnicas de muestreo de sue!os 
disponibles en el momento; incluye procedi
mientos de camQa~a y oficina para registrar 
e interpretar datas de suelos. El manual tam
bi6n sirve coma una introduccion a algunas 
de las investigaciones mas detalladas de 
tratamiento de suelos incluidas en otros textos 
seleccionados en este compendio. Los apen
dices del texto no han sido incluidos en el 
material reproducido. 

en charge de la construction de cette route a 
faible capacite a des chances d'etre en fait la 
personne qui devra etudier !'hydrologie et 
dessiner les plans des structures hydrauliques 
pour les differents traces. 

Le troisieme texte, Subsurface Soils Explora
tion (Examen des Sous-Sols) (National Associa
tion of County Engineers Action Guide Series, 
1972), a 6t6 6crit pour donner a l'ingenieur 
des connaissances de base su, l.s analyses 
des sols qui sont en usage pr6sert, y compris 
les methodes employees, sur le terrain et au 
bureau pour enregistrer et interpreter ies 
donnees de ces sols. Ce manuel sert aussi 
d'introduction a plusieurs autres m6thodes 
d'analyse des sols plus sophistiquees, qui 
sont incluses dans d'autres textes de ce recueil. 
Les appendices de ce texte ne sont pas repro- 

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

The fourth text, Field Iden-tification of Soils 
and Aggregates for County Roads (Purdue 
University, 1971), was published as a part of a 
highway extension and research project for 
counties in Indiana. It 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 Ciassification System
(USCS) is introduc-d in a simplified form. Field 
identification procedures for each USCS group, 
using simplified methods o' investigation, are 

El cuartc texto, Field Identification of Soils 
and Aggregates for County Roads (Identifica
cion en Camparia de los Suelos y Agregados 
para Caminos de Condado), es un boetin que 
fue publicado en 1971 por la Universidad de 
Purdue coma parte de un proyecto de cxten
sion e investigacibn vial para los condados 
de Indiana. El propbsito de este boletin es 
el de proveer instrucciones para la valuacion 
de la calidad de sue!os y materiales extraidos 
de canteras utilizados en la construccion y 
manutencion de caminos de condado. El texto 
incluye instrucciones para la identificacion de 
componentes del suelo par examinacion visual 
y por pruebas simples de man-, El Sistema 
Universal de Clasificacion de Suelos (Unified 
Soil Classification System-USCS) se introduce 
en forma simplificada. Se describen procedi
mientos de identificacion en campana para 
cada grupo del USCS utilizando metodos 
investigativos simplificados. Se incluyen 

duits. 
Le quatrieme texte, Field Identification of 

Soils and Aggregates for County Roads (Identi
fication sur le Terrain des Sols et des Granulats 
pour Routes D6partementales) est un bulletin 
publie en 1971 par Purdue University. Ce 
bulletin faisait partie d'un projet do recherches 
et de prolongement des routes de I'6tat de 
I'lndiana. L'objectif du bulletin est de donner 
les moyens d'6valuer la qualit6 des sols et 
materiaux naturels utilis~s pour la construction 
et I'entretien de la route. Le texte comprend 
des instructions sur I'identification des sols 
I'aide d'examens visuels et manuels. Le Systeme 
Standard de Classement des Sols (Unified Soil 
Classification System-USCS) est introduit 
dans une forme simplifiee. Des mthodes 
simplifiees, 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 e.lso 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 Structures-NAVFAC DM-7 (U.S. Depart
ment of ihe Navy, Bureau of Yards and Docks, 
1971). The complete manual contains practical 

pruebas de ca-npaha simplificadas para ]a 
evaluaci6n de la calidad de materiales de 
agregado para la construcci6n de hiladas de 
base y de superficie. Los suelos y agregados 
se clasifican ccrno materiales de camino. Las 
pruebas de camparia delineados en este 
boletin son para utilizarse en estudios prelimi
nares de suelo y exploracion de suelos. Las 
pruebas proveen una indicacion del tipo y 
cantidad de pruebas de laooratorio que se 
necesitaran. No se espera que el ingeniero 
encargado de la ubicaci6n de caminos de 
bajo vol6men sea experto en procedimientos
de laboratorio, pero debe tener un conoci
miento practico de las propiedades de suelos. 
Este texto se ,eproduce totalmente. 

El quinto texto consiste en algunas paginas 
seleccionadas de Design Manual: Soil 
Mechanics, Foundations, and Earth Struc-
tures-NAVFAC DM-7 (Manual de Diselo: 
Mecanicas del Suelo, Fundamentos, y Estruc

du USCS sont donn6es. Des methodes simples 
pour I'evaluation de la qualite des granulats 
pour la couche de liaison et la couche de 
roulement sont incluses. Les sols et les granu
lats sont classes quant 6 leur qualit6 comme 
materiaux routier. Les essais sur le terrain 
indiqu6s dans ce bulletin doivent 6tre faits 
au moment de I'etude preliminaire des sols. 
Ces analyses donnent alors une idee du genre 
et de la quantite d'analyses de laboratoire qui 
seront necessaires. L'ingenieur routier de routes 
6 faible capacite ne doit pas n6cessairement 
6tre un expert, et connaitre toutes les m6thodes 
d'analyse de laboratoire, mais il doit bien 
connaitre les proprietes des sols. Ce texte est 
reproduit en entier. 

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

information 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 samoles 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, The Identification of Rock 
Types (U.S. Department of Commerce, 1960), 
was used as a training document by the Division 

turas de Tierra) (U.S. Department of the Navy, 
Bureau of Yards and Docks, 1971). El manual 
completo contiene 'nformaci6n prctica de 
interes para ingenieros de diseho de sJeIos. 
La parte seleccionada contiene una tabla del 
USCS mas detallada, incluyendo criterios de 
clas;iicacibn de laboratorio. Se incluyen datos 
sobre los requerimientos para pruebas de 
propiedades de indice, incluyendo los tipos y 
tamalo o peso de las muestras para cada 
prueba. Tambien se reproduce un diagrama de 
plasticidad. En ocasi6n el ingeniero de ubi
cacion del camino de bajo volumen necesitara Xvi 
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 Identification of Rock 
Types (La Identificacion de Tipos de Rocas) 
(U.S. Department of Commerce, 1960). Esta 
publicacion se utiliz6 como documento de 

DM-7 (Manuel de Dimensionnement: M6canique 
des Sols, Sol de Fondation, et Terrassement) 
(U.S. Department of the Navy, Bureau of Yards 
and Docks, 1971). Le livre donne des rens:igne
ments utiles aux ing6nieurs des sols. Les pages 
choisies contiennent un tableau plus detailIl 
de I'USCS, des donn6es sur lindice de groupe, 
y compris le genre, la mesure, ou le poids 
des 6chantillons pour chaque analyse. Un 
tableau de l'indice de plasticite est aussi 
reproduit. L'ingenieur des route a faible capacite 
aura, de temps Aautre, besoin de faire faire 
des analyses Aun laboratoire. Ces extraits 
lui indiqueront comment soumettre des 6chan
tillons convenables au laboratoire. 

Le sixi~me texte est The Identification of 
Rock Types (Identification des Roches) (U.S. 
Department of Commerce, 1960). Cet ouvrage 
6tait utilis6 comme livre de texte par la Division 
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of Physical Research of the Bureau of Public 
Roads. It is reprinted in full. It present, identifi
cation procedures in simple terms to a.J 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 s6i s 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 

entrenamiento por la Division of Physical Re
search del Bureau of Public Roads. Los pro
cedimientos de identificacion se presentan 
en terminos simples para beneficio de aquellos 
que no conocen los terminos normalmente 
utilizados en las descripciones petrograficas.
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 ubicaciondel camino de bajo volumen a evaluar las 
caracteristicas geol6gicas por las alineaciones 
alternativas seleccionadas. Una vez que el 
ingeniero de ubicaciori comprende las carac
teristicas geologicas de los suelos en areas 
especificas, per asociacion podra identificar 
otras areas donde es probable que existan 
suelos similares. Esta tecnica se describe en 
los textos seleccionados siete y ocho. 

of Physical Research du Bureau of Public Roads. 
Les methodes d'identification sont present6es 
en termes simples, a I'usage des personnes
qui n'ont pas I'habitude de la terminologie
petrographique. Le texte est reproduit en entier. 

Les quatrieme, cinquieme, et sixieme textes 
choisis permettront a l'ingenieur routierd'evaluer 
les facteurs geologiques des diff6rents traces. 
Une fois que cet ingenieur a compris les carac
teristiques geologiques des sols de certain 
endroits specifiques, il sera a m me d'identifier 
d'autres endroits ob il existe des sols de m6me 
nature. Cette technique est decrite dans les 
textes choisis numbros sept et huit. 

Le septieme texte, The Engineering Signifi
cance of Landforms (Le Sens des Contours 
des Terrains pour l'lngenieur) par D.J. Belcher 
de Cornell University, parut dans le Highway 

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. It is reprinted here 
in full. It 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 
ci;,racteristics 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 

El septirno texto, The Engineering Signifi
cance of Landforms (El Significado Ingenieril
de Formas de Terreno), por D.J. Belcher de la 
Universidad de Cornell, aparecio en el Bole
tin 13 del Highway Research Board en 1948. 
Este articulo. reproducido en toto, trata scbre 
la relacion entre formas de terrenos y las 
caracteristicas de las materiales que las com
ponen, y la interrelacibn de las caracteristicas 
del relieve. suelo, roca, y agua de suelo. Ya 
que las formas de terreno recurren, una vez 
que se determinan las caracteristicas delsuelo para una forma de terreno especifica,


se pueden generalmente predeterminar la


calidad basica y tipo de nivelaci6n, 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 acontecimientos


imprevistos. Por Io tanto, el ingeniero de ubi

caci6n del camino de bajo volumen puede


Research Board Bulletin 13 en 1948. Ce docu
ment, reproduit en entier, discute du rapport
entre le contour des terrains et les caracteris
tiques des materiaux qui les composent, et 
des rapports qui existent entre le relief, le sol,
les roches, et I'eau souterraine. Puisque les 
m6mes configurations de terrains se repro
duisent, une fois que ies caracteristiques du 
sol pour certaine configuration ont el6 de
terminees la qualite de base et le type de 
granularite, les exigences de drainage, et les 
genres de sols et de roches pour le m~me 
genre de configuration sont gen6ralement les 
m~mes. En utilisant cette methode, le travail 
de recherches est minimise, et la possibilit6
d'6v~nements imprevus est r6duite. L'ingenieur
routier peut donc 6valuer la similarit6 de con
ditions de terrain entre une route deja 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 text, Terrain Evaluation for Road 
Engineers in Developing Countries, was pub
lished in Journal of the Institution of Highway 
Engineers in June 1969. It describes the more 
recent developments of the basic principles 
that were described in the orevious text. 
Specific examples of terrain valuation 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 

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

El octavo texto, Terrain Evaludtion for Road 
Engineers in Developing Countr,'es (Evalua
cion del Terreno para Ingenieros Viales en 
Paises en Desarrollo), apareci6 en el Journal 
of the Institution of Highway Engineers en 
junio de 1969. Este texto describe desarrollo 
adicional del mismo tema. Este texto se escogi6 
porque amplia sobre los principios que se 
describieron en el texto previo, en su aplica
ci6n en paises en desarrollo. Se describen 
aplicaciones especificas para los principios 
involucrados. El articulo se reproduce total
mente, pero no se incluye la discusi6n publi
cada de este. 

Uno de los problemas geolbgicos mas 
molestosos para el ingeniero de ubicaci6n del 
camino de bajo volimen es el de derrumbe. 

et la route a construire, si les contours de 
terrain sont les m~mes. 

Le huitieme texte, Terrain Evaluation for 
Road Engineers in Developing Countries 
(Evaluation des Terrains a I'Usage des In
genieurs des Pays en Voie de Developpement) 
parut dans le Journal of the Institution of 
Highway Engineers de juin 1969. Cet ouvrage 
reprend et 61abore le sujet qui a 6te discute 
dans le septibme texte. Nous l'avons choisi 
car ilamplifie les principes decrits dans le 
texte pr6c6dent et les applique specifiquement 
aux pays en voie de developpement. Ce 
chapitre e-,t reproduit en entier, mais la dis
cussion du texte n'est pas incluse. 

Parrni les phenombnes geologiques les plus 
ennuyeux que l'ingenieur routier dot confronter 
est celui des glissements de terrain. Le neuvi~me 

geological problems the location engineer 
must face. The ninth text, Landslide Investi
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. It 
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 

El noveno texto es Landslide Investigations: 

A Field Handbook for Use in Highway Loca

tion and Design (Investigaciones de Derrumbes: 

Un Manual de Campafa para Uso en el Diseho 

y Ubicaci6n de Carreteras) (U.S. Department 

of Commerce, 1961). Este manual fue preparado 

por la Division of Physical Research del 

Bureau of Public Roads. Se preparo principal

mente para el ingeniero vial de ubicaci6n. 

Como en otras ,reas, cuando el ingeniero de 

ubicaci6n del camino de bajo vol~men en

cuentra problemas de derrumbe excepcionales 

o complejos, debera pedir el consejo de ex

pertos que se especializan en el tema. Este


texto se reproduce totalmente.



El decimo texto consiste de extractos del 
Aerial Photographs and Their Applications 
(Fotografias Aereas y Sus Aplicaciones), por
H.T.U. Smith (D. Appleton-Century Company,

1943). La porci6n extraida consiste en una



texte s'appolle Landslide Investigation: A Field 
Handboch, for Use in Highway Location and 
Design (Etudes des Glissements de Terrain: 
Un Manuel pour le Dimensionnement et I'Em
placement des Routes) (U.S. Department of 
Commerce, 1961). Ce manuel a 6te prepar6 
pour la Division of Physical Research du 
Bureau of Public Roads, pour l'ing6nieur routier. 
Si cet ing6nieur se trouve devant un probleme 
complique de glissement de terrain, nous lui 
conseillons vivement de prendre I'avis d'experts 
en la question. 

Le dixieme texte consiste en des extraits du 
livre Aerial Photographs and their Applications 
(Photos Aeriennes et Leur Utilit6), (D. Appleton-
Century Company, 1943) de H.T.U. Smith. Les 
pages qui sont reproduites ici contiennent 
une description detaill6e de la methode 
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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 troe value of aerial photo
graphs. Monocular magnifiers that are used for 
reading photographs consist of hand-held two
to four-power reading glasses and more sophis
ticated magnifiers of medium power (5 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 

descripcion detallada del procedimiento para 
observaciones estereoscopicas, con y sin la 
ayuda de instrumentos Hoy en dia se pueden 
obtener estereoscopios poco costosos con 
una amplificaci6n de dos o tres potencias en 
todas partes del mundo. Mientras que se pueden 
extraer detalles importantes de ura sola foto 
area, la inspecci6n esteroscopica demuestra 
el verdadero valor de los fotos aereas. Los 
amplificadores monoculares que se utilizan pare
la lectura consisten de oculares de lectura 
sostenidas por mano, de dos a cuatro poten
cias, y amplificadores mas sofisticados de 
potencia mediana (de 5 a 25 dimetros) o de 
alta potencia (hasta 45 o mas diametros). 
Los amplificadores monoculares de alta po
tencia generalmente poseen una fuente de luz 
propia. El texto menciona la orientacion del 
origen de la iluminacion con respecto a las 

d'observation stereoscopique, avec ou sans 
I'instrument. Aujourd'hui, on peut trouver partout 
dans le monde, des stereoscopes peu coteux 
5 lentille simple, avec un pouvoir amplifiant 
de l'ordre de deux a trois. Bien qu'on puisse 
voir beaucoup de details importants sur une 
photo aerienne, c'est seulement quand on la 
regarde avec le stereoscope qu'on peut en 
exprimer toute sa valeur. Les loupes utilisees 
pour lire les photos consistent, soit en simple
loupe avec un pouvoir amplifiant de l'ordre de 
deux a quatre, soit en loupes plus sophisti
quees, avec une amplification de 5 a 25 fois 
le diambtre, ou mrnme encore plus puissantes, 
jusqu'a une amplification de 45 fois le diametre. 
Ces dernieres loupes ont habituellement un 
eclairage integre. Ce texte mentione aussi le 
probleme de I'orientation de.la source de 

concerning the orientation 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. Inexpensive 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. In practicing with 

sombras. Algunos traductores ven un efecto


estereo invertido o seudoscopico cuando las


sombras caen en direccion opuesta a ellos.
 

Por esta razon las fotos est~reo normalmente


se observan con las sombras hacia el lector.


El efecto suedoscbpico origina una aparente 
inversibn del reeve sobre la foto, los valles 
pareciendo cerros y los cerros, valles. Los 
estereoscopios baratos son generalnente ajus
tables y calibrados en milirnetros. La base 
dei ocular normal es de 63 mn, (2 5 pulgadas), 
por lo tanto el principiante deberia comenzar 
en esa calibrac16n. La distancia entre la misma 
caracteristica a observarse sobre las dos fotos 
tambien deberia ser 63 mm. Casi todas las


fotos en los textos seleccionados estan puestas


a esta dimension. Al practicar con verdaderas


fotos la foto izquierda si el que to usa es de


mano derecha debera estar enrollada entre



lumiere. Certaines personnes voient le contraire 
de l'effet stbreoscopique quand lez imbres 
sont diriger'- du c6t6 oppose, et ' oient les 
vallees qui apparaissent en reliel, et vice-versa. 
Pour cette raison, les ombres doivent 6tre diri
gees du c6te de la personne qUi utilise le 
st~r6oscope. Les stereoscopes bon march6 
peuvent tre ajustes et sont calibres en milli
metres. Puisque la distance moyenne entre les 
yeux est de 63 mm (2.5 in) le novice devrait 
ajuster son appareil a cette calibration. La 
distance entre deux points de repere similaires 
sur les deux photos aeriennes doit btre aussi de 
63 mm. La plupart des photos inclusent dans 
les textes choisis sont calibrees de cette faQon. 
Quand on s'exerce avec de vraies photos 
aeriennes, 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. It 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 until the examples 
in these texts can be seen in three dimensions. 

The eleventh text consists of Appendix C, 

los oculares para proporcionar mas cobertura. 
Los ojos del lector debern estar aproximada
mente 13 mm (0.5 pulgada) de los oculares. 
El principiante no debera estar tenso al intentar 
una lectura de tres dinensiones. El efecto 
esteroscopico se obtendra mas facilmente si 
el prinripiante se concentra sobre uina sola 
caracteristica de tas fotos. Debido a dificul
tades de reproduccion las fotos estereo en 
este y compendios futuros podrin ser dificiles 
de observar. Se le aconseja al lector practicar 
con fotos aereas verdaderas si las pares de 
fotos en estos textos no dan Lin efecto de tres 
dimensiones. Una vez que el lector adelanta 
en el uso del estereoscopio tendr, nenos 
problemas con las fotos que acompafan al 
texto. 

El onceno texto consiste del Appendix C, 
Mosaics (Mosaicos), de Aerial Photography 

stereoscope, pour pouvoir voir Line plus grande 
btendue-ou vice-versa, si le lecteur est 
gaucher. Les yeux doivent 6tre apeu pres A 
13 mm (0.5 in) des verres. Le novice devrait 
6tre decontracte. IIsera plus facile, au debut, 
de voir I'effet stereoscopiqLue, si le novice se 
concentre sur un seul point de repere. A cause 
de difficultls de reproduction, certaines des 
photos st6r6oscopiques de ce recueil et de 
futurs recueils, seront difficiles a interpreter. 
Le lecteur est invite a pratiquer sur de vraies 
photos aeriennes, s'il ne voilt pas les deux 
photos inclusent ici en trois dimensions. Une 
fois que le lecteur aura pris I'habitude d'utiliser 
un stereoscope, ilaura moins de dirficuilte 
avec les photos qui accompagnent ce texte. 

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

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 roadi is t'.,ruating a large area. 

The twelfth text, Drainage Pattern Signifi
cance in Airph;oto Identification of Soils 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 o 
identify regional soils and bedrocks by weins 
of aerial photographs. The examples in this 
paper are from the United States, but the 

(Fotografia Aerea) (National Association of 
County Engineers Action Guide Series Vol. 13, 
1972). Este extracto describe los mosaicos 
(fotos aereas compuestas) y describe un m6todo 
de componer un mosaico. Los mosaicos son 
necesarios si el ingeniero de ubicacidn del 
camino de bajo vol~men necesita evaluar un 
gran area.



El dozavo texto, Drainage Pattern Signifi
cance in Airphoto Identification of Soils and 
Bedrocks (El Significado del Patron de Drenaje 
en la Identificaci6n por Foto Aerea de Suelos 
y Lechos de Roca), por Merle Parvis de ]a Uni
versidad de Purdue, aparecib en el Boletin 28 
del Highway Research Board en 1950. Este 
informe es sobre el analisis de patrones de 
drenaje para su uso en la identificaci6n de 
suelos y lechos de roca de la regi6n por medio 
de fotos aereas. Los ejemplos utilizados en 

A6rennes) (National Association of County 
Engineers Action Guide Series Vol. 13, 1972), 
donne des instructions pour assembler les 
photos aeriennes en mosaique, chose neces
saire si l'ingenieur routier veut interpreter une 
grande etendue de terrain. 

Le douzieme texte, Drainage Pattern Sig
nificance in Airphoto Identification of Soils 
and Bedrock (L'Importance des Caracteris
tiques des Bassins de Drainage dans les Photos 
Aeriennes pour I'Identification 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 6 I'aide de 
photos a6riennes. Les exemples cit6s dans 
cet article sont tous pris aux Etats Unis, mais 
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drainage patterns and landforms of a region 
are always interdependent. In identifying soilsand 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 5, Airphoto
Interpretation, from Landslides and Engineering
Practice (Highway Research Board Special
Report 29, 1958). It is reprinted in full. It 
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 photographs of some 
of the same areas. 

este informe son todos de los Estados Unidos 
de Norte America, pero el principio de que las
vias de drenaje y formas del terreno de una 
regi6n son dependientes uno del otro es uni
versal. No se puede depender solamente del 
elemento del patr6n de drenaje en la identifi
caci6n de suelos y lechos de rocas por el 
uso de fotos aereas. Se debe utilizar conjuntamente con los otros elementos del terreno. 

El decimotercer texto es Chapter 5, Airphoto
KXii 	 Interpretation (Interpretaci6n de Fotos Aereas),

de Landslides and Engineering Practice 
(Derrumbes y la Prctica Ingenieril), Informe 
Especial 29 del Highway Research Board,
1958. El capitulo se ha reproducido totalmente 
y describe la interpretacion de fotos aereas 
como una herramienta para identificar derrum
bes verdaderos o posibles. Se trata sobrp
formas de terrenos, drenaje y erosi6n, matices 

le principe-les caracteristiques du bassin de 
drainage et les contours d'une region sont 
interdependants-est universel. Bien stir, I'etude
des bassins de drainage 6 I'aide de photos
aeriennes ne suffit pas entierement pour
l'identification des sols et des fondations, et 
doit 6tre accompagnee de 1'6tude des autres
6lements du terrain. 

Le treizibme texte est tire du chapi':e 5,Airphoto Interpretation (L'lnterpretatior des 
Photos Ariennes), de Landslides and En
gineering Practice (Glissements de Yerrain et 
le Genie Civil), Highway Research Board Special
Report 29, 1958. Ce chapitre est reproduit dans 
sa totalit6 et explique l'interpretation des 
photos aeriennes et leur importance pour re
connaitre les glissements de terrain actuels 
ou en puissance. Les contours du terrain, le 
drainage et I'erosion, les nuances de couleur 

Bibliography 

The Selected Texts are followed by a brief
bibliography that contains reference data and 
abstracts for 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. 

de suelos, vegetaci6n, y caracteristicas hechas 
por el hombre. La seleccion contiene muchas
fotos estereo de 6reas de derrumbe y fotos 
tomadas del suelo oe algunas de las mismas 
areas. 

Bibliografia 

La secci6n de textos seleccionados de este 
compendio es seguido por una breve biblio
grafia que contiene datos de referencia y
resOmenes para 25 publicaciones. Las primeras
13 son para las publicaciones representadas 
por la seccion 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 articulos, informes, y libros


que son pertinentes a uno o mas aspectos del



des sols (du noir au blanc), la vegetation, et 

les contour artificiels sont discutes. Cette selec

tion contient beaucoup de photos aeriennes 
stereographiques de glissements de terrain 
et aussi des photos prisent au sol de certains


de ces m~mes terrains.



Bibliographle 

Les Textes Choisis sont suivis d'une courte 
bibliographie contenant des donnees de r6f6
rence et des analyses pour 25 ouvrages. Les 
13 premieres sont pour ceux qui sont dans les 
Textes Choisis. Les autres r6ferences sont 
pour des ouvrages qui sont 6troitement asso
cies au sujet des textes choisis. 

II y a des centaines d'articles, de livres, et
de rapports qui touchent 6un ou plusieurs aspects
du sujet de ce recueil, et qui pourraient 6tre 



tema de este compendio y que podrian ser 
numerados en la bibliografia. No es nuestra 
intenci6n que la bibliografia para un compendio 
contenga las referencias para todas las publi
caciones que se relacionen al tema, sino 
6nicamente para aquellas publicaciones de 
las cuales se ha seleccionado texto o publi
caciones b~sicas que hubieran sido seleccio
nadas si no hubiera un limite sobre ei nOmero 
de rbginas de texto. 

cit6s dans cette bibliographie. L'objectif de 
cette bibliographie nest pas d'enumerer toutes 
les ref~ences pour tous les ouvrages qui sont 
pertinents, mais de donner seulement les 
references des ouvrages dont on a choisi des 
extraits, ou qui auraient etb choisis s'il ny 
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 
p-Ldblication. Some of the original pages have been 
reduced in sie to lit inside the frames. No other 
changes have been marlo in the original material ex
cept for the insertion o occasional explanatory 
notes. Thtis, any errors that existed in the selected 
text have been reproduced in the compendium 
itself, 

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

Textos Seleccionados


Esta seccion del compendio contiene paginas 
seleccionadas de cada texto que se catalo
garon en la Tabla de Materias. Oe utilizan 
iecuadros rectangUlares para encerrar las 
paginas Clue han sido reproducidas de la 
publicacion original. Algunas de las pfginas 
originales ban 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 ban sido agregadas. De esta torma, 
cualciUier error que hubiera existido en el 
texto seleccionado ha side reproducido en el 
compendio mismo. 

Los numeros de paginas del texto original 

Textes Choisis 
Cette partie du recueil contient les pages 
s6lectionnees de chaque texte qui est enumere 
dans la Table des Matieres. Les pages dtu texte 
original qui sent reproduites sent entourees 
d'un encadrement rectangulaire. Certaines 
pages ont dO btre reduites pour pouvoir 
btre plac ,es dans I'encadrement. Le texte 
original n'a pas e6t change sauf pour quelques 
explications qui ont ere inserees. Donc, si le 
texte original contient des erreurs, elles sent 
reproduites dans le recueil. 

La pagination originale apparait ? l'int6rieur 
de 'ercadrement. La pagination du recueil est 

outside the frames and appear in the middle left or 
middle right outside margins of the pages. Page 
numbers that are gien in the Table of Contents and 
in the Index refer to the compendiurm 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 ilude- a title 
page, or a table of contents, or both. Asterisks that 
have been added to original tables of contents have 
the following meanings: 

*Some pages (or parts of pages) in this part of 

aparecen dentro de los recuadros. Los n6
meros de paginas para el compendio estan 
fuera ce los recuadros y aparecen en los 
margene:, medio izquierdo o medio derecho 
de las oaginas. I.os numeios de paginas clue 
se dan en los indices del compendio se 
refieren a los del compendio 

Cada texto comienza con una o mas patginas 
de material de introduccion iLie contenia la 
publicacion original. Este material general
mente incluye Lina pagina iItulo, un indice, 
o ambas. Los astericos que han side agregados 
al indice original significan 10 siguienle: 

Algunas paginas (o partes de p-ginas) en 

. 'exlerieur de 'encadrement, soit , droite, 
soit a gauche de ]a marge exterieure des 
pages et est celle qui est citee dans la table 
des matibres et dans I'index du recueil. 

ChaqUe texte commence par Line ou plusieurs 
pages d'introduction qui Ctaient incluses dana 
le texte original. Ces pages sent generale
ment le titre, ou la table des matieres, ou 
les deux. Des asteriques ont ete ajout6s . la 
table des matieres d'origine pour les raisons 
suivantes: 

Certaines pages, ou portions des pages, 



2 

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

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

The selected texts therefore include only those 

esta parte del documento original aparecen 
en el texto original. pero otras paginas (o 
partes de paginas) en esta parte de la 
publicacibn original han sido ornitidas. 
Todas las pagiras en esta parle del docu
mento original tarnbien aparecen en el 
texto seleccionado. 

Por Iotanto. los textos seleccionados unica
mente incluyen aquellas partes de los docu

dans cet extrait du document original sont 
 
incluses dans les Textes Choisis, mais 
 
d'autres pages (ou portion de pages) de 
 
I'edition originale ont elb omises. 
 
Toutes les pages dans cet extrait du docu-

ment original sont incluses dans les Textes 
 
Choisis. 
 

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

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. In a number of places, the selected text 
contains explanatory notes that have been inserted 
by the project staff. Such notes are set off within 
dashed-line boxes and begin with the word NOTE. 

mentos originales que estan precedidas por

asteriscos en el indice de las publicaciones


respectivas.



Lineas de guiones cruzando cualquier pagina
del texto seleccionado signitican 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 estan 
insertadas en recuadros de guiones y co
mienzan con la palabra NOTE. 

precedes d'un ast6rique clans es tables des 
matieres des publications respectives. 

Les lignes brisees sur les pages des textes 
choisis indiquent les endroits o6i le texte 
original a et( ornis. A certains endrQits, les 
textes choisis contiennent des explications
qui ont e6 insbr6es par le personnel attach6 
a ce projet. Ces explications sont entoureesd'un encadrernent en pointille et commencent 
toujours par le mot NOTE. 
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FOREWORD



The Operating Subcommittee on Roadway Design, as part of its charge, 
investigates available data and pursues studies to prepare and keep current 
appropriate publications pertaining to principles, methods and procedures of 
roadwv-# 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, believing 
that its charge included this aspect of design, requested and received approval from 
the Stax:.Iii Committee on Engineering Policies to establish a task force to prepare 
needed publications on the subject of highway drainage. 

The Task Force on Hydrology and Hydraulics first 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 related 
hydrologic and hydraulic activities compatible with other highway disciplines, 
giving due consideration to safety and the environment. 

Pursuant to this purpose, the Task Force on Hydrology and Hydraulics began 
preparing guidelines for highway drainage covering topics on the major areas of 
highway hydraulic design. Each major topic will be released as an individual 
guideline. The guidelines present an acceptable design approach to drainage and 
hydraulic problems, which integrates all related disciplines in highway engineering. 
Technical information is kept to a minimum by making reference to appropriate 
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 design 
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 offer 
constructive comments for future revisions. 

The Operating Subcommittee on Roadway Design 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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Mr. Samuel V. Fox, Chairman (Supervising Hydraulic Engineer) - Texas
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*This publication 
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HYDRAULIC CONSIDERATIONS IN


HIGHWAY PLANNING



AND LOCATION



1.0 Introduction 

Water 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 aiternate 
solutions and routes. 

Some drainage, flood and water quality problems can be easily recognized 
and resolved; others may require extensive investigation before an adequate and 
satisfactory solution can be developed. Specialists experience- 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 Surveys 

Since hydraulic considerations can influence the selection of a highway 
corridor and the alternate routes within the corridor, the type and amount of data 
needed for planning studies can vary widely depending on such elements as 
environmental considerations, class of the proposed highway, state of land-use 
development and individual site conditions. Topographic maps. -erial 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 Hazards and Expensive Locations 

Floodflow characteristics at a highway stream crossing should be carefully 
analyzed to determine their effect upon the hifhway as well as to evaluate the 
effects of the highway upon the floodflow. (1)- Such an evaluation can assist in 

t Underlined numbers in parenthesis refer to publications in "References" (Section 7) 
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determining those locations at which construction and maintenance will be 
unusually expensive or hazardous. It is essential that such difficult or adverse 
conditions be recognized in the early stages of planning so that they may receive 
adequate consideration or indicate the need for alternate locations. Having 
identified the sources of difficulty, specific recommendations can be advanced for 
developing solutions. Although satisfactory solutions often can be obtained by 
making only minor 'zhanges 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 tie only 
practical solution where the cost of providing adequate drainage facilities for a 
proposed route or damage to the naiural environment would be prohibitive. For a 
more detailed description of specific problems that may be encountered and their 
solution, refer to other sections of these guiddlines. 

3.1 Potential Problems During Construction 

Many serious construction p~oblems arise because important drainage and 
water.related factors were overlooked or neglected in the location and planning 
phases of the project. Erosion of somie 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 helpful in 
minimizing or avoiding these problems during construction. Risk of damage by 
siltation of ponds and ,eservoirs during construction often can be reduced by 
studying flood and precipitation records and proper scheduling of work. 

Time of construction is important. A structure or embankment is usually 
most vulnerable to danage 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 fish 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 for 
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 irrigation 
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 benefits and 
economies frequently can be realized for highwaiy 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 of existing 
facilities and plans for proposed projects. All water related projects should be 
considcred when highway planning is undertaken. Every effort should be made to 
encourage interagency cooperation in planning, location and design so that 
proposed highway coistruction will be compatible with navigation, irrigation, flood 
control storm sewer systems and land use. Because of funding and scheduling of 
cooperative cr 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 fishing streams, outdoor recreational areas, reserved water
sheds, and wetlands. Care must be taken to recognize and respect water rights. 
Permits, as required, should be obtained before construction berins, 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 Legal Considerations 

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. Althougl 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 a watershed 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 factors that may contribute to difficulties. Flood-prone
locations, however, may not be readily apparent and the assistance of a drainage
specialist may be needed to identify, investigate and determine the magnitude 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 history and
present status of existing conditions or problems and supplement the record by
photographs and descriptions of field 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 th real 
cause. 

10 

6.0 Reports and Documentation 

Hydrologic and hydraulic data, preliminary calculations and analyses and all
information used in developing toconclusions and recommendations related 
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 the 
cost and complexity of the project and the problems anticipated. 

7.0 References 

(1) Water Resources Council, Regulations of Flood Hazard Areas to Reduce
Flood Losses, Volume I, U.S. Government Printing Office, Washington, D.C. 
20402, 578 pp., price $2.50. 

(2) Water Resources Council, Regulations ofFloodHazardAreas to ReduceFlood Lnsses, Volume 2, U.S. Government Printing Office, Washington, D.C.
20402, 389 pp., price $2.00. 
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HYDROLOGY 
1.0 Introduction 

Hydrologic analysis is a most important step prior to the hydraulic design of ahighway drainage structure. Such an analysis is necessary for determining the rateof flow, runoff or discharge that the drainage facility will be required toaccommodate. The design discharge is a hydraulic "load" on the highway facilityand the determination of its magnitude and possibly its duration is as important 
as the determination of the proper structural load. These guidelines give arecommended approach to the hydrologic analysis for the design of highway
drainage facilities. 

Highway drainage facilities range from very small culverts and channels tomulti-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 design of highway drainage facilities should beadequately documented. Frequentiy, it is necessary to refer to plans, specifications
and hydrologic analyses long after the actual construction has been completed. Oneof the primary reasons for documentatior is to evaluate the hydraulic performance 
of structures after large floods to determine it' the structures asanticipated or performedto establish the cause of unexpected behavior, if such is the case.the event of failure, it is essential that contributing factors be identified in order

In 

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 andpreservation of all pertinent information on which the hydrologic decision wasbased. This might include drainage area and other maps, field-survey information,
source references, photographs, hydrologic calculations, flood-frequency analyses,stage-discharge data and flood history, including narratives from highwaymaintenance foremen and local residents who witnessed or had knowledge of an 
unusual event. 

Although the above list is not all inclusive, it does contain some basic itemsthat should be contained in the design files. 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 duringconstruction. Such coulddata include: size of drainage area, magnitude and
frequency of the design flood and the corresponding water-surface elevations
critical locations, and the elevation, 

at 
discharge, and date of the maximum knownflood, if available. Other drainage data, such as watershed delineation, arrowsindicating 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 1 for an example (1).1 
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 
classified as topographic and climatic; however, the two classes are interrelated in 
their flood-producing effects. In addition, components within each cliss are so 
interrelated that experience and judgment are necessary to properly evaluate the 
various factors 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 (2) and in the Southwest (2) 
where the climate varies from humid to arid. A study of these references is 
rewarding. 

3.1 Drainage Basin Characteristics 

In evaluating various hydrologic methods for determining flood runoff 
(Section 6.0), it is often necessary to compare drainage basins; therefore, the 
highway engineer should be familiar with drainage basin characteristics and how 
they affect flood runoff. 

3.1.1 Size 

The size of a drainage basin has an important bearing on the response of the 
basin 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 
becomes proportional to some power of the drainage area (Section 6.2.3). However, 
the effect of other basin characteristics often obscures the effect of size alone. 

Determining the size of the drainage area that contributes to flow at the 
drainage structure site is a basic step in a hydrologic analysis. The drainage area, 
expressed in acres or square miles, is determined from field surveys, maps, or aerial 
photographs. In some cases, a drainage area can be obtained from gaging station 
information 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 are valuable aids in obtaining the size of drainage areas. 
The most commonly used topographic maps are those of the U.S. Geological 

•Underlined numbers in parentheses refer to publications in "References" (Section 8). 
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Surveyl, and the Corps of Engineers. Information concerning these can be obtained 
from the Map Information Office, U.S. Geological Survey, Washington, D.C. 20242. 

Accurate aerial photography, supplemented by vertical and horizontal 
control surveys provides a means of measuring the size of a drainage area. Although
uncontrolled aerial photographs aid the engineer, they do not always provide an 
accurate basis 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 pattern were 
significantly related to peak discharge, if tested 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 awerage land slope, were highly correlated. 
Main-channel slope, determined by simple measurements from topographic maps,
has 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 basin 
with another when records are limited or not available. Benson (2) found a 
straight-line slope between main-channel points 10 and 85 percent above the gage 
to give best results. Potter (3) found the average slope between 30 and 70 percent 
above the gage to give good results in his analysis. 

3.1.4 Land Use 

Since the activities of man can change basin runoff characteristics, land-use 
studies are necessary to define 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 12). 

-2Purchase orders for maps should be addressed to Distribution Section, U.S. Geological Survey,
1200 South Eads Street, Arlington, Virginia 22202, for areas east of the Mississippi River,
including Puerto Rico and the Virgin Islands, and to Distribution Section, U.S. Geological
Survey, Federal Center, Denver, Colorado 80225, for areas 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, 

3Fairbanks, Alaska 99701. 
-Aerial photographs may be obtained from the USGS M'ap Information Office or the 

Commodity and Stabilization Service, U.S. Department of Agriculture, Washington, D.C. 
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The effect of urbanization on peak flow depends upon the percent of the area 
made impervious and the changes made in the drainage p"ttern through the 
installation of storm sewers and the modification of surface cha.'nels. References 
(5)through (2) discuss the effect of urbanization on flood peaks. Io obtain a true 
picture of the effects of urbanization at a particular location tl-. 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 reak 
discharge can be greater. 

3.1.5 Geology 

The basic make-up )f underlying rock formations and other geophysical 
factors, such as glacial and river deposits, can be quite significant in effecting 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 (4, Chapter 7). The effect of soil type often 
varies with the magnitude and intensity of rainfall. The condition of soil at the 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 Infiltration 

Infiltration is the flow or movement of water into the ground. Infiltration in 
most drainage basins represents one of the major losses of precipitation. Infiltration 
data are used with other hydrological data to evaluate water losses 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, Chapters 14 
and 15). Chapter 2 of the ASCE Hydrology Handbook (11) states, "For all 
practical purposes, the infiltration curve approach applies only to relatively small, 
physically homogeneous areas such as may exist for airfields, urban developments
and some smaller agricultural watersheds." It may have application in the design 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 filling 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 study for the Delaware River Basin (2), flood storage in lakes and 
swamps was found to be an important factor in New York, northeastern 
Pennsylvania 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 
against the percent of drainage area in lakes and swamps. The factor for multiplying 
estimated peak rates ranged from 1.00 for no lakes and swamps to 0.09 for 25 
percent lakes and swamps. 

The effect of flood-control reservoirs in changing downstream conditions 
should be considered ;n 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 
degradation problems and increased tree and brush growth. Before consideration of 
these 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 19 
considered in the hydrologic analysis. 

3.2.1 Geometry and Configuration 

The geometry of the stream network sometimes affects the flood-producing 
characteristics of the basin and this effect should be considered in the hydrologic 
analysis. 

Some streams have well-defined channels, others have relative'-, small, 
low-flow channels and wide flood plains. Some streams have numerous tributaries; 
while others have one main watercourse receiving runoff from overland flow. The 
sinuosity of channels affect channel storage and progression of flood peaks. 
Overbank storage, particularly in vegetated ateas, can greatly reduce peak flows. 
The effect of the stream 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 artificial, determine the relation of stage to 
discharge and regulate the flow. 

Natural control of stream flow may occur at channel constrictions, gravel bars, 
rock outcrops and debris jams. Sometimes channel roughness is a control. Artificial 
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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 concerning these structures or facilities can 
be obtained from the agency responsible for the operation 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 determine its effect on 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 engineer should 
be aware of plans for channel modifications, which might effect the stream 
hydrology and, insofar as possible, coordinate the highway design with the 
proposed channel modifications. Similarly, the effects of storm-drainage systems 
and other water-related projects should be investigated. 

3.2.4 Aggradation - Degradation 

The water surface profile 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 the channel

20 	 capacity, increase flood heights, and cause overflow at a lower discharge while 
degradation might increase channel capacity and result in higher flood peaks. 
Although difficult to determine quantitatively, the effect of present and future 
aggradation or degradation should be evaluated when designing a highway at or near 
a stream, so that a design can be provided to accommodate this phenomenon. 

3.2.5 Ice and Debris 

The qua.!tity 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 uf 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 is logical to assume that factors 
associated with flood plain characteristics may have more 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 21 
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 
infiltration. 

3.4 Precipitation 

Precipitation in the form of rain, snow, hail or sleet is the principal source of 
runoff (I1, Chapter I). 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 Weat Wc. 
Bureau. 

3.4.1 Rainfall 

Although the relationship between rainfall and runoff is not well defined, 

runoff usually increases in proportion to the rainfall on a drainage basin. Basin 
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characteristics and antecedent conditions, particularly precipitation, have a majoreffect on the proportion of rainfall which becomes runoff. For example, most ofthe rain falling on frozen or saturated ground runs off quickly, while most of therain falling on dry, porous soil infiltrates. There is little correlation between therecurrence interval of rainfall and the recurrence 'nterval of the corresponding peakrunoff (4, '). 15). However, studies (15 and 16) have shown that when peak runoffand rainfall were considered separately, the ratio of peak runoff rate of a givenfrequency to rainfall intensity for the same frequency remained reasonablyconstant for the various frequencies. This indicates that rainfall can be used toestimate design floods, although a rainfall of a given frequency will seldom producea 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 valleytopography, the snowpack serves as a storage mechanism. During periods of normalapring runoff, a particular watershed will have what might be called primary andsecondary peaks. During the early period of runoff, the lowlands contribute most,causing the primary peaks. [ater, the highlands begin contributing, creatingsecondary peaks. The use of the hydrograph method outlined in Section 6.4 isuseful 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 increasing temperatures can22 causerunoff peaks much greater than would occur from the rainfall alone. The relation ofinches of rainfall to inches of snow, the wateror content of snow, varies over thecountry and from year to year. There are various procedures for computingsnowmelt runoff (4, Chapter II, and 17), but streamflow records are the best 
source of data. 

4.0 Flood History 

Good highway design practice recognizes that flood hazards must beevaluated whenever highway locations cross or encroach upon flood plains. Thehistory of past floods and their effect on existing structures are of exceptional valuein making flood hazard evaluation studies, including needed information for sizingstructures. Flood-control works and land-use planning data relative to restrictingflood heights and reducing flood discharges are also a necessary part of a flood
hazard evaluation. 

4.1 Historical Floods 

Major floods that have been experienced before the start of records are oftencalled historical floods. In describing these events, it is necessary to determine theperiod of years during which they have occurred, as well as their magnitude, 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 find flood marks or other positive

evidence 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 
gaging stations over tile United States. These data and that collected by other 
agencies are published periodically in the surface water records of the Geological 
Survey and available at their local offices. 

Railroad maintenance files often contain accurate 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 
overlooked as sources of documentation of unusual floods. 

All of these sources may provide valuable assistance and supplementary 
information that can be used advantageously; I 1wever, discrepancies sometimes are 
revealed when these data are compared. This inuicates 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-Control Projects 

One of the main purposes of a flood-control project is to reduce damage from 
unusual or infrequent floods. Several methods have been used to accomplish this 
such as: storage reservoirs, levees, channel modifications, and flood diversion. The 
method of control should be studied, especially its effect on reducing flood 
magnitude, in evaluating the potential flood hazard in highway design. Storage 
space reserved for flood water should he considered in reducing waterway openings 
of highway structures from that normally provided. However, storage for power, 
irrigation, water supply or other purposes might not be available when needed to 
reduce flood peaks. Flood routing procedures are given in references (4) and (45). 

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 field inspection may indicate flood heights and damage that has 
occurred. Local witnesses and examination of maintenance records may be helpful 
in evaluating past floods at a structure. 

High water elevations, indicated by deposits of debris, by seed or mud lines 
on tree trunks and bridge abutments, by wash-lines or fine-debris lines on banks, by 
whisps of grass or hay lodged in tree limbs or fences, and by other flood evidence, 
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such as erosion and scour, can provide information for arriving at flood discharges
and reliable flood stages for use in designing a proposed structure. More obvious
items of flood evidence such as large deposits of debris or prominent wash-lines donot necessarily indicate the true peak stage. Usually the actual peak is somewhathigher than would be, indicated by the rather obvious marks, unless such marks were affected by pile up or the rebound of trees or shrubs after the flood.Interviews with highway maintenance foremen and the long-time residents in the 
area can be very helpful.

A record of the performance of drainage structures during floods, includingphotographs, is valuable for use in designing future structures and for determining
modifications to structures which might reduce maintenance or increase safety.
Such records may also be helpful in defending the State against damage claims. 
These records might include: 

I. Maximum flood height, upstream and downstream from a structure.Observed differences in water surface elevations on the upstream and downstream 
side of the embankments at several points from each abutment.

2. Distribution of flow and approximate velocities in different sections ofthe stream Relative quantity of overbank flow and how it returns to the channel.
3. Direction 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 observations may not 
be necessary for every structure. The sizeof the structure, magnitude of the flood, extent of darnage, or probability 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 of floodwater behavioral patterns;however, knowledge must be coupled with experience if the results are to be 
correctly interpreted. 

Geological Survey publications (18 to 27) outline procedures for making suchdeterminations. The engineer can study the recommended procedures thatoutlined in are
these publications and gain an adequate knowledge of the techniques of

measuring floodflow, but only by using the methods can he become proficient in 
their application.

The basic methods of measuring floodflow are discussed in the following
paragraphs. 

4.4.1 Direct Measurements 

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

II 



Compendium 2 Text 2 

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 discharge calculated. Discharge 
measurements at various stages at a site or gaging 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 it.: I when it is impossible or impractical to 
measure floodflows directly. Gererally, these measurements are made after the
flood subsides (22). Such measurements 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 (24),
flow-through culverts (25), contracted opening (6), and flow over dams (27). This 
tool in measuring floodflows is most valuable to the highway engineer and a 
thorough understanding of the methods used in tile 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 recedes. 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 profile 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 obstruction. Conversely, a high-water mark taken 
within tile 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 fictitious stage-discharge relationships which are not particularly
representative of the natural channel conditions. 

5.0 Selecting a Design 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. 
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The fundamental approach is to analyze the peak flood magnitudes at a site on a frequency basis (28, 29, 30, and 31), i.e., based on the average recurrence
interval or on the probability of a peak flood magnitude being exceeded in any one year. With this frequency analysis goes the associated factors of economy and risk.By selecting a large peak flood magnitude for design at a site, the probability ofhaving such a flood occurring and the risk of damage is reduced, but structure costs 
to accommodate such large floods are increased. Conversely, the selection of a smallflood reduces the initial cost of structures and increases the risk of damage from 
larger floods. 

5.1 Highway Classifications 

Unfortunately, the selection of a design flood freqpency has becomeoversimplified. Over the years, a range of frequencies on recurrence intervals hasbeen used for the design of various highway drainage facilities. Roads with minorclassifications are designed using a high frequency of occurrence (small floods), andimportant major highways are designed using low-frequency (rare) floods. Often,
too little regard is given factors likely to cause damage at the individual location.

In the past, availability of funds and the lack of hydrologic data have played amajor role in the adoption of the concept of associating highway classification with a specified design frequency. However, with more adequate coverage ofhydrological data, bettei methods of analysis, and an increasing public awareness ofthe potential hazards associated with highways encroaching upon flood plains, the*ngineer now must consider both the risk and economics involved in selecting the26 design frequency for each highway hydraulic facility. The degree of consideration 
given to risk for a particular site should depend upon the importance of thestructure and the flood hazard potential, as well as the traffic and highway
classification. 

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 the design flood occur. Damage from lesser or more frequent floods should minimalbe and
acceptable. Optimal designs considering all factors are often idealistic and cannot bebuilt 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 floodof 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 
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appropriate term. Risk factor has been defined (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 50-year frequency flood occurring 
in a 50-year period is about 2 out of 3. 

Selecting a design flood frequency by risk as defined above is not the 
complete answer. The 50-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. 

5.2.1.1 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 downstream 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 floodwaters, the dependability of adequate warning systems or devices, roadway
approach grades, sight distances, and the availability of detours. 

5.2.1.2 Property Damage 

Property, as 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 Traffic Interruption 

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 traffic 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-volume highway might be acceptable, or, 
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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 might be acceptable.

The importance of the route to national defense 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 corresponding
peak discharges should be selected and hydraulic designs made for each. Floods of 
selected frequencies and related hydraulic designs are compared 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 high if large floods or high return periods were used for design. 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 between these 
extremes should be an economical and acceptable design. Some State highway
departments (33) have shown this type of analysis in their design manuals and 
present (1971) research is aimed (34) at further developing the procedure. Other 
references on econoinic evaluation will be found useful (35 to 39), Appendix C).

Table I shows a qualitative approach to selecting frequency of flood. The 
impcrtance of one factor or a combination of factors in this table can give the 

28 designer some guidance for using a given design frequency or recurrence interval. 

6.0 Predicting 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 selected primarily for their applicability to highway engineering. There are 
basic deficiencies in these as in all hydrological methods; therefore, engineering
judgment and a good understanding of hydrology are essential in selecting the 
method to be used in a particular design. One method can supplement the results of 
another method. For instance, recorded data at a gaging station 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 the basis 
for its development. 

6.1 Predicting Future Flood Magnitudes Using Methods Based upon a Regional 
Analysis 

By statistically combining strearnflow gaging station records within a
hydrologically homogeneous region (28 and 40), hydrologists and statisticians can 
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develop methods which produce flood-frequency relations generally applicable
throughout the region. The methods thus developed allow the engineer, with the 
use of prescribed parameters, to determine the magnitude of a future flood event 
corresponding to a selected recurrence interval for either a gaged or an ungaged
stream site within the region. If the site under consideration lies within an area for
which an accepted regional analysis method has been developed, the engineer has a
valuable tool that can be used to determine the magnitude of a future flood for a 
selected frequency. The local district offices of the U.S. Geological Survey can 
furnish information concerning analyses available. 

The basis of any regional analysis method must be studied for applicability
since most all regional analyses are based upon gaged streamflow data from 
rural.type watersheds, and it is possible to have an area within the region that does 
not compare hydrologically with the entire region. For instance, runoff from an 
area where the land ise is significantly urban should not be determined by using a
regional analysis based on runoff records from rural, natural watersheds, unless 
some adjustment to the estimated discharge is made (see 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 past events to predict future 
occurrences. 
This method assumes that there are no changes in the riature of the factors causing 
the peak magnitudes. The ramifications of this assuwrtion can be minimized bymaking every effort to dcermine the past conditions of the drainage aica, and if 
possible, making allowances "or changes. The most common changes are man-made
and consist of such modifications as storage and land development. At best, the
recorded data can be considered as only a small sample of the total population of 
peak discharges, consisting of both past and future floods, and the records of any
individual station may depart considerably from a true representation of the overall
long-time frequency relationship. The user of hydrologic data must be acquainted
with the procedures for evaluating streamflow data, the techniques for preparing a 
flood-frequency curve and the proper interpretation of the curve (28 and 41).

There will be times when estimates made from 	 a regionaanalysis-will not 
agree with a flood-frequency analysis of a gaging station on the stream being
studied. Various factors such as length of runoff record, storm distribution and 
parameters used in the regional analysis could account for some discrepancies. If 
the stream record is sufficiently long to give a good flood-frequency relationship,
considerable weight should be given to the stream record in estimating design
floods. A regional analysis is generally preferred over a station analysis, especially
when the station record is short. 

6.2.1 Development of Flood-Frequency Curve 

A flood-frequency analysis of recorded data requires developing a flood
frequency curve. A study of the selected references (9, 1I,28, 29, 30, and 31) gives 
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TABLE NO. 

FLOOD DESIGN FREQUENCY 

FACTOR* 1 
 

Non-Highway Damage Low 
 

Highway Damage Low 
 

Potential Loss of Life Low 
 

Height of Fill to 20' 
 

Cost of Replacement Low 
 

ADT <100 
 

Detours Available Yes 
 

Roadway Overflow Section Yes 
 

Number of Known Floods None 
 
greater than Q5 0  

National Defense Highway No 

Impact Local Economy Low 
(School buses, food, etc.) 

Weighted Rating ** 

1 
 
2 
 
3 
 

1 

SELECTION CHART 

PATING 

2 
 

Medium 
 

Medium 
 

Medium 
 

20' - 50' 
 

Medium 
 

100 to 750 
 

Poor 
 

Nominal 
 

One 
 

No 
 

Medium 
 

Design Frequency



10-25 years


25-50 years


50 years or more



3



High



High



High



Over 50'



High



>750



No



No



Several



Yes



High



• Additional factors may be added to list for consideration.



•* All factors are not of equal weight under all circumstances;


therefore, weighted rating is subjective and serves only


as a guide in selecting a design frequency.
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procedures for preparing and interpreting a flood-frequency curve. A flood.frequency curve is prepared from recorded streamflow data a single gagingatstation. This data may be obtained from the files or publications of the agencyoperating the gaging station, usually the Geological Survey.
A flood-frequency curve may be developed by graphically fitting (eye-fit)curve ato points plotted on special graph paper or by mathematically determiningfloods for various recurrence intervals. Several methods have been used in analyzingflood records, but only one method of each type is described as the preferredmethod at this time. These methods have been adapt,;d for electronic computercomputation and plotting (41). In both methods, an extremely high peak dischargeshould be carefully evaluated with respect to andreliability its probabilityoccurrence, especially regarding its effect on 

of 
the drawing of a frequency curve orthe method used in determining recurrence intervals. 

6.2.1.1 Graphical Method 

The graphical method, based on Gumbel's extreme value distribution,Powell's special plotting paper and Weibull's plotting position formula, is a simpleand reasonably satisfactory procedure for constructing a frequency curve (8).Details of the method and plotting paper may be obtained from the offices of theGeological Survey or the Federal Highway Administration. 
The Weibull formula is: 

32R I - n + 1 

im 
WHERE: 

RI = Recurrence interval 
n Number of years of record 
m The order of descending magnitude of the annual flood peaks withthe largest flood as number one. 

6.2.1.2 Mathematical Method 

The preferred mathematical method forrelation for recorded data is known 
establishing a flood-frequency

as Log Pearson Type III (42). This method isvery time consuming unless an electronic computer is available for the computation
work. 

6.2.2 Extending Flood-Frequency Curves 

Because of the short-term records of most gaging stations, frequency curvesoften must be extended beyond the recorded data to enable the estimation of largerfloods for the design of highway structures. Obviously, such extensions are subjectto considerable error and care must be taken in ?valuating results. Regional analysesand ratios of 25 or 50-year floods to mean ".nnual floods on streams within thesame region can be a helpful guide. 
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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 streams in the region should be used as a guide in making
this adjustment. If the bridge site is between two gaging stations theon 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 
area. 

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 (24). 

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 1889. It 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 = Discharge in cfs 
C = Runoff coefficient 
!= 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. 

Discharge, as computed by this method, is related to frequency by assuming 
the discharge has 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 recommended that this formula be used only for estimating runoff 
from sm?1l areas, say up to 200 acres. 

6.4 Predicting Floods Using the Hydrograph Methods 

Several hydrograph methods (, section 20) have been in general use by some 
governm(:ntal agencies and the storm sewer design departments of Chicago and Los 
Angeles for i: number of years. Although these methods are generally more difficult 
to use than the Rational Formula, many authorities believe the hydrograph 
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methods are more appropriate for use in estimating floods from small areas,
especially in the design of storm 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 given to
ongoing programs and new basic research encouraged if the objectives of good
desigi are to be achieved. 

8.0 References 

(1) State of Texas, ttvdraulhc Manual, Bridge Division, Texas Highway
Department, Austin, Texas, 2nd Edition, 1970. 

(2) Benson, M. A., FactorsInfluencing the Occurrence of Floods in a Humid
Region of Diverse Terrain, U.S. Geological Survey Water-Supply Paper 1580-B, U.S.
Government Printing Office, Washington, D.C., 1962, 64 p.

(3) Benson, M. A., Factors Affecting the Occurence of Floods in theSouthwest, U.S. Geological Survey Water-Supply Paper 1580-D, U.S. Government 
Printing Office, Washington, D.C., 1964, 72 p.

(4) Soil Conservation Service, SCS National EngineeiingHandbook, Section
4, tHydrology, U.S. Government Printing Office, Washington, D.C., 1971, 542 p.

(5) Anderson, D. G., Ef1fects of Urban Development oi Floods in A'orthernVirginia, U.S. Geological Survey Water-Supply Paper 2001-C, U.S. Government 
Printing Office, Washington, D.C., 1970, 22 p.

(6) Carter, R. W., Magnitude an(d Frequency of loods in Suburban Areas,U.S. Geological Survey Professional Paper 424-B, U.S. Government Printing Office,
Washington, D.C., 1961, 3 p.

(7) Leopold, Luna B., Hydrology for Urban Land Planning • A Guidebook 
on the HydrologicEffects of Urban Land Use, U.S. Geological Survey Circular 554,
U.S. Geological Survey, Washington, D.C., 1968. 18 p.

(8) Wilson, K. V., A Preliminary Study of the Effect of' Urbanization onFloods in Jackson, Mississippi, U.S. Geological Survey Professional Paper 575-D,
U.S. Government Printing Office, Washington, D.C., 1967, 3 p.

(2) Jens, S. W. and McPherson, M. B., Hydrology of Urban Areas inHandbook of Applied Hydrology, section 20, McGraw-Hill Book Co., Inc., New 
York, N.Y., 1965. 

(10) Meinzer, Oscar E. ed., Hydrology, McGraw-Hill, Book Co., Inc., New
York, N.Y., 1942. 

(1) American Society of Civil Engineers, tlydrclogy Handbook ASCE -Manuals of Engineering Practice - No. 28, New York, N.Y., 1949, 184 p. 

21





Compendium 2 Text 2 

(12) Tice, Richard H., Delaware River Basin Flood Frequency, U.S. 
Geological Survey open-file report, Trenton, N.J., 1958, 11 p.

(3) Kohler, M. A. and Linsley, R. K., Predictingthe Runoff from Storm

Rainfall, U.S. Weather Bureau Research Paper 
 No. 34, U.S. Government Printing

Office, Washington, D.C., 1951, 10 p.


(14) lliemstra, L. A. V., and Reich, B, M., EngineeringJudgmentand Small

Area Flood Peaks, Colorado State University Hydrology Paper No. 19, t. Collins,

Colorado, 1967, 29 p.


(15) Horner, W. W. and Flynt, F. L., Relation Between Rainfalland Runoff

from Small Urban Areas, Trans. ASCE, Vol. 101, 1936, p. 140-206.


(16) Schaake, J. C., Jr., Geyer, J. C., and Knapp, J. W., Experimental
Examination of the Rational Method, Proc. ASCFi, Hydraulics Division Journal

HY6 Paper 5607, New York. N.Y., Nov. 1967, p. 353-370.


(17) Garstka, W. V., Love, L. D., Goodell, B. C., and Bertle, F. A., Factors 
Affecting Snowmelt and Streamflow, Fraser Experimental Forest, U.S. Government

Printing Office, Washington, D.'., 1908, 189 p.


(18) Buchanan, Thomas J., and Somers, William P., DischargeMeasurements 
at Gaging Stations, U.S. Geological Survey Techniques Water-Resources Investiga
tions book 3, chapter A8, U.S. Government Printing Office, Washington, D.C.,

1961), 65 p.


(19) Carter, R. W., and Davidian, Jacob, Discharge Ratings at Gaging
Stations, U.S. Geological Survey Surface Water Techniques, book chapter 12,

1965, 36 p.


(20) Buchanan, T. J., and Somers, W. P., Stage Measurements of Gaging

Stations, U.S. Geological Survey Techniques of Water-Resources Investigations,

book 3, chapter A7, U.S. Government Printing Office, Washington, D.C., 1968, 28

P. 

(21) Carter, R. W. and Davidian, Jacob, G.'neral lrocedure for Gaging
Streams, U.S. Geological Survey Techniques of Water-Resources Investigations,

book 3, chapter A6, U.S. Government Printing Office, Washington, D.C., 1968, 13

P. 

(22) Benson, NI. A., and Dalrymple, Tate, General Field and Office

Procedures p r Indirect Discharge Measurements, U.S. Geological Survey Tech

niques of Water-Resources Investigations, book 3, chapter Al, U.S. 
 Government


Printing Office, Washington, D.C., 1Q68, 30 p.


(23) Barnes, Ilarry If., Jr., Roughness Characteristicsof Natural Chzannels,
U.S. Geological Survey Water-Supply Paper 1849, U.S. Government Printing Office,

Washington, D.C., 1(67, 213 p.



2,4.) l)alrymple, Tate, and Benson, M. A., Measurement of Peak Discharge
by b, .,ope-.Area Method, U.S. Geological Survey Techniques of Water-Resources 
Investigations, book 3, chapter A2, U.S. Government Printing Office, Washington, 
D.C., 1967, 12 p. 

(25) Bodhaine, G. L., Measurement of Peak Discharge at Culverts by
Indirect Methods, U.S. Geological Survey Techniques of Water-Resources Investiga
tions, book 3, chapter A3, U.S. Government Printing Office, Washington, D.C., 
1968, 60 p. 

(26) Matthai, Howard, F., Measurement of Peak Discharge at Width 
Contractions by Indirect Methods, U.S. Geological Survey Techniques of
Water-Resources Investigations, book 3, chapter A5, U.S. Government Printing 
Office, Washington, D.C., 1968, 29 p.

(28) Dalrymple, 'rate, Flood-Frequencv Analyses, U.S. Geological Survey
Water-Supply Paper 1543-A, U.S. Government Printing Office, Washington, D.C., 
1960, 80 p. 

(29) Benson, M. A., Evolution of Methods for Evaluating the Occurrence of 

22 

35 



Compendium 2 Text 2 

Floods, U.S. Geological Survey Water-Supply Paper 1580-A, U.S. Government 
Printing Office, Washington, D.C., 1962, 29 p. 

(30) Riggs, H1.C., Frequency' Curres, U.S. Geological Survey Techniques ofWater-Resources Investigations, book 4, chapter A2, U.S. Government Printing
Office, Washington, D.C., 1968, 15 p. 

(31) Subcommittee on Hydrology, Inter-Agency Committee on Water
Resources, Methods of Flow Frequenc' .tnalysis, Notes on Hydrologic Activities,
Bulletin No. 13, U.S. Government Printing Office, Washington, D.C., 1966, 42 p.

(32) Potter, W. D., t.titmating Flood Discharge in the Piednat Platau,Federal hlighway Administration Hydraulic -ngineering Circular No. 2, Washington,
D.C., 1Q60, 21 p. 

(33) State of Idaho, Surreys and Plans Manual, Department of lighways,
Boise, Idaho, IM 1,section 15-331. 

(34) Water Resources E-ngineers, Evaluation of the Flood Risk F"actor in the
Design of Box ('u'ccrts. Vol. I of a report prepared for Federal Highway
Administration, Washington, ID.C , 1970, 143 p.

(35) Oglesby, C. 11., and (.;rant, 1. L., Economic. Analvsis The
Fundamental .-1pproach to Decisions In Highway Planning and Dcsign, Highway
Research Board proceeding V. 37, 195,S. p. 45-47.

(36) Htighway Research Board, f contomtc ..lnalvsis in Highway Pro
gramming, Location, and Design: Workshop Conference Proceedings, Sept. 17-18, 
1959, Sepcial Report .5o, 10. University Microfilmns. Inc., Ann Arbor, Michigan.

(37) Highway Research Board, Studies in lhghwaY Engineering Economy,Bulletin 320, Publication 961), Washington, D.C.. 1962, 65 p.
(38) Subcommittee on Evaluation Standards, Proposed Practices for

Economic .. lnalvsts of River Basin Projects. Inter-Agency Committee on Water 
Resources, U.S. Government Printing Office, Washington, D.C., 1958, 56 p.

(39) National Cooperative llighvay Research36 Waterways, NCIIRP Synthesis 5, l!igh Program, Scour at Bridgeay Research Board, Washington, D.C., 1970, 

37p. 
(40) Riggs, It.C., Regional Analyses of Streamflow Characteristics, U.S.

Geological Survey Techniques of Water-Resources Investigations, Book 4, Section 
B, 1967, 14 p.

(41) Tennent, Richard C., and Harrison, Lawrence I., Flood RecordCompilation and Frequency Plot, BPR Program No. IIY-5, Federal Highway
Administration, Washington, D.C'., 1968., 66 p. 

(42) Hydrology Committee, .A Uniform Technique for Determining FloodFlow Frequencies, Water Resources Council Bulletin No. 15, Washington, D.C., 
1967, 15 p.

(43) Searcy, James K,, Deiign of Ro.adside Dramnage Channels, Bureau of
Public Roads, now FedeTal Highway Administration Hydraulic Design Series No. 4,
U.S. Government Printing Office, Washington, D.C., 1965, 56 p.

(44) Hlershfield, David M., Rain aill Frequency Atlas of the United Statis for
Durationsfrom 30 Minutes to 24 Iours and Return Periodsfrom I to /00 Years,
Weather Bureau, U.S. Government Printing Office, Washington, D.C., 1961, 61 p.

(45) Carter, R. W. and Godfrey, R. G., Storage and Flood Routing, U.S. 
Geological Survey, Water-Supply Paper 1543-B, U.S. Government Printing Office, 
Washington, D.C., 1960, 104 p. 

23 



----------------------------------------------

Compendium 2 Text 3



VOLUME XVI



SUBSURFACE SOILS EXPLORATION



',,,\op A S S oc 

0 10



00 Q-t 

\EN 

NATIONAL ASSOCIATION OF COUNTY ENGINEERS



ACTION GUIDE SERIES



---------------------------------------- I 
NOTE: This text has been reproduced with the 
permissionof the National Association of Count),
Engineers. 

I 



38 

Compendium 2 Text 3 

The National Association of Counties Research Foundation is pleased to cooperate with the NationalAssociation of County Engineers in developing and applying a series of manuals, called Action Guides.
These 17 manuals provide the county engineer - manager with organizational and technical information
based .)n best nationwide practices. Members of NACE have provided valuable dssistance by contributing
their knowledge of county engineering to this project. 

Th,? manuals also provide background information for the elected county officials who must make the 
decisions concerning road activities. 

This proj-!ct builds on an earlier NACE program which developed the first edition of some of themanuals, updat;ng them and adding nev; technical information. New manuals address such wide.ranging
subjects as mair tenance management, public bridge spot safetysupport, and improvements, traffic 
generation, drain ige and soils, water pollution and aerial photography. 

NACORF and NACE are deeply indebted to the U.S. Department of Transportation, Federal Highway
Administration, which is providing funds and guidance for the program. 

Bernard F. Hillenbrand 
Executive Director 
National Association of Counties 

Research Foundation 

County governments have a real opportunity to play a continuing and increasingly important role in thefuture growth and development of our country. This Action Guide Series should assist !he county engineer
and other county road officials to provide the best local highway service at the most reasonable cost. TheFederal Highway Administration is very pleased to cooperate with NACo and NACE in this effort. 

Ralph R. Bartelsneyer 

Acting Federal Highway Administrator 
U. S. Department of Transportation 

The research for this publication was performed in accordance with Contract No. DOT-FH-7709,
Department of Transportation, Federal Highway Administration. Printing costs were partially covered by agrant from the Highway Users Federation, 1776 Massachusetts Avenue, N.W., Washington, D.C. 20036 
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1.INTRODUCTION



Bridge foundations, retaining walls, highways, or 
virtually any facility can be designed properly, only if 
the designer has at least a reasonably accurate 
conception of the physical properties of the 
subsurface soils. (Subsur[ace soil explorations are 
variously referred t in the literature as site 
investigations, soil investigations, and foundation 
investigations.) 

Since most county engineers art charged with 
responsibility for the design of facilities, such as 
bridges and highways within their jurisdiction, they 
should, therefore, be familiar with subsurface 
explorations to define the type and extent of various 
subsurface conditions. Although you or your staff 
may or may not be directly in charge of planning and 
executing the explorations, you are not relieved of 
the responsibility to be knowledgeable about such 
procedures. 

1.1 	 PURPOSE OF SUBSURFACE 
EXPLORATIONS 

The purpose of a subsurface soil exploration is to 
determine the engineering properties and conditions 
which exist below the surface, 

Over 40 percent of the highway construction 
dollar is spent directly on earthwork and foundations. 
Most of the remainder is spent on items which are 
directly dependent on the soil such as drainage, 
pavement and structures. In order to get economical 
construction and maintenance, to minimize costly 
failures, overdesigns, or overruns, a design based on 
an adequate foundation inve.i'ation is necessary. 

For 	 the engineer, "soil" refers to the organic and 
inorganic materials overlying bedrock. With adequate 
soils information, you or your consultant can apply 
the principles of foundation and highway engineering 
to the development of designs which will make the 
best use of local materials without excessive expense. 
Modern technology makes it possible to do 
things which formerly were not feasible. However, 
to make use of this technology you must have 

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

It is 	 recognized that these soil explorations cost 

money, take time and aconsiderable amount of staff 
effort. At times this combination leads to a decision 
to abbreviate the investigatiGrn or just not to make 
one at all. When this is done it is common practice to 
increase the safety factor in the design of facilities, 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 of subsurface information. 

43 
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There ue situations when some overdesign may be 
justified: for safety considerations, to avoid the 
risk of costly damage to public and private property 
(usually in highb de-eloped urban areas), or in cases 
where minor fm.lui-s could excessively inconvenience 
the pubnc. Con.etsek th..r. be time-s when a low 
factor of surte can rtsuh in economic benefits, 
where failures aouidtant lt!fl inconvenience to the 
public. *'rou, Ili- count' cr nce, inust mnake such 

assigncd rlhout ,rkwicdt of tle type, condton. 
location and extent of th c subsuwr ace nateals 

anIt must be recognized tt:,, infinite number of 
subsurface conditions carn cxist,and e,,enthe rnost 
thorough investization ma:, at tirnae faid to disclose a 
critical condition Experi n,:ce obtained from 
conducting many subsurfa,:e tests will play a major 
role in minimizing the po:h:h,:'. of serious errors due 
to unforeseen subsurlace ',:,nrdition.i So, even here, 

when trxin to anticinare unforeseen e',ents, sod 
explorations have their value. See figures 1.!, 1-2,
1-3, and 1-4 for examples of failures resulting from 
poor subsurface conditions. 

. ,.a..-: 
:-+.,..+figure


figure 1-1 

Unstable Slope Requiring Relocation of Higway 

2 

--A



... 
 

1jL



,



Bridge Piet Movement Requiring Expensive Jacking 
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information to allow you to plan and implement a 
modest iubsurface e"ploration-orie with a fairly 
limited scope and set of objectives. For the most part, 
however, it is recommendcu that you supplement the 
information in this manual b' reading appropriate 
references in the attached bibliography or other 
pertinent publications. 

A well-planned investigation need not be costly in 
' terms of facility costs. And when considering the cost 

• :,-. r of overdesign or the cost of future repairs due to an 
,improper investigation, itis quite inexpensive. This 

manual should help you in defining the scope of work 
figure 1-4 in an exploration and will encourage you to 

undertake systematic, we!-planned investigations. It 
Pavement Damage Resulting from Subsurface is emphasized that subsurface soils exploration does 
Deformation not need to be complicated; much useful information 

can be obtained with ashovel, a post hole digger or a 
small auger-providing you have some knowledge of 
what you are doing. 

The subject can be approached in several different1.2 	 PURPOSE OF MANUAL ways. However, in this Guide we believe it ismost 
helpful to first give pointers on planning the soil 
investigation process, followed by a brief review of 
the properties of soils and their strength values for 

The purpose of this manual isto provide you with design purposes. The main purpose of the Guide-the 
infocmation on how to conduct a subsurface soil conduct of the exploration-is then detailed, followed 
investigation. This manual will provide adequate by a final chapter on reporting results. 

3 
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2. THE PLANNING PROCESS



Soil explorations are made to verify and amplify 
information from surface exarninations, from 
reference materials, and from !oczl maps and records, 
Before the actual exploration is started, some 
planning is required. This entails fust determining the 
scope and objective of the exploration and following
with a detailed p!an of cach stage of the exploration. 

2.1 SCOPE 

When considering the need for soil investigation, 
the first step is the scope of the work. In this case 
scope simply refers to the type and amount of work 
involved. For example, the scope could call for 
investigation of subsurface soil conditions foi a 
proposed highway project, including bridges and 
culverts. On the other hand, it may be simply a short 
highway realignmernt over an area known to have 
good subsurface conditions. In the first case the scope 
may be so large as to require consultants; 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 thethoroughness required for the investigation. The 
degree of underdesign which can be justified will be 

one of the prme factors to consider, as mentioned 
earlier. Some situations will justify underdesign; for 
example, a rural road that goes through productive 
and relatively expensive farm areas but which servesa 
small volume of traffic. You ught design a slightly
less conservative backslope and risk some isolated 
slide (slip-outs) which can easily be cleaned up with 
only minor inconvenience to the user and without 
undue expense to the county. The scope of this 
investigation could be mnirnal to meet this particular 
need. On the other hand, for cxpensive facilities or 
one which are located inareas subject to unusual 
conditions, e.g. earthquakes, your scope should be 
complete enough to be sure that it will adequately 
describe the subsurface conditions, to avoid the lossof an expensive structure, and provide greater safety. 

If you decide that the scope of work does not 
perrmt the use of county personnel, you will need to 
retain a consultant or drilling contractor. Some of the 
items to consider in a typical contract are described 
in Appendix A. 

2.2 OBJECTIVES 

Once the scope has been determined, it is 
necessary to establish a specific set of objecrives. 
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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 undisturhed samples of the 
various materials exposed by the cut. (See Section 4.4for discussion of disturbed and undisturbed samples).

iscssin oforditured ad udisurbd smpls). 
The investigation will be conducted in the office 
(reference materials), in the field (borings and 
sampling) and in the laboratory (classifying 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: 

* 	 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 

* 	 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 

* 	 To obtain samples, disturbed and undisturbed, 
as may be uecessao' 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 three to ten feet a;ung the proposed paved area. 
The emphasis on locating rock (first two items listed 
above) is less important. 

When the objectives are determined, a working 
plan for the exploration should be prepared to assure 
adequate information for the design and construction 
phascs. 

2.3 PLANNING THE SUBSURFACE SOIL 
EXPLORATION 

Before any subsurface exploration investigation is 

planned and implemented, information from reports
and official records of public or private agencies 
andoc records 

Typical sources of information available are: 

0 	 Topographic maps 

o 	 Geological maps 

© 	 Agricultural maps (Soil Conservation 

Service) 

9 	 Aerial photographs 
• 	 Well drilling logs 

* 	 Reports associated with existing structures 

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

In this discussion of the planning process, specific 
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 
investigtions 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 investigatiun. In most cases, work can 
be staged depending on tire amount of information 
required for design, the amount of information 
available 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 uch as preliminary 
sketches can be helpful. 
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Many projects requi'e a multiple stage 
investigation. The three basic stages are: 

" 	 Preliminary or Reconnaissance Stage 
" 	 Design or Feasibility Stage 

* 	 Final or Control Stage 

A fourth stage, monitoring, may be necessary
during actual construction to assure that the actual 
foundation materials found are those indicated during 
the design stage. 

2.3.1 Reconnaissance Stage 

During the reconnaissance stage all data obtained 
should be used in the prehrmunary design estimate to 
evaluate the enpneering and econoruc possibilities of 
the project and to determine whether further soil 
investipgations are justified. The reconnaissance stage 
.hoid include as aminimum the following elements: 

" Review of plans to date 

48 0 	 Review of data from records, reports,
photos, et.L (See Appendix B) 

* 	 Visual examn.ation of the site, preferably 
from the ground. but alternatively from the 
air. (See also NACE Action Guide, Aerial 
Phoographs) 

* 	 Identification of surface geology, land 
forms, and surface soil types. Surface 
geology can usuallt be estimated by use of 
geological maps for a given area. Land forms 
(topography) and terrain can be identified 
on site and with the aid of topographic maps 
and air photos. Drainage patterns should be 
noted, 

" 	 Existing cuts and natural slopes should be 
studied. Such information can be useful in 
identifying soil types (clay, sand, rock) and 
the amount of surface weathering 

* 	 Review old and existing highway problems 
with maintenance foreman 

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

2.3.2 Design and Feasibility Stage 

The design and feasibility stage will expand and 
confirm information obtained in the reconnaissance 
stage. As a minimum, the investigator should: 

* 	 Review results of reconnaissance stage 

0 	 Identify possible engineering problems; i.e., 
if deep cuts are planned in a highway project 
it is imporiant to locate possible slip planes 
by accurately identifying and plotting the 
location of materials with low shear strength 
and areas with water seepage 

Include the following items in the fieldinvestigations: 

-	 location of proposed test holes and test 
pits 

- order in which holes and pits are to be 
developed 

- depths to which holes and pits will 
extend 

-	 kinds of samples required 

0 Summarize the information obtained, 
including inputs from the reconnamsance 

To perform the above work, using the services of 
other publ, agencies ma be desirable. That is, larger 
agencies such as the state highway department car 
perform subsurface explorations for a county 

according to an established schedule of charges. It is 
your responsibility to see that whoever does the work 
is qualified and has the required experience and 
equipment. 

You may want to combine the design and 
reconnaissance stages into one expanded design 
investigation. In all probability, a final stage will be 
necessar, to clarify questions left from the first 
stage(s) and to sharpen up some information needed 
for design. 

2.3.3 Final Design Stage 

The object of this stage is essentially to fill in gaps 
in information developed earlier. Additional samples 
may be required or better definition of the soil 
profile may be necessary Close coordination with the 
designer is required in planning this stage. However, if 
sufficient information is available from the previous 
stages, this stage may be eliminated. 

6 
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3. PROPERTIES OF SOILS



Having considered the planning and 
implementation of soil exploration, a discussion of 
ti.e properties of soil is in order. Soils may be 
considered engineering materials; and therefore, the 
county engineer should know something about its 
physical, chemical and mechanical properties. 

The important soil properties are: 

* Shear strength 

" Compression and consohdation 
SPermeability 

* Plasticity 

* Volume chie 

* Thermal chaameri~tics 

* Chemical pro pert ies 

3.1 SHEAR STRENGTH 

Shear strength Ls the propety that eiables 
material to renin in c lihmimn whenm its swtface is 
not level. All sohds exhibit this plropert, to some 
extent. Shear strength is the major structural 
property ot soils, it is tile property that determines 
the bearing capacity ofa footing, the aingle at Ahich a 

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 adrained


and undrained condition depending on the conditions


developed in the field.



The shear strength of a soil is tie result (sum) of 
friction between the particles and cohesion. Most 
fine-grained soils, primarily clay (and to a lesser 
extent, silts), develop most of their shear strength 
from cohesion. G;anular materials, 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 of cohcsv.e sc ls may be deternimed by 
the unconfined compresion tests (American Society 
for Testing and Matenals-ASrM-Desgnatitn I) 21t)6) 
and in the field b) the vane shear tests 
(ASTM-Deig:naton D 2573). See Appendix C for 
further discussion of si rength Nalues, 

3.2 COMPRESSION AND 

CONSOLIDATION 

The term compression is usually used to denote 
the total change ii height of a soil mass due to 
applied loads. Observations show that Ahen a load is 
applied to soil, the volume decreases. Since the 

49 
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individual soil grains are for all practical purposes 
incompressible, the change in volume must be due to 
a decrease in the volume of the voids. If the soil is 
dry, the voids are filled with air, and the volume 
change will depend on the rearrangement of the 
particles, which can be both shear strength-dependent 
and structure-dependent. If the soil is saturated, the 
voids are filled with incompressible water, and the 
water must floA out of the soil nass before the soil 
grains can rearrange themselves. In soils of low 
permeability, this process requires a time inteival for 
completion; hence, the movement occtrs slowly. 

The term consolidation is the time lag associated 
with the volume change under an applied load. The 
application of a stress to an), material will cause a 
corresponding movement. For common construction 
materials such as steel or wood, the movement occurs 
simultaneously with the application of stress. In 
contrast, 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 neirly saturated 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 depends on the thickness and presence of 
layers of sand or other drainage layers which can act 
as escape channels for the water being forced out of 
the compressible layer, 

Consolidation and compression coefficients are 
used to predict the amount of settlement and rate of 
settlement for building foundations, bridgr piers, high
fills or embankments. Excessive settlement often can 
be avoided by keeping the soil loads less than the 
weight of the overburden to be removed in order to 
build the foundation. In some cases preloadirg of the 
foundation area well in advance of construction will 
provide sufficient preconsolidation to adequately 
minimize differential and total settlement after 
construction is completed. 

3.3 PERMEABILITY 

To the soils engineer, permeability isthe property 
of a soil which permits water to flow through its 

pores. Coarse.grained soils have a relatively high 
coefficient of permeability and fine-grained (ilts and 
clays) have a low coefficient. Small volumes of fine 
grained materials can significantly reduce the 
permeability of otherwise permeable coarse-grained
materials. Permeability must be known in order to 
compute the quantity of water that will flow through 
a given sod layer. It is used in problems dealing with 
drainage; e.g.. subsurface drains for highways or 
airfields or indewatering areas under construction. 

It is imperative that the foundation engineer or 
pavement designer know where the permeable and 
impermeable layers ir- at a given site, including
potential seepage layers which will be encountered in 
cuts and in foundation excavations. In a great many 
cases, it isnot only vrartical but necessary to modify
the seepage paths and water table by termporarily or 
permanently interrupting the natural flow channels at 
asite, by lowering the w-,ter table. 

3.4 PLASTICITY 

One of the distinguishing properties of cohesive 
sods is their ability to undergo large strans without 
rupture. This property is termed plastcit', and it is 
unique to fine gramed soils usually referred to as 
clays. However. grain sitze b itself cannot be used to 
differentiat- betweer, plastic and non-plastic fine 
grained soils. 

For any particular plastic soil, the amount oi


plasticity is a function of the water content. 
 If a 
clayey material is unifornly mixed with sufficient 
water, the result is a fluid-like material which will 
deform freely under very low levels of stress. The 
water content at which measurable shear strength 
becomes apparent is called the liquid lirrut. As the 
water content decreases, shear strength will develop 
to the point where very small strains will cause 
fracture. The plastic limut is the water content at 
which a l/8-inch diameter thread may be rolled
without crumbling. The difference in water content
between the liquid linut and the plastic lhirt iscalled 
the plasticity index (PI). 

The principal application of such limits is in the
classification of soils to identify the plasticity of the 
clay fractions. 

8 
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3.5 VOLUME CHANGE 
 

Frequently, volume changes occur due to 
deformations in soil masses without any apparent 
application or removal of external loads. They may 
be caused by at least two different phenomena. For 
example, the lowering of the ground water table inan 
area would result in increased soil stresses which in 
turn are effective in producing a volume change 
within compressible layers below the original ground 
water level. This can lead to the settlement of fills or 
structures 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 fine grained soils, especially clays 
and most particularly clays of a particular 
mineralogical composition: e.g.-benonite. 
Fortunately, (in the United States), most soils with 
high volume changes occur in belts or regions that are 
well known to soils .gieers. This volume clunge or 
potential swell pressure can be measured for specific 
soils by consolidation tests, by the C1R (California 
Bearing Ratio, see Appendix C) or resistance value 
test procedures used by highway departments. 

3.6 THERMAL PROPERTIES 

In 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 itrcIl(C all 
inorganic soils which contain greater than three 
percent by weight of particles finer it size than 0.02 
millimeters. 

Text 3



The possibility of frost heave and the melting of
ice lenses must be taken into consideration when 

trying to avoid possible frost related structural 
damage. Frost heave can cause pavements to deform 
irregularly and footings to move while the melting of 
ice lenses will cause a loss of strength resulting in an 
unstable soil condition. 

Ice layers or lenses will grow in the soil when 
freezing tempertures are present, when the water 
table is close enough to the frost line to feed the 
growing ice lenses, and when the soil characteristics 
are favorable to the rapid movement of capillary 
water upward from the water table. It is therefore 
very important 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 can be obtained from various state and 
federal agencies. 

3.7 CHEMICAL PROPERTIES 

Little information is available to the engineer on 51 

the influence 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 kniown the 
portland cement concrete can be adversely affected 
by the use of alkali aggregates. 

In a different way, it is known that certain soils, 
due to their chemical properties. ",ill accelerate the 
corrosion of metal pipes. i.e., culverts, etc., which are 
placed below the surface. 

Consultants as well as state and federal agencies 
can advise you of problens which may be associated 
with chenical properties. Be Eure to make inquiries to 
ascertain if laboratory tests would be useful. 

9 



52 

Compendium 2 Text 3 

4. CONDUCTING THE SUBSURFACE SOIL EXPLORATION



There are many ways to conduct the actual field 
work. The choice will depend on the scope and the 
specific objectives together with the planning 
suggested in Chapter 2. Obviously, availability of 
both fundi and equipment will ifluence how the
work is to be .cco,-ps.,hd 

The rnrtane of tLe fe'ld,'k i, subsLurface 
explorations cinn, t be eLV\renipLi.J,,rienced 
super vision be:wmcs ctreine. ir::p, r' t ch'l+sng 
methods, locat iw aij I,,,r4 .;s. idenifstw t 
matenais, and ittr li.mz prop;r; srtples If field 
testing for in-pLj." shear sirergth ,:rperrieahltty is 
planned, the super, ,son wi be even more crtical. 

4.1 METHODS 

As already indicated, the methods :- techniques 
for a soil nvestigat:on ,ary from digpng a hole to 
highly sophisticated pruedures involirn geophysical 
techniques. The method selected will depend on 
objectives, on available equipment, and to sorme 
extent on the laboratory tests which are neces..ary for 
design. Seven methods are discussed below, five 
require penetrating into soil and rock and two are 
geophysical procedures. Even though the geophysical 
methods may sound complicated and overly
sophisticated, you should be aware of their use and, 
when appropriate, avad yourself of local consultants 

who can provide the necessary equipment and 
experience. 

4.1.1 Tet Pits 

The most obvious method of finding out what lie. 
beneath the surface is to dig a hole arid see.Holes 
large enough to perrTit visual inspection of.mhsurface 
sol profiles are called test pits. They nu, he dug by
hand or by excavating equipment Test pits art 
comparatively inexpensive, but the depth to which 
test pits can be dug is rather inied In soils with 
little or no cohesion, the sides must be sharply 
sloped. In cohes3%e soils, bracing nuy be required 
below a depth of ten feet At depths of 20 to 30 feet,
bracing usually must be continuous, and the 
advantage of Visual exanunation is lost. Bracing nust 
be done in conformance with state arid federal safety 

*coc.€es. Test pit,provide an excellent way of looking
at the soils in place. and for obtaining undisturbed 
samples If the test pit is shallow and can be dug by 
hand, it is less expensive than bringrig drilling 
equipment 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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soft or firm soillayers. Probing methods can be Some typical probe points are shown in figure 4-1. 
dassified by two techniques; i.e., static and dynamic. Although any number of points may be used, it i 

better to pick one particular setup and stay with it. 
Static methods give useful information on Correlations with borings become more meaningful if 

the relative stiffness of cohesive soils. The one probe type is used throughout the county. 
equipment consists of a slender conical 
penetration point. The point is fastened to the If probing is used, you should also plan on one or 
lower end of a string of drill rods and is forced more bonngs in the same area. By compiring
into the soil by means of static weights. A information from the boring with the results of 
record of the load versus penetration and time probings, you will be able to interpret the results of 
are used to compare and identify different the probings more specifically. After probing has 
zones, been used in specific geographic areas, it is possible to 

extract more and more useful information on the 
Dynamic methods aie more commonly used location of known soils in a particular location. 

In general, the equipment consists of a conical 
penetration point attached to the end of a solid The most widely used dynamuc probing technique 
rod fitting close within a pipe. Points are often is the w-called Standard Penetration Test (SPI').
of larger diameter than the pipe to eliminate Unfortunately, there is more than one kind of test 
the effect of friction along the pipe sides with this designation All tests uttlie a drop hammer 
Probes are forced into the ground by 3 tailing to drive the sampler, with the number of blows 
weight or mechanical hammer. The energy is required to dnve the manples 12 inches, designated as 
constant, and a record is kept of 'he number of the standard penetration count or blow count. One of 
blows per foot of penetration The outer pipe the niore common standard penetration tests is 
should follow the probe down. In some described in AASHO (Amencan Association of State 
stuations, this will occur due to the weight of Highway Officials) Test Method T 206-64 (See
the pipe; sometimes it must he driven. The rod Bibliography). You should refer to this procedure and 
and pipe are always recovered, but the point is correlate with subsurface conditions which have been 
considered expendable. established. 

figure 4-1 

TYPICAL PROBE POINTS 

1.4 

"pipe--..
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The major disadvantages of probing are: 

* 	 The point can be stopped or significantly
influenced by an isolated rock or boulder 

* 	 Although a soft or weak layer can be 
identified, it is risky to conclude that such a 
condition is due to loose sands or granular 
materials, or due to soft clays and silts 

" 	 In fine-grained soils, there may be an abrupt 
change in driving resistance below the water 
table 

* 	 Probes are virtually useless inglacial depositsor invery coarse granular deposits 

-


figure 4-2 

PORTABLE AUGERING EQUIPMENT 

12 

4.1.3 Augering 

Augers are very effective in exploring subsurface 

conditions. Either hand operated or mechanical 
augers can be used, depending on the situation. Hand 
augers or post hole diggers range in diameter from 
four to eight inches and can be used when appreciable
quantities of soil are necessary for laboratory testing.
Small helix type augers can be used for visual 
examination and preliminary depth identification. 

The advantages of mechanical augers are theirspeed and mobility (See figure 4-2). No drilling fluidis required, and a drilling ng may be set up and taken 

down in minutes. When the lead auger is equipped 
with rock heads, it is possible to work through soft 
rock and gravel. (See figure 4-3) 

For most conditions, augering cannot be used 
below the ground water level unless special provisions 
are made to contain the soil. Some clays can be 
augered below the water table, but you have to 
experiment to Frind out if this equipment can be used 
in such cases. See Section 4.4 for more information 
on augenng. 

4.1.4 Wash Borings 

Wa.sh boring is a method used by well drillers and 
is also useful in soil investigations. Heavy pipe
(casing) is driven into the ground. A chopping bit is 
lowered in the casing with hollowed doll rods. Water 
is pumped through the dril rods. coming out at the 
chopping bit The bit is lifted, dropped, lifted, 
rotated and dropped. The water carnes the loosened 
soil particles to the surface. At the surface, a portion 
of the water can be diverted into a setiling ves,,l. 
Periodic sampling (if the water will provide some 
indication of the material being encountered. 
Accurate estimates of the depth and extent of 
material are nor possible, however, the niethod is 
useful as an indicator of subsurface niterials and is 
particularly useful in getting through coarse-grained 
materials. 

It is worth emphasizing here that the need for 
experienced field supervision is very important. Talk 
with your field people, be sure they know what you
want; put it in writing! 
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figt" 4-3 

Drilling Heads for Augering Through Soft Rock and 
Gravel 

4.1.5 Rotary Borings 

In this method, the hole is advanced by the rapid 
rotation of the drill bit and by the eroding action of 
the drilling fluid sumped through the rods. Bits are 

av.ilable to work in materials ranging from sands to 
hard rock. The unit is power driven and usually truck 
mounted. Rotary drillmg is similar to the wash boring 
procedure except that one drills and one clops. 

In order to prevent the sides of the hole from 
caving or sloughing. it may be necessary to case the 
hole or to use driller's mud, aspecal mixture of clay 
and water plus some chemicals, when ncessary. 

Rock coring is a special application of rotary 
drilling. Special bits are necessary for coring into 
rock, depending on the kind and hardness of therock. 

4.1.6 Seismic Refraction 

Seismic refraction consists of creating sound or 
vibration waves within tie earth, usually by 
exploding small charges of dynamite buried three to 

four feet beneath the surface and measuring the time 
of travel from their point of origin to each of everl 
detectors. Seismic refraction is most often used in 
preliminary phases of a site investigation or as a 
technique to supplement borings by extending soil 
profide information. In rough terrain involving 
numerous deep cuts, seismic procedures may be an 

economical method of obtaining the rock profile. For 
the experienced operator, no difficulty should occur 
in distinguishing between soil and rock; in some cases, 
useful information can be given on the characteristics 

of beth ioiterials. 

4.1.7 Earth Resistivity 

Many of the materials making up the earth's crust 
can be identified, in some degree, by their reaction to 
the flow of electricity. The electrical resi-tance of the 
soils may be used for locating, at least in a 
preliminary way. the identity of subsurface 
formation. 

The procedure is fast, portable and relatively 
economical. The technique depends on the ability to 
correlate measurements with actual profiles in the 55 

general area. As with seismic procedures, electrical 
resistivity should be used only with a full 
understanding of the technique. 

4.2 LOCATING AND SAMPLING 
BORINGS



Locating and obtaining test samples from borings.andtest pits will depend on the engineering problems 

involved. For example, slope stability for cuts, 
bearing capacity for structure foundations, or 
retaining-wall pressure will require the determination 
of In-situ shear strength at certain locations by testing 
undisturbed samples. Samples for pavement design, 
slope stability of fills or for borrow materials can be 
obtained from disturbed samples along the alignment 
for the appropriate tests on remolded materials. 

13 
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Subsurface information should be obtained in a Usually ground elevations to with ± 0.1 foot areplanned systematic way. The locating of test holes, sufficient. Depth below the surface can be measuredsampling, and field testing should be carried out from drill rods or casing.
under standard procedures with which the field crews 
can become familiar. Also, boring and test pit Boring sites should be located within ± I foot. Thelocations should be thoroughly surveyed prior to actual boring can be varied from the staked locationsactual field work. Hole locations should be staked to by ± 2 feet. Should holes be relocated from anindicate hole number, with coordinates or stationing original site by a greater distance than 2 feet, notationfor locations, and with the ground elevation shown, should be made in the field reports and on the boring 

logs. 

table 4-1 

SAMPLING PROCEDURES 

General Procedures 

0 Uniformity of the subsurface conditions, more than any other factor, determines the final number of boringsrequired. Check borings. intermediate to those included in the initial plan, should be provided for in thebudget unless previous experience in the area makes this unnecessary. 

* When borings must extend more than a few feet 110 feet). it may be desirable to use geophysical procedures
(seismic, resistivity) to reduce the number of required borings 

* When rock is encountered at shallow depths, additional borings may be required to adequa:ely develop the 
rock contours. 

* The size of undisturbed samples does not follow any specific rule. In most cases 50lb. sack samples areadequate for testing. Smaller liar) samples are sometimes useful for display purposes and in writing the final 
report. 

* Bucket augers are very effective in obtaining large samples in potential borrow areas. 


* 
 For borrow areas, explorations can be of two types 
- specific exploration to find select materials needed for road construction, filter beds or drains, etc. Theexploration need only be carried on until enough material has been located to satisfy needs 

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


" Location of borings should be ba.ed on an evaluation of landforms. 

Structures



" Standard sampling intervals should be defined. For example, it may be the policy to sample each 2 feet to adepth of 15 feet below the proposed footing and then sample at 5 foot intervals. Continuous sampling may be 
feasible, depending on equipment being used. 

• For foundatrn investigaions ore borings shall be at least 10 feet into bedrock. The percent recovery into
bedrock shoul:d be at least ?S percent. 

" One boring p-r bridge ftooting is normally adequate in weathered rock. 
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4.3 SAMPLING PROCEDURES for highways. However there are several general
guidelines that can be used for both types. This

section outlines general procedures for each case. (See

table 4-1) Additionally, suggested depths for


Specific sampling procedures vary for those used structures are shown in figure 4-4.

for structures (bridge-, buildings, culverts, etc.) and


(table 4-1 continued) 

" 	 One boring per bent will uffice in areas underlain by bedrock. 

* One boring for every bent (up to 60.foot spacing) will be adequate in uniform shallow water deposits. 

* An extra boring can be made at the center of each end bent or abutment. 

* One boring for each spread footing is suggested. 

Highways 

* 	 Borings for highway exploration are usually made at intervals of 500 to 1,500 feet, depending on unifcrmity 
and general familiarity with the site. Supplemental borings may be made along the side of the proposed
roadway as local conditions dictate. 

* Where unstable surface materials exist, such as swampy soils, borings are often on 50.100 foot intervals. These 
borings should be of sufficient depth to determine the extent of the unstable conditions. 

* In flat alluvial deposits, a minimum of borings will be required. 

* 	 For side hill construction, borings will frequently be spaced at 500-foot intervals with a parallel line on either 
side of the center line at 1,000-foot intervals. 

* 	 For highways, AASHO (AASHO Number T 86) recommends that borings be carried to at least three feet

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

recommends:


- when the road lie!. within uniform layers of soil profile, the borings should extend to the first layer below 
the ditchline or planned subsurface drains which would intercept seepage waters, or through a pervious

layer which would carry water


-	 when fill material is to be borrowed from ditches along the road, the borings should 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 location line follows an existing road for which previous explorations have been made, the soils


may be mapped by examining exposed materials and by supplemental borings, especially in areds
of adverse 
pavement performance. As a general rule, the above suggestions apply to within three to five feet o,' the 
depth below pavement grade 

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

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

obtained.
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figure 4-4 
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4.4 SAMPLING TECHNIQUES 

The previous sections discuss various methods by 
which borings or test pits can be made. In addition to 
holes made strictly to probe subsurface conditions, 
borngs may be made to obtain samples of subsurface 
materials. These samples can be used for visual 
identification of various strata and for delivery to 
testing laboratories where specific tests will be
performed. 

Jry borings are useful for accurate sampling and in 
identifying the depth and thickness of subsurface soil 
layers. The method is comparatively expensive. The 
least expensive is a mechanical auger inside a pipe. 
Uncased auger holes may be used to sample shallow 
depths when ground water and caviro &oilsare not a 
problem. Because of mixing action Itinuous auger 
sampling isnot satisfactory for accL. 'examination, 
dassification and lugging purposes. S3mples and soil 
descriptions of borrow matenals my be obtained for 
short depth intervals if the entire flijit isbrought to 
the surface for removal of all materials. Cohesiolss 
soils cannot be readily sampled by using augers. 
Special sampling tools (spoons) with one way flaps 
aae useful in obtaining samples of these materials.There are any number of these tools available, and 

their selection will be a matter of local preterence. 

Continuous sampling is seldom done because of 
the expense. Saniples are taken at intervals of 
approximately three to five feet depending on 
experience in the area. Samples should be taken at 
every change in tihe soil properties. Observations of 
auger cuttings can be used to identify a change in soil 
properties. 

Samples are generally placed into two categories: 
disturbed and undisturbed samples. 

Disturbed samples. Disturbed samples are those ii 
which the in-place conditioli of the subsurface 
rtaterial has been destroyed. These samples are used 
for visual identification and for laboratory tests %hen 
peritient to the scope of the investigation. They are 
obtained by using either a hand auger or rotary or 
power augers. 

The simplest method is the hand auger which is 
widely used in subsurface exploration. Hand augers 
can be used to depths of 15 or 20 feet and sometimes 
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to even greater depths, if subsurface conditions


permit. The rate of progress can be slow, particularly

if large size samples are required. The auger bit is


usually about 6 to 12 inches long, and reasonably


representative samples can be obtained by monitoring
the rate of advancement with each insertion and 
carefully withdrawing samples from the hole. Its use 
is particularly well-suited for highway and airfield 
investigations. Its main disadvantages are slow 
progress, limited depth, and it cannot be used below


the water table, especially in noncohesive soils.



Rotary and power augers are probably among the 
most useful and common methods for obtaining


disturbed samples. Two major precautions to consider


are caving of the sides and possible mixing of cuttings


from two or more soil layers.



A small truck-mounted power auger unit, suitable 
for most county needs, has great utility in the field 
(see figure 4-2). Some units have enough power to 
auger 48.inch diameter holes to depths of 50 feet (or 
more under favorable .inditions) whde smealler units 
will usually operate with four-inci diameter augers. 
Bucket toits in the larger diameters are also available 
for obtaining large disturbed samples. 

Wentesnefih pe ueiiuedtecutter head is rotated and advanced into the soil adistance approximately 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 classific.ition or laboratory testing. 

The continuous flight auger, as shown in figure 4-5 
can also be used with power rigs. To operate this type 
of auger, the first length (usually three to five feet) is 
rotated into the grovnd, a second flight is added, 

rotated and so on to the depth required. Soils arecontinuously 1-ought to the surface for visual 
exanunation. In order to obtain any kind of 

representa,ive sample, it is necessary to clean theflight, advance the auger a specific distance, and then 
withdraw the entire set to the surface and remove 
sample from lower-most tlight. 

Hollow-stem continuous flight augers have been 
developed that permit the taking of "drive samples" 
and rock cores below the bottom of the flight 
through the hollow stem. The hollow stem serves as a 
casing, lining the hole and preventing the hole from 
caving in, particularly below the water table in 
cohesive soils. 
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figure 4-5 

Continuous Flight Auger 

Disturbed samples for foundations can also be 
obtained by driving a heavy walled sampler into a 
clean hole. In this procedure, various methods (rotary 
auger, etc.) may be used to advance the hole in
increments with a drive sample being obtained at 
specified intervals. 

Undisturbed samples. Tests f,,rpermeability, shear
stre.igth, and consolidation are often made on soils ii 
their natural, in-situ condition. For this purpose,
undisturbed samples of subsurtace materials must be 
obtained. The term can be misleading since it is 
impossible to remove a sample without some
disturbance. Disturbance depends on the sampler 
used and the manner in which the sampler -s forced 
into the soil. If standard samplers designed to obtain 
undisturbed samples are used, disturbance can be 
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influenced in the field by the technique used. Driving
the sampler with some kind of dropping weight will 
usually cause disturbance and should be avoided 
when possble. Disturbance is least when the sampler
is pushed orrapidly into the soil by mechanical 

hydraulic jacks. 

The Shelby thin-walled tampler is the most 
common tool for obtaining undisturbed samples. The 
penetratingis end a slightly smaller drawndiameterat thantubing usuallyto sharpened and the 

the inside of the tubing. For this reason, the sample 
must be carefully extruded in the same direction it 
was pushed. Recovery of the sample without further 
disturbance can be equally as important asthe care 
taken in obtaining the simple. 

Block samples froim tb' sidt .f a test pitor laige 
diamneter shaft -an also be used to obtain excellent
undisturbed samples. Hand tools and wire cutters are 
used to obtain the simples. Coating with paraffin and 
wax will help keep the sample in its in-situ condition. 

Obtaining undisturbed samples of cohesionless 
materials is more difficult and requires some artificial 
means to provide cohesion. Freezing th: water in the 
sample is one method. injecting petroleum derivatives 
is another. Fortunately, testing of undisturbed 
cohesiordess material is not as critical as for cohesive 
materials. In-place density is the prime information
required, which can he obtained by the careful 
operation of appropriate sampling devices. 

New types of samplers are constantly being

developed, so 
 keep in touch by reviewing the 
literature and talking with suppliers. 

4.5 FIELD IDENTIFICATION OF SOILS 

Soil and rock identification is accomplished 
initially in the field, in most cases identification is 
supp, nented by laboratory tests for more specific 
clasufication. 

In the field, sods are identified by visual and 
quasi-mechanical tt.ts and are described in terms of 
their color, grain size, vater content, pl,.t, ty and 
strength. 
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In discussing t1eld observations, it is important to 4.5.3 Soil Plasticity and Strength

standardize terminology and procedures for

identification. Standardization is also of value in

correlating soil types and their performance in Plasticity and strength of tile fine-grained silts and

engineered structures; i.e., foundations, fills, days can be identified by a series of manual tests in
 
highways, etc. the field, i.e. dilatancy, dry strength and toughness. A.


guide to field identification is shown in table 4-3. 

Methods of preparing field samples for rapid 
identification follow. 

4.5.1 Grain Size 
a 	 Dilatancy. Remove the larger particles 

(greater than No. 40 sieve stze. I/t4 inch 

Grain size can be divided into six divisions: and larger), prepare a pat ot moist soil with
 

boulders, cobbles, gravel, sand, silt, and clay. Silts and enough water to nuke the soil soft but not


clays require mechanical analysis in the laborat try for sticky. Place the pat itt the open palm of oire


grain siz, identification. With practice, the others can hand and shke horizoitaIly, striking


be identified in the field, vigorously against the other hand several



times. Very fine, eICin sinds give the 
Boulders are rock fragments ot 12 inches or tmore quickest and most dsltnct reaction (see 

in average dimeltISotis. Cobbles are rock fragments table 4-3), whereas plastic clay has no 
between three and 12 tit.hes. Graiel is smaller than reaction. (Note: For field purposes, 
thr,, inches but will be retained on a No. 4 sieve screening is not intended: sunply remove tile 
(slightly sinaller than 1/4 inch). Sand ranges from the coarse particles that interfere with the test 
No. 4 sieve to itaterial retained ott the No 20) sieve by hand.) 
(.074 tillitifeters) Si! range: rom .074 tmillinteters 
to .002 tillimeters, and clay ii anything less than Dr Streng.h. After retoving particles larger 
.002 millimeters in sie, 	 than No. 40 sieve, mold a pat of soil to the



consistency of putty, adding water as 
 
necessary. Allow tile pat to dry completely


(oven, suit or fan rtay be used) and then test



4.5.2 	 Water Content its strength by breakiig and crumbling it 
between the finger,;. it strength is a 
measure of the character and quantity of tie 

Water content can be divided into four categories: colloidal fraction. The dry, strength increases 

dry, moist, wet, and water bearing. Table 4-2 can be with increasing plasticity. 


used as a guide for classifying fine-grained soils. 

Obviously, some experience is required for accurate 0 Toughness. After particles larger than the 


aidentification. To some cxtent. the classification No. 40 sieve size hase been removed, 

depends addtinttallv on grain size distribution. Visual specimen of soil about one-half inch cube in 
size is molded to tle consistency of putty.identitication atid judgmtent will determine thissiesmlddtthcoitncofptyidentifying f jnctot. The specimen is then rolled by hand on asmooth surface or between the palms itto a 
thread about one-eihth inch it diaiteter. 
The thread is then folded and rerolled 

repeatedly. During this manipulation, ithetable 4-2 
moisture cot tent is gradually reduced, and 

CLASSIFICATION OF FINE-GRAINED SOILS the specimen stiffens, finally loses its 
plasticity, and crumbles when the plastic 
limit is reached. After the thread crumbles, 

CONDITION ESTIMATED WATER CONTENT the pieces should be lumed together and a 
% slight kneading action continued until the 

Dry 0-10 lump crumbles. The tougher tite thicad near 
Moist 10.30 the plastic limit and the stiffer the lump 
Wet 30.70 when it crumbles, the more effective is the 
Water Bearing A Water Producing Formation colloidal clay fractic;i. 
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table 4-3 

GUIDE TO FIELD IDENTIFICATION 

Characteristics Silts 	 Clays 

DILATANCY: (reaction to 	 Rapid reaction. Water appears Sluggish or no reaction. 
shaking) Movement of water on the surface to give a livery Surface of the samples remains
in voids, appearance when shaken, lustrous. Little or no water 

Squeezing the soil causes appears when hand is shaken, 
water to disappear rapidly. 	 Sample remains lustrous during

squeezing. 

DRY STRENGTH. Very low. Even oven-dry High to very high.
(Cohesiveness in dry strength is low. Powder Exceptionally high if oven-dry.
state) easily rubs off surface of 	 Powder will not rub off the 

the sample. Little or no surface. Crumbles with 
cohesive sirengjth - will difficulty. Slakes slowly. 
crumble and slake readily. 

TOUGHNESS: (plasticity Plastic thread has lit~i, Plastic thread has high to 
in moist state) strength. Dres quickly, very high strength. Dries 

Crumbles easily as it dries slowly. Usually stiff and tough
below plastic range. Seldom as it dries below plastic range. 
can be rolled to 1/8-inch 
without cracking. 

62 

4.6 SOIL CLASSIFICATION SYSTEMS Another approach uied by some highway agencies 
is to classify the soil according to strength tests. For 
example, the Resistance (IRValue) or CalifirniaIn the laboratory there arc three common systems Bearing Ratio) (CBR) values L.ild be used to classify

used to classify soils. The, ire the soils. Ths method can 	 be effective in 

* 	 The AASIIO (Arerican Association ofState investigationis (sir highways and airp, rts ' :it would 
Highway Officials)Syste riot be useful for bridye furidatins, huildiln, etc.See Appendix C for additional inlorrnation. 

* 	 The FAA (Federal Aviation Agency) S.,stem 

* 	 The Unified Soil Classification System 

The system used is a matter of local prefetence.
However using the sante system as state and federal 
agencies in your area, as well as tieighboring coutIes,

The details of each system are beyond the scope of has some advantages. With all agencies using one
this manual. Appropriate references to pertinent system, it is possible to pool your tnformatiin atid
publications can be found in the Bibliography. minimiz.e on exteti.ive laboratory testing. 
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4.7 FIELD IDENTIFICATION OF ROCK 

For most soil exploration investigations, it is not 
necessary to develop a precise field identification of 
rocks. However, il is important to include at least 
some informnation about the rock eucountered at any 
particular site. Highway engineers in particular will 
want to know something of rock type to determine it 
local materials will be difficult to excavate or if the 
rock can be used in the manufacture of aggregates Ior 
base, portland cement concrete or asphalt concrete. 

4.7.1 Rock Descriptions 

Geologists place bedrock into the three ',road 
categories of igneous, nietatorphic, and sedimentary, 
according to their origin. 

Igneous rocks are those forimed by the cooling and 
solidification of hot nioien materials erupted from or 
trapped beneath the earth' crust. "Themost common 
igneous rocks are described as mitrusite or extrusive as 
typified by granite and basalt, respectively. 

Metamorphic rocks are those formed by the 
modification of sediment;,,, and igneous rocks as the 
result of intense pressures set up by severe earth 
movements atd by excessive heart. Oie distinguishing 
feature Of Soe metamorphic rocks is terimed 
filiation, which means that the minerals are arranged 
in parallel planes. The.c planes are zones of weakness 
along which the rocks may be split iimuch more easily 
than in other directions. Examples of foliated rocks 
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are gneisses and schists (from igneous rock) and slate 
(shale sedimentary). Marble and quartzite are


common types of metamorphic rocks which are not


foliated. 

Sedimentary rocks are those formed by the 
ac ti e of sedimentar deos is A 

characteristic feature of sedimentary deposits is a 
layered structure known as bedding or stratification. 
Each layer can be sec i to have been horizontal at one 
time, althouch at the time of sampling may be 
displaced through angles up to 90 degrees or more. 
Examples of sedimentary rock are shale, limestone, 
sandstone, dolomite, chalk, conglonerates and tuff. 

4.7.2 Field Techniques 

Four techniques should be used in the field


identification of rocks:



* Observe lu,ter, metallic or non-metallic 

0 Determine hardness of minerals 

- Over 5.5-Cannot be scratched with knife 
- Over 6.0-Will s:ratch glass 

0 Observe color 
€ Gbserve texture (coa~se or fine-g.rained rock) 

The following additional techniques can be 
included with adequate training of field personnel: 

,w Observe and rate fracture and cleavage 

0 Identify as many minerals as possible 
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5. REPORTING



Up to this point, the discussion has included the 
search for published information, site investigatio,. 
and laboratury testing. The final 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 useful not only in 
your own county but perhaps is the hasis for 
publication of unusual conditions or solurtions 

As with most aspects otfsubsurface investigations. 
there is no sngle procedure fr prepariing report . 
Generally, a subsurface e-,ploration report %iIl 
contain six types of information 

" 	 Graphical presentarions of sA)ilbonngs an 
soilprofiles 

* 	 A written report for pecial use of materials 

or potential problem areas 
" Photographs which show the land tor-ns 

* 	 Profiles of surface and subsurface materials 

* 	 Properties, strength and grading 

" 	 Unusual problems and recommended 
solutions 

5.1 SOIL BORING LOG 

The graphical presentation of soil horings is based 
on the data obtained from the soil boring log. The log
is a summary of information ibtained at each 
individual location (auger holes, test pits and drive 
borings). Some of the information included in the log 
is: 

0 	 Boring number


Boring location



0 	 Date of boring 

* 	 Compaction of existtng ground iodetermine 
-well or shmikig 'r 

* 	 Blows ,rftoot to advance casings. samplilng 
spoon, probes, etc..plus weight of haimmer 
and free iall, if chopping, the rate of adv-'nce 
nde 

0 Reason for teniilar ing boring 
0 Location of sample and type of sample 

obtained 

0 	 Soil strata locations with description, 
Identification and classification of matenal 

* 	 Percent core recover' in bedrock 

* 	 Ground elevation 

9 	 Footing or ftnished grade elevation, when 
possible 

0 	 Groundwater elevation 

Some agencies provide laboratory test results on 

the soil borings some prefer a tabular summary. It 
makes little differeiice as lung as the information is 
included in the report. 

Figure 5-1is an example ot a field boring log used 
by a county in Californ, . Modificatimn of' this 
example should be freely explored to develop a log or 
record that fits the needs of your county. 
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figure 5-1 

EXAMPLE OF A FIELD BORING NO. LOG 

COUNTT OAD DEPARTMEIONT .*.. , Z a... I,


SOIL. MATEI ALS. IRIE[STGATIOI ,o -


BORING RECORD



_____________i-I ; ' - LOG Of MATERIAL


DOkt -c. - *I. __ .-- $__ 
Ch * 

r, _1 

SAMLE ELEVATION DATA 

6-4 0- 1 

1 -. 7 

' I zi,- ----

r I - I __ __ _ _ _ 

-- 1 ' __________________ 65I 

REMARKS 

"O-0 -4IN 1 

I ______ ____ _ i~~ 
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5.2 SOIL PROFILE Ingeneral the information shown on the soil 
profile will be similar to that shown on the soil boring
log. Figure 5-2 illustrates a simple soil profrde with a 
limited amount of information on each boring log. 

The sod prof'de can be drawn along either

transverse or longitudinal lines. T7hic is done by

potting the soil borings at their true elevations, but

with the vertical scale exaggerated. If material strata

ire uniform, lines can be drawn between soil bormnps 
 5.3 LABORATORY TEST DATA 
to suggest the general suburface iod profiles. If the


strata appear to be n.xed and nc;n-uniform in their


subsurface orientation, individual holes must be

analyzed to determine if suffi,:ient information 
 is 
 In reporting the results of laboratory tests, often aavailable to interpolate between borinp. Th- simple table or tabular -uhirmary is adequate. Such agroundwater elevation should be shown, and perched summary should include identifying information, i.e.,
water tables identified, sample number and location, boring number, etc., as 

figure 5.2 

BORING LOGS AND SOIL PROFILE 

66 

0-1 - SAUf,l ( Na 

GRA.TI sit W1 

A-4(1j-AA540 TA10 OCASSFIC
24ATZ. L. 

W SOW( GA~f.-4-7 
 -

A~~-4(S)Sore aul nFudto Invtigatons,.Ameica Asoito4 ,,ft (T C R ,SA~ffiil.StateHgwa. 

II' 

Source: Manual on Foundation Investigations, American Association of State Highway Officials 
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well as such items as unconfined compression a Need for streets


strength, coefficients of permeability or


consolidation, as needed, or pavement design strength Highways


values, 	 0 Pavement design, i.e., thickness of surfacing, 

base and sub-base 
Another procedure is to use the soil boring log as a 

means of summarizing laboratory Information. Figure 0 Placement of borrow materials 
5-3 illustrates ne exaMple of coRibining tie boring 0 Drainage 
log (left halt) with a summary of laboratory 
information (right hall). By using ,pecial keys or * Depth and extent of unstable soils 
legends, it is posihle to put all of the pertinent 
laboratory inforitono n one drawini! readily Cut Slopes 
available for design detertnir mion. * Inclination of slope 

Lboratory personnel and the designer should be • Drainage 
consulted when setme up the ieporting forms. Ile * Need for benches 
Bureau of Reclaiation L:'arth Manuoal or AASHIO's 
Manual on "Ourdation lr 'stigato present e Placement of cut material due to physical 
excellent reporting forths, 	 and chemical properties 

Ple Support 

o Type of pile 

0 Length of pile5.4 RECOMMENDATIONS 
* Allowable pile loading 

Most subsurface sod exploration reports will 
contain specific reconmendations relative to the 
structure (building. highway, etc.) for which the 
investigation was rde. For itian: counties. this may 5.5 SPECIAL CONSIDERATIONS 
not be possible siiipl because staff Isriot available to 
make the necessary analyses and evaluation. It the 
county uses consuitants, the following tabulation 
summarizes the t pe of Infornation you should 
request froin then): You and your staff should be familiar with reports 

which deal with special solutions to unusual 
Foundations problems. For example, California, for many years, 

was experiencing large numbes of slope failures* Footinrig eleva t 	 through cut areas. Investigations indicated that the 

* Strata upon %%hichii ooting will rest 	 major problem was the collection oi water along 
zones of material which beconte unstable when wet.• Allowable bearingcapacty 	 The answer was to drill liori,.ont.il drains into the 

* Estimated settlement 	 sides of the cuts in order to drain away the vater. 

* Water table location 	 Figure 5-4 shows a typical installation on a couNty 
road. Another example is the use of sand drains to



" Subsurface drainage stabilize marshlands and to convert unsuitable terrain


into stable areas. Preconso idation procedures can be



Fills used for the same 
 purpose. For tigiways, chemical

(lime) stabilization of otherwise unstable suberade
* Settlement of tire foundaton 	 materials can convert on-site materials into base and 

* Fill stability (inclination of sloIpes sub-base quality material. Substandard aggregates can 
be utilized by means of asphalt arid cement* Drainage 	 stabilization. Thest arc just a few of the possibilities 

* Special keying reqtiterients 	 available to the well-informed county engineer. 
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" q',..
.-


Q. 

*1. 

4.. 

figure ,5-4 

Horizontal Dr uns Usd to Stab hZe Cul Slope 

To be able to nake recornrendmcaions, you should &Sciet.,of Civil Engineers, and the American Societykeep up with technolog) by naintaining contact with for Testing and Matcrials are excellent sources of 
research agencies. The highway Research Board of up-to-date, useful material. 
the National Academr' of Sciences, the American 
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I. INTRODUCTION



Purpose and S,. '-pe



The primary pturpose of this bulletin is to l)rovide instruction 
to Indiana coumtv road personnel on rating the quality of soils anu 
pit-run ,nateriaL, ii,,din the construction and ,naintenaitce of county 
road.s. A s,,,tinif sil cla-.silication is prtsetted which provides 
the coutv highway t.hgincer, road sttpervior and inslector alike. 
with a ,cotuttu /t/.,0," ftur idtleitifying ,oil types, pi ticrti.:,and 

problet-. 


Id it+titIcati, I ,fa thI,i .l(t' t ottitlitei.d iII tls htull' tit
atso ilh\ 

will do,ititch ti,ev"alute;tt it.T lohM,'rtit. atil it-lohtltl, (ifvariouts 

soils deturtitnic Irc\iui. b,,yt~l'Wictte lmta 
c hw,: ecordcd. There
fore, the id niititicatit+i ,f a -oil tcl- ilt11ch al,',It how it will: ( I

drain, (2) carrv l tad,. (3) react to tfrost, aitd I- 1lte iti t etTec-

I el\Y ctttipactel. Thi, itftrmati,ttt, of ctoirse. i. l'aic to thte con

t'tructiol attI uaittetian cc It strig. dtahl,. r,;i -. 

C'hapte'r 11 oftthlia ". Coit
litilt'titi. I~r()lrcrtie+, -IIImpwll.tciit:., 
 

Identificaitiot Tt.:-t-" 1)1'0\il'., il.trtlcttoI oi tht i(tltificatio (if 
soil contliotitt,. lue.,l ott their I hysic~al lirtil'rit > a.. determtined 

1 viual exatilliatioln awl simtleh hattd tc~t,.. Five soil cotlonetIts ,are definted, alo w xith their -izc ranu~cs, ltrol).rti. atid simple 

hand te-ts for idintificatit)tl. 
The L'nited Soil 'la ,ificatitn Sy't m i 1presentted in Chapter 

Ill. This .\vStent i., easily leartied aIId i! widehV' used 1) the 1'.S. 
Arily Corlis of EngiMeer antI otter ptublic works agencies. The 
classificatitn recognizes 15 hasic soil gr-,ulis however, onl" scvtn 
or eight of these, conInottly (s'cur htere itt Indiana. I)etiititioits, 
word descrilitirtm and classitlcation syvtli)(,ls are sumntarize, ilt 
Chart I-Unified Soil Clas-ificattiiti Sy\tet,. at the eitd of Chap
ter III. 

Chaptter IV. "Field Mdcntificatiin I'r cetlhr." otttlines instruc
tions and(lprocedure., for ili lntif itig each oifthe 1 soil grtlp,,. 
using visual exatiiation antI simple hand tests. The soil identifica
tion process is siiiniarized in Chart 11--Soil Identification I'ro
cedure at the end of Chapter I\. 

Chapter V, "Field Tests for Aggregate Materials" outlines addi
tional field identification tests. These "indicator" tess a,'e mainly 
for pit-run gravels and sands hut can serve for hI)oth Wentification 
and general quality evaluation tests. (;uide gradings ave presented 
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for gravel base and surfacing aggregates. Tests to indicate the 
relative anount of files and relative plasticity of fines are also 
outlined. 

In the last section. Chapter VI, "Rating Soils and Aggregates 
as Road Materials." .ite 15 soil groups are rated with respect to 
their inherent propert ies as road-building materials. Each soil 
group is ratcd for its: (1) load-carrving properties, (2) drainage 
prolerties, (3) frost properties, and (4) coinpaction properties. 

Building strong durablc roads that are safe and econonical is 
a universal goal of countv highway delartnments in Indiana as well 

as elsewhere. AchievinMg this gotal has always 1een a difficult task, 
mainly because of inadequate funds. I lowever, central to the 

proposition of building strong. (hlralle. economical roads is the need 
to evaluate the quality of road-building matecrials. especially sub
grade ;.nd base course matcrials. This bulletin is intended to serve 

this need and hopefully will assist Indiiiana cotuntY highway (Ie
liartnients in achieving their goal of strouger and more (Iurable 

county roads. 

Limitations of Field Identification Tests 

The rcHativelh siniple hand test, onl soil materials outlined in 

this bulletin have lten de\'lopcd solely for the mrpose of identify
ing pcrtinet l)riperties of sil iatcrial s. These tests are used 
widely in prclimiary s,,il surevt..,and s,ils Cxiloration to provide 
an indication if tie typ" and amwiollt tf laiboratory tc.tiulg needed. 

It must e strcs wd that tihe fili tst.s, outlied here are only 

"indicator" tests' they a',' mt ap licalbc to (lesigli and control of 

major coin.tructi lin wo, 'ct. I.ik.\%i C. Ite-e te.,ts t'C not imtended 

is a substitute for statlard sipcificatiin test,, covering conliier

cially processetd agQrrg;at. cit her Iurchased by the county or used 

ill contract Com.,tr'ctiol (orcointract i11a iteliance. 

Im order to learn the soil field tests. counltV road personnel 

should begini with :,il atel'rials that iak'r beenI previously tested 

an(l classified in the lalioratory. Tcst imstruction by an experienced 

soils technician or enginecr is reconimcudtd. 

Suggested Reading and References
 

The Unified Siil (lassificatit ",stei included in this bulletin


was developed and is widcl v used I the 1.'.. Army Corps of Engi

neers. The' s\stcll as a1]Iso 1hten adopted hv seve ral public
h5i other 

works agencies. The 1troc'(ure for soil classificatiin, lby this system, 

includes bothli d and l lorat,,r metlhods. 

The procedure outlined in this bulletin eniplihasizes the field 

identification method, mainly hecause the simple field tests seem 
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hetter suited to the needs of Indiana county highway dlepiartments. 
The la rattrv methods require mlore time and involve more precise 
equipment and testing ttcliiquv,. Thcrefore tile following li.,t of 
itillicatilo.. are included ;as su.ge~t.,l radi iirand reference for tit 

collilt v tlgiltver, highwa\ mqjfrxi,,r (it- l .,tctrl who dc.,ircs to 
Iroadlen l i klI4,lt.dgC Oll Ilutlth,,, Of t'VlatIII, .m)ils and road 
materials. 

I ) 	Soils l-n Iy', rio ,. .Sectiorn I. \oluite l.1.,(laitcr I-V, Student 
R'lf'rutlce, I.' .,. \Funy l'nitw in r > clch l, Fort Iel]voir, Virginia. 
rc\i 	 ttl ( )ctt~htir (/+. 

(2) 	 Unifi,'d .s'l ( lassifila.io SY'z. t\ iiSupplemnent to tile Earth 
Manual ), '.'. Bureau of Rclanintim. ) 'enver,Cohorado. March 
IQ)5,3. .I u 'xCelit'llt refcrcnIc (dl'aling olvj " with th11 V'nified 
S"oil (la!-;ificatlol -,tl ll 

(3) 	 soil t. for .llitarv (onstructio, hY Major (4-orge FE. 

Bertram. U.S. Army (v'Corpsof Enginers. pullied b.\ Ameri
call Roal hildr.er .\:..trciation, \\ahington. ID.C., Tech. Bull. 
NO. 107. Reprinted 1' 0. IA grod refterelce oi routine Soil 
tests well illustrated: eacv to follow and untlerstanl(.1 

(4) 	 P'.- Soil Prirnr. I'ortland Centt A.,ocatio . Chicago. 
Illiloi.s. 

( 	 Soils .llannm l ( for I )esign of Asphalt I 'avenilr,,t Structures), 
The \sphalt In:-titutt. College 'ark, Marlrladu, April 1963. 

Both the .\.plralt Institute and l'C.\ pullicatiorus provide ex
cellent fundamental data on the engineering Iroprerties of soils. 
soil 	 p~rofiles, soil samlpling. and pavment d,.sign relative t,, Soil types. 

http:hildr.er
http:lassifila.io
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II. 	 SOIL COMPONENTS, PROPERTIES AND


IDENTIFICATION TESTS



The identification of soil components in this manual is- based 
onl their physical properties as determined by visual examiination 
and simple 	 hand tests. This section defines five soil components, 
their size ranges and properties, along with simple hand tests for 
identification. Tihe meaning of plasticity, gradation, percent of 
gravel, percent of sand and percent of fines must be clearly under-
Stood. 

Soil Components 
The five soil compl)(nents discussedI hercin are: (1) gravel, 

(2) sand, (3) silt, (4) clay, and (5) organics. Natural soils may 
ie coilposed entirely of only one comlponent but usually are coni
posed of mixtures of two or more conuponents. Tile main physical 
characteristic use(l to identify soil is particle size. Gravels an(l sands 
are defined as coarse-graitied components: silts and clays as fine
grained components, :\t\n (if the se materials may contain v'arying 
quantities of organic niaterial. 

Coarse-Grained Components 
(;R.-\ \'ll. has a size range of three inche., (la!,eliall size) to 

about '4 ill. (dried Ipa size). lRelative to Standard U.S. Sieve 77 
sizes, it has a size range hetween the 3-in. sieve and the No. 4 sieve. 
Gravel is further divided into coarse and tine sizes-see Figures 
I and 4. 

S.'\NI) sizes range fronm ljelhw 14 in. to about 3/1(XX) in.-about 
the smallest size the naked eye can observe. Sand has a size range 
between the No. 4 sieve and the No. 200 sieve. Sands are divided 
into coarse, mnedium and fine sizes-see Fig. 2. 

Fine-Grained Components 
SIL+TS and CLAYS, also called FINFES, are smaller than 3,1000 

in. They both pass a No. 20(9 sieve. Individual silt and clay par
ticles are essentially too small to be seen 1' the naked eve-see Fig. 
3. They can le identified by a siiple plasticity test-clays are plastic, 
silts are nonplastic. 

In the lal:orato ry, sand and fines are separated with sieves as 
shown in Fig. 4. Tables I and II also provide more information 
on soil comlnionent sizes. 

9 
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Fig. 1. Ini the Unified Sil (lasification Sv,teim. gravels 
into cour.e and tfHi ,ize,.c ',arsu irai\.c 'a~lgtr ii,,ni 

Si/e t,, 1 4 -il. (ah'u Ic di:;,m( ter ,i a nikt! ). 
ranige from bhiw K in. t, abUt 14 in-i-:hv ife oi 

arc divided only 
3 hi. ha-whall 

Fih cgraicL 

a dried pta. 

1' LIw~tII oil r' '- ".I1 

Fig. 2. The Unified S.rti cla itiid, into car, 
-they are s,om in true ,,r actim;, izc + f..r.,m 

ii-Jwctir sh uild try to fix licse sit. raiigct h hi. h 
association \ith certaili ianihar object.. 

Organic Components 

medium and fine sizes 
lefit to, right. Thel 

.mi make ani 

iu I i,. 1. 

ORG\NICS are d(ecomil:ised 1lhi: 4mainly grass, leaves and 
woody materials) aimi awmimal remaiii.. Orgatiics form a significant 

part of some snjils. and have str(ung influence on their engineering 
behavior. They are identified mainly by: (1) their dark colors

10 
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Fig. 3. This photograph shows the size relatioiship between fine sand and


fintes (silt and clay particles). Sharp obstr'at i'n of the photograph



shows that the silt and clay particles fit down into the crevices of


the "finger prints" t right I and that the line sand particles do



nit (left). Fine sand feels sliarp and gritty while both silt


and clay particles feel soft and sno ith like tlour.



black, gray and 1rown (2) their odor of decav, and (3) their 
general colnPosioin of phat and attitnal retitaitls. Peat antd muck 
are the two main organic materials. 

PEA..T i primarily brown, fibrous, partially decomposed plant 
debris., Particle size is highly variable but most individual fibers 

are easily visible-see Fig. 5. 

I ('K is tnore highly decomposed, or completely decotuposed, 

plant and animal remains. Most of the remains have turned to 
carlbonaceous particles of silt and clty size--particles too small to 
identify by orditary olservation. 

11 
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COBBLES 

...................................... . 


t" 
7 

."I )GRAVEL 

...... - ", '-

MED SAND 

*FINE/ 

" SILT 8 CLAY-

i 1 1 : ' 1 !A I' b I. 
 
r(mi , tt l,,, " !l;;i . t " t J;*. - k'.-.- . , Ik f H I~ l .


-
(]" 'll ,,,'] l l u h ] t r l t i ]lu' ', l ,*i ,,u ir i h , , t , l 

.. , I 

arit cl;av sit," :s' hli¢TiT tI'IIr thlt righlt. 
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Soil Components Summarized 
GRAVEL and SAND, the coarse-grained components, are identi

fied by particle size. CLAYS and SILTS, the fine-grained com
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" anl "minus" refer to the particle size in relation to 
sieve size. For example, fine gravel passes a h-in. sieve and is retained on a No. 
4 sieve; fine gravel may also be designated as minus -4-in. sieve and phls No. 4 
sieve. Soil fractions relative to sieve size are listed below. 

Sieve Size 
Soil Range 

Components Pass Retained on 

C()IBLES 3 in. 
(R.ATEl. 

Coarse 3 in. in.

1
Fine .4 in. No. 4 

SAND 

Coarse No. 4 No. 10


Medinm No. 10 No. 40


Fine 
 No. 40 No. 200


FINES 
Silt and Clay No. 200 

13
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Table II SIEVE SIZES AND SIZE OF OPENINGS 

1Il t'ified Soil ('lal-iicatjn Svttm ti'e,particle sizes arhitrari set atcertain U.S. Staidard Sicve sizt<, wo11--1 w,i the li.,ting,. the ;ic-Note 
tual and alpnrxinoatv smaller sit%,e,lwni s. hi. iltif,rliatimi i.sprovided oml 
for r ft.r n c. 

Sieve Sieve Approximate 
Size Openings Openings 

3:jill.
 


No. 4 0.1870 in. 3/116 in. 
No. 10 0.0787 51'4 
No. 40 0.0165 1/64 
No. 20 0.0029 3/1000 

(barely 'visible) 

82 Plasticity 
Soil Ilasticity. dlgrce of plasticity, and simple field plasticity tests 

are defined below. 

Soil Property of Plasticity


The .'it1,ropcrt 
 ,,fpla ,ticity is silply that of Ibeing l)Imttyikle

clays are ultty-like, silt, are not. Silts b)ehave more like extremelhinIe sa lb.. 

Degree of Plasticity 
),.grt.,-,
,,.,ii ,ticitv, ued in soil ideutification are nonplastic,

low lla lic !lfl hig.,hhtic. Silt, nwoplastic an clav. arel~l are 
pla,tic----.itLhr lm 
 or high plastic. 'h.e great ,najority of Indiana'. 
suriac :i- ].lw 
 ljla.tic cav,. 

I '-gr,',,,f ,ith,,ticit',, it-el to ii,'itifv soils, can be dteteruii.d 1 v 
siuli'ld h,, te-t1:. .11d11wt. ti'ie-grai il ,oil, that can lie formcd into 
rihth,,i, ar cla-. -fThe longer the rilihribo formed-the more plastic
the clay. IDttr. (if pla.ticit can alo lie detected iti dry, tine-grained
soils. The more effort reijuireid to break and lKAwder "lumps of dry,
fine-grained sii.--the more ila,tic (and cohesive) the soil. 
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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 l)erformed on predoiniiiately fine-grained soils. 
lowever, if the fines in a Ipredolinantly coarse-grained material 

are to be checlked for plasticity, the tiles should be sepmrated by 
hand (described on 1).17) or by sifting dry granular material 

through a No. 40 sieve. 

Usually the finles (about a hanlful) nnus,,twetttd al ( kneadedie 
to attain a good, moldable conditicm. \Wet soil that sticks to the 
hands is too wet; itmust he worked until it is ni Imnger sticky. 

to y3jill. diameter anil 3 ill. .Aroll, about l' ill. ill to ill.l(og, should 
be formed. The roll i:then very carefully sjutctzvt,] into a ribbi,,n 

A-in. to -4-itt. thick as slh,,ii in Fig. ,.The vertical hatging 
ribbon is formed until itsowvi mw'ight caue, it to b)reak. l ihbolo, 

of a certain length indicate ile(degree of 11"llaticlty. 

Ribbon Length Soil Type



over 8 ill. high tplastic clay



uder 8 in. low ilastic cla'Y


(netvforned ionlla tic soils tinaniely silt)



"T. 

-0



Fig. 6. Il the ribbon test,high plastic clays ftim ribbons over eight inches long 
bIwa Ioiki clat , Ch. linlsIn tiun plastic .lays) form rihbb ni less than 

eight inclie, long. >',ilts forni ribbons-the very short silt ribhonsionot 
shown above forme.d with one forward pusli -f the thumb and thien broke. 

15 
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Dry-Strength Test 
The drv-strength test, like the ribbon test, will distinguish plastic 

and onplastic soil types and whetlher plastic soils are high or low 
plastic. The test 
gran ed soils or 
liand or witl a No. 

lest samples 
with applied heat. 

is performed on dry hI tops of predoinant ly tine
on fitis tparated out t)f coarse-graintid soils by 

40 sieve. 

Ihonhl lie tlironghl.v air-dried, sun-drie! tr dried 
The flinger ffirce (tlnnil and forefitnger i required 

to break dry hl), int, stmaller luml s an,! ti smallerto,lpiincl 

luttips into pmvder intdicatt soil plasticity--ste Fig. 7. I)1-v silts 
can usually lie pinched etmireh to pwdcr: clav'., nsutalh form very 
small lumps and pmwder as indicald Ieh w': 

Difficulty of 
Breaking Lumps 

Difficult to iit,,w.,itle 

Fasv to ,iflticult 
Very easy 

. / / 

Degree of 
Powdering 

nine 

inclllplete 
comlplete 

Soil Type 

high plastic 

low plastic clay 
n,,ilastic silt 

di,



Fig. 7. In the dry streiigth it.t. dr. high ilatic cht . a, im the left, are inilm 
sible or \ery difficult to break IL,'v la ice cla , range frin diflicuti to) asy 

to break. The l)% plastic day hint., in the center, bruke fairly easily,

but it was inpossible to vterv dificult , pintlch the smaller lump,,


into powtler. The dry sil hmp, on the right, p~inched easily

into0 a comlp~ctely pwdered fori.
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Percent Gravel, Sand and Fines 

In the field identification of soils, and particularly in the identi
fication of predomitantly gravelly and sandy materials, one should 
be able to visually estimate the approximate percent of gravel, 
percent of san( and percent of fines. An accurate estimate of the 
percent of fines in gravels and sanls is especially important when 
they are used for base or surfac;atg materials. 

Clean and Dirty Gravels and Sands 

It takes only a small amiount of fines to seriously reduce the 

general quality of gravel or sand as a base material. Aggregates 
can be classified as "clean," "dirty" and borderline (or slightly dirty) 
as indicat .1 below. Identification of clean and (lirty aggregates are 
(liscussed in more detail later. 

Percent Fines Gravel 
(minus No. 200) and Sands 

under 5 ,4 'clean"-ittle or no fines 
5-12 borderline 

over 12 dirty-v-aplreciahle fines 

Percent Gravel, Sand and Fines by Observation 

In field i(lentification, material percentage., are estimated bv 
observing the relative quantities or \'oluines of gravel, san(l anl 
fines and it can be done with the sample (lrv or moist. .ravellv 

or sanldy materials should Ie spread thin on a flat surface or in 
the pain of the hand. By bruhing with the tinger, the gravels and 
larger san(l sizes can bI easine selaratcd hut InJt-o the tine(' sands 
and fines. Rub some of the generally finer material between the thumb 

and foreltnger-fine sand feels gritty; silt and clay tines feel soft 
and smooth, like flour. After touching and scrutinizing. ami(1 l)ossilyv 
trying the simple tests dlescribed he]()v. make a thoughful estimate 
of the percentages of gravel, sand and tines-see Vig. 8. 

Dust Formation Test 

In this test a large hand ful of completely dry. coarse-grained 
soil (gravel removed ) is (Iropled about 18 inches onto a hard 
surface. If little or no dust flies, the material is essentiallv clean
less than five percent tines. If a small dust cloud formns, the 
material is (lirty. See Fig. 9. 

17 
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Hand Stain Test 
On rvoist, coarse-grained soils (gravel removed) a handful is 

squeezed in the hand. If the material is clean, the hand will not 
le discolored or ,tainted. If !irty-the hand will he discolored or 
even loo)k "mtddlv"--see Fig. 10. 

Fig. 8. BYvpickintg and tlru~llllg ( a ahovvu t h thw alliraw;itplt. f c.armc 
graitted s(ii cani ca~ily lie ciriitc iw,' gira~k-] c- ir> aw wadi tird 

particlu iwa almut a Tie,in i, diftictilt. r .f h II .t(raliiig 

tite ltter pilc thin ;ild hv cartujul A,,crtati,n andi careftll v 


rubing and .ill, t11 pmrut (if fiuc can iwc titated 

wit yi fi t it ruimtagc will )alittle practice.
v JaIt with 

Gradation 
Gradation refers to tlte graini-size conilpisitionl of a coarse

grained soil cr the amounts o01arltc,, particle sizes inl the soil. 
It is a relative teri s (descrilepredotinantly coarse-graitetin o 
s oly.rili fraveelsand sands are (it'Itr well-graded or poorly
graded. 

Well-Graded Gravels and Sands 
\Vell-graded materials have various atnounts of larged and smaller 

particles such that the void, between the larger particles can be 

18 
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Fig. 9. Ii tile dlistformation test,a haIfuful of saIud and fitcs (if a dirty,


Loars-gralint d oi, drolped ahout 18 il. Jolt a hard suri'cv.%will pro

dce it .10,t oul a, oil the right. Clean matcrials do not catu a



dust cltid. (.\ctual ohervation will thc d1liw imre
u,t 
 
distinctly than tl e.h ve photo i8



lig. It). lIi the' i;rin! stajirl te'st, wet or thiororghly damp C rc rsriined soils 
may lie determrined to ie chair or dirty, l)jrt y material, aft 
 hicjrri firmlyir 

silieezeil ii thre hiaiiil learycs a strjii ir disc lorat l --as Jill lheiltf[t. 
A clean mqaterial Ica\yes essentially 110 starii.-;s ot thieright. 

19 
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filled witl: smaller and smaller r.rticles to make a tight (chinked-in), 
dense, stable mass-see Fig. ,1. The material could he primarily 
a gravel, or primarily a sand, or a gravel-sand mixture. 

Poorly-Gradel Gravels and Sands 
Poorly-graded materials may have all 1'articles nearly the same 

size or it may be a nii-terial in which some particle size, or siz(:s, 
are mssing 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 tern] "galp-graded" is used 
to indicate a missing size or sizes. See Figures 12 and 13. 

20
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Fig. II. This is a Ihitograph 

of a well-graded gravetl. It is 
obvious, from the distrihutiii 

of particle >ies. that a large 

(Illantitv, N ell mixed. %%(11l1 
tfornia tight ,'r knse,. chinked

iii was, anl mike a trun stabh. 

pacile . \\IcIi a iatcrial such 
as 1hik i' tIIi]I W.;I It ;t. L *11iff 

it e(ltel dle-'-gra!td atgLre

lig. 12. This is a -,,rly graded 

gr wvl. Since all the particles 

arv abit the Sante size tt is also 
called a unii frmly-graded 

gra\ el. It is iVjim s that this 
nnifrnfly-gradled grael, espe
ciall \Ni h its r, ,ided and suh
r,,nld -Irtich' shalc., w-,m'd 

"I1 1 ,utkc it, ,tahle a tbase a

te oIlt - rad.d grael. \\he 

.1 Ii;terial such ;it, this is used 

a, I lat cour~c it is called an 

- opej-gralel aggregate. 

SIi 13. " is ilsi, a poorly"his 

grt'ild g ravl. Since severaI 

si/e. are missing, to qualify as a 

\%velI-grat Ict gravsel. tc mtter iatl 
is also called a gap-graded 
gra\cl. As a Iaitse. it would be 
nire stable than the uniforml'
graded gravel ht less stable 

thau the \well-graded gravel. 

21
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III. THE UNIFIED SOIL CLASSIFICATION SYSTEM 

The U'nified Soil Clabsification Systeni recognizes 15 basic 
soil groups. Each group has distinctly differet soil properties and 
thus behaves differently as an engineering material. The basis of 
classification involves three factors: 

(1) Soil comp)nent percemiages (gravel. sand and tine,) 
(2) 1 lasticitv of lines (clavey if plastic and silt if nonplastic) 
(3) Gradatiton of coarse grains (well-graded or poorly-graded) 

The specifications or boundary linit. for each of the 1.5basic 
soil groups, relative to the albove three factors, are listed in ihart I
U'nified Soil Classification System. Each soil group is alo briefly 
described in the following pages. 

Classification Symbols 
The Unified System also provides a series of letter symbols for 

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

Symbols for Coarse-Grained Soils 
(i---ravel \V=-\Vell graded 

S=Sand P- PIoorly graded 

M=Silt 


C=Clay 


Thus, GM designates a silty gravel. SXV designates a well
graded sand, etc. 

Symbols for Fine-Grained Soils 

=lInorganic silt L=l .owliquid limit* 
C=Inorganic clay li= lligh liquid limit* 
O=Organic silt or clay 

Thus, WL designates a low plastic, organic silt ; CIt designates 
a high plastic, inorganic clay, etc. 

* Liquid limit is the moisture coment of a soil, as determined by the standard 
liquid limit test, at which a soil passes from a plastic to a liquid state. 
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CHART I-UNIFIED SOIL CLASSIFICATION SYSTEM® 
(Including Identification and Description) 

GROUPMAJOR DIVISIONS SYMBOLS SOIL GROUP NAME FIELD IDENTIFICATION PROCEDURES -

PORLGRDD WEWide range in grain sizes and substantial amounts of all
• G'?,' WELL-GRADED GRAVEL ie		 NDeIei'e 

sn €Predominantly one size or a range of sizes with some


-G intermediote sizes missing.



SZ tlonplastic fines. Identify fines with tests listed below for ML or


-G SILTY GRAVEL plasticitytest - Chper IV.



GC Plastic fines. Identify fines with tests listed below forCL or


GC CLAYEY GRAVEL plasticity test - Chapter IV.



,C C Wide ranges in gra,' sizes and substantial amounts of oil



a o Z , ,n SW wELL-GRADED SAND interned ate sizes.


Liz -: Predominantly one size or a range of sizes with some



p i- us i SP POORLY-GRADED SAND intermedate sizes missing.



-a< Nonplostic fines. Identify fines withtests listed below for ML


..o" SM SILTY SAND or plasticity test - Chapter IV.
 
+ia;



0SC CLAEY ANDPlastic lines. Identify lines with tests :isted below for CL or


O__ SC CLAYEY SAND plasticty test - Chapter IV.



IDENTIFICATION PROCEDURES)
On Fraction Smaller than No. 40 Sieve Size 

RIBBON TEST DRY STRENGTH TEST OTHER 

(Ribbon Length) (A.Breaking B.Powdering) FEATURES 

A. Easy


._* I ML SILT None forms B. Complete



g q I 	 A. Easy Abundant 
.6 . . MH MICACEOUS SILT None farms B. Complete Mica Flakes 

O 	 A. Easy Color Odor 

" 	 OL ORGANIC SILT None forms B. Complete Composition 

L A. Easy to difficult
CL SILTY CLAY 

-- ______CL SILTY CLAYLess than B in. B. Incomplete 

" . I CHA. 	 Difficut to impossible 
- ~c I 	 CH HIGH PLASTIC CLAY More than 8 in. B. None 

I Q_ A.Variable Color Odor


0 Z OH ORGANIC CLAY Variable S. Variable Composition



Composition
PREDOMINANTLY ORGANICS Pt PEAT AND MUCK [ 	 Color Odor 

NOTES: I. 	 Moditid ftrIndi anaa uniy 2. Piimoy d.i.C.i. o tield i tiua- 3. Tesis are o... iplitid .nd ther to or.re iined t.hec i tilo



hig..ay parsnnet. an ocadiii l is in c ohlpi IV. dency Vo indicte s oils.t retanine por., qoli ro wht theee.
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Coarse-Grained Soils 

Coarse-grained soils have more than 50 percent coarse grains. 
More than 50 percent of all the particles are retainled on a No. 200 
sieve. Coarse-grained soils are classified as either gravel or sand 
soils. 

Gravel (G) 

A coarse-grained soil is basically a gravel if more than half its 
coarse-grains are gravel size-more than half is rctaipied on the No. 
4 sieve (plus No. 4 sieve) 

Sand (S) 

A coarse-grained soil is basically a sand if more thaii half its 
coarse-graitis are sand size-mor- than half passes the No. 4 sieve 
(minus No. 4 sieve . 

Clean Gravels and Clean Sands 

Clean gravels and cleai sands have less thaii five p)ercenit fines
less than five percent passes the N,. 200 sieve. (lean gravels and 
clean sands are either wel I graded (\) or Ioorly graded (1P). The 

92 four clean gravels and saiids are: 

Clean Well-( ;raded (;ravl AV 
Clean loorl\-(;rade(( (;ravl ((;I') 
Clean \Vell-(;raded Sanld (SW 
Clean l'ooirlv-( raded ."anld SP! 

Dirty Gravels and Dirty Sands 

I)irty gravels and dirty sands have more than 12 percent fines
more than 12 percent pass the No. 200 sieve. There are four dirty 
gravel an(l sand(s.* 

SiltY (ravel (GM 
Clayey (;ravel ((;C) 
SiltY Sand (SM ) 

Clayey 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 fines clayey (plastic) or silty (nonplastic) is designated. 
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Fine-Grained Soils 

Fine-grained soils have more than 50 percent fines-more than 
50 percent passes the No. 200 sieve. Fine-grained soils are classified 
as either silts or clays. 

Silts (M) 

The three silt classifications are: 

Silt (Inorganic) (ML) 

Micaccous Silt (.N1I) 

Organic Silt (OL) 

Clays (C) 

The three clay classifications are:



Low lastic Clay (CL)



Hligh IHastic Clay (CH)



Organic Clay (()11 )



Organics 

Peat (Pt) 

In the Unified S'g.stei, only the one word is used to designate 
both peat and nuck-they are described on page 10. 
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IV. 	 FIELD IDENTIFICATION PROCEDURE 

One of the main advantages of the L'nified Soil Classification 
System is that soil samples can be identified in the field by visual 
examination and simple hand tests, requiring little, if an', test 
equipmient. Using word descriptions, below, of each of the 15 soil 
groups and "or a chart, field identification of soils is made easy. Chart 
11-Soil Identification l'rocedure. at the end of this chapter. provides 
a technique for identiffying a soil by simlple elimination. 

Representative Samples 

This is a key factor in evaluating the quality of any road
building material. and eslpecially so for soils and base course 
materials. Therefore, the county highway iuspector, luist he con
stantlv alert to selecting test saiiples, that are typical and rcpresenta
five of tile materials used in the roadway structure. 

.-\ knowledge of soil weatherinig and the develoliemt of soil 
profile- .A B and C horizons) isinvaluable illsailiphig subgrade 
soils. ( See the references for soil lp(itile data 

Obtainiiig relpresentatlve sanii les from stratified sand and gravel 

pits can lie done as dcscribed in Apewldix .\. 

Equipment for Testing Soil Samples 

Little or no equiplent is required for most field identification 
tests. Ilowever, for a few tests oilaggregates, described in tile next 
chapter, several ordinary household itenm mva be used. The equilp
tment is illustrated ill 
tile following chapter and listed ilAppendix 13. 

Preparation of Sample 

Select a representative samiiile of the soil to be identified and 
spread same out on a flat surface or in palin of hand. 

(a) 	 ]stimate maximiulli particle size ili samup . 

(b) 	 Estimate percentage of material larger than 3 in. 

(c) 	 Remove material larger than 3 iii. froni sample. Only that 

portion of samlnle smaller than 3 in. is identified. 


(d) 	 Other sample preparation is outlined in the description of 


the various field tests. 


26 



Compendium 2 Text 4



Identification of Coarse-Grained Soils


Versus 1 e-Grained Soils



To identify the sample as coarse-grained or fine-grained, make 
an estimate of the percentage of individual particles that can he 
seen l)y tile naked eve. 

Soils containing more thai 50 percent visible particles are coarse
yrained soils. 

Soils comliitLiiiilg lIss thi .50 percent visible particles are 

graipi'dsoils. 

Whei a samle appears t, have alintl equal amount,s of coarse 

grains and fill(- grains ( borderlilie sample). break clay-cemented 

lumps inito idividual particles aid break away files adhering to 
larger aggregates. i: may be necessary to dry the sample in order 
to break it dow i into individual particles. Identification may also 

be helped by rumning the sanl e through a piece of ,-in. mesh 
hardware cloth (or No. 4 sie\-e) to separate out the gra\el sizes. 

Identification of Clean Gravels and Sands


Well- and Poorly-Graded Gravels and Sands



(GW) (GP) (SW) (SP)



A clean, coarse-graiild soil (over 50 percent gravel and/or sand) 
 
with less than five perceit fines is either a well-graded or poorly

graded gravel ( ;w)(( I') or either a well-graded or poorly-graded


sand (S\\') (SP). 

To idemifv a clean, coarse-grained soil, spread the sample thin 

on a flat surtace, carefully ohserve all particles, carefully feel the 
smallest particles, try the dust formation test and tile hand stain test. 

\\'hen gravel is tile predoinitmating material in the coarse-grained 
portion of a soil, the soil is hasicallhv a gra%el-when sanid pre

donlinates, the soil is basically a sand. 

Clean gravels and sanids are usuallv readilh detected Iv careful 
ohservatioii and exanlmilation of the tiler particles. Fine sands feel 

gritty-silt-, and clays feel soft like flour. I)ry, clean gravels 

aild sand., form no dust cloud in the dust formation test and moist, 

cleani gravel., aid sands d) not stain the hands inl tie hand-stain test. 

Fiiiall\" gradatiotn, well-graded or 1)oorlv-graded, iinst be deter

mined simplv by oliser\'ation according to defiiitions l)reviously 

Clean sanid and gravels rarely occur as a. natural subgrade soil



in Indiania, nor are they likely to be well-graded. As a general rule,



Indiana's sand and gravel deposits are poorly-graded and contain
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more than five percent fines. Clean, well- or poorly-graded gravels 
and sands usually must be obtained as commercially processed 
aggregate. 

Identification of Dirty Gravels and Sands 
Silty and Clayey Gravels and Sands 

(GM) (GC) (SM) (SC) 

A dirty coarse-grained soil (over 50 percent gravel and/or sand) 
with over 12 percent tines is either a silty gravel (( M) or clayey 
gravel (GC) or a silt. sand (S1 ) or clavev sand (SC). 

Spread the sample thin, carefully observe, examine and test for 
a dust cloud and hand staining. 

If gravel predominates in the coarse grains, the sample is basically 
a gravel ; it is basically a sand if sand predominates. 

If appearance indicates more than 12 percent tines, and the dust 
formation test shows a substantial dust cloud, and the moist samples 
stains the hands-the material is dirty. The sedimentation test 
outlined in the next section under -Field Tests for Aggregate 
Materials" will also prove helpful in estimating the percent of fines 
in the sanll)le. 

\\hen gravels or sands are found to have more than 12 percent
96 fles, the lies must he exanlilled for plasticity. fii:CsThe maybe 

brushed out or sieved out ( using a piece of window screen. Fines, 
(silt and clay) collected in this manner usually contain considerale
tine sand but it does not matter because the tiies need to he 

identified only as plastic or nonplastic (not low or high plastic). 

If the tines are plastic, as indicated by the formation of a moist 
ribbon (probably short ), and have noticeable dry strength, the 
soil is a clayey gravel or sand. If the tines are nonplastic, as indi
cated by their inability to form a ribbon, ain( by ,dry lumlps having 
essentially no dry strength, the soil is a silt' gravel or sand. 

Silty sand subgrade soils are quite coninon in northern Indiana. 
They are found in sand (ldune areas, in the large Kankakee basin and 
many smaller outwash plain areas. They are found in hundreds of 
square miles of beach sand areas around lake Michigan. Subgrade 
soils of silty gravel, clavev gravel and clavev sand are much less 
common than silty sand. 

Identification of Silts 

A fine-grained soil (over 50 percent fines) that can easily be 
broken and pinched into powder when dry, and that can not be 
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ribboned when moist, is either a silt (inorganic), nicaceous silt or 

organic silt. 

Silt (ML) 

Silt (inorganic silt) call be distinguished from nicaceous and 
organic silt sinply by the lack of mica flakes and (lark, organic 
materials. 

"Claymy .... .sandy" or "gravelly" can be used as modifying words 
before silt if more than a trace of these materials are present. Clayey 

silts have very slight dry strength and may forn very short ribbons. 
Fine sands are often found with silts and call be detected by their 
gritty feel. 

Windblown silts ("dune" silts) are found along many bordering 
ul)lands of Indiana's large rivers. Silts and fine sands are found 

on most floo0d plains. Surface soils tend to become silt' because 

clay-size particles migrate downward with the passage of tile. 

Micaceous Silt (MH) 

Micaceous silts are silts with an obvious abundance of tiny 

mtica flakes. Micaceous silts in Indiana cole mainly from the break
dow of inicaceous sandstonle bedri ik in southern Indiana. 

Organic Silt (OL) 

()rganic silts are the black or (lark silts-with about ten percent 
or more organic tines. They are usually shallow surface soils found 

ill basin area., or around swamlps. 

Identification of Clays 

A fine-grained soil (over 50 percent fines) that can be readily 

forned into a ribbon when moist and that has obvious dry strength 

is either: (I) low plastic clay or (2) high plastic clay or (3) 

organic clay. 

Low Plastic Clay (CL) 

Low plastic clays formu ribbons one to eight inches long (clays 

forming ribbons approaching eight inches may he called ilmoderately 

pla.stic ). 1)rv lumps may be broken fairly easily with the fingers 

but usually considerable effort is required. It is difficult (or impossi

ie) to piinch the smaller lumps into a completely powdered con

dition. 

Nearly all of Indiana's low plastic clays have a low plasticity 

because of a high silt content. Therefore low plastic clays in Indiana 
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are commonly identified as silly clays. If there is a significant amount 
of sand or gravel-the material may be classified as a sandy, silty 
clay or a gravelly, silty clay. 

It is estilated that "silty clays" account for approximately three
fourths of the surface soil, occurring in the State of Indiana. 

High Plastic Clay (CH) 

Itighly plastic clavs formtI lg ribons-eight to tenl inclhes lollg. 
Dry lumps 1)fhighly llastlc clay are very diffictult or inlpossile, to 
break imo sn " 'rlumps aid.d f Coflorse, it I.,impossible to pinch 

Siall lumps int,, powder. 
I lighlv plastic cla\s \\ill rarely he encommtered in Ihndiana. \\'her 

they are encountcred they mo)st Ilikcy will not contail siginificant 
allouint, of silt. or sand. or gravcl. Su ch clavev soils are therefore 

ustially called high plastic clay:. 

Organic Clay (OH) 

()rganic cla\. are comlposcd pred,miminamlv of clayey soils blt 

as little a, tell perceit of lack orgaiiic" fines, ( black carbmaceous 

particles of silt and cla\ size.. ) cani chainge lith behavior (anid color) 
of the cla' and make it nmsnitable for a subgrade soil. 

()rganic clays form short to inedium length riblblns of one to


several inches. lituttheir black to dark col,,rs, light weight, and



their soft alld spong- fel distitgui1 them from the other clay., 
The location of orgaaic clavw alo helps to identi fy them. They 

are ustally funid ik o,,,.tdraiiw(, or lpiorlv-draimied. bain areas 
and especially in an,.!around swampy are;s. 

Borderline Soils 
Many soils Will ehihbit prolertits of two groutps because they 

are borderline betweren the groups, either in percentage of sizes 
estimated or in degrce of plasticity. Iti such cases, soil desigtiations 
are use(d which incorlorate both group syml,,s connected by a 
hyphen, such as 

Coarse-graitied soils will often have miarlh equal prportimns of 
sand and gravel sizes., In stuch cases, liroc'ed with the identificatiom 
assulling the soil i,a sanld. ('omiutimte the identification until a fillal 
soil group is reached, sa\ cla'e' sand (SC). Since the soil might 

also be assumed to be a qfrm'eI. the borderline field identification 
would lie (t-SC. Thi , is apniri iriate silce the criteria for gravel 
and saud sttbgrotps are the same. L ikewise. other borderlinie soils 
within the sand or gravel groupings might he S\-SI', SI-SC, 

SV-SM, GW. GP, G.M-GC, etc. 
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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. Borderline soils such as SC-CL and S'.I-ML are conmnon. 

In the fhne-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: 
NI L-M 1-, CL-Cl I, ()L-()H ;and Cl-NIL, CL-OL, NI H-OH, etc. 

Summary of Soil Identification Procedure 

Chart 11, Soil Idenltification I)rocedure, serves two pmrposes. It 
summarizes all the lprevious information on soil identification and 
it l)rovides a stelp-by-step )rocedure for identifying allunknown soil 
sample. 

The identification iprocedure is, in effect, a process of elimina
tion-l)eginning at the top of the chart and working downward until 
the soil is identified. The main re(jtirement for using the chart is 
to have the "know-how" for running four simple hand tests: 

(1 ) Ribbon Test -- page 15 
(2) I)rv Strength Test - page 16 

(3) )ust Formation Test -- page 17 

(4) 1land Strain Test - page IS. 

Test results and the soil type indicated are shown on the chart. 
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CHART II - SOIL IDENTIFICATION PROCEDURE '2 
LSOIL SA3PLE 

OVER 50'. FINE GRAINS OVER 50% COARSE GRAINS HIGI-LY 
ORGANICFNE-GRAINED SOIL COARSE-GRAINED SOIL 

WET-FORMS RIBBON WET-NO RIBBON FORMS MORE SAND MORE GRAVEL PEAT OR


DRY-HARD TO BREAK DRY-PINC 
 POWDER THAN GRAVEL 
 TlIANSAND MU K 

CASILT SAND GRAVEL PEAT 
R,bbons Rbbons Ri1bbons No Ribbon No Rbbon No Rbbon Visu-lLess Visual-More V,5uI-L[ess VisualMore 

Less 8,n. Over 8 in. Varioble Powders Powders Powders Than 5% Fines Than 12% Fines Than 5% F.nes Than 12% FinesI I I I I I I ILumps Firm Lump Break Lumps Break Has MicI Dark Color, Dry-No Dust Cloud Dr,-[3ist Cloud Dry-No Dust Cloud Dry-Dust Cloud 
Doj
DtrPowder Nearlmross. EasvtoHard Odor and Wet-No Hnnd ST.n Wet-Stain, lHends wet-No Hand Stan Wer-Stains Hands 

gnc
Darki Color, 

Odor and 
Organics - 11

CELEAN SAND, D I RTY SANDCLEAN GRAVELJDIRTY GRAVEL 

Well Poorly g~nes Fines Well Poorly Fines Fines 
Graded Grad,-d Ribbon '. Rbbon Gorded Graded Rbbon No Ribbon 

Lulps Lumps Lumps Lumps 
Film Powder F;cm PowderSI I 

LOW HIGH ORGANIC SILT HICACEOUS ORGANIC WELL POORLY CLAYEY SILTY WELL POORLY CLAYEY SILTY PEAT
PLASTIC PLASTIC CLAY 
 SILT SILT GRADED GRADED SAND SAND GRADED GRADED GRAVEL GRAVEL
CLAY CLAY SAND SAND GRAVEL GRAVEL 

(SILTY CLAY) 
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Use of Identification Chart-An Example 

Starting with an unknown soil sample, the inspector notes at 
the top of Chart II, Soil Identification Procedure, that he must 
first deterniine if the sailile is l)redominantly fine grained, coarse 
grained or organic. Visual observation and feel indicate that tile 
example soil has well over 50 percent fine grains-it is a fine-grained 
soil. Imediately nine group names are eliminated as possibilities
four gravels, fouLr sands and peat. Moving to the left on the chart, 
under fine-grained ;oils, tie inspector notes that his saniple must 
he one of the three clays (CL, Cl1, ( )l I ) or one of the three silts 
( .NJ_ 11, ()l.). 

The chart next indicatcs apllication of the ribbon test and dry 
strength test. Say the inspector inds that tile wet soil forms 
a ribbon and a dry lunnp has obvious dry strength. This information 
now eliiiinates all three silts as possibilties. The inspector then 
finds that the longest ribbon he cal form is about five inches and 
also notes that the sailpe has essentially no organic matter. Thus, 
the high plastic clay (CIlI),and the organic clay ((Ml I),are elimi
nated as possibilities and the one reniaining choice is a low plastic 
clay (silt clay-Cl. ). 

Additional Descriptive Information 101 

After a soil has been identilied, it may le desirable to add addi
tional descriptiv'e information-especiallv for the coarse-grained soils. 

\Vhen the material is well graded the niaxini aggregate size 
may le recorded: when liworly graded, the iiaxiiumii size and the 
lpredomiinant size arc frequently recorded. 

More information on the granular particles such as hardness, 
general shape, surface texture and mineralogy iiay be ilulortant 
dep'idinm on the ust' of tle imaterial. Rock particles may be classed 
as soft, mnedium or hard. In shape the\- may be: rounded, sub
romded, angmlar or snhliamgular. Surface condition may he rough 
or smooth. Mineralogical data usta"v pertains to listing percentages 
of soft roclbs and materials: shale, coal. linionite. etc..-see the ISI-tC 
1969 Standard S lcciications for \ggregates. 
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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 (ltrdiity in base and surfacing materials can usually be 
r ttributed to either poor grading or an excess of plastic titles. Countv 
highway con.trimction and maintenance forces mnust be constanton 
alert to guard againist these deliciencies. 


The "indicator" tests presente(l here will assist 
 county highway 
inspectors in evaluating the quality of base and surfacing aggregates 
sampled fromn either an existing roadway, an existing stockpile, or 
a local gravel pit. 

It is emphasized that these "illdicator" tests are not intended 
as a substitute for standard speciticatioln tests covering comniercially 
processed aggregates. 

Aggregate Gradation 

Tile field 
 tests for aggregate graditg are basically the same as for 

the identificatioii of coare-graiuvd soils. 

Visual Estimate of Grading 

A representative sainple (say a quart can-full) is spread out on 
a flat surface. (arefullv note the ulaxinmtltn size of particle present 
and the representation of decreasiig sizes in the sample. 

Next. make an estimate of the relative lproortious of gravel 
(plus No. 4), sand (plus No. 200) and fitles (minus No. 200). A 
closer estimate can be iiiade of the proportion of gravel present if 
the sample is sieved through a No. 4 sieve or an ordinary piece of 
wire hardware cloth with about '.-ii. openings. 

Satisfactory Gradings 
If the sample of aggregate material .from the roadway, stockpile 

or local gravel pit is reasonably well graded, contains 40 percent 
or imore of gravel sizes (plus No. 4) and only minor traces of files 
(minus No. 200), then the material will probably produce a satis
factory base or gravel road surface. 

Borderline Gradings 
If however, the sample contains less than 40 percent gravel 

sizes and noticeable amounts of fines, then the material may proluce 
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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 
surfacing materials call be constructed from a fairly wide range of 
aggregate gradings. A tabulation of guide gradings is set forth below 
to assist in evaluating tile gradation for test samlples of base and 
surfacing aggregates. 'THe grading Iiinits shown below represent 
ISI IC No. 53B an(l No. 53 aggregates, which have proven both de
sirable and satisfactory. 

Guide Gradings For Gravel


Base and Surfacing Aggregates



Base Aggregate for Flexible Pavement



(ravel (plus No. 4) 40' -365'/ (max. size=l Y in.) 

Sand (No. 4-No. 200 ) 35 -- 0 

Fines (minus No. 2(X)) 0 - 5 (nonplastic) 

Gravel Road Wearing Surface Material 

Gravel (plus No. 4) 40'/; -65 Ilmax. size 1in.) 

Sand (No. 4--No. 2(X)) 25 -55 

Fines (minus No. 2(X)) 5 -10 (slightly plastic) 

Amount of Fines 

Estimating the amount of fines in a sample of base or surfacing 
aggregate is actually a part of the field test for estimating gradation. 
This estimate uses a water-settlenent technique which is based on 
tile fact that particles settle in water at a rate proportional to their 
size. Thus, salnd sizes settle first, silt sizes next and clay sizes last. 

Sedimentation Test 

The sediinentation test is another "indicator- test. \Vith reason
able care, an estimate or apl)roxiniation can he inade of the amount 
of sand. silt and clay sizes present in the test sample. The test 
procedure is as follows: 

(I) Secure a representative sanple (say a quart-can full) of 
the base or surfacing material to be tested. 
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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 straight-sided glass jar with about 5 in. of water. 
Pour the sand and tines, separated fron the gravel, into the jar. 
A closer estimate can he made if a tall, slender jar is used-Fig. 15. 

(4) Agitate or stir the mixture until the soil is completely 
broken up into individual particles. 

(5) Get all soil particles into suspension. by shaking jar 
vigorously, end to end-Fig. 16. 

(6) Quickly 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 make the particles settle in a level plane. 

(7) Sand sizes will settle in about 25 seconds.: silt sizes in 
about 60 ,econ: s: clay sizes in alout I hours. .sing a pencil, 
mark the jar, on masking taple. at the top) level of sand sedinients
those accultiillatCd after 25 ,ec, m, (IFig.17-1mvwer mark ). Marking 
the jar after 60 seconds, to (li,tingui sh silt and clay. is optional. The 
test is desigeIled primarily to determine i ercein of fines. 

(8) Rep eat 5, 6 and 7 to recheck the 25-second-level mark and 
the 60-scconl-lhvel mark. 

(9) After an ,,veragv 25-second mark (and optimal 60-second 
mark) have been determined. allow the sample to settle in the jar 
until the water clears, or until 1/., hours have elapsed-whichever 
comes first. 

(10) Next, using a pencil, mark the top level of sedineiLs in 
the jar between clay and clear water-Fig. 17, upper mark. 

(11) With an appropriate scale, measure to the nearest 1/10 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 sediment, (silt and clay 

E.rample: As.,ime tha: a salple of gravel road surfacing is being 
inspected. A representative sample has been screened through 1 -in. 
hardware cloth (or No. 4 sieve if available) and the separation of 
plus -in. sizes yields a visual estimate of 

45% (;ravel (plus No. 4


55% Sand plus fines (,nimns 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 

Percent sand = - x 109 - .0 x 100 = 86%


a + 1 3.5



b 0.5


Percent fines b x 100 = - x 100 = 14%



a + l 3.5


Cravel = 1.00 x 457 = 45.0%


Sand = .86 x 557( 47.3%


Iines = .14 x 557 7.77 

100.0% 

Note: The results of the sedimentation test are only approxinate,


since the time-rate of settlement for a given grain size is at best


(nlY an a\rrage theoretical figure.



Plasticity of Fines 

The 1)la.,ticitNv of fines is a critical factor in the evaluation of 
either gravel base or strfacing materials. Plastic fines, even in small 
amounts. c:,,seriously reduce the quality of base or surfacing ma
terials. 105 

Plasticity Test 

lllasticitv is a property of soil which allows it to be kneaded 
to a putty-like consistency at the proper moisture coite,it. The 
following is an "indicator" test which will yield fairly reiahle results 
if perfornied with reasonable care and attention to details. 

(I) Secure a representative air-dry salple (say a qnart-can 
full ) of the base or surfacing material to Ibetested. Break-up lumps 
of fine materials by ltud or with a short piece of a broomstick. 

(,2) Screen a portion of the sample throtigh a No. 40 sieve 
(a piece of ordinary window screen may le substituted for the No. 
40 sieve)-Fig. 19. 

(3) Screen a sufficient aniount of the satlple to yield three or 
four heaping tablespoonsful of fine material passing the No. 40 
sieve (or screen wvire). 

(4) llace 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 with the fingers-Fig. 20. 
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Fig. 14. \ fairly accurate means of sepiarating grave!, sand and 
lines, in order to estimate the percentage of each, is to first separate 
te gravel by' working the .sample through a piece of 14-in. mesh 
hardware cloth as shimn here. Ihe sand afll(,.tns art then Separated 
as sho wn in FigurcS 15, 1It and 17. 

Fig-. 15. I thl,lt, >and with flmes, ohtaimd from the pan)
in F"ig. 14. i carftill] pacwl ill a straiglht sided jar wilh ive inches oIf 
watt r ill l 'i'];,;i it l ) tr a; t'diml ir t po c toll la',tto the San1ld 

I:ig. 10. 'lc iar with :1d. Inies and \;iter is \i iii ,n.lv ,haen 
and then pla at Yuvt.,l l !1u iucht,. t" wat('r, all the ,and will 
settle in al4mut 25 alstan all ite futll . ailt Iand clay. inh lmtmmt 
hotir:--or 11rit ... in thu water cltmar,. 

Fig. 17. Ill thi- ph,, , th I w ' " i;.'il lnark ,. . la,] after 
25 s ,cil t m, 

t up, f thit >util . -;itll1 ;1rtic! . .\ctnll;1v. 
arnther hlint cm l ]llc ,.,ti ! -Miilat v 1,icatr . I, t it let'%,,ti 
the smzalItt atric. \iu, b t( 11t n;kci a t h 'st it vi-ilh . 
itol titnin v.,,ll h t. ru !. Tl ,t uppcr I , ' I, . t,!, , f thle 
edillittilt- fulI106 10 - ,Iy- ;!', tOit \ ttt'r lut-. lrk thuc tI, ii 

tit fitie",. \\ ith lhu t ';t\ ; I -Cj;trir , ,!I tih ire llt-li i g. 1I ) aid 
the ,hai nl tiltd.t r t,. :i- tl ,. the Jtri ti.t ea ch alt e

t+> i~~tt',-- v, th w- ',vilhw ,,,;" piqltatiwn>. 

Fi.. 1S. I phI It (m.t ,:ltlickllc.. oif tiet(fies anud 
.atll can lt. m.-:r,., to tle. 1t 7re.-t it. The text provides. instruc
tin rlit (,w ti, m ithe: aticall contiutc the percetntage, (if gravel, 
samI arid tinesc. 
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(5) Add the minnimum amount of water to easily mold material 
into a "golf-ball." Do not add so much water as to make it sloppy 
wet. Obtaining the proper moisture content is important. 

(6) Form test specimen into a *Y-ihl. roll, adding a little more 
water if necessary. 

(7) With the "flat" of the hand. using a light finger pressure, 
roll the test specimen 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. 

(8) Continue rolling the test specimen on the flat waterproof 
surface, using sufficient finger pressure to gradually reduce the 
diameter of the test specimen. 

(9) The object of the test, is to determine the dianicter of the 
test specimen at which the roll breaks or crunibles-lFig. 22. 

Guide Values for Plasticity Test 

Diameter 
at which 
Roll Crumbles 

Y in. or less 	 

Over Y8 in. to 
less than ?4 in. 

Y in. or larger 	 

Suitability and U!,e 

Unsuitahle for gravel base or 
wearing surface aggregate 

StitalIc for grav'el 
wearing strface aggregate 

Suitable for gravel 
base aggregate 
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Fig. 19. "I, te',t tile plasticity o~f finte, in a aggregate, an trdi
nIar" pic' (If %illdwsct'tlel n1in \ be leld to scparate' llt tilt' tiltS. 
.\ctL i.., %%ill inciu de: .'.,i. ,1u'andii th i le' clay. t al ., li It uijitti 
-aO,! ill thi . mixtir'e .hihli lIe .ai-fautrv fur tile- simplie ilaticitv 

tc~t IrtLri il it It,. te\xt an:( iiltratcd in IVigii I . 2( . 21 and 22. 

Fig. 20, Th,' tlint',.". (Ilitaid' a- imh,n ill . )i arc pae d 
ill ;I hvl l li 1 tnd th,-i'uIul pix t iatlit wit drp.s aii r ; a 
lin .. Th I i Z lIh. ,ulid t' ' but l' l r te lig.wt.. 

Fig . 21 i'.it: .2iLanope, tla ,n Uw tilt-. sit ' of ;t g,,I fa ll it i, 
m r-,i2l aLtd hi- fi' tils,fitai u iforn:i ., a ill rttl ,I- d thill. 

a - Ahowll , a m, , it, 11c - t' hemltiti. ianct,.r w itilh t lrking
rcrunlldin,,. 

I~ i L. 2 2 1f ilh c r . ! ! t~~. ; ! , , t, ,1 , r i! ,r 1, cf t,r c r c alc h hll ;i-". 
di ai tl. ',-" ; t I " itl , 4i i ,i .,pt . ci ; - th It.<-,"ll i . rt l. Tl( lal \y 

I I g;Irtlt' c ,lI' I "'.1t - ( -r\u -.I,;t fII'IIIr. If tII.-'litaldt' in ; i I, - ,IT -, '

ll r'iv t ai, t1,t1l r.t I ; r.i . l int. or ;ii llri (t tlte
110 (T tIt ,tlit iiu- f,,r t t il',' ' . 
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VI. RATING SOILS AND AGGREGATES


AS ROAD MATERIALS



All soils have certain properties that influence their behavior and 
usefulness as road materials for construction and maintenance; the 
most pertinent properties inctLde: (1) load-carrying properties, (2) 
drainage properties, (3) frost propertie/ and (4) compaction prop
erties. These propertles 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-carrving caFacit v of a soil may be detied as its ability 
to resist penetration or lateral movement when loaded. This property 
delil'nds ul'on the ability of a soil to resist shear-see Fig. 23. 
Shear strength in soil is derived t rom cohesion ( stickine.s ) and from 
internal frictim (grain-to-grain interlocking). Cohesion is best de

tvelt ed in clayey soils and intern friction is Best developCd in clean 
and slightly dirty sands and gravels. 

Strength of Fine-Grained Soils 
Cohesion (levelol)s in clays because the grains are extremely 

tite and have a fiat, plate-like shape. As the water content of a clay 
decrea.ses (drving ) the capillary and surface tension of the moisture 
filns cause the clay particles to move closer together. With coni
tinued drying the clay particles develop a strong adhesion for each 
other, forming lumps (or clod ) with high dry strengths. 

Conversely, an the water contcit increases, the attractive forces 
lose their effect, the clay particles absorb thicker water films, forcing 
the particle., apart with a resulting loss in cohesive strength. The 
more plastic the clay (more of the finest clay sizes) the greater the 
loss in cohe.,ive strength between dry and wet conditions. Clayey 
soils can lose as much as 75 percent of their strength in the wet 
spring season. 

Silty soils have .onie coliesion 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: (1) 
reducing the grain-to-grain contact points bet ween the coarse grains, 
and ( 2) acting as a lubricant. 

In the Soil Usc Chart. the strengths of clays and silts are rated 
poor to fair. Clayey and siltzv gravels and sand are rated fair to 
good. Any soil with more than about 12 percent fines will have a 
considerable loss of strength between dry and wet conditions. 
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CHART III - SOIL USE CHART


lNumbers in theChart reetr to footnotes)



PROPERTIES 1 ____ 	 USES 
Load Feost COMPACTION2

SOILS Permeability Carrying Susascap.EQUIPMENT Bc. Wearis1 
3 

Ability-ibility 	 Cour"rourt,. 
? 

Excellent 
WELL-GRADED GRAVEL GW Pervious Excellent 	 to very to Fair 

slight Vibratory good 
Very 	 None Rubber tire6


None 

erNn Steel wheeI

POORLY-GRADED GRAVEL GP pervious Good 	 to very Fair 

slight



8 
Semi-perv Good Sight Excellent Good 

SILTY GRAVEL GM to to to Vibratory to to 
impervious lair medium Rubber tire tir lair 

Good Sight Sheepsfoot Good Excellent 

CLAYEY GRAVEL 
8 

GC Impervious to to Steel heel to to 
flair medium poor good 

None 
WELLGRADE D SAND SW Pervious Excellent to very Vibatory Poor Fair 

slight Rubber tire 
Steel heel 

POORLY-GRADED SAND SP Peitous Good to very Poor 

_ _I 

None 

slight 

Semi peru Good Slght Fair 
SILTY SAND 

8 
SM to to to Vibratory to ----

-mperuious I air high Rubber tire poor 

Good Slight Sheepsfoot Fa-r GoodSteel MheelCLAVEY SAND SC Smpevnoo 	 to to to to 

lai1 high poor far 

SILT ML 	 Fair 

Semi. Faor Medium Rubber tire 
MICACEOUS SILT Ill pervious to to very Segmented wiheel 

tu poor high Steel wheel 

ORGANIC SILT I r 	 Poor 

Medium 
SILTY CLAY CL Fair to 

high 

Rubber tire 
HIGH PLASTIC CLAY CH Imperviou Poor Medium Sheepsfoot 

Steel ,*heel 

OH VeryORGANIC CLAY 	 p oo, 	 Medium 

PEAT AND MUCK 	 Remove from subgrade 

. Qualitative values listed below areSorproperly compacted soils. 
2, Equipment listings are in order of efticiency - first is best 
3 Oulltative values listed arefor baseson hightraffic road 
4. Grael road wearing surfacei for roads w-th lessthan 100 vehicles per din. 
5 Crale. I actOrScanbe used at nibratory equipments other types arelisted in text. 
6 Stestli.rel .. 'letsart bestused asgrade finishers, 
7. Welloaded qrrlis &reusually Vrydifllicult to compact. 
8. 	 Thesematerirls cover a ronsiderlble clulshy range - from a low percentage ot (io 15%-12%ands welgraded to 

a high percentjje of fines (over 12%to about 20%) and poorly graded. 
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Strength of Base Aggregates 
'rle load-carrying capacity, or shear strength of base aggregates 

(clean and slightly dirty aggregates) range from good to excellent. 
The shear strength depends mainly on internal friction which is 
related to the gradation, size, shape, an! surface texture of the 
individual aggregate particles. 

Bases of well-graded aggregates are stronger than bases of poMrly
graded aggregates because of better chink-iin and more grain-to-grain 
contact produces a tight, dense iass with llinniuut voids and maxi
1m1 strength. 

The maxinun size of aggregate is also a factor in base strength. 
In general, the larger aggregate sizes (up to 11 in.) produce 
a stronger ba!e through better interlock and internal friction. 
Crushed particles, with their greater angularity, also improve the 
strength of the base agt.regates. 

Thick Bases for Weak Subgrades 

The main function of a 1,!,e course in tile constniction of roads 
.'d streets is to spread the applied traffic loads and there-b" reduce 

the stress or presure reaching the subgrade soil. Increasing the 
114 	 base thickness' simply increases the "snowsh me" etTect by causing 

a greater reduction in the pressu re reaching the subgrade soil-see 
Fig. 24. Increa.,ed pavement thickiness ( and increa.ed pai'enent 
rigidit\ ) also increases the "snow\.loe" effect for applied roadway 
loads. 

The great majority if Indiana's surface soils are silt' clays 
that provide a relatively weak subgrade support. For this reason, 
our county road improvements should provide for base courses con
strcted to adequate thickness, of quality materials and with proper 
coml)action. Ilowever, this can only be accomplished through engi
neering design, specifications and inspection- all beyond the scope of 

this manual. 

Considering In(iana's high rainfall, generally high grotind-water 
levels, andl(poorly-drained soils, the matter of drainage deserves a 
high priority in planninig county road improvement projects. In 
most of Indiaia's flat terrain, and espwcially in poorly-drained basin 
areas, great improvemtents in road life could be made by raising 
the grade-line profile one to two feet above the natural ground stir
face. See 11ERBIC lBulletin No. 4, "Principles of Highway Drainage 
and Erosion Control." 
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LOAD 

VIEW 
EXPANDED



- 7WATERFLMAND GRAINS 
CLAY PARTICLE INTERLOCKED 
(MAGNIFICATION - IPOO's (MAGNIFICATION- ZERO) 

Fig. 23. Weak sulbgrades and bases usually fail b% shearing when overloaded 
-there is slippage ahoig the shear planes shown above. As clays absorb 

water, the water film thickeis and coiesion (stickiness) between clay 
particles decreases. \Vet clays can lose 75 percent of their dry


strength. Interlockilg (ilternal friction) and strength of clean

sadti and/or gravel particles is not affected by water.


LOAD BASE 

THIN BASE


HIGH PRESSU 
 TIKBS



1 LOW PRES\SURE 

NARROW WIDE 

SNOWSHOE EFFECT SNOWSHOE EFFECT 

Fig. 24. This drawing shows how increased base thickiness reduces the load 

pressure on the sul grade. Note that for tile thin base ,oithe left the

dilateter of the area of load dist rihution oilthe suhgrade is narrow


(narrow snowshoe effect) but with the thicker base. oilthe


right, the same load is distributed over a much wider area

(wide snilowshoe effect). Weak subgratle soils require


relatively thick bases.
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Drainage Properties of Soils 
Tile drainahility of a soil is measured by its lerneabily-or tile 

ease or difficulty with which water will pass through the pores of 
the soil. 

The Soils Use Chart divides soils into four general groups: (1) 
very pervious - instant drainage (2) pervious - fast drainage 
(3) semi-pervious-slow to very slow drainage (4) impervious
essentially no drainage. 

Drainability of Subgrade Soils-Indiana 

The Soil Use Chart lists the three clays, clayey saiid and clayey 
gravel (over 12 percent clayey fines) as inlervious. The three 
silts, silty sand and silty gravel (over 12 percent siltv fines) are 
rated as seni-lwrviotis to lwrvious. Therefore. the great majority of 
Indiana's surface soils would have a drainahility of fair to poor. 

Drainability of Base Course Aggregates 
'he perrieability of clean and slightly dirty aggregates (such 

as used for base courses) ranges from very ervious, pwrvious, and( 
senii-lpervionts to impervious. The permeability of these materials 
depends on: (I) gradation. (2) type and amount of titles and (3) 
density. 

116 ( I ) Gradati: Unifornly-graded. or ope.--graded aggregates 
drain faster than well-graded, or dene-graded aggregate.,. The chart 
shows poorly-graded gravels (clean ) to be very pervious and well
graded gravels (clean ) to be perviou-the latter has les., voids. 

(2.) 7"%p, and Auiount of lPin's: Clav tine., in aggregates, slow 
drainage more than silt fine:. Silty gravel., ( (M ) and sands ( SM) 
are rated serni-pervious to pwrvious, while clayey gravels (( ;C) and 
sands ( SC ) are rated imlpervious. 

(3) [)tensit\: Increased densitie.s of a given soil material will 
decrease the voids in the compacted soil and accordingly decrease 
the perimeability and drainage. Clean. dense-graded base materials 
can be compacted to such a high density that they are essentially 
inipervious. 

Aggregate Placement for Good Drainage 
When bases are constructed with open-graded aggregates it is 

best to extend the aggregates through the shoulders for adequate 
drainage. Also when open-graded aggregates, mostly larger than .Y 
in. are used. it would be ideal to use a 2-in. to 4-in. thick sand 
blanket or scr:.nings as an inverted choke between the base and a 
subgrade coinposed of fine-graded soil especially in consistently 
wet areas. 
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When dense-graded base materials are used they may he con
structed in a trench only under the roadway itself. As they are 
nearly iFipervious, water call not penetrate them and these bases 
need not go through tile shoulder for drainage. The low areas 
however, should have drainage outlets. Also, dense-graded bases 
do not require the sand blanket to prevent suhgrade intrusion. 

Frost Properties of Soils 

Frost action is a general term referring to freezing and thawing 
of water ill soils,..\s the soil freezes in winter, ice crystals in the 
soil pores tend to at:,".7t nlore water from tufrozen lower levels. 
The ice crystals grow to ice lenses an( heave the roa(lway upward
see Fig. 25. 

As the ice lenses melt illtile spring, the melt water softens tile 
roadway anld causes pot holes or chtck holes. This road dainage 
is comn ion ly called "spring Ireaktl)". 

Frost Susceptible Soils 

The ,lost frost suscel tihle .oilk are tho'se that carry tile greatest 
amounts of capillary water to the freeze zone. The niost susceptible 
soils are silts anl finie sands. Their minute pores act as capillary 
tubes who e *'ery ,ize attract and water generally upwardsmall feed 
and relatively fast-like a wick in a kerosetne lampi. 

Cla\ys can draw water to greater heights ( aver 30 ft.) than 
silts, but the clays draw smaller anlloits at a slower rate and so 

are not as frost susuceltile as silts. ( )rganic clays are ai exception. 
The chart shows organic clays to be the most frost susceptible 
of all soils-but, overall, organic clays are not commio"lv encountered 
in Indiana. 

Further review of the chart sho\ws the following: silts and fine 
sands are the inost frost susceptihle; clay's in general. are second; 
dirty sands and gravels-third and clean sands and gravels es
sentially are not susceltible to frost. Clean gravels and sands are 
free draining with voids large eniough to lreclude capillary action 
stch inaterials are not susceptible to frost action. 

Preventing and Minimizing Frost Damage 
(1) IcplozCczjzc'u of Frost SulscCptibli' Soils-The only" sure 

way to pre\'eit frost action is to replace frost susceptible soils with 
clean, free-draining, nonfrost-susceptihle, granular mnate-ials to the 
full depth of frost penertation-about 18 in. to 24 in. Ilowever, 
this is often not economically feasible for Indiana counties. 

(2) Keep the Sibqrade Dry- If there is no water in the sub
grade. there will he no heave. )itches and subdrains should be used 
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FROST HEAVE - ROAD SURFACE 
RA SUFROST 

ROAD SURFACE• 
...................................



SUBGRADE



CAPILLARY WATER 

UNFROZEN


SUBGRADE



WATER TABLE WATER TABLE 

118 NORMAL SITUATION FROST HEAVE 

Fig. 25. This sketch shows how ice lenses growing and melting ii frost 
susceptible soils cause upward and ,,wi ard in lent and,break-up 
of avenients. The three factor, involved are: (1 ) freezing teuiper

ature, (2) st-urce of water, and (3) ir,.t sccptibh. sils. 'flt. 

last two factor., callhe cotrlied. 

to lower the ground water level and/or to intercept springy or water
bearing strata. Make especiaill sure that ditch levels are below 
bases-see tIER'lIC Bulletin No. 4, "'Principles of Highway Drain
age and Erosion Control." 

\Where the ground-water level is near the surface, and cannot 
be lowered. an ideal silution is to raise the grade one or two feet 
with clean, grannlar materials. If this is not feasible, then raising 
the grade, say two feet, with fine-grained soils will help ninimize 
frost damage if the soils are properly compacted. 

(3) Good Maintenance Practices-(od maintenance, especial
ly the use of good surface drainage, plus keeping the pavement 
surface sealed, will help to minimize frost damage. Posting of 
damage-stisce tible roads is also advisable. 
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Compaction Properties of Soils 

Tile primary objective of this section is to emphasize the benefits 
of proper soil comapaction. Indiana county highway departments need 
to make better and more consistent use of this tried and proven 

construction procedure. 

There is no other single treatment, at so low a cost, that pro
duces as much iml)rovenent in the physical l)rol)erties of a subgrade 
or base niaterial as does prol)er coiil)action. Comal)action makes a 

soil: tighter, denser, stronger, keeps it drier, makes it less frost 
susce)tihle, minimizes voluine changes (swelling and shrinking) 
with wetting and( drying and minimizes settlement. A pavement on 

a well-compalacted fill or suhgrade is stronger, miore durable and less 

costly to nlaitaill than one Oil a poorly-coial)acted or incomplacted 
fill or subgrade. 

Compaction Defined 

Soil compaction is defined as a nechanical process in which 

soil iiaterials are made more dense. )ensitv is increased b reducing 
air voids-air i., litirally squeezed out-the water content renains 
constant. Ini general, increased soil density increases soil strength. 

Compaction Factors 

There are five factors involved in soil conil)actioii (I) soils. 

(2) equipinelnt. (3) lift or lay'er thickness, (4) number of equil)mnent 

)asses, and (5 ) soil moi.,sture content. Each of these factors is briefly 

discussed below. 1)etailed slecifications for sulbgrade and base coi

l)action are l)rovided in the Indiana State I lighway Commission 

Standard Specifications. 

Soil Type and Compaction Equipment 

Certain soils are more efficiently conipacted b\" one type of 

comlpactor than another. The Soil Use Chart lists the most efficient 

comapactors for each soil classification-also see Fig. 26. 

In general, the rubber-tired roller is I)resently the best universal 

roller-it is good for all soils. The sheepsfoot roller is excellent for 

clavey soils and dirty gravels and salIs lut inefficient for silts and 

fine sands. ThI latter are best comnpacted b\' the tamlping action of 
i)ad-feet oin segniental -wheel rollers. 

The steel-wheel roller is listed on the chart for all soils, mainly 

because there are so nianN' readily available. When the steel-wheel 

roller is used as the prime compactor, minimum lift thickness and/or 
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maxinmum passes should be used. The steel-wheel roller is best used 
as a finisher. 

Gravels and sands, with less than 15 percent fines, are most 
efficiently compacted with vibratory equipnent. Crawler-type tractors 
can effectively serve as vibratory compcators. Vibrator%, equip
ment includes: vilratory shoes or plates, vibratory rollers, and nobby
grid rollers. With less than 15 percent fines, ';ihrations travel fast 
and deep, through hard particles, rotating them into a tight fit. 

Lift Thickness 

Usually soils should he spread in layers 6-in. to 8-in. thick in 
a loose condition. As the fine-grained soils tend to bulk up more, 
their loose lift thickness would cone closeir to 8 in. and the more 
granular soils closer to 6 in. Usually the average compacted :ift 
thickness is about 6 in. 

Granular base coltrse materials may be compacted in lifts rang
ing up to 6 in.-depending upon the type of compaction equipiment 
utilized. If smooth-wheeled compactors are used, the lifts should 
lie controlled to about 4 in. lowever, if vibratory compactors are 
used, lifts of up to 8 in. or 10 in. may he permitted. 

Number of Equipment Passes 

'he average ntumber of passes for "standard" equipment, average 
lift thickness and optinum moisture content (see helow) is four to 
six. Soils oil the dry side will require more passes. l-xcessively wet 
soils shotld be given time to reach a drier state. 

For rollers with pegs or pad-feet, comlpaction is comlpleted 
when the pegs or pads "walk-out" or "walk" ol the comlpacted soil 
surface. 

Soil Moisture and Compaction 

For each soil type there is a certain moisture content at which 
a relatively high density can he attained with a minimum nunber 
o0 equilpent passes. 'his favorable moisture content is called tile 
optimnumn moisture content. At optimum moisture there is enough 
moisture to lubricate the particles and just enough to fill most of 
the void spaces after compaction. When there is too nuch water 
in tile voids, soils tend to wave-up in front of the roller and do 
not properly compact. 

There is a rather detailed laboratory test to determine optimum 
moisture to produce maxiunumn compaction. Below however, is a 
simple field test to determine if a soil is near optinum. 
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Field Test for Approximate Optimum Moisture Content 

Fine-grained soil, and dirty\ gravels and sands should be 
thoroughly datlt---ntt wet anl stick\'---;io not (Irv and du.sty-
Fig. 27. The ,oil should lie dampt'ettoigh that a hall of the s.il will 
stick together wlwit lste/ed ill the had--Fig. 28. .\s a further 
check, drop the hall of soil )nia lharid .lrfae frnili a height of 18 il. 
to 20 ini. It should le iiiot!t enough that it cracks but does not shatter 

after striking the solid .tir face. 

122 " 

' 27 28 
Fig. 27. For efficient compactim (,f 6:1e-grail d i,. and dirtY graVtlN arid 

s",and,. thc ,,fl ,h, ull Ibt: th,,r,,.-i !% +:L:! I ht~t 11"I ,.vI~ ;w t I.iA ',.Thc 

a h,, i , a i iv . 2i,, illu tro iua iir.iflplc ti ic"l ,i lhiii i,3 
"I'iq i mtllIlc t l f'"lltt'll't 

I-i z. 28. Ili -,,il h,,mi al,,,e i- ;it ,pt im mill w-,,11rc contct'l. A' handlitl, 
firnmly -fque'ezcf in tlc han, .h,,ld. I*vwtwr anod I1,Isicki,a  t the hi:ijds. 

.A furihir check, i- t,, dr,,- tih toll Is iii. i,, 2 in. wITa hard .urfair. 

Th 'lt .,,i l, ,,lY crack and i,,t ,hatr. 
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APPEITDIX A-SAMPLING PIT-RUN SANDS AND GRAVELS


FOR TESTING



Obtaining a Representative Sample 
The prirnar comceril in olitaiiiing a sample from a gravel pit for testing is 

to get a representativc sarirpl. If a l,,wer sh,,vel is to scoop across several 
layers, the saintle obtaine.d sh,,ulinclude material from each layer mixed 
together j itst as the sit' el mixCh it wtel Itad ing it into a truck. Test results 
represent (uelythtsai;nlc and th i'ore i nle the sample represents the material 
to be placed on1prade, the miore valid the tet results. 

Reducing Size of Representative Samples 
)btain a represettativ sairple of aliiut 40 lbs. (if gravel atnid/r sattd, place 

it on a piece (if canvas aoid mix it well. Remove cobbles larger than 3 itt. 
With a lirim stick, quarter the large sample, as shown in Fig. 29. to get a 
smallr vet rallrwtitativc saurple for testhig. After quarteritig, discard two 
diagonally i p. ite quarter, and throughly mix the remainig two quarters. 
This is a represelrtatlve sample reduced to about 20 libs. Ti obtaini anl1evett 
sla1ller represeitativt' ,ainile, of about 10 lis., the above prces should be 
rcepated.



IFig. 21,. .arge re;ircsetitative soilsart ples cart iereduced to sinalIr represen
tative samlples I.%tll;irteritig. It k ii taill:v d,,inc oilcpar-e-graiicl Sattples. 
A piece tf caiiva arid a Itig briom tick ,r shlel Lrihilt 1Wcan Ic -ed 

as shtiilve 
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APPENDIX B-SUGGESTED TEST EQUIPMENT FOR SOIL 

IDENTIFICATION 


Soil classification in tie field generally requires little or no equiplent;, how
ever the following items will facilitate the %%ork. 

(a) 	 A rubber syringe or small oil canl of about I. pt. capacity for adding 
water. 

(h) Porctla in pan. approx imately 12-in. diameter alld 5 in. deep. 
(c) 	 Small porcelain bowl, aplroxintattlY 5-ini. hcav.-ditty cereal bowl or 

similar container. 
(d) 	 Standard 'est Sieves, 8-in. diameter, sizes No. 4 and No. 40. 

Note: A piece of wire, hardware cloth with approximately 14'-in. 
openings may te stibstitttcd for the No. 4 test sieve. Likewise, a picce 
of screen wire with openings of about m -itt. may be substituted for the 
No. 40 sieve. 

(e) 	 Tall, slender, straight-sided. gla s jar, at least 6 in. in height with a 
good cal). 
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Section 4. UNIFIED SOIL CLASSIFICATION SYSTEM 

1. REFERENCE. Soil designations in this manual conform to the Unified Soil Classification MIL-STD
619B (ME), 12 June 1968, which was modified from the former Airfield Classification in 1952 for adoption 
by the U.S. Corps of Engineers (USCE) and the U.S. Bureau of Reclamation (USBR). 

2. UTILIZATION. Classify soils in accordance with the Unified System and include the appropriate 
group symbol in soil descriptions. See Table 1-4 for elements of the Unified System. A soil is placed in 
one of 15 categories or as a borderline material combining two of these categories. Laboratory tests may 
be required for positive identificatibn. 

a. Sands and Gravels. Sands are divided from gravels on the No. 4 sieve size, gravels from cobbles 

on the 3-inch size. The division between fine and medium sands is at the No. 40 sieve, between medium 
and coarse sand at the No. 10 sieve. 

b. Silts and Clays. Fine grained soils are identified according to plasticity characteristics deter

mined in.Atterberg limit tests. Categories are illustrated on the plasticity chart in Figure 3-1. 

c. Organic Soils. Materials containing vegetal matter are characterized by relatively low specific 

gravity, high water content, high ignition loss, and high gas content. Decrease in liquid limit after oven

drying to a value less than three-quarters of the original liquid limit is a definite indication of an organic 

soil. 
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TABLE 1-4 
Unified Soil Clasification System 

70 

"D 
0. 

Group 
Primary divisions aym- iSecondary divisionsbol 

Coarse grained Gravels. (More Clean gravels. (Less GW Well graded gravels,

soils. (More than half of than 5%of material gravel-sand mixtures, lit
than half ofima- the coarse smaller than No. 200 tie or no fines. 

terial is larger fraction is sieve size.) 

than No. 200 larger than No. 

si-ec size.) 
 4 sieve size.) 

GP Poorly graded gravels, 
gravel-sand mixtures, lit
tie or no fines. 

.. do ...... Gravels with fines. GM Silty gravels, and gravel
(More than 121%of sand-silt mixtures, which 
material smaller may be pootly graded. 

than No. 200 sieve 

size.)' 


GC Clayey gravels. and 
gravel-sand-clay mix
tures, hiclh may he 
puorly grdadrd

DO ... Sands. (More Clean sands. (Less SW Well graded sands, gray
than half of thar, 5% of material elly ,.inds, little or nothe coarse smaller than No. 200 fines. 
fraction is sieve size.) 

smaller than SP Poorly graded sands,No. 4 sieve gravelly sands, little or 
size.) nu fines. 

.. do ....... Sands with fines. SM Silty sands, and sand-silt

(More than 12% of mixtures, which way be 
material smaller poorly graded.than No. 200 sieve 
sizerIa 

SC Clayey sands, and sand

clay MiXtures, which 
may be poorly graded, 

3 
Laboratory classification criteria Supplementary criteria for

visual identification 

D60 Wide range in grain size and 

= greater hn substantial amounts of all 

- (D3o)a internediate particle sizes. 


e 

Not meeting all gradation require- Preddminantly one size or a 
ments for GW. troige of sizes with some in

ternediate sizes missing. 
Atterberg limits ' Attetberg limits Ntul~lastit fines or fines of 
below 'A' line. above *A' line low plasticity. 

or IlI less that, with P1 be

42 tweet. 4 and 7 


Atterberg limits is li-rderline Plastic fines. 
above "A'line, case 
with 1l1 greater GM-GC 
than 7 

)than 6 ide range in grain sizes and 
b 0 substantial amounts of all(l)30)7 intermcdiate particle sizes. 

Cc = a )60 between I and 3 

1 I
Not meeting all gradation require- Predominately one size or aments for SW range of sizes with some in

termediate sizes missing. 

Atterberg limits " Atterberg limits [Nonplastic fines or fines ofbelow 'A* line, above 'A" line low plasticity. 
or PI less than aith PI between 4 and 7 

is borderline 
Attetberg limits case Plastic fines. 

above "A' line, SM-SC 

with PI greater 

than 7 


CD
x 



0 
0 
3 
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TABLE 1-4 (Continued) C-
Unified Soil Classification System 3 

divisions 	 Group divisions 	 Laboratory classifica.o .condary Supplementary criteria forcriteria 	 N 

Primary iym-	 visual identification 
bol 

Tough-

Reaction ness 
to near 

strength shaking plastic 

limit


Fine grained Silts and clays. (Liquid limit less ML Inorganic silts, clayey Atterberg limits Atterberg limits one to Quick to None


soils. (More than 50.) silts, tock flour, silty below *A' line, above "A" line slight slow


than half of ma- very fine sands. I or PI less than with Pi be

terial is smaller 4 tween 4 and 7
than No. 200 ... do ........................... CL Inorganic clays of low to Attetberg limits is borderline Medium None to Medium



sieve size.) 	 medium plasticity; silty, above 'A* line, case to high very


sandy, or gravelly clays, with P! greater ML-CL slow



; than 7 
.. do ........................... OL Organic silts and organic Atterberg limits Slight to Slow Slight 

silt-clays of low plaS- below A' line medium 
ticity, 

Do ....... Silts and clays. (Liquid limit greater MH Inorganic silts, clayey Atterberg limits Slight to Slow to Slight to


than 50.) silts, elastic silts, mi- below 'A line medium none medium



caceous or diatomaceous


silty or fine sandy soils.



do ........................... CIH Inorganic clays of high Atterberg limits High t; None High


plasticity, fat clays, above *A* line very



high


..do ........................... Oil Organic clays and silty Artetberg limits Medium None to Slight to 

clays of medium to high below "As line to high very medium 
plasticity. ,_slow 

Ilighly organic soils ............... Pt Peat, meadow mat, highly Iligh ignition loss, LL and PI de- Organic color and odor, spongy 
organic soils, crease after drying feel, frequer.dy fibrous tex

ture. 

'Materials with 5 to 12 percent smaller than No. 2-I sieve are borderline cases, designated: GW-GM, SW-SM. 
2See Ch. 3, Figure 3-1, for position on plasticizy chart. 

CDX 
01 
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CHAPTER 3. LABORATORY TESTS AND TEST PROPERTIES 

Section 1. INTRODUCTION 

1. SCOPE. This chapter covers laboratory test procedures, typical test properties, and the application
of tests to design and construction. Symbols and terms relating to tests and soil properties conform, gen
erally, to definitions given in ASTM D653. 

2. RELATED CRITERIA. For additional requirements concerning laboratory tests for highway and air
field design, see the following: 

Subject Source 
Tests for airfields ....................................................... 
 NAVFAC DM-21 
Tests for highways ....................................................... 
 NAVFAC DM5 

3. LABORATORY EQUIPMENT. For lists of laboratory equipment required for performance of tests, see 
Lambe, Soil Testing /or Engineers and other criteria sources given for test procedures. 

4. TEST SELECTION FOR DESIGN. Standard or suggested test procedures, variations which may he 
required, and type and size of sample are included in Tables 3-1, 3-2, and 3-3; Table 3-4 contains soil 
properties determined from tests and their applications. 

a. Index Properties Tests. Index properties are used to classify soils, to group soils in major strata,132 and to extrapolate results from a restricted number of structural properties tests to determine properties of 
other similar materials. Procedures for most index tests are standardized (Table 3-1). Either representa
tive dry samples or undisturbed samples are utilized. Tests are assigned after review of boring data and 
visual identification of samples recovered. 

b. Structural Properties Tests. These must be planned for particulir design problems. Rigid stand
ardization of test procedures is inappropriate (Table 3-2). Perform tests only on undisturbed samples
obtained as specified in Chapter 2 or on compacted specimens prepared by standard procedures. In certain 
cases, completely remolded samples are utilized to estimate the effect of disturbance. Plan tests to deter
mine typical properties of major strata rather than arbitrarily distributing tests in proportion to the number 
of undisturbed samples obtained. A limited number of high quality tests on carefully selected undisturbed 
samples is preferred to many mediocre tests on specimens selected at raiidom. 

c. Compacted Sample Tests. In prospecting for borrow materials, index tests or tests specifically for 
compacted samples may be required in a number proportional to the volume of borrow involved or the 
number of samples obtained. Structural properties tests are assigned after borrow materials have been 
grouped in major categories. Select samples for test to represent the main soil groups and probable com
pacted condition. 

7-3-1 



Compendium 2 Text 5



TABLE 3-1 
Requirements for Index Properties Test 

Reference 

Test 
for standard 

test 
Variations from standard test 

procedure 
Type of sample for 

tes0 
Size or weight 
of sample for 

procedure test 2 

Sample preparation. ... ASTM D421 None ....................... Disturbed rv undis- As required for 
turbed. subsequent 

Moisture content ..... ASTM D2216 None ....................... Disturbed or undis
tests. 

As large as 
turbed with unaltered convenient. 
natural moisture con
tent. 

Dry unit weight ...... .None ...... Determine total dry weight of a Undisturbed with unal- As large as 
sample of measured total volume. tered natural volume, convenient. 

Specific gravity: 
Material smaller than ASTMl D854 Volumetric flask preferable; vac- Disturbed or undis 25 to 50 gm 

No. 4 sieve size. uum preferable for de-airing, turbed. for fine 
grained soils; 

150 gm for 
coarse 
grained soil. 

Material larger than ASTM C127 None ....................... Disturbed or undis 500 gin. 
No. 4 sieve size. turbed. 

At:erberg limits: 
Liquid limit ....... .. ASTM D423 Harvard liquid limit device and Disturbed or undis 50 to 100 gm. 

(One-point grooving tool acceptable;3 open turbed, fraction pass
method wire grooving tool acceptable. ing No. 40 sieve. 
AASHO 

Plastic limit ....... .. 
T89)3 

ASTM D4124 Ground glass plate preferable for Disturbed or undis 15 to 20 gm. 133 
rolling. Material for Arterberg turbed, fraction pass
limit tests should not be dried ing No. 40 sieve. 
before use. 

Shrinkage limit ...... .ASTM D427 !n some cases a trimmed specimen Disturbed or undis 30 gin.. 
of undisturbed material may be turbed. 
used rather than a remolded 
sample. 

Givdation: 
Sieve analysis ..... AST D422 Selection of sieves to be utilized Disturbed or undis- 600 got for 

may vary for samples of different turbed, nonsegre- finest grain 
gradation. gated sample, fraction soil; to 4,000 

larger than No. 200 gm for 
sieve size. coarse 

grained soils. 
Hydrometer analysis . . ASTM D422 Fraction of sample for hydrometer Disturbed ot undis- 65 gm for 

analysis may be that passing turbed, nonsegregated fine grained 
No. 200 sieve. Entire sample of sample, fraction soil; 115 gm 
fine grained soil may be used, smaller than No. 10 for sandy soil 

sieve size. 

I. Disturbed or undisturbed indicates that the source sample may be of either type. ASTM standard test procedures 
gisea in Standards. Part 4; AASHIO standard test procedures given in Standards. Part Ill. 

2 Weights of samples for tests on air-dried basis. 
3 Lambe, Soil Testong lor Enginers. One-point method of liquid limit test must not be used for control of 
construction or for determining compliance with specification requirements. 
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TABLE 3-2 
Requirements for Structural Properties Tests 

Reference 
for Size or weight of sample for test 

Test suggested Variations from suggested test procedure (undisturbed, remolded, 
test or compacted) 

procedure 

Perme ability: 
Constant head 0I) For clean, coase grained soils, the proce. Sample size depends on max

procedure. dure of ASTM 2 is preferable, grain size, 4 cm dis by 35 cm 
height for silt and fine saud.Variable head () Generally applicable to fine grained soils. Similar to constant head sample.

procedure. 
Constant head ASTM 2 Limited to soils containing less than 10% Diameter varies from 3 in. for 3/8

procedure for passing No. 200 sieve size. in. max grain size, to 6 in. for 
coarse grained 3/4 in. max grain size. 
soils. 

Capillary head . . . () Capillary head for certain fine grained soils 200 to 250 gm dry weight. 
may have to be determined indirectly.

Consolidation . . t) To investigate secondary compression. indi- Diameter preferably 2! in. or
ASTM 2 vidual loads may be maintained for more larger. Ratio of diameter to 

than 24 hr. thickness of 3 or 4. 
Direct shear. () Limited to tests on cohesionless soils or to Generally 0.5 in. thick, 3 in. by 3 

ASTM 2 consolidated shear tests on fine grain in. or 4 in. by 4 in. in plan, or 
soils. equivalept circular cross 

section.Unconfined () Alternative procedure given in ASTM 2 Similar to triaxial test samples.
compression. (p. 321). 

Ttiarisl 
134 	 compression: 

Unconsolidated- For measurement of pore water pressures Ratio of height to diameter should 
undrained(Q or during test, special additional equipment is be less than 3 and greater than 
UU). required. In this case rate of shear must 2. Common sizes are: 2.8 in.

Consolidated- ct) be no faster than certain limiting speeds. dis, 6.5 in. high; 1.4 in. dia,
undrained(Qc or 3.5 in. high. 
ID).


Consolidated

drained(S orD).



Lambe, Soil Testing for Exgi- ers.


2ASTM, Procedures /or Testing Soils.



d. Typical Test Properties. Various correlations between index and structural properties are avail
able, showing the probable range of test values and relation of parameters. In testing for structural prop
erties, correlations should be investigated to extend results to similar soils for which index values only 
ae available. Correlations are of varying quality, expressed by standard deviation, which is the range
above and below the average trend, within which about two-thirds of all values occur. These relationhips 
we useful in preliminary analyses but must not supplant careful tests of structural properties. The rela
tionships should never be applied in final analyses without verification by tests of the particular material 
concerned. 
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TABLE 3-3 
Requirements for Compacted Samples Tests 

Test Reference foe 
standard f 

procedures 
Variations from standard 

test procedure 
Size or weight of 

sample for test2 

I Moisture-density relations: 
Standard Proctor 
5,r-lb hammer, 12-in. drop. 

ASTM D698 Preferable not to reuse samples 
fordeterminations.successive compaction 

Each determination: 
Method A: 6 lb Method B: 14 lb 
Method C: 10 lb 

Modified Proctor 
10-lb hammer, 18-in. drop. 

ASTM D1557 Preferable not to reuse samples 
for successive compaction 
determinations. 

Method D: 22 lb 
Method A: 7 lb 
Method 1: 16 lb 
Method C: 12 lb 

Harvard compaction apparatus . ASTM2 
None .................. 

Method D: 25 lb 
2 to 3 lb of material 

passing No. 4 sieve 
size for complete 
curve.-

Masimum and minimum densities 
of cohesionless soils. 

Moisture-penetration resistance 
relations. 

ASTM D2049 

ASTM D1558 

Alternative methods using 
vibrating tamper given in 
ASTM. 3 

None .................. 

Varies from 10 to 130 
lb depending on 
max. grain size. 

As required for compac
tion. Methods A or B! 

California bearing ratio ....... 

Expansion pressure .......... 

Permeability and compression 
characteristics. 

USCE 
TM-5-852-6 

Appendix Ill. 

AASIHO T174 

U. S. Bureau of 
Reclamation E-12. 

Compaction energy other than that 
forModified Proctor may be 
utilized. 

None .................. 

Testing procedures of Table 3-2 
may he utilized, 

above. 
Each determination 
requires 15 to 25 
lb depending on 
gradation. 

10 t 15 lb depend
ing on gradation. 

15 lb of material 
passing No. 4 sieve 

135 

size. 

For other sources of standard test procedures, see Table 3-1.2 
leight of samples for tests given on air-dried basis.

3 
ProcedureforTesting Soils (ASTM). 
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TABLE 3-4 
Soil Properties for Analysis and Design 

Prepercy Symbol Units 
t 

flow obtained Direct applications 

Volume-weig ntcharacteristic s:2 

Moisture content ........ .... w D Directly from trst........ .... Classification and in volumeweight relation%. 

Unit weights .............. y FL 
"j 

Direcily from test or from Classification and for pressure 
volume-wei.ht relations. ou n 

Porosity ................. n D Computed torn olume-weight Parameters used to represent 
relations, relative iolume of solids in 

Void ratio................ e D Computed from volume-%eight totalvolume of soil. 
relations. 

Specific grayity ... .... G D Directly from test ........ .... Volume c mpntrilaions. 
Plasticity characteri-,ics: 

Liquid limit ........... .... LL D Directly from test ........ .... Classification and properties 
correlation. 

Plastic limit .......... PL D Directly from test ........ .... Classification. 
Plasticity index ............ PI D LL-PI..................... Classification and properties 

correlation. 
Shrinkage limit ......... .... SL D Direcrly frcm test ........ .... Classification and compvi-
Shrinkage ridex ........ SI ) P1-.................. ration of s,,sell. 
Activity .... ............. .A, D P 

'_*clay size' 
Identification of clay mineral. 

Liquidity index ........ LI D w - PL Estimating degree of precon. 
PI solidation. 

Gradation characteristics: 
Effective diameter ..... Dir L From grain-size curve Classification, estimating per-
Percent grain size ...... . D..3 0 ,D60 , L From grain-size curve ..... meability and unit weight. 

D8s filter desi^,n, grout selection, 

136 Coefficient of uniformity. 

Coefficient of curvature . . . 

Cu 

C, 

D 

D 

Dd 
DIO 

(D1 )2 

and evaluating lotential 
frc,stheave. 

(Dto ) - (D6 0 ) 
Clay size fraction ................ D From grain-size curve, I finer Classification. 

than 0.002 mm. 
Drainage characteristic s: 

Coefficient of permeability., k LT-1 
Directly from permeability test Drainage, seepage, and consol

or computed from consollda idation analysis. 
tion test data. 

Capillary head ............. he L Directly from test ........ . .. Dratr.Ag and drawdown 
analysis. 

Effective porosity .......... nc D Directly from test forvolume of 
drainable water. 

Consolidation characteristics: 
Coefficient of cempres av L

2
F 
"! Determined from atith.- vs p Computation of ultimate 

aibility. curve. settlement or swell in 
Coefficient of volume my L2 F1 . av consolidation analysis. 

compressibility. _ I e 
Compression index ...... cc ) Determined from semilog e vs 
Recompression index ..... 
Swelling index .. ._._._._._._._cD 

C, 1) 
D 

p curve. 

Coefficient of secondary C D Determined from semilog time
compression. consolidation curve. 

Coefficient of consolidation. c LZT-' Computation of time rate of 
I _settlement. 

Prrconsolidation pressure.. Pc FL "2 Estimated from semilog e vs Consolidation analysis. 
p curve. 
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TABLE 3-4 (Continued) 
Soil Properties for Analysis and Design 

Property Symbol Units i How obtained Direct applications 

Sheaf strength characteristics:


Angle of internal friction . D Determined from Mohr envelope Analysis of stability and load


Cohesion intercept ..... c FL-2 for total normal stress. carrying capacity of founda-

Angle of internal friction . . D Determined from Mohr envelope tions.


Cohesion intercept ..... c F:TZ for effective normal stress.


Unconfined compressive qu FL-2 Directly from test.
 

strength.


Shear strength . F


Sensitivity .... ........... St D q (undisturbed) Estimating effect of disturb


q. (remolded) ance. 

Modulus 	of elasticity ... E. FL " Determined from stress-strain Computation of elastic settle

curve. ment or rebound.



Characteristics of compacted 
samples:



Maximum dry unit weight... yma. FL "3 Determined from moisture- Compaction control and


Optimum moisture content . OMC D density curve, computation of weights and



forces in stability analysis.


Needle penetration resist- Pr FL "4 Directly from rest ........ .... Moisture control in compac


ance. tion.



Relative density ........ .... Dd D Determined from results of max Compaction control.


and min density tests.



California bearing ratio . . . CBDR D Directly from test ........ .... Pavement design.



'Units: F = force or weight, L = length; T = time; D = dimensionless. 
2



For complete list of volume-weight relationships, see Table 3-5.



Figure 3-1. 	 137 
3. ATTERBERG LIMITS. For classification of fine grained soils by Atzerberg limits, see 

In addition to their use in soil classification. Atterberg limits also are indicators of structural properties, 

as shown in the correlations in this chapter. Limit tests should be performed discriminately, and should 

be reserved for representative samples selected after evaluating subsoil pattern. Determine limits of each 

consolidation test sample and each set of samples grouped for triaxial shear tests. For selected borings, 

determine Atterberg limits on samples at regular vertical intervals for a profile of limits and corresponding 

natural watet contents. 
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The Identification of Rock Types


Introduction 

The interest of highway engineers in 
selecting the best rock for use in different 
types of highway construction suggests 
the need for a simple miethod of identi
fication of rock types which can hi' 
applied in the field. A suitable method 
which will iassist the highway engineer 
in identifying rnany of the differeiit t3 ;,s 
of rock with which hi' is conceri eil is 
presented in thi articl'. Ai attempt 
hus been mad, to present this ivtlod in 
simple terins for tlie hwit l of those who 
are not familiar with cxpressions normally 
used in ietrographic dhescriptions. 

A previous edition of this publication I 

has; been ustd iii the trainiig of enginers 
assigntd Ito the I)ivisiont of I'ltysical 
Researeh of the Bureau of Public Rtoads 
for instructioni. Soii of these (etginiit'rs 
suggested certain clintges il liet text, 

and the list- itore illu.,trations to assistof 
in the expl:tation of tirits usedil. Thec 
suggestionls havc beefi followid as fully 
as uas be.n practicabhl. lit atdlitiont, 
some clanges have Ibeen illidi' to iliini
nate certain classiicrations of rock which 
were of little interest to tli practicing 
engineer, or types which coul not ie 

identified inthe fh'htusing the equipmnit 
norially av iihiblt. 

The mtthod of identification of rock 

presnted here is intended to be applied 

to pieces large enough so that the stru

ture of th' rock can lie observeid chiarlv. 

Ill small pieces, the aliemllent, if uny', of 

the iniiirals composing the rock ii1tty 

not be obstrvid its readilv as it would be 

in a larger piece. The ust'r of this mithod 

is urged to obtain for stiuty ats large it 

piece of the rock as is convenient to 

I Ortglnully published Ini ULI RlOADS, vol. 26, 
No. 2, June 19M,and subsequently printed itnpain
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 gliLss of 6 to 10 power, and 
a bottle of dilute hydrochloric acid, pref

erably with a dropper (available at 
most drug stores). In some texts, state
inents will*be read th at housethold vinegar 
couhdl Ie used if tIe acid is not available. 
Experi ients with viiegtr obtainable 
frori grocery stir's and miarked "reduced 
to 5 percent acidity vwith water" showed 
tliola this vi.i egar is a poor substitute for 
ordiiiarv dilted hydrochloric acid. Since 

the latter miy contain 20 to 33 percent 
of the utorial concentrated acid, the 
unsuitability of viit-gar as it replacement 
of (litt, hydrochloric acid can readily 
hie uiderstood. 

SOincii t i it arago fi tint of quartz or it 

quartz crystal will he fouiid ustful iii 
tlh' ideittificatiot of niiniral.,. (;it- 141 
er.ly rtuint'rils which ar' large enough 
to be te(stid for hardtress with the quartz 
can I)vidi.tifie'd visually. The core of 

1bIllet fro i a round of 30-caliber armor
piercing atini'nition is easy to carry and 
has bet'n found of inconsiderable 'amlui' 

the idcntificatioi of thiuartz aid feldspar. 
A machinist's or glass--m rking scriber 

wvitha tutgst'n carhid tip will also bc 

found ust'ful for thii purpose. 

T'I'li iethod of rock idhntification pre

entcd in this lpblication, follows that 

given by Pirrson and Knopf," which in 

turn was based on that given by Gcikie 
3 
 

in his T.rtbook of G, oloy. It uses a 

combinittion of siii tlih' liltysicaI :itd clieii
ical determinattions to identify' the rock. 

I Rocks and Ro,'k Mtinceratls, by I,ouis V. I'frrson arid 

Adolph KtIopt, 3d vditou; Johii Wth'y tnd Soits,



Inc., Nei York; 1947.


I Tuibook of Geology. by Sir Archlbald Ovikle, 3d



edition: ,Mactnitanand Conpany, London; 1893.
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Table 1.-Ceneral cla.ssification of rock Table 2 .- iock-foruing nitinerals 

C i.c Type Flamily Namue Conilition 

ilOranrtl liiM IM I. N'ER.LS 
|lnirtu.ive' Diirih.,

i 	 br'i 4-g.ill1Id' Ii.l,bro QllintrSll#i ..... ii oli i d, 
I ]~~~~l'rlniclihii'lf il 

] 	 I wItlleit'ltte 	 ! Silicate'l Ilornwivl h'i. lll11llnl.iof io. ii and lu 
o|~l'i:h Ik ioii il alcil il.i,, ql 

Igneous l1 IIIII L 1 1 I 

tkA'lhoif!liri I'lalii,'l:L.,I SIiri , olf S ,ilin, ilk'ill ,j llll'lll ronlllllT rictt Mid 0111111111111, 
xi m-irLive Tilivolih'. I A s "illa ironl,A~lt! ... oif cainil nl~iag

.A n l .itc I .i inl'cch 
lille'Id I 	 , Cllzthi~(-ml~,it'i silh'.ih, lirinlltll~ lly
Dkhaspl' of cilholllul rn , l Iavltl

_111111. atlilillnlllUlll. 

C"alca reco 	 I Ii stoIIe M U:tiiivii Iv Vi ro il 111 i k. of it'ill I 
Dliotlie .. IINl'ir" 'ilohill if 1,tIL. 

ill, 11Il i. UiI, ir"o1n, 
Sedimentary loal 	 . arlh..l iflllll ffllllll

Siiert Chi.r I Rock.Vw lilil . If li O\ he 

1Con vloin eratP 3 ( il ttl ...... . , 1 11at' o f l l][ l11 il 11 111,11i 

Frcca lillaieii'UII 
iron. 

"(fl!ted solhl I 

Amlolioliie 	 SEC''IDAIII .l11 tPlilS 

Metamorphic--
(flilhdih ...... Caslc iii clbtl. 

'Nonfolimcd N.Iarbl,I arlwiuite,. 
FreoI OlIUI'II1oenii inleiyn....ni-kllt'iil 	 1('ionjice - 47y,,1-11llO.1111 d IrallSolOo a l hli S e r fl n ti nieVll K ao l i n . . ... . . . j lIroi It l i i h niiglltnlll14 2 

Challorite ....... H ,ii o irlic'at, liroll.f i ag
Fror u i i llrphyr iiv'r lli i hf tro i-lllfv occurs* w a l A il 	 kI Includei i liidKerahl " uid %ihe r-olhtve.rUt -il - 11-. i i ofl givn 

minerals fanot I other ihe 	 lrel r >be de nrmili lutI11i\'s	 Te rocks fi onplr,I May In ~ l~jcccj~ld partiallyte 	 orllili'~lselnliruly of tcaj- l .. :'Ii-,~m, l \allso be corn~i orteCl~il	 irmioil (je~rII filial(nr.hi 'ihollluncareous rnaterials. 	 QplIi~........ | lyd,rlll -di(o n diowlie.



In sone es tile idividlial ineii rals tall Ge(erall Clasifiactiotbe ide tifi,,J, "andthe rock calll eh lied 
front io'-Nledge of its coOloilttllirin- i A erLer' l cl'sifiateh lio n of rocks of in
cra tIoir ndinlce ie rilktivi tengrt in hivhicy cliae of 'lillstrictiso is gve
amounls of each. ji t ases it hothier i njiiiil ('l 1 . Ihe rocks are fir.t separated
erlt mIai be too sinilltIo tjidht ify with ilito three ci:ti 'lili. stedilllelier,
tal hlks iis, nitisd i r It , had lindri.CruiiirJ-hi.- i(i lidie- of tllirret o ,h ll'l 
to the ahi, l liitjfu io',th i Irf . (llilli. ol (,ri i :il'r, (l a :s,- i e d %iitihhra r id t o t h e s tl r ulc t u r e' o f I h i . r , )(,-4_ I t r c ganrd t ' h a~r act s t i c s o r c i i ) l i y%-ic a l c eri n . 
sh o u l d no t b e'e x p o w 'v(I t h a ti t hi . m el t h o d' i val c oll li p f i~il i ( , 1 . 
11i1l perr'lit thlf' iden'tificaltioni of lilly ld Ilit i viJi!i-wlS (+j-1., I(- itrusve, or 
tll roc(k, bti it is- lio'\'d Thai ti,. ilj r c'oar-.-IFwiiwd rocks intc-ldt, sulch famliil
will beabih t1o idiflitify 'vtilllr, Illofclltlll i: r liaitfri:d : ., wra Iiil "Il:Id gabbllro. 

rocks u.oed ini higlwvay coilllctill, Ii "|'hl,, rorkl w ,nr' fcinrii'c frnlll iolteln 
those cas,.o whliro' ti, rml-k (':Iil noft li i- liatcni:]il and co'i,'d Sliwl v .i li h Ow 
tively h(be hclitifif'cl, I hi' i-r of Ihi, mill.t - 'rvstl] c' i[,lhilv tll' rolk c.v'liil d to 
or] should hav'e f0 li''itally in sltil lin atr'll'hib,. siz., 'I'h. exti lisi\e rlck,
which type of rock ihf :lIitli iidolr wirt. ahoo fciriiccl froli iloli llitlrterial, 
study Iliost closely randltllhtli'. oni de
scribiig the particul ar fi'itur's of the ' iI1l'.,I Ioncil Il i2 f1lItion of . fintro ('ornposilion and Ikrc'f S,,ctcc to I'yhyical IToprlarlc of RfoadSlini e which are Ilot iii i~ri'i'll!,'li t wilhii .%[fafeC,I . y F" C. . Lord; I'.S. l'larllmenl of 
the characteristics of tie t.yle, rl ntiio 'cd. Agciculturc likll.-iii No. 3:i; April 4, 1IG 
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but these cooled so rapidly that the crys- stone and dolomite. Sedimentary rocks, 
tals are very small. In a few ca.ies, the which are composed chiefly of silica, 
molten material formed as a glass, re- include shale, san(stone, and chert. 
suiting in obsidian or similar rocks. The The metamorphic cls its; separated 
fine-grained crystalline rocks include rh y- into two groups based on the structure of 
olite, trachyte, andesite, hasalt, and din- the rock. In the foliated or layered 
bai,-. The first three of these rocks itre types are included gneiss, schist, and 
sometimes grouped under a general faI- slate, while quartzite and marble are 
ily name of felsite which ilnlules uplht- included in the nonfoliated type. The 
to medium-colored, very fine-grainc( inetamorphic class includes those rocks 
igneous rocks. Basalt aindul diahase are which have Ibwe formed from another 
frequently descried in encizinrintq ter- type of rock by heat or pressure. For 
ininology its "tralp rck". example, gnieis, may be formed from 

The sedimentary clas s of rocks, formed granite, miarble from limestone or dolo
by deposition of water- or wind-trans- mite, and quartzite from sandstone. 
ported rock grains, is separat(,d in oi two Sometimes this alte.ration improves the 
groups on the basis of the principal min- quality of the rock, .s in the case of 
cral compollelt. ll( calcanrt-o rick , quartzite, which is a much harder and 
which are composed i(-entall *y of eolo- iougher in:tterial than sandstone. In 
pounds of liine or iiagnI sia, icl iieh o- other c:v-e. , the reverse applies: marble 

Tale 3.-Mineral composilion of rocks 

I . :s , ntiat linitiral comf oUit O l, percnt I



Nane of rock 

" E 143



Igneoui rocks: 
Graillth .................. 30 45 (9) ... 66............ (6) . ..
 .....


Illotili grnitl . .......... 1 27 41 9 ... I-- ....-. ..--- (7)... .... ..


Iornblenrde gra ,....... 26 3 12 ... 
 13 4 ---- ---- (10)... ... 4



A ipkle syll, .......... (4) 52 8 4 .... (3) (11) (3) (4) 4
Diorite.................. 8 . 27 (4) .... (3) (9) (5) (3) 5

ilahi ro.................. 
 8 9 ... .... (3) (fi) ... ... 10


Ithyolli ................ 43 32 45 . .. . (5) .... (4) (3) ... (4) 4

Trrachyt. ............... (3) 42 . 6 -. (3) (3) (14) (5) (7) 5

Andeslt .................. 67 - 4 ....... 14 3-------- (6) .... (3) (8)1 6



1slt ................... 70 .......... 36 ... ..--------------- (3) t5

Altered hias;Ot.............IW, ... ..... 32 31--- ----- (9) (4) .. (4) 8
...


aa...................29-------------44 46---...-...--------.... .
(4-4)
 6 

Alterrd dishast .......... 231 ...... 35 26- ... -...-.... (15) (9) ... 
 (4) 11
 

Sed linitary rocks:


1Inw1st5 ni .. .............. S75 - .... ... 83 ............ ..
 3

I)olonil.. ............... 331 (5)------- ....... .... ...--------- --... 2

Sailndslon . ............. 10.1 79 (S)-- ..------ -------- (4) . (9) 3


Filsiatlh lslir.. 1ii 35 "6----......-. (3) (3) (21) (4) 7


('ahntreoto. s~mdIstol......... ... 46 ....... 42 .... .... --- (3) 6


Chert .................... 93 62 ...--- ---
 -... -...-.......... ..... .. ... 47



(6) -...- - --.. 

NI etanorphic rocks:


(ineite geiss ........... 169 34 35 (4)- ...-- -. 20 ...... .... .... .. ..--- 7

]lornblende gne L....... IS 10 16 15 (3) 45 (4) ----------------- ... 7

NI1hie slilst................ .. 3 14 (1).......40-------------------------9

Chloril sctil i .......... 23 II .. 10 .. (5) .---.------39 
 .... 2 (4) 3
 
Hlornlende seli ...........M. (3) 12 --- 61-------------------- (7) 77
 
A niihlboIile..............221 (3) ... 8 70 ---------------......

 12 . 7 

Slate.....................71 
 2N (4)-- - - ...--- . 55----- ..... - .... .---. (5) 7 


arit ............... 1 4 (3)--- ------ (4) ------------- ... -... 9
.' -riitexie fluartti,Ih.%liatlille ilu4Arl7i.......... 1 N . 13_. .~-.. (7) ...... (3) (10) -
I ... .. .... .. .. .. . (5)- is7 

C itrbh,................ 
 (3) .-.. I ..----..I --- I -
Valhes qlowl In I pareitit Iises il ndl':lIlinnrals ot her than those esi nltal for lie classifleation of the rock,


Inlcluies 10-20 i r'elil rlwk glit..
tnlle tlone oillhis S l"rcvit lie Illliriil doiililite; the rock dohlllne conti ns 82 percent of this mlneral.


Inluldei 3 lierr-lil olili

Includles 3 perlli garnet. 
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generally is inferior to limestone or dolo- 100 I I 
HYDROUS ALTERATION PRODUCTSmite as an aggregate for highway con

struction. 
GLS RIO OREso 

Mineral LCompiositiori of Rocks 

The more important rock-forming min- 

erals are listed in table 2. These are 60 
separated into primtry and secndary 

minerals dhepending lpu wWhethcr they , AND 

are found it, tie origilnn igneou- rock, z ,IICROCLINE 

or wvere (erived I,% alitration of tilt ill- 0 

rock  eruls in, t .hem-
L OCLASE
The essential in,,r:al etilpositin of 

the mere comnilt rock- ii.vd in hiizh:way t 0 

constructioni i,-givt.h in t:nth 3. This is 
a condensation of ntttrial giv'on itl QUARTZ 

United States DjI arl net oIf Atricult urv, 
Bulletin No. 34S5 II table 3, the aver- GRANITE SYENITE DIORITE GABORO 

S ASA T

age percentage di-tributionl of t hlt ain- T A l 

RHYOLITE TRACHYTE ANDESITE BASALT 
erals which art chiaractcri tic of ach 

variety of rock i- howlI, together with KIND OF ROCK 

incidental minileral- which are indicated 
Mle rals which Figure I.-Diugrcm 111fi represenitaby values inparvnlht-sv'. 

I tion of th, tninerul cOllJ).ition of 
less rocks. 

than 3 Wrcent are wit IlltiltioltlI sela
rately but are gruupell inthe table under 
"remainder". by water or wind (sedimentary class), 

144 In figure 1, a graphical relpre~entation or wa, formed by the action of heat or 

of the composition of igieous rock, is pressure or both oil previously existing 

shown. This is based oil th- data given rock (metainorphic class). Features which 

in table 3, but lut been idtalized to a will assist in this classification of rock 

certain extent for pirl)o0es of :iinplifica- are the following: 

tion. In the segmelIt marked "gla- or 
rock gla.ss appiies to tihe 1911oui1 c

are present in the roi'ks in anltslltS ign~eous.d
 

clfss:
iron ore," the 
Absvixc of glais.fine-grained extrusive rocks only. 

The color of the rock furnisles some 
content. If the Unifornit * of structure.indication of the milerile 
 

rock is white or light in color, the pre- Intrlocking crystals.



dominant minerals probably are quartz Sedinientary rlass:



and feldspar. Red, brown, green, gray, Itounded grains. 

and black colors usually indicate the l'reelcP of fossils. 

presence of minerals coataining iron. In Stratification in relatively thick 
sedimentary rocks, gray or black color. layers. 

may be caused by carbonaceous matter. Abrupt changes iin color front layer 
to layer. 

Classifation by Geologic Type Metaelorphic class: 
S,,paratiul of crystals into approxi-

It will be helpful If the user can clas- n'ately parallel layers. 
alfy rock with respect to its general Formation in thin parallel layers. 
geologic type; that is, whether the rock Broken readily into slabs. 
was formed directly from a molten niass 
(igneous class), or was formed by dt.l- All features mentioned for a given 
osition of the rock grair!s transportedl class probably will not be found in one 

single piece of rock, but one or more of 
6Bee footnote 4,page 2. those mentioned should be found. 
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a slaty foliation have a very smooth 
cleaved surface. Schists or rocks with 

aschistose foliation have cleaved surfac-s 
which are much smnoother than thet( 

gneisses but not as smooth itsthe slates. 
Under the efhiict lea t or pressure,of 

the in inrals in the foliated nietamor
lphicrocks liave bfleii catlstd to arrange 
themselves in imiore or l parallel plines. 

IThe dark-colorid iniiiirals ity separate 
froin the light-colored inierails and 
fori hand,s or streak. which are char
acteristic of certain foliat*d rocks. Fig
ure 3 shows typical sotlitiiii of gieiss 

ait schist. A e tcXoelilxli:ttii of such 

rocks mill show tlai tOwre i (,ldori an


aliript aMid cOiplehtfi SeJaratio tltl Wi e
 


Figure 2.-A vesicular basalt. lie (lark- and light-coloreld iinerals.



Usually there is a zolt' of trali.ition


Rock SI ri('tuire froti light to dark baniitld , or th dark



The strilettire 	 of te rock is of c ll-hand will contain al appreciable per-

Ot iili ,Celita ge of Iight-colorcd nilerals. Baid
~iit(ii lO:i 

,siderileh liss.istanllce inideterlnilillig the ed sidlilit ry rocks wliichI uliV lie' 
 

rock iald el si-i( ith th v e 
geet ral classificatioti of the 

withI thlie i-tl iorhic rocksincolftustIloi ii detcrlliliilig the rcis#
, 

nie g(ii(enerally IlvC all irili t chlig in color 
for the iiaterial. Masse.s of rock which oro tet lIlre, froni Oli, Idy'r to thU l1Wt


s how a miarked restin l: aice to colinIs as5sishown in figlrt! -1.


are illiqil~stioiiitl*v of ali igneois origin.


Rock which is vesicular--thalt is, cm- Idenutification of Quartz and 145



ttainlig hiirg- (or Siliall cait iis which Feldspar 
Soiietilnes lit, slaraited by thit walls 
of rock--is istiilly in igneous tYpe. All hi i 'tiei, of this lit'thiod of rock iten

eximpnlie of thi.-is showii ilifiglre' 2. tificatlion. it is liisar 3" thaitquartz amid 

IIi soine igtill rocks thii, c:iviliv,' feldspar be idilitilhitd rs wheii thse inili 
are filhed with ilinateriil whic) i. of a als oltur in crystils or grailis lairge 

ditireiit talltire froili thlt of the rock enotigh to hi seel \ith the aid of tll, 

it.llf, andith the rock is said to hiave liiil hatol his. Their idi-itificaiittit as cOli
anygdo.oidal strilcitllrt stiltulits of rock may pistit Soilni 

CSome types of ittaintirplhic rick> difliculties, silici' .vill in rocks of coarst, 
show a Ilcliirily of .trilctir, which graini these miiit-rall lity hi so siiall 

is ltescrilith its foliation. Sulch riek- l tlltli-li: i ii1(h, illdtlriiiiitiions 
cold its well hi ildcrilhwd as haidil the trlintry inieiral speiiii freqiiieiitly 

or lIya'yered, except that thiesti terini ca:linot hi appilictl. For ixailih, io 

imlil* y an aliprihit cliaiigi' in hli,aiiiar- lilill SpU'itl tIf liniieirals, feitlspar 

iice (if tIl rock fro it, lye r it) t ltie iiI liditihiti in part bY the fact that 

next'. Btadms and a .\lers art, fri'iteiitly it is sritched i. quartz. This test can 

tised ill d. scrilptiolns if seomtiniitanry si'lihtiln Iw applil ti rick .pet liiliilli

roeks. Tlhret vpii> of foliatinli g1ei- le- lcomponent iiilralls or gorain

old, schistiisi, nilil ll. are it-I'd ill in' of ;iii:0lih izi'. The' tarhide-tipied 

d(escripllos of lit-oiiittrlihic rick,. All sirilir %\illliII found of aIlv:iiiagi illthis 
,of the foliatted lirocks \\ill split tr cleave cai'. Usiially, ho\ivver, recourst iuti 

mire or less readily i iliiii., tiim,ai be i'ath'to visual txallilltliOi \ilh ri'f

the t'pe of foliatlion thiscrilie,' Ilhi degree inilite titIlie totir, shape, lister, aiid 

of sinoot hiess of tht, cli'avitd sirfaie. frailotr of tle grails. 

Rocks wih itgteis oid foliliiili have a lit igneous rocks, quartz tisiiallY has 
rough, uneven surface while those with a gray or sinoky color, while feldspar is 

5 
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white, gray, or various shades 	 of red. 
Gia ins of quartz are usially traiisparent 
or traiislucent, but those of fel(spar itre 
opique. Qiartz anid ftelIsjpar are dis
sinrilair in cleavage: if the grains are 
sutficieritly large, those of f'itlsp:Lr will 
he fouiird to hreak with flat suIrfactes 
foroling an angle of about 90 degrees, 
BY3 rotating the huarid s:mph (of rock so 
tihat light striks tHit surface 'at different 
llaglh', the c(et:l%':1g flcts of feldspar 
crystals niav be observci. A photo
grapli showiig the rethectioii of light frol 
a cleavage f:ice of a rather large crYstal 
of feldspar ili a specirlri of graniite is 
show in tiiure 5. Qtii:rtz has nio 
cltivige, aild brt:tks with a (tlltl)i(l;tl 
or s:ell-like fracture sitllilar to 	 that ill 
figure 6. Quartz has a glassy luster 

while feldspar has a luster 	 more nearly 
like porcela in. Feldspir is affected by 
weathering, and the luster tends to 
become dItll. 

In the cooling of the molten rock, the 
felspars cryst Alize before quartz. As 
a. conisequlle, the fe hlspars telli to occur 
ill crystal formti, while quartz develops 
ill ilore or less sihapeless nllasses. Fel(l
spar crystals frequeitly are COlIollllitI 
strtcturv of intercrow'i crystals %%which 
developed silltlltalneoll.'. The loligitu
ditill ayxv. of the polrtionis of the crystals 
art i:rallel, tut the traiisverst, .'es of 
onie crystal ,vgliwilt fire rotated through 
IS) (itgrtes frowr those of the IIIj:lctlt 
segrilelit. At the jutiltioin crvsbetWetii 
tal segnirits, ia pl.tiv of twinlililg is pro
diced. In rock-itnkitig feldspars, thesi 

Figure 3 
.- Typical banding in foliated metamorphic rocks: (A) granite gneiss;

(B) 	 biotite gneiss; (C) hornblende schist; (D) mica schist. 

6 
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r'--Table 4.-Characteristics of feldspitr
and quartz as components of igneous 
rocks 

.A, 	 Chitcrrsth, Feldspar Quartz 

Coor ... . h t- i..... r %
'1rauspartney 0;mi -------- ransluenrt.
Lust''r
.......
 v'rcviant'ou, 0hl sy 


todill.


't' " )('4lvag.... (Gfoodoiltwo None.



" 
 

.,.'cs 
 v forilng

'~~~~~~ ol,,i1"94
0ll
'.l



F-ormzof errs l fav. Paralh-loilijed. Shang'hvss. 
I 111 14. 

•11"I" 	 %[willtillp. F requenllt...... N . ( 

idlt ifi 4d in rock,. The ferroinngne
shi'nminSrl Coltdill 0on or imiignesia 

Figutre 4.,. Abrujjt cltIgle between or hot its :iprinjipil colupoIllvita, atnd are 
layers is chartlcteristir of banded iduntified 1,y sih, aid color. It soi e 
sedi,mentary rocks (bNded lime
stoae). 	 rocks tie lils are silicitly wellv:tallizv,,l
crY for id,,ntifiemtion, but fre

;l~aiemt(I tS Iiy iiii are vry C, )s * ili"l , y thv occur as grains or irrgllhtr 
sltc'd. :ind the cl:lvage sulrficie of :t rnass.sl aiid idvillifitltitol ;tI tile htid 
crvst :i of f,.l.imr Inuiy iplo',r Io have l speci-l'i tj 
 ulit' hbepo.-ile except bya 
bevii rifled %%ih tinv,. 1Imr'tlh',llinv~s, :is color. 

shown in ligzur. 7. Thi- tiining is not flivill ik llinhll found in well-devel
folllid in ll; 1/.z. opedl cr..tal, il rock. It Occurs ustually

A si.t Ith, p i 	 Ivi~l:t! t graims or m:lts,;l-. idhentified byllintri.,:titii(f :tldl is 

cilvrtlri , itc-of fl~l'ur mid,(lilmlrti i, it- t'olorMilich '%ric, froil :ttolive greetn
'omp nIIIIII~'I.of[igiiv'tjtlrocl,!'- iSA']t)\im to :i*ve'llow gzriv.l'linl 
 

I~tbh, .I, 	 Augiti, Itind]ortihlenh lirettill,mort, 


I'tMIoIllI v:lrl'tiv 'I of t%\o h.lr,,.f.'iuili., ofic~rtfittimf 	 Il Ipyroxviw' i"tllthlit ;tintlv~ilr liiiiirls, thl,' 


i ls lo~t,:i-s, t i t, 11 1 ,01) fo r ~-ill o t h :n id~ h olltll i p h ih lv -. ]B ug iti, .t r letnd c


t l -i	l trol a ~lv !-li;t ln r i t - itv,h l{r- h k g rc e nl t b lackc ol hor , i t tb o t hf ' m in eq ll,i a iv ;i.d ar . ln
 

i lld h ioli que ~nt ly ti in z.sscs i n1
h qxhh,, t ~ lv 	 n t t . 111:1 : tL- b [- f r , occ i ilr n t, rnn s o r t 

(Continued wi p1xie 10) 

Figure 5.-Reflection of fight front igure 6.-Conchoidul fracture Joanrd 
tleovarge face of a feldspar crystal in 
grarite. 

in glassy and fine-gruiaedrock.s sch 
as quartz, obsidiatin, and chert. 
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CD 
SYSTEM FOIRiDllEI)ENTIFI(:ATION OF (OMMON IOCKSa 

IPllElII lINIIy (:IASSI FI(-ATION 
-Cronip I.-G(;lassy, wholly or partly. 2N(roup ll.-No glassy;(Crouip lll.-Iistnclly dul1 or sily.i }lolinligeneollsa;granular. 	 Hofiute-grained that grains cannot he recognized. 3



G ro p 1 .- l)istinctly foliated; 	 1. 
oo effresei.e . it acaiiI.(rop N'.-(:Iearly fragnmental in 'nipoilion; rolr.nleil or atnglar piecest or grains cemented together.


GIOUP 1.-CLASSY IO(CKS 
 CIOUP IJI.-Continuietd
1. Classy fster; hard; eomJloidal fractlire; c lrless to5


white or sioky 
 gray-.genierally little. (Qaortz. 5. Mitly (lirtz.2. 	 Solid glass, nay ha e spherical i ldlmsioi 4; rilliant ( ) Fractmire arovitreotus luster; generally black. 	 
ind grin . ,ndst n.Ohsidin,,. 	 o 

(h) Fracture through all or tirough an3. 	 Cellular or frothy glass. 	 appreeiableI',ti. 
lx'reentage of grains. Qiarezite.

GROUI lI.-I)ULL O!{ STONY, VERY FINE-CRI{A|NEI) 
 St 1(;l{OUPl IlI C.-llard; not scratchedROCKS 	 with knife or 
%,ratched with difficulty; large distinct crystals in finer
St BG lOI,II A.-Not seratel ly fingernail, ht 
realily grounifnfaiuss.scratched with knif,.. i. 	 Crystal% of fehlspar and quartz with some of a1. 	 Particles almost 	 ferroimpereeptible; oull Iilster; ionlge- fiiagntesiln mineral (generallyncous; clay odor. little if 	 biotite) in a lightany efferestece wi 	 hI avid: coloreI sroondnass. (;ranitelorph.ry.

2. 	 Lilam in ated struct re ; rea ks in to kes. Sh ale.fayci dr r~ fla 2 	 aletecne'wtI2. 	 Little if anyv clay odfor; hrisk effecsenve tjl 2. ( :r~MalIM of fe~lspar anm tismiallywith acid.		 a ferromagnesian 

3. 	 
eemineral in a light-colored groundmass. SyeniteLit tle if any clay odor; brisk effeneseence i li acid otlilwhen rock is 	 l-(rihyry"powdered or acid is heatedl. Dohnit,. L. 1rystalsof ferronzagnesian niinerals, or of striated4. 	 Soapy or greasy feel; translucent on t linl edges; green feldspar, or Imth, inta rnedi iino.-colhred groundmass.to black; no effervese.ence. Nerlm.-rtitnite. Diarite liorjohyry
 

SUBGIOUP 1I B.-Not scratched 	 with 	 
. (rystals of qmuartz, 

. 

or feldspar, or both, generally withthe knif. or a ferronagnsian mineral, in a predominant,scratched only 	 fine,ith flif ietilty; no graiindclgronatlntiissoflight color. Felsiteporphyry.effervescence with acid. 
1. 	 Light t,'gry color; 	

5. (Crstals of feldspar, (r of a ferrontagnesian mineral, orclay odor poissible; may have a loth, in a fine-grained, dark or black, heavy groundbanded flow structure. Felsite. 
 ntass. Basalt porphyry.
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2. Very hard; pale colors to black; no clay odor; conehoidal 	 GROUP. IV.-FOLIATED ROCKS 

fracture; waxy or horny appearance. Chert. cl		 .t. 

3. Heavy; dark color; may have cellular strcieture; nay 2. More 	 foliated.coarse grain; roughly Schies..
contain small cavities filled with crystalline minerals. 2. lorefinely grained and foliated. Schist.
Basalt. (a) (orisists mainly or largely of mica with some 

quartz. Mia schist.


GROUP lll.-G;ANULAR ROCKS (h) 
 Medilim gre.n to black; consists mostly ofa felted 

SIBROt P Ill A.-Easily scratched or matted mass of small, bladed or needle-like%ith fhe knife. crystals arranged in one general direction. 
1. llrisk effervescence with acid. I.intueston, or Marble. llornblendeschist or amphibolite.
2. Brisk efferlescence only with warm acid, or itlh pi.r- () ;lassy or silky luster on foliation surfaces; splits


dered rock. Dolonitic marle. 
 readily into thin pieces. Sericite schist. 

(d) Soft, greasy feel; miarks cloth; easily scratchedSIB(;IOUP Ill 1i.-Ilard; not scratched wiih knife or with fingernail; whitish to light gray, or green. 
scratched with difficulty; graims of Talc schist. 
approximately equal size. (e) Smooth feel; soft; glimmering luster; green to 

1. Mainly quartz and feldspar; usually light colored, sonte dark green. Chlorite schist.


times pinkish. Granite. 
 3. Very fine grain; splits easily into thin slabs; usually 

2. Mainly feldspar; little quartz (less than 5 percent); light dark gray. green or black. Slate.


colors of nearly white to light gray or pink. Sv.enite.



3. Feldspar and a (lark ferromagnesian mineral. (;IOUP V.-FRAGMENTAL 
(a) Major constituent feldspar; rock of nedium color. 1. IHouanded pebles embedded in some type of a cement-Diorite. 

Dirie.ing ni, diunm. Conlglarrierate.
(b) Ferromagnesian mineral equal to or in excess or ngun rad en orts lo e a c t e


feldspar; rock of dark color. 
 2. Angular fragments emiedded in a cementing medium. 
(1) 	 ;rains just large enough to lie recognized by lireccia.



the unaided eye. Diabase. 
 3. Fragments of volcanic (fine-grained or glassy) rocks 
(2) Coarse-grained rock. Gabbro. 	 enbedded in compacted volcanic ash. Volcanic tuff 

4. 	 Mainly ferromagnesian minerals; generally (lark green or Volcanic breccia. 
to black. 4. Quartz grains, rounded or angular, cemented together.
(a) Predominant olivine with pyroxene or hornhlcnle. Sandstone. 

Peridotite. 5. Quartz and feldspar grains cemented together to resem
(b) Predominant augite. Pyroxenite. ble the appearance of granite. Arkose (feldspathie
(c) Predominant hornblende. llornilendite. sandstone). 
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Figure 7.-Twinning planes in felds 
produce an appearance offine, paral
lel lines. 

rucV.!l ,t iticat ioni (of tl,.t, minirls 
b. Zhu l:nld ,l lw.tll do-n u11kPon
Olwthter the cr'. .ha1. titi he diti.r
nhidd. Auit,,, 1(, .hrt,,3 l13, in 
thick crytt1,v ii b -a or r.ctari
guilhr cr- seliol I l,t'lldt. c011
mncily occtur- a- Iut. - 1d(ldtrlhohs with

150 irri-gular ids,. m(t tht. cro-, .i-l ha a' 
di:tnlo |, -hAia , \\ ith ,,.1t1 aiiclvst aclt, rc
plv,.d I,v irallcl it riidht angle,ahtio'
tOt hoihiz.r trinate\rs .:t\i, ,f the crytal. 

Biotit, i- b.cttk ilicL, 111(1i- r(ecoL'ni?.zd 
y it- bhlack. .llilhing c(,oir, it, ,oftlw.s, 

an(] il otltrn.ile t. irriguLtr flake- or 
-tal]. in izn:uluitri-.,-y.ij, ztl{ llaln:dFOr 
phic rock,. 

Sste'ii for Rock Idetntification 

Tit(, system for th- idetntification of rock 
is rrenlhd il tahular form onl a):iges, 
8-9. Ill li, Inmethod. all coln-ido ratiotS 
are hIa-Id oi the a )pteara.nce or charact er 
of neoly fra(Ir(d surfaces of the il11
weathered rock. lit de.rnriition s of 
gr:i'el, inanivl pieetts Ina It( foultld to be 
Weathered. and soilnll lntoriifict:i ions of 
the chatracteriitics mlitioled II I, 

'xI).th.(d. For -iilnple, pieee of fId(I
spar ini gravel toay. havav d ull Ihutr, anhd 
sornle piects may be so soft that tlev ci I 
be -crittchetd with the k ijif.. 

Tile first (ietermiiiatiO ill the sst.I, 
is tie prelimillnary clssification by which. 
the splcitnen is pIaceIl ili (13, oif tiv, wI,l
cral groups 

10 

When a determnmationt of the lithologi
cal conlposition of a gravel is llt(lc, it is 
heli'ted to he i ost desiral)c to svepartrtte 
the entire sitnilple into tht, variols general
groulps. and3t| to eXallline each grotilt of 
plarticlhs as in eltity, sileltiviiiing tli 
by tl inethlh(odthicritd. This should 
permit the identifircatilol to he lrforinedS 	 ro~t ripl~illy , wid sho~uld group intiv'id
1i 1 mi-tivcs \\hich sho%\ vliriattion frottUl) 
it gi~ven claSS of rock duci itl -igzht (li1l'vr
ti. : iij (,-Ootr, tet' o~rt', or th('t~ ,tffvv , of 

%.\c(athriii i. 
II* rou ) 1, gla ;s. rock., (ilvrtz is ill

luded jtaat rock. Ac tilally this is not 
ivcthniiva:llyv correctt sillv't qualrtz is at ilnit
ct~. uti~fe(riliZ front rock in that it hals al 

rki 
clinicA com1o-iti t eprtxon .ilvh by a 
formula nid also ha- a deinite crystal

l structure. |lo\ev\'r, quartz does 
occur in sufficiently large- masses so that 
it i- qu:irried its a rock, and is tit(, most 
common niatvrial in a lran percentage 
of gravel i-c(d for coii-triiction Iltir
poses. Due to the.v rti-oil-, quartz is 
inI'lud.d in the tahle. Figure 8 shows 
,. piece of q1a:1t.z itlh its typical glassy
lu-te . Thi lt-tfr IIoL3y ;N iliintd by 
iO t +lrifig -t:ilIlt.or

Ih uhuotrolp 11 A, lirt.tont, is identi
fi,.d inl part :t. sjowitng :i bri-k efterves
(.le,. t- 3,1 tre:ited with acid. This ii 
illu-tratti. in figlrl... Sill-. ro.k. which 
(Olltill lchiltn trlIoll:lh. :I- a-i.C'tohIhirv 
tnillt,'r:t lliwtv -how etftrv,.-.in , bilt this 
prohbily will nt be a nnarked a., ill the 

illtistration. 

' 

.... 

Fiture 8.-Gla-siy luster of quartz. 
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Subgroup 1I 13, covering liird, fit!e
grained rocks, c(ontaiis s()in1 typv(s of 
rock which lately hiove b 'onlt, of tot gid
erable interest to thov ('incerned with 
the durability of portliid (e'ient ('otn
crete. Inchided in t tli g'ti'ral torii 
"felsite" ar it nunli.r of varit'tiv of 
rock which nty bie 'hemii':ilv rvaciv' 
to a detriniital degrt'. with it'- alkali 
ilt ceineit. '['hf. incld(e r;yolitti, Ira
chivte, will ant.-ite. The idetificatio n 
of these rocks, require, that boIth tlie 
kiltd and auiiouini of f'hl.ptr jirctnt I.
determned. Th'li- d#t(trlolill:Llio all 1101 

ie il:lidv oi the hadi spu'ii'll, atid ti 
pract ice of grouping :ill ti ij.-ara iwd, 

light- or itnditt-colored, igatvoti- rock
('oitaiiig fell-par its ia ttl:tj(r 'oln-tit
itent ilt'r thle t,',i'r:i terui if "ft.l-it," 
la be(eti ,utvtI, 'I'l-i" i- helieved to 
Ili, it oiuttld prociudure u-, the v\ariiu 
rock', -ti mroupedtti ltlltlir tt li:it, t--il
tiaIly tIe :ll t' irolerti, fromti the 
eiiginiterinii viiWpo(ilil, 

]it mtios.t g ropi., uut esl''ciallv it 
grouis II ald Ill, cotiiil'rathii ltii-t lit 
given to Ilt' size of grititis or ervtlal, 
contosiig the rock. The sizing of rock 

griin, niity be a relitive lialter aid dif
fictilt to defiie iore exutctl' ilitt has 
heei done in the taluh'. A "ver''v title
grainied'' rock call lu't lite ('olisithertl a 

il' ill which the graiis lire ntoh re-olved 

bh' ili'iaided eve. For itio-t gr:ttilar 
rock-, I lit graii- (':11nIal' -''iv cle.rlv wit Ii
otilt i:gniificatioi, its -hiowi iti figutre 10 
(left) of at saiile of grttite. The di:t

......... ...--..........



ba.e s hown in the saie figure (right) is

repr(Aetative of fine-grained rocks show
ing grains (or crystals) just large enough

to be '.n byltlit unaided eve.


Ill subgroup III B, iteiti 4, the rocks

be to 

litl', tll- oilivine is wt-il-'tlor'( and tl, 
;iiit, :iz l irzhtlizith, are well-crystal
li-d. If the, conditisl arc not ',i

(int, the. rt.ks tiido.r study niight all 
Il- callh-d j.ridlilies. 

Intiotid ii ay 1w liciilt identify
 

Ii illugroup Ill B. iietni 5, separation 

hi.t1t.l shtilsioiit' ait|l jlquartzite i niade

1)ibvexallfil:aIitill of thf, plativ of fracture 

of th' rtck. If th,' fracture i- around 
the gaiii- of qua~rt z. t iti rock is s:it d~toti.. 

If tlhv fracturt, pia-'.., thiruigh tli vrin. 
or throu0i:li appreci:ihi luret'ilt:age of 
the grai ,-, thi rock is quatrtzit'. 

Suhlgruup Ill C cv.r, riucks of a por
phyritic Itxtiiro. ()rigitially,v Iriphyry 
ri'f(,rril to a rock (tititst'd of fl'l'):ir 
crystal , 'ithilil iii it coiiact dark 
ritl orF piirle vrtinil itai.:. Tlhis linii 

ilt)\\- rt'ft-r, to rtocks t',illU'iliC latrgei 
ry.v:tl" of antlv kind,t.ithr,,r wtll-ti,,iit'il 

or corrolet ito a rmilildtd or irrgulh:r 
shape, which art, tilt,',ll eil l it iior, 

tini'lyc*.r) *slaliu, or ghaisv grouitidi.ass 
of ally ctir. A porphlyry (11(1 reftr to 
i rock cotai:tiliit irv- :is ig its all 
i Inchlog which itre vniihteilhd ill It 

groltlldulss of crYstals ti-foirtih inch 

iti .ize otr it coihl rihr itt it rock con
taiiniiig er t  t iich iii(iioit-iiith (tf all 

ill size euilteltld ill i ,oiiundltiss of 
harly 'isibtle cr\. :-:s. Ill tIhl lhatora-

Figire. 9.-risk iff'rv'eceiici of litnestone treated with acid. 

11 
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Figure 1.--. hard. cotrse.grainedrock, granite (left). and a hard, fine-grainaeqtrock, diabase (ridit). Thetse photographs are aJlJroxina tely fidi1 scale. 

tori's of ti,. tHurau of Public ]?(,:ills, th,. tiiii'rin mlllyi i inipo.isili' to Illakt, ill 
natni porphyry is used to rft-r to it rock thl hal spiterillinl.
colitaillilv lllihrous and nior rOFI.. ('ozigloinr'rt and brtecia, in iit-oitd
unifornilv di.-tributeid cr-tals over ol  ini group V, freqizei'tlv look like concrtei 
eighth inch in :iz,' einihqddIi il a around- prtpartd with rounded or angular coarse 
mass so tine-irajid that the jitiliiliu~a agregate. resp.ectively. A congloitnerait, 
graiins art, not ro.,nizted b)v tih. inaided is shown ill figure 12. 
eve. Such a rock i. showl ill ficur,. 11. 

Kemp tat,'s th:t pi rphri,. :tre Diffictlties Ilth Intritsite 
cOinloillv cla-.itid from ti,, larutr I',eotisRocks 
crystals (p ,,u ,erv . \twith liltt , r(,.ard n s 
for th ,. c otiij o itiii oif til . v rimiii . Iii trils of thisi i th oid hy sil' ct'd 
even thouiht tilt I:t hr c.iipri-,. ivrhalf of ti,. rock. If ill.. 1r1 ,1 Ina.- i i illf)ll-I is tilficatioli ift, ltr a.i 

of very*ine rain. nio oth r lit ., l ti type. of ig oi,  rocks than any Ith,,rthat inontiiin'l llhov, cali I,. fulliw,.l ciliral vroup.withoult the' . 1 {' f The difficultytilt' m, _.a~ i Ibef-1 (11wi f t o ll:'+Iuc~ may hav,.h : i of)t lt,

mfolldc oi or a 1 ; bY c t i -aotelltfi.lll r of till, rock, l{| tit)met hod . lith, ri'Lzardiiz the other l'..-.ilti:l 'il-
I t grou p IV , folia ted ro k . it ii tit i t t. A st ;I y o f i i.: will 

doubted(] tiat the imn y variatitios that ifof tilm cotril.-lrai d i illou 
schist can alwal y s he dh't r i i n d ill tieii, ro ck s, r a nii, i - th e o l ll h 
hand specitn'ii. A f' -w o f tIie mobre Coli tails i lIill apllrtiabuli tillllll t ofcom mon varitil's are lnelltioiii'ui. TIhre (qu artz, ailln ithat g:ahbhro co vtaiiiit . the 
are many others, dependitng tpll grlotst iinoutt of tl' ark ferronag
presence of sone mineral which mayI . hv .ll".i illitiral. (tIiicit, hornbleldl', andin sujfficie'nt q mntitY or hiave' c~rtait augitel) with diorite cortaining the next 
U iqmll' prop ,rtil's to w arrent its l1.-. . a " ' la utr et et mo 'oil-' lto l , if till . a mncdifier of till - general t trm, .chi t. rock i. hard, with 'iihli, it rlockig
Most schis's have about till- sate phy graitI. of tll s:illl' Sill',pist:ltly 
ical properties anjd tie iden iffic'ation o rf a ppoxi mt v ir(. :arne of 
the rock byv tii tiane alone mInv usual,%- itid cotinli, tii ill rl'ildhl ail~iltiilt (Ifequartz, it pr llablY isbe sufficent."• a grlit,. Oil thbe uffcint.()ther han~d if tilt, rock ha tilt. +.ainvIn group IV, item 2(h), hornibhl de (h ra 'l'ritic. i sgiven a bv , ht c oli
schists contain a sinall atlrloltit of quartz taii litil' if tiyll lirtz, it ('l:ii h' iallied 
w hereas a iphibolit ,s on taiti plagiot Chou by rlfere v'Iet otill' firro'FL gij.,i(v ll iirll 
feldspar instead of quartz. T, is din COlit.{i't' as indicaited 1).% tht( color of till

A,4Jfond+,ook ofRocks, by 1. F, K n l I ilth+lon, IIrock, A rock (if light color uiii V }ll
revi d by P. F. Grout; I). Vain Nostraitli Co., iic., Sil iltli, Oill (If inedill cllIlur t diorite,
New York, H12. ailnd oil( of dark clorit galilro. 
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Figure ll.-A porphyry containing 
qutrtz and corrodedfeld.lspr crystids 
in a J fine groattditisss. 

Atlt en tio n s'h o u ld I w, i~ vi to tih (
transition of rock 1y insentsible stgt'ts 
front one kind to aotlitr. (Grtni,.'. will 
grade into syvnit,.s, ini s'tiit. into 
dliorit's, for iIstance; or it coarse-graiilid 
rock will gradh into a fine-graintd rock 
of Oil, saine ii ralogical coltm.-ililil. 

Two saitpliof riotfr 
depos-it lihe sltliciv/ly (di,retit to 
warranit differeniit liaiit,. ('ot:-i lt,' v'y 
the id 'ttliicatiiit of t1 h11nd ;ll,(i'clit ll 

, 

l) theO e thod givinl h1-. ibis liedli .v 
sotti' liiiitatiols. llowevir, a careft, 
st ildy of tht. stilph,, f[hlokijoa theIt vt I
od outlitid, should pirilit the t.r to 
ltintte th' rock with :a rvhtli vily stiall 
inargin (of 'rror. 

Figure 12.-Conglonterate 
concrete prepart.d with 
coarse aggregate. 

li-, il l lilt, co nStrn ction o f 
asociatiid -trticture,. 

resembles 
rotinded 

ro .d s anld 

A triit valtie' for certain physical 
projrlit. , of diffiiri'it types of rock 

i 
gi*t'ti in il t. publiti o a ve 
gie il a v 5. S gh 'v o ir i0 0
oaftphtl it,-id ill the loratorv of the 

Pulic ar,,rt.prlstt d 

hire. TI'hl. rocks hart' he-in arrantgd 
i t lit' tliri, general classis, igi ,ols, 
-dhini'ntary, and iitmtaniorphic, and twn 

i ty1 of rock in vach class. These 
llh w rt, suihittild fur test to di

ttrimo' thoir s it:i lit y for tI-i as rotad
buihing ilaterial, It is pos:ilv that 
th . s ,sv :inl s ril.hi i ot siltli whole 
a Intvter grade of each tItye of ro'k 

Engineerinig Prope'rties of Roek/,riosieidrc would hi' found if all de'posit., ofEtIh 

The highway uvilimtii'r shthi ha* 
ilty o'("ailtsio o irofit fro tl knowl

edgi' of the idtititification of rock. ly 
his ahilitV to furnish ii suitahe ,aitlie 
for it deposit (it rock, lit caltmit a word 
or two cnt'Vey to otlit'r, it stiti'ilii'111 of 
tht, suitahility of tOw rock for t- ill high-
Wii. cotistriictiot. By this winvt he 

would indicate tht' qttality of thi rock 
iti al.so stiggt 's t whetlitr tlt rock coti
tains imineral tinsiiltthh, for tlh- prolosed 
use. For this lilrpose, there follows it 
hrief review of t ihe tor, it tort atmt 
characi ristics of the differett types of 
rock that are genierially considtered for 

rock were comsid'ri'd. 

h'lih nz prolterties. aslBvside (hiffirint 
shown iln talh 5, rocks inay lie affected 
difft'renttly in crushing and soine t% li's 
tiOv have better shape than others for 
use ili road building. Int addition, sotie 
types of rock contair inipritii's of 
al ol)jectionable naturt, which may not 
lie renova ble by the usuaitl processi g 

ttietliods. 
In tie tmxt that follows, brif tscripi

tions of the engineering properties of the 
various types of rock art, given. with 
stattunti ts of the inipuritits which niay 
b)t, fomd. Whti possibhl, different types 
of ruck art grouped for discussion. 

13 
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In addition, a sumn tary of engineer- might oxidize and stain the face of the
ing properties of rocks is given in table 6. stone. Due to the high quartz content
An attempt ifs been made in the table of granite, bituminous coatings may be
to state various properties by single stripped by the action of water, and anti
words. It is admitted that there may be stripping agents should be used when the 
many exceptiOltS to the ratings men1- rock is used itsaggregate in bituninous 
tioied, but these are considered quie pave nient. 
suitable with respect to types of rock 
co iinoil v considcir'd for construc tion
piurposes. Syetvlasilts te times beeni ternied itGranite gratite without quj:rtz. Actually a simill 

aniottnt of quartz is usual, but ft'rroiiuag-
Grainite of the qualitY used i) road iesian iniirals fire more primi.nt. 

buitlding is a light-colored, granular igne- This accouts for the increase in the hulk
oius rock. It is composed of crystals of specific gravity of sycnite over grantite.
feldspar with t coitsidtirable amount of toSyenite has about the saite resistanct, 
quartz and usutially a sttall atltlollit of frost action autn hardtiss ias granite, bitmica. Its outstanditrg properties itclude is apprecialflv tter, rtsi,.tit to impact.
durability, hardness. toughness to a rea- S'euitv irtlsht, vll atnd holds hitumi
sotldble degree, aid rvlativcl y low ab orp- nous coatinigs better than granite. 
tioti of water. 'sttallv raiite crushes to 
fragments of good shape. with 1 luitllttii Diorite 
of flat or elongated pi,,c,.s It contains l)iorite is similar to zrittite in that it
little material which would be objection- is coriposd of crystits visible to th in
able in crushed stotie. If lisd(] v,, but it coitains aiias cut ciyd altitidatic 
stone, for facing ott bridges where appear- of fterrotttagtsittt mineraHs, has itdark 
aice is important, the granitt should be color, and is qtiti heavy. It is slightly 

14 insjectd for the |resent.of pIyrit which less resistant to frost action, but is ithout 

Table 5.-Average values for physical properties of the principal types of rock 

,[.
;pS by ~ 
 mirtj.Iiulk i..--' Los; 1,v aiAi,.nr r.lout TuthI. 
Type of rock I ftc ti 1 Illerirt., 4 iM..,, 

gr.aviiy t-vat I ,, 

tericous: Pt. J1t. Pft.Orari e...................
. 2.6. 0.3 4,3 3A is 9
Syenite .................; 2 74 
 .4 4 1 24 l 14Diorie...................2 2 
 .3 3 1 ........ I S 15
Oahbro ...................
2 !# .3 3 0 Ill 1 14Peridotite - -. ........ 3 31 
 .3 4.1Felsite ................. 2,6 .8 5 9
3 S . I8 17Basalt ................

 2W .5 3 1 14 17 19Diabiase ..................2W, .3 2.6 I lis 20 
Sedimentary:

Limestone ................ 2 (At .9 5.7 26 
 14 8Dolomite ................. 2.70 2.1 
 5.5 25 14 9Shale ................... 8-2.5 ....... .. ...... ...

Sandstone...... ..........2.54 
 1.b 
 7.0 . 38 IChert ..................... 2._5t 
 1.6 8.5 26 19 12 
Conglomerate ............. 2. 68 1.2 0.0 ........
 16Brecctu ...................
2.57 1.8 6.4 ........ 17 
 11 

Metamorphic'Oneiss....................
2 .74 .3 5.9 45 18 9Schist .................. 2. 5 
 .4 5.5 38 17Amnphloiilte ............. 3 02 .4 3 Q 35 16 
12



slat.................... I4
2.74 .5 4.7 20 15 I2Quartzite ................. 
 2. '19 .3 3.3 28 
 19 16Marbh.................... 2.63 .2 6 3 47 
 13 6Serpent ilte.... ......... 2.62 .9 6.3 19 15 14



I After Immerson In water at atmospheric tenperature and pressure.I AAMqlIO Nfi-trid T 3. 
1 AASIIO Method T 9.Dorrv hardne.es test, U.. )epartilent of A ricult ttr lill,-iin No. 949.

AASI O Method T 5. 

14 
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Table 6.-Summary of engineering properties of rocks 

hIechani- l)ura. Chemitcal Surface Presence of


Type of rock calstrettgth bility stability character- urtdeslrable Cnished shape



ittics Impurities



(]ratilte, syenite, diorite.. ( d ...... ood ....Good ......,ood ......Possib ...Good.
Felsite ................... (ood ......G od ....Questioti- Fair ......Possible ._ Fair.


auIle.Basalt, diba..,e gtdbro...- ,,I - ...ud ......f. . - Good ......Seldom. Flr.I'ertdotite.............. (lood......Fair.I tiot. . Good.
Good ...... Is..hble..I abhe. Pm i 

Se~dimetntary: 

Limestbto , d otlrtil ..... tkl Fair....I(oud- ... Good....... oo d ...... osioe (.
Satldstomt................. 
Fair . Fai (ood ...... ......8io4 ti (.lod.S.I(odi 

('eirt....................(o d .. . Poor . ' 
or......Fair ...... 
 LSlkeld... Poor.(' ,iglorirat, ireccia .... Fair.......Fair. (o . od ......
Siti.
 Fair.Shah..................... Poor...... Poor ................ Good......Possibl,...Fairto poor.



Metatmrhh,

Gteiss, .schist.............(oo . Good Good ......

ho


- Good ...... Good toor. 

I::.Quartzite ..................
 ud .. od. (.od.Se o 'dFair.

M art, .....................F:rlo 
 "' (od .... (uod ......Posibh... lood.
Serlovtiiite .............. Fair . Fair.. (oo .... Fair to Possibh.-.' Fair.



(lou....(lou....oouAntpllt.di te....... .... (d - . lo . .o: Good 
 S.-,uni....I
Fair. 
Siate................ 
 .. lu0 o G Owl ...... ....... Seldom ... Poor.
 

as hard its graidtit lt idl appreciably ttmorte whii tlse t Illbise-cou0rse coItIoctt-ii. 
resist aIt to impact. It crushes to well- The crushvd stolie was stited 10 break 
sthaped fralt ts w d hitsIt good bo d dlowii rlpidly wheill wet, forlitig fiite 
with porthttid evttit.paste al bitimens. material hitvitig plastic properties tid 
l1 IIth, ri-sultig itl til destructiol of the wearditase,and gabbro 
 

illg s trfac. It is probahi e that these 

Basalt. diabas-, atd galbbro have the rocks wvre ill a highly altered stlatl, aid 
stltt- tlnitcr:lltlei-il Comli.itti tid dif- lot typical of 1asalts usedcustomarily 
for tlaiil 'y itl sizo of rail. liltsitIt hIts for roadi buihiltlg. 
v-ery Stmall crystals, "ltlost itvisible to 
theiltuidtt e . (;llbbro is comlios-d Perilotite 
of large crystakl similar to grttlite, atti PIridotite has ia structure similar to 
ditbas, coIlttai.- crystals of a siz, lletwetvt grittlte but is cololostd hietly of oliviie 
those ill basalt :0d galbro. l)iatbase lts (ptirihot) with somtet pyroxviti, possibly 
bll dcescribed as Itsa.alt havitig crv- somtit hortlltidt-, hut tto feldspar. It 
tals just visilIt to ile cyc. laslt tlid is ,idark rock, usually gren to btck itt 
diitltse art the rocis cotimoldy ttlier d color. Its high gravity twid dark color 
'trap rock." Some persois ittclude gill- cause it to be cotfusttd \%ith gltbiro, into 
bro itsa trap rotk due to its color, but filtl which it tnay gratd,. The two may be 
stie of the crystals illgalibro shotld pre- separated 1by th- gro:tttr aittldhtice of 
cude this. olivitte illI i-ridlotite, lhck of ftlispatr, its 

11iisalt, diallise, tid gabbro tre dark, hightr sliecific gravity, atd lower resist
ieavy rocks chitracteriztd by marked atce to impat t.


resistillnce to ithritsitt atd impact, tid to lPeridotitl' lta wo'tcthe1r rapidliy, alter

tit'tction of frost. Although t hey have i tg to s'rjcittil' or posilhI v ttlc. Oie 
a marked teleticy to crlush to thiti, fl:tky insttnce itt which it highly altered 
fragtntits i sizes :.It ltlherthant i ich, tridotito was used ill the wearitg course 
they have in ei iiaiI rpUtatioll for of i itut inoIs itacdittit rcsuilted itt the 
furiishing road stoe of tilt hightst failurte of tit, road after oitly 2 years of 

7
Cluillit . servict. 

Withini receitt ye~ars, reports hatv'theiic'
 
'tI'elletri, Stwdy of . me .4ggre ats, by I'tllip L.rceivedst~lt 1Mattlg thatilt I its trotl tcerait it t hci,, I'rot .,is Ittghiay Rlewarch Board, vol. 

regimt 111Vt' Iprov vi satisfactory 2S(I4S), pp. 2;S-24S.have i 
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Pyroxenite and hrnblendite have low resistance to freezing and 
Pyroxenite and hornblendite are similar thawing. Other rocks may contain 

to peridotite, and like that rock may be shale or chert. The presence of shale 
confused with gabbro. They are of may indicate ai mnsound rock, while 
questionable suitatility for use in road- chert-hearing rock should he viewed 
building. With suspicion as ai material of high ex-
Felsi e parisionlad or rvactiyve with alkali iilport

cement. 
Fvlsite is a geineril term used for rocks Uless in thi1 layer., limest one and 

havitig niitieralogica! coi positiotns similar dolomite usually crush to wtll-:halpuet 
to gr:nmite aid sy*el lct.but so fimt"-grained fragrleilts with a toitimnum of thit or 
that the coilstituetil initirals call liot be elongated piocvs. Tlht-y genritlll hold 
resolved with tin- lid of tht halnd leo. films of hitul001 to a sati.,facttrv (h-gret.
Th,y are of about the same specific If they contain silica illhI.gf. gralins, 
gravity and hardness as graniite, but are they furnish one of the best aggrvgatvs 

much more resistant to abrasion due to for skid-proof pavetllilts. 

superior tou ghness. Felsite has a tetid

eilcy to sliver and flake when crushed. Sandstone 

Some felsites contain quartz ill a form Satidstone, like lieit-stoo aond doln
which is solhle ill alkahitie stoljtio i.idtv, may be a rock of great vatriatiwe 
Whet theme mlltturiAls art, used iii voii- illits physical proelrties. It is comn
crete with high alka!i ccllenis, itso-called posed of graiis of quartz bound togt her 

alkali-agg'rt-grc.irctioimay occor w~ell with 
 soivt cetiletltilig nivdillii. If wtresults in the fortat ion of a gelatinous ceroelit is silica or iroi, a hard rock of 
material ha\vittg a great afiitiity for water. ex',llhelt qua:lit v should be folunld.C,-
If adequateI atolnllts of water reach thit lllt lilelinetiltllis 5111Csis calcite or cla
gel, the latt.r will expatlh ad possibly furlji-h a rock of gitolvrally iniferior quait156 develop sutiicietit pr-.-tjr, to crack ll. itheM solol res; ,ets. 

,cotcrete. +:iiltr( of the coticret,e 'alde i shab,-5 satldstole to lilt'. it 
frost actionl, ifpre..tit, ina theI o'ctlr, rulatively Iliw specific gravity attd high 
For this reasoit, exaltinat ionl of felsites absorptlil, mi11dto have.adleihvlat strtigth 
for tlhe prt'silCt of :k:ali-solblei forms of to resit iltl:llt atid sllrfave ithrasioll. 
quartz shotld be uma.t-if the rock will Tite high ammlit of ailsrptiol itdi
he used ill coiere - th:t for cotistrltetioti itt locationts'catv 

Limestone and dolomite where frost clildiliils prevail, satdslotis 
Limestotle and tllotmite are maily should be chckel fullv for souiditess. 

carlotoates of calcium aid tIagmt.Sll). Sattdstoies crr1511 to will-sh:ljlcd frag-
They are probal.,ly more widel y used ii toets, all have ilt x cllent boid withi 
road builditig thaii alty other *lpv of ci"liItilig :g"It.. V~arieities itt which 
rock. Of st-diititetary origiit, thl-y art 11 sa1d grii, arI tiot firmly hiondd 
liable to cortain cliy, silica. mikd other furijish rock of excellewt quality for 
impurities which might ha'v a stroig (ihtaitilig skid-proof iatvents. 
influe ce ott their tatisfactory Wisteil


COtstrlcti m. Sttietirally, til.."are o (aner 
average specific grityv 'v, attd lte 1l1111l- Chlrt is a viry fiit.-graimtc! rock colt
crate to ltig!t ithslrptioi, noderalt, rv posed of varit its of siliva.It is owe of 
sitlat, lto al)rasilil awd itlmpact , mitd ltij- mtiost IrollI-soltolllt- rIcks the (,oll
relat iely low hillt oi.-. Bit tite' vary sirictio vgivtler hta- to hliolle. A
ill strlctutral prop-rtie to a great exltll. though is very t:ihrdit and has adeitItti, 
Some r v liyialttiost thte ((lliti of liti iralp ri-siltlaic, to abrasilil and impact, itrocks while, otr. rs gad v i .f(,rior,fr-uit'll Ivyshows it marked iocre'se ill 

l.iiit.(-ot( t ll|(1dlolotiit' ilay CONtainl volllt upoti ailsorltti,.: Tili
of %%atier. 
sutfficiit clay It be tirmled cl,ey or lea(, to disfiguritig pop-outs iii concretv 
argilltvvoill rocks. Such a dlsiglaitti contrctim. T|he. lighter (ill weight) 
s5oould ibe t w,\aritillgthat tlie rock mnay vari-i.s of ciwrt are rtadilv (llini , 
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by freezing and thawing. Cherts from rocks which may have an objectionable

many deposits contain alkali-reactive habit of crushing to thin and flat frag

forms of silica and are suitable for use in ments. Schists are fairly' tough when


concrete only with adequate safeguards tested perpendicularly to the plane of


against the alkali-aggregate reaction, foliation, but if tested parallel with this


Unweathered chiert has a smooth, almost plane, the rock may fail readily. They


glassy surface and good bond with cemeut are fairly durable and seldom have been


paste or bitumen may not be obtained, found to be chemically unstable.



Attention is called to the extreme rang, Quartzite

in quality shw n by chbert whIi chIm'." be ur z more marked
in 
 rawyert whic ia levge Qiiartzite, a metamorphosed sandstone,more roarked irk gravt ha il lege
rock. Some chierts i av be found of is one of the hardest, toughest, and most'
 
suitable qrality for use in concrete, but stable of rocks. Its chief objectionablesitanble besit t J onidser all asncrutepbct charac,i t wo ulldb e risric i.that inbe s t t o co n sid er a l l as s us p e c t d t u h e s t c u , eto its hardness 
until a t i nfound othe'rwise, and touigli~ts:, it cruishets too thin and

elongated pieces. 
 Quartzite has been


Shale u.sed widely ill road c('t-trICioi with



Shale is another material which may e'xce'llent results provided consideration 
cause the constrttiion im iier con- is givt'r to tit' cxecss of frlzments of 
sirherabhl ctctrn. lik, shal, m11ay shiqi.,,rt, poor 
hiegood or had, arid ;. have a grat .Marble 
ran~ge ii lli a p i If shalvt' of M arble is ir tainorphosed linittorit. 
poor quiality is lst-d illcorstrrction, ilit,


resist'ancte of eo' trvtv or ltittrlriirioirs \w'a:r- agg r al i i is av a int rior in


ing surfaces to (lirai ' bY frost action physical strtgth. St raetily 
 enoti ,
l 

iniay he lowteret great%l. lh~i'lsrrg i trrg'vtirgi


mnarbh is shown i,,tah, 5 as having a 
Breceia and congloierate lower bilk specific vr:ivity than limestone 

and a .ihi low,,r absorption. The 
recia alitligoeter oaiRt' ar ord latter would irdicat,' that narblth should 

by thle l it i togthtier oifigl|itr ttr Ie niior'r'sistlant to frost. 
rounded fragmerit'nits of rock l) avit cevlnnt
ing meditum such is silica, iron oxide, Serpenlinite 
calcite, or other riterials. They May Serpentinitte is a soft, nimtanorphic rock 
breof eng tif ring imiiortatrie alteratiotif orillsolut forrrtd 1iv t peridotite 
rtgions. Their propertits largcly reflet similar basic iwous rocks. In crushing 
those of the cementing ietldirini. this rock, a sofftpowtitr mav bieproduced 

n isstnnwhich prevents good adherece of bitu

nunls, ainid of portllar! cerllerits unless the 


Gl.iess is a metamorphic rock forrmt'd mixing tif the conirtte is prolonged. 
by heat or pressure frort rocks of granitic Serpnt'initi is reasoriahlv durable but 
structure. It is sorrewlat hitvier than its usr' is not thtsirabeh if ietter t'pes of 
granite but ili other hil*ysical irotpertits rock are availihith. 
the two rocks art iuivi t l11sllln. Iiite to 
its foliation, gineiss has a te' nlt'ricV il Aniplhiliolite 

crushing to forri fat fraigments. This is Aniplhibolite is it hard, !ieavy, dark 

the main objection to ist.- of this rock. frequeitly cfused Withrock which is co r 
hornblende schist. It crushes to a fair 

Schist shall,', is reasonally resistant to frost, 
Schists niav be forr'td frotii t irnrrttur :,,id iths well tol cmt'tirg medirrns. 

of igreo us or sedimentt ny rocks hy re. It is widly iised Is :i road-lifilding 
crystallization wheit suirtctod to pr's- aggregate. Amldhiholite has occasiorllr l 
sure. They' are firet-graintd, foliated been sold ais a "trap rotk 
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Example of a distinctive landform in Bolivia. 
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THE ENGINEERING SIGNIFICANCE OF LANDFORMS



D. J. BELCIER



Cornell University 

SYNOPSIS



The design, construction, and maintenance of highways are influenced to a



large degree by the land unit or land form with which it is locally associated.



Primarily, land form means the form of the land. While this is important in iden


tifying a land form, it is more important to know that specific solid rock and



moisture conditions exist in that land form. Therefore, a given land form pos


sesses a distinctive type of relief, the texture of the soil varies in a pre


scribed way from a "normal" for that land form; the ground water and soil mois


ture follow typical trends.



Land forms are of significance in engineering because they influence the



quality and type of grading, pre-determine the drainage requirements and fix the



soil or rock conditions. They have added significance because there are an in


finite number of duplicates of each type. Consequently, when the best practice



is eiitablished for a given land form, those procedures can be generally applied



to other similar units.



Such a process permits a high degree of standardization. At the same time



it confines that "tsndardization to permissible limitations noc always recog


nized in the blankt application of standard methods. Using this procedure,



investigational work is minimized and the of "unforeseen" events 161
occurrence 
 

is reduced.



In the training of personnel, the land form gives them a tangible physical



form to visualize. Since we learn by association, this helps by taking a soil



out of the abstract or detached condition and definitely relates it to topo


graphy and moisture conditions. In small organizations where testing equipment



and skill cannot be financially justified, design can be a matter of relating



exiating road conditions to new road requirements on similar land forms.



In the discussion of various land forms, emphasis is placed on the physical



characteristics of the materials that 
 compose them, and the inter-relationship



of the relief, soil, rock and ground water characteristics.



In engineering practice, it is desirable to consider small units suc' as



individual hills, as land forms. If, then, there is 
 a series of hills composed



of the same material, they represent a repetition of the same land form - a re

petition of the same conditions. 

Generally, each of these forms has some prominent characteristic that re


quires special consideration by the engineer. Among these to be discussed are



the landslide tendencies of the basalt, clay, and clay shale land forms; special



considerations in loessial areas; unusual soil conditions in dry areas, and the



special problems found in the Arctic.



to illustrate individual forms
Aerial and ground photographs have been used 
 
as well as to identify the variations that occur within each unit area.
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The object of a soil survey is 
 testing of these samples, and the


to provide useful information on 
 plotting of profile information can


ground conditions so that engineer-
 not be justified economically. On

ing structures can be designed eco-
 heavily travelled roads where hun

nomically. In the category of use-
 dreds of thousands of dollars are

ful information is to he 
found soil 
 expended for each mile, consider

textural descriptions, indication:, 
 able sums can be allotted for the


of plasticity, elasticity, shrink-
 detailed work that may be necessary.


age, and other physical properties In contrast, thousands of miles of


of the soil and its bearing capa- road have and will be built without 
city. In addition to the soil 
 it- the benefit of soil information.

self, there are considerations of 
 Where these roads have failed re

soil moisture and ground water con-
 peatedly, a soil survey of some


ditions and the location and type order would normally have aitici


N., .. ..--_ -. 
 -= --... . - ,
 ,.
 q[:...::::



Figure 1



of bedrock when it is present. The pared and corrected or compensated

depth to which 
 the survey extends for the unsatisfactory condition.


depends upon the type of structure At the other extreme, a soil survey

involved and 
 the depth of the exca- may have indicated an equally satis

vation with reference to the ground fact'ryandamore economical design.

surface. 
 ,Lc 


The operation of soil 
 
sis of making soil 
 surveys



surveying ec.,no-,ccil lies in the judicious

is an expensive one; when combined seec fn of 
 samplin' locations+.

with the cost of testing the ma- The :4.:ples obtained from such lo

terial S.mpled, the amount often 
 cations should represent an area of

becomes prohibitive. This cost iq soil 
 having some considerable depth.

a function of the number of samples 
 Figure 1 illu trates the principle

obtained and tested; therefore, of soil-oret. surveying in which 

each sample must be representative a) one saple location is the key

as well as significant. On the to a s( zirea, and b) soil areas


majority of highway projects, de- recur .';iminating the need for


tailed station-to-station sampling, addit. ...
al samples in similar sbil
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areas. This land form subdivides, often be too refine ' 
 for utiliza
on a pedological hasis, into two tion by engineers.


recurring soil areas. A represen- It 
is not the purpose of this


tative location permits the soil to paper to propose a 
 specific method


be classified in three dimensions, to be used in the execution of sur

in area, and in depth. Sampling at veys. The intent is to direct st

all "A" locations would produce the tention to the land form as a unit


same types of soil material at cor- common 
 to all regions and climates.


responding depths. Sa mpl ing at A land form is a unit of land hay

locations " ' differ from the "A" 
 ing a definite form. The form of a


but are similar within the "B land unit is controlled by its ori

group. Without this concept the ginating process, subsequent earth


samples from a given location have movement, and the weather resist

little significance beyond the hole ance of the materials that compose


from which they were obtained, it. For example, a volcano is 
 a



Where it is applicable, 
 the land form. It is a unit having a


principle of recurring soil areas definite shape and that shape is


is directly derived from 
 soi- caused by the repeated process


science (pedology). That principle of molten lava welling up through a


can 
 be stated as: similar soils vent, flowing out, and cooling to


are developed on 
 similar slopes form a cone. In this instance, the


(positions) under the action of origin is unique to this one land


weathering of 
similar materials, form and therefore 
 there are no


Thisis best illustrated by example: similar land forms having another


where limestones occur, the action origin.


of weathering produces a reddish The group of land forms 
 that


silty clay soil. Where the slopes comprise the sedimentary rock group


are the same, and the climate not (sandstone, limestone, and shale)


greatly at variance, the depth and have the same 
 origin, and therefore


nature of the soil mantle are simi- the same initial form - level sur

lar 
 regardless of geographic loca- face and horizontal beds. In spite


tion. Evidence of 
 this has been of this original similarity the re

presented elsewhere 
 (10, (2)1 sistance of these materials to


This concept forms the basis of the weathering is so varied that they

"Michigan" method where a 
 large readily assume separate and dis
amount of design detail has been tinctly individual forms. Figure 2 
related to specific soil occur- shows two adjacent, unlike land 
ences (3). forms. Within the valley area the 

It was implied previously that numerous low hills comprise a group


the pedological methods are not of morainic 
 (glacial) land forms.


always applicable to highway en- The particular road problems asso

gineering. Such instances may occur ciated with this form are repeated


particularly in the semi-arid areas in each cut. The massive hills


where weathering influences are rising above the moraine are com

minimized and soil profiles 
 are posed of hard shale. Rock cuts and


weakly developed. Attention is seepage are considerations in this


directed to the fact the principles land form. In those regions where


of pedology apply, but 
 that under climate has relatively little effect 
those circumstances soil changes on soils the land form may suffice


mapped on a pedological basis may as a unit in the highest (most de

l Figures in parentheses refer to the tailed) order of surveys. In the 

bibliography at the end of the papel. regions of higher rainfall Pnd/or
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greater weathering, the pedologic 
soil series may be an acceptable 
unit. Under those circumstances 
a land formm :nav have two or three 
or more soil-areas possessing, char
acteristics sufficiently different 
to warrant separate engineering 
 
consideration. 

..



-.". .



""t 
 

": 
 

(photo: Robin on) 
Figure 2. An Example of TwoAdjacent 

Unlike Land Forms. 

Likewise, it is not an objective 
to advance a particular means of 
achieving the survey. All methods 
of executing the soil survey are 
based upon the indispen- ifle field 
sampling. Dependin. upon the quai 
ty and detail required, the nature 
of the area, type of personnel 
available and other requisites, 
this basic type may be exp,-di ted by 
the use of county soil survey maps 
 
(USDA Pureau of Plant Industry), 
 
topographic maps, and aerial photo-

graphs. The degree to which these 
 
can supplement detailed sampling 
 
and testing depends upon circum-

stances; it suffices to point out 
 

that a growing number of. organize

tions are able to produce soil-de

sign recommendations at a renson
able cost byutilizing these supple
mentarv methods. 

At the present time the Ilighay 

Research Board Committee on The 
Sampling- of Strihrade and l"oondatton 
Soils (1F. ii. Olfm s ead , Ch.,rma,) 
has secured ah ,up-t,)-,ate ',,;{ I!

tion and .valuation ot soil ,.ur~ev 
maps rhrouh th'e coo e rat ii, of ,he 
Soil Survt l,)isi;ro , (PSi). ib 

S (e ol r,fica IiSurvey h re,. tIv 
u i I be I rd T~ 
 pr " ho 11 t h . hvI 

,)h: ri, ialtk f , , - Ut e . ris Ir,i ! a..C1 pht C; , o, r Lr,'s;", t, I c (nb, ,,,
1n i f 

lt,e soil survey lIstine sho..


: t ira SoTo s t a t e ma pp 1 , Iha



copete'd tin exen t, that.CQM[ to0 
'f'it uSe 6ou d I vrm it the aidot, ion


-f the 'd nlj'i r method a i basis



i'tern an piig ol 

inr fo r-' t i (. 

Tb e f o I I o t 
t1e topographi c r ,;,piO si t.uation,

B a r ha I f of the Un Lteod States is


. t:ilot.a t. In 
 iti ca te .i 

re I y 
topographical l I ma pped iinsome manner


lss thaniandone-qu-r.er of the 
country is covered Ly maps of suffi
cient detail to meet present day en
gineering requi ,,ren .:' (. In 
contrast, more than eighty percent 
of the country has Ien, 
 ho tographed. 

Those arras not now c Vei ed are gen
erally the mountainous and desert 
areas. 

Land forms are perfectly recorded 
on a low contour interval map and in 
aerial photographs; they are lad{
rectly shown on soil maps. The land 
form as a unit is the common denomi
nator of civil engineering construc
tion; in the pedologic type of soil 
mapping the land form is synonomous 
with a parentomnterial area, a catena 
area, or a soil-association area. 
In geolo-ic mapping it becomes the 
smalleit land unit. that consistently 
receives .he attention of the geo

logist. It is important toengineers


because it is more than a basis of
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soil surveying; it is also the con-

trolling factor in drainage require-

ments andexcavation quantities. It 
specifies the type of material to 
 
be excavated and otherwise includes 
 
such characteristics as suscepti-

bility to (land) sliding, 
 

The land forms discussed are 
 
generally subdivisions of the land 
 
forms acceptable in geomorphology. 
 
The broad andgeneral classification 


. land forms is not often suffi

ciently specific for the detailed 

treatment of engineering projects; 
therefore, when the geologist stops 
 
with the third (lowest) order land 
 
forms (valleys, ridges, basins, 
 

etc.) an engineer must continue 
 
to subdivide these into sub-forms 
 
of a suggested fourth or fifth or-


der. The need for this may be il-

lustrated by visualiziig two con

tour maps of the same area; one map 
 

having a 50-ft. contour interval 
 

may present a general picture of 
 

the area but details necessary to 
 

engineers are shown only on the map 
 

having a 5-ft. contour interval. 
 

Where sub-ordr land forms are con

sidered, more than topographic form 
is invnlved, for within a given 

land form type the mass of soil 

and/or rock and ground water condi
tions will vary to some extent and 

these are reflected in variations 
in soil color and vegetat've 

cover. (5). 

LAND FOR'IS 

The earth's features may be di
vided into land forms so that each 
form presents separate and distinct 
 

soiI characteristics, topography, 
 

rock materials, and ground water 
 
conditions. The recurrence of a 
 
land form, regardless of location, 

implies a recurrence of the basic 

characteristics of that land form. 

The bedrock land forms follow 
the conventional delineation with 
several notable exceptions: granites 
are ultimately subdivided into low 
 

and high quartz g-anites; soluble 

limestones are separated from the 
dolomites and young coraline lime
stones; sha.les into the clay and 
sandy types; sandstones into hard
massive and soft. Glacial drift is 
subdivided into moraines, till 
plains, outwash plains, kames, es
kers, drumlins, valley trains, lake 
beds, and peat bogs; aeolian materi
als into sand dunes and loess. 
Water-laid materials also include 
flood plains, terraces, alluvial


fans and costal plains as well as


those alrealy assigned to other 
categories.



While several of he forms are


usually recognized as geological



units, each has been classified


primarily upon its physical charac

teristics, especially those that



are closely related to engineering.



The following examples have been



selected to illustrate a variety of 165



land forms and to point out the



effect of extreme climatic condi


tionsinthe aridandarctic regions.



SOLUBLE LIMESTONES 

The wide distribution of lime
stone on the surface of the earth, 

and the information existing re

garding the soil material weathered 
from these rocks, are consider-tions 

that make this an excellent illus
tration of a bedrock lani form. 

The soluble limestones weather 
to forms having combineui character
istics that set them apart from all



other types. These features are 
recognizable particularly in aerial 
photographs by those having the 

most elementary training, whereas, 

on the ground they may be indistin
guishable to all but the expert. 
The identifying features to be seen 

on topographic maps of aerial photo

graphs are founi in the cross-sec

tion and profile characteristic-, of 

the valleys supplemented by the 
presence of sink holes in the up
land and the relatively angular 

outline of the land form. Figure 3 
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TAIBLE 1 size from the vast loess piains of



Coographic Correlation Of Limestone Soils North China, Central Europe, and the


BsedLpon Some Atterberg Limits" Central United States, to relatively



insignificant isolated dune deposits


Atterber occurring in almost every countr'.



Geographic Location "lhe texture and uniformity of these 

1. US- Alab,.ma 69.3 27.6 deposits has been shown by local 

2. US Arizona 57.4 33.9 investigations but only in isolated 
3. 1J Indiana 63.6 29.5 instances have there been efforts 
4. US -Kansas 56.8 28.4 to brin the significance of these 

S. US- Kentucky 59.1 20.3 to the attention of engineers. 

6. 'S -Ohio 65.0 35.5 The loess (silt) and sand have 

7. US -Oklahoma 60.0 40.9 separate and distijict land forms. 

8. US - West Virginia 54.1 31.7 Wiile there are some wide variations 

9. W. lndi'.s - Barbados 107.0 79.1 front the normal forms, it has been 

10. W. Indies - Puerto 61.8 26.2 observed (5) that loess is usually 

11. E. Indies - Papua 68.5 37.3 deposited in ridges whose axes are 
Without exact data, soils at the fol. approximately parallel. This ten

lowing locations have been classified as dency that is apparent. in aerial 
indicated. photographs anid in some topographic 
12. Zanzibar, Tanganyika, N. W. Africa, maps is lost to an individual on 
Spain, Greece, Turkey, Palestine Trinidad, the ground. Figure 4 is a vertical 
Cuba, Hiti and Java as medium heavy clay photograph of deep loess near the 167 
to fat waxy clay ranging from plastic to source. The axes of the individual 
very plastic in cqnsistency. ridges have been indicated to em

phasize the parallelism of this


aSourc.-: Nos. 1-8.(8); 10 (9); 12 (10) land form. Studies have 
 shown the



presence of very fine sandl near the 

source (flood plains) with a re

surface water. placement by silt and clay at great



The peculiarities of weathering distances. Samples listed in


produce a smooth but highly irregu- Tables 2 and 3 reflect their posi

lar rock surface. In cuts tile tion with respect to the source by


soil mantle is often found to vary the amount of sand present dr higher


as much as 10 ft. in thickness indices where send was absent.


within a few feet measured horizon- The data shown in Tables 2 and 3



tally, thus the soil cushion be- also illustrate the remarkable uni

neath the pavement may vary from formity of texture and consistency


one to many feet within short dis- regardless of geographical location.



clay, This is emphasized by the similar 
tances. Although a silty 

pim
i om ehod th e l
 
these limestone scils, normally de- Tonst are practobe te ecepionconstruction methods that
veloedsee
veloped, seem to be the exception icdnwdlysprtdae. 

to the textural criteria forpumping ticed in widely separated areas. 
Eenethavemnts.These. characteristics so coil-
rgid are 


Leneath rigid pavements. sistent from land form to land form



that several highway departments


have found that in the loess areas

LAND FOIMS OF numerous elements of design and 

WIND-TRAN SPORTED MATF1IALS construction achieve identical re


aults, even though widely separated.


Windblown materials or exten- On this basis, the "shrinkage" of



sive and important deposits in many the material between the excavation



parts of the world. They vary in and the embankment is relatively



http:Alab,.ma
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(USDA Photograph) 
Figure 4. (Scale: 1 in. * 3520 ft) Deep Loess Near the Source. 

TABLE 2 

Grain-size Date on Various lesa Depositso TABLE 3 

Geographic Percentages of: Some physical Test Results 

Location Sand Silt clay On Loessial Mstecislsa 

1. China 6.4 67.1 26.5 
2. Germany 8.0 66.0 26.0 

b3. Iowa 6.5 76.0 17.5 Geographic L PI Max. Wt. t. 
4. Nebraska 13..0 75.0 12.0 Location Wist 
5. Illinois 19.0 73.0 8.0 
6. Missouri 15.0 67.0 18.0 
7. Idaho 17.5 60.5 22.0 1. China 29. 6.1 
8. Tennessee 11.5 72.5 16.0 2. Tennessee 29.0 4.9 104.5 18.2 
9. Mississippi 11.0 83.0 6.0 3. Mississippi 31.8 3.1 104.9 17.8 
10. Kansas 9.0 71.2 26.6 4. Illinois 26.2 3.9 106.2 15.5 
11. Washington 6.8 64.0 29.2 5. Washington 30.7 7.5 99.5 21.4



12. Wia:onain 1.0 68.0 31.0 6. Missouri 33.6 16.3 

13. Colorado 11.0 68.8 20.2 7. Nebraska 32.0 8.0 

14. South Dakota 2.0 76.3 20.4 8. Indiaoj 29.6 7.6 

15. Louisiana 4.0 88.0 8.0 9. Iowa 28.0 9.5 

16. Kentucky 0.6 88.8 10.6



a~ urce UtZ () 1Source: 1-9 (5,8)bLb. percu. Ft. (dry) Proctor 
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fixed since the natural density and 
 
the compacted density are nearly 
 
constant values. Likewise, limited 
 
data on the amount of portland ce-

ment required to stabilize loess 
 

indicates that over considerable 
 
areas, 10 to 12 percent by volume 
 
has been satisfactory. Figure 5 
 
illustrates a construction charac-


teristic to be observed in all loess 
 

areas. When a land form type ex-

hibits this degree of uniformity in 
 

soil and related conditions, the 
 

amount of field sampling and lab-


oratory testing becomes insignifi.-


cant. The rule of vertical cut 
 

slopes introduces an element of in-


stability in deep cuts in loess. 
 

In sub-humid climates of the north-

western U. S. and China, simple 
 
slopes in 80 to 100 ft. cuts have 
 

e s fbeen satisfactory. Excessively



erosion, these soil materials re-

quire special protection from run-

ning water. The source area of the 
 

loess can be seen in the background 
 
of this picture. Backof the camera 
 

the loess extends, as a gradually 
 
thinning deposit, for more than 
 
100 mi. 
 

411 ,.-, 

(Courtesy: The Ifighway Magazine)



Figure 5. Bench-type Construction 
 
in Loess 
 

The tendency to assumt a verti

cal slope can be seen developing at 
 

the original ground line in Figure 
 

6.. In this instance, the loessial 
 

silt was sloped and sodded in a cut


section. Subsequent erosion has


been so severe as to destroy the


established cover.



Dune sand also presents a re


markable uniformity that has been


caused by the sorting action of the


wind. The recognition of the dune


forms of all sizes in airphotas



established the limits of the grain



size within 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 7



shows a typical dune pattern in the



sub-arctic in a vertical photograph



Of a heavily forested dune and


swamp area. In spite of the vege

tative cover the light gray of the



dry sand is obvious. Similar dunes 169


are commonplace in the tropics.


Samples of dunes from th. arctic



coast to the southern hemisphere



have furnished the statistical


proof of their uniformity in topo

iraphic and textural character

istics. Protection of slopes against
 


(photo: H. E. Nelson)



Figure 6. Erosion of Loessial


Silt Cut Section



wind erosion, excessive wear on



equipment, high binder-soil require


ments and an exceedingly porous
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Figure 7 (Scale: 1 in. : 	 1259 ft.) Heavily Forested Dune 
and Swamp Area.



subgrade are features of the many A brief of this data is shown in


dune areas whether in Maine or in Table 4. Recognizing the charac-

Nevada, as shown in Figure 8. The teristic form of dunes and esti

white sand hills in the foreground mating their distance from the


of the picture contrast in every source permits reference to the


way to the dark rock hills in the table for a close approximation of


background. the grain size distribution. Having



established the land form and the


texture of these soils by one of the


methods, observitions and records


will indicate the best practice to


be followed in dealing with ^heT as


sub-grade or foundation material.



Thus the concept of the land form


provides a tangible basis for 
gathering and comparing, not only 

... .soil data but design and subsequent 
performance records. 

LAND FOWS IN(Photo: Nevada Dept of Highways) 	 GLACIATED BEGIOS



Figure 8. The Sand Dune as a The areas of the earth that have



Land Form 	 been influenced by glaciation may


contain any or all of the land forms
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TABLE 4



Mechanicsl Analyses Of Dane Sandsn 

Sieve Analysia (Average)


Ueographic Number Pass 20 Pass 40 Pass 60 Minus



Location Samples Plus 20 Bet. 40 Bet. 60 Bet. 100 100



1.U. S. Nebraska 20 Trace 5.9 20.8 66.1 6.9



2. U. S. Wisconsin 3 0.4 20.8 33.4 36.6 6.6+



3.U. S. Illinois 8 - 2.1 14.0 69.9 14.0 
4. U. S. N. Dakota 5 Trace 9.2 20.3 58.9 11.4


S. U. S. Kansas 	 3 Trace 4.7 24.3 67.3 2.6+



6. U. S. Massachusetts 2 Trace 5.5 23.4 67.6 2.3+


7. U. S. Washington 1 6.0 14.'0 41.0 27.5 11.5



8. U. S. A!aska 2 - 21.8 58.2 20.0 


9. British Columbia 1 - 6.5 31.2 43.6 17.5+ 


10. Peru, S. A. 1 Trace 0.3 87.3 12.3+



ll. Laborador 1 - 3.2 26.6 59.2 11.0


12. Churchill, Manitoba 1 - 6.6 38.5 54.7 0.2 
13. Pan American Hwy., C. A. 1 " 0.5 5.4 59.2 34.7



'Source: 1-6 (12)



previously enumerated. Of particu

lar interest to engineers are the


level, well-drained terraces or


"valley trains." A ground 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


surface drainage, and absence of



gulleys on the terrace face indi- (Photo: H. E.Nelson)


cate the presence of gravel. The Figure 9. Terrace Land Form



low mountain in the background is a


strong contrast in soil patterns
typical "granite" land form to be 	 the 


found in relatively impervious
found in many parts of the world. 


and sand plains silty clay and that associated with
These gravel 
 
offer excellent sites for airports gravels. 
 The integrated drainage
 

and highways since the essential pattern and the mottled black and



land form is its 
 white soil pattern mark two-fifths
feature of this 

a silty clay. The
nearly level surface. While good of the area as 
 

sub-drainage is the rule in such relatively plain appearance of the



areas, an inspection of soil maps central portion is a typical gravel



show consi- pattern. The small irregular dark

or aer':l photos will 
 
dots in 
 this drcra are very elight
derablt variation in soil and drain-

depressions acting as "infiltration
terrace 
 

area. Figure 10 illustrates such basins"for surface water. Although



an area. The vertical view presents the ares represents several square



age c(nditions within the 
 

171 
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(,XA Photograph)



Figure 10. (Scale: I in. 5000 ft.) The Strong Contrast in Soil



Patterns Found in Relatively Imperviou. Silty Clay



that is more plastic and im

miles, no surface runoff occurs. soil 
 

Coarse gravel occurs in the light perfectly drained.



band that parallels the boundary



between the two deposits.



Figure 11 is a ground view of a



flexible road surface on P terrace



land form corresponding to that



shown in Figures 9 and 10. This 


illustrates the "standard" perfor


mance expected on the level, well


drained (gravel) land forms. 


Ground-line profiles, insignificant 


ditch requirenients, few culverts 


and a thin (4-in.) base are common


place elements that produce satis


factory service on this road. Figure 11. Flexible Surface Road 


The small dark areas within the on a Terrace Land Form



terrace land form, mentioned in re


large quantities
ference to Figure 10, are shown at In many 
 areas 


Figure 12. In such of sand and gravel are required for
close range in 
 

areas, two or three extra inches of construction work. As aggregate,



as base course material, or as fill
base materials vre needed to dis-


tribute the traffic load to the material, these granular materials
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are often of utmost importance. An 
 

asker is a land form in which 
 

gravel and sand are found. 
 

One of these ridges is shown in 
 

Figure 13. This gravel ridge re-


sembling a long"fill" has an un-


mistakable land form. Eskers, 
 

common in most glaciated areas, 
 

sometimes reach the length of 100 
 

mi., other a few hundred yards. In 
 

this view, lakes interspersed among 
 

bare granite hills comprise the 
 

balance of the area. This unique 
 

form consists of water-washed and 
 

assorted gravels and sands. They 
 

are excellent as a source of gravel 
 
and because of their well-drained 
 

character they are adapted to winter



grading. Even in the arctic they



remain unfrozen when adjoining de


posits become filled with ground



ice. 
 

Figure 12. "Infiltration Basins" 

in Terrace Land Form 

CLIMATIC INFLUENCES ON LAND FORMS 

In areas where extremes of cli
matearesexperiedtee ae 
l
 

mate are experienced there nr 

numerous influences which are not 

present under moderate climatic 

conditions. In such areas air

photos are particularly valuable 
because of the limited knowledge of 
 

terrain conditions and the lack of 
 
maps of other types. Desert areas 
 

and the arctic regions are examples 
 

of extremes of climate that exert 
 

Text 7



great influence on soil and founda


tion conditions. In such areas



where the climate influences engin


eering works the land forms natur


ally present are not greatly al


tered by the climatic forces.



These unusual effects are found



superimposed upon land forms found



elsewhere; thus as a unit it re


mains a common denominator regard


less -of climate.


The particular problems of the



arctic are associated with areas



where the average annual tempera


ture falls below the freezing point;



under such circumstances the tem

perature of the ground is generally



(CAF photo) 

Figure 13. An Oblique 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 the soil and



that water has been concentrated


into ice lenses and masses of



ground ice. The construction of


buildings, roads, and runways, or



in fact any disturbance of the



ground cover initiates melting and
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a resulting excessive setel'ement.



Two general ccditions are en

countered. In areas -here 
 uncon
solidated raterials 
 are prese:t, 
the vounp d,'tosi ts such as flood 
p I a±n (i a ni f orr ) t e r aas ha v eI 
ice present in min ,r I,,n-es and 
,eils 1 8 to in. in thicknes-
In older mrateria 'cLastal plain, 
mora in, te'rrace lar.d for,r ) the 
9o 0rnd ice has form,ed into massive 
-wed-es of ice that are often seie-
a] feet wide at the surface and 
taper do-.niard to depths of as much 
as 40 ft. In plan these wedges 
form into th;e polonal patten 
shown in Figure 14. The polygn 
 

pattern is outlined by very sli ht


depressions in which owamp grass is


found. Arctic moss covers the sur

face on the interior of the poly


174 gan. Large masses of ground ice



are coincident 
 with the outlines.



The hill in the center of the fore

ground is a rock land form. 
 Figure


15 is a ground view of arctic ter

rain on Baffin Island showing the 
level surface of a terrace (marine) 

Figure 14. Ar'ctic Land Form Con
taining Ground Ice.

land form in the foreground and 
bare rock in the background. Ground 
ice has accumulated in the terracc. 
material to form the polygon out
line partially shown. The block 
diagram in Figure 16 shows the re
lationship between the surface pat
tern and the sub-surface conditions 

-

_47 

ivurv . Ground View 'f Arctic 
lerraii S .owine Polygon (.kitline

F",,r<.ed I'y Ground Ice.



Figure 16. Section of an Old


Alluvial Lan,' FormContaining



Grmund Ice.



Figure 17 shows a wedge of ground


ice melting after the surface 
 in

sulation of 
 moss had been removed.


The distance from the ground sur
face to the top of the ice is about 
12 in. 7he process of thawing, an 
seen in Figure 18, produces deep 

http:F",,r<.ed
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-similarly 

; 0' " , 

4. 

Figure 17. edlge of Ground Ice 

S- . - , 

Figure 18. Process of Thawing 
 
produces Deep "cave in" Trenches 
 

"cave in" trenches. INere, thawing 
along one arm of a polygon exposes 
a connecting ice *edge. The strip
ping of the area in Figure 19 re
sulted in the formation of apolygon 
"trench" system. There has been no 
 

erosion or loss of soil. The run-


23 

way in the background of the pic

ture and sections of road were



"dissected." Failure of 
the simplest types of structures


resulting from the thawing of


ntound ice are difficult to repair. 
Continued melting at a variable 
ratv p r c .eedsover a period of 
.evera] years. Prowressive failure 
'csults in the deep caving shown in 

Figure 20. 

('ngava Nly, NAT.) 

Figure 19. Formation of a Polygon

trench" system 

As a result of studie!, in the 

arctic it is possible to establish


a seiies of land forms in which


permafrost 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 
western Alaska to Laborador and 
Baffin Island establish thii simi
larity. 

The apparent alternative to con

struction on these land forms is to


seek bedrock land forms. Explora
tion in the Canadian Shield area 
reveals that massive and resistant 
rock such as granite or quartzite 
is susceptible to distortion by 
permafrost. Figure 21 shows massive 
blocks of rock weighing many tons
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Figure 20. Progressive Failure 

Results in Dee,, Caving 

)F, 

Figure 21. Rock Heaved from Origi-

nal Positian by Ground Ice 

thct have been ieaved by thle for
mation of subsurface ice. The 
highest projection is about 20 ft. 
 
above the original surface. As in 
other land forms containing ground 
ice, ordinary construction practice 

may result in disasterous settle
ment. 

ARID REGIONS 

In dry areas the excessive run
off occassioned by the lack of 
vegetat -on carrie-i ireat masses of 
soil mtrial and rock debris from 
the r;;o nta, slopes out into the low 
va ] y areas tvpica I of these re
ilzs, .ecausel of the detail shown 

Sthese areas are of great value in 
i",'CtilnO the best available loca
tion for eipineering works. Rail
roads andi hi ,,ways, because of soil 
and water conditions are generally


located on the transition slopes 
between the hills and valley floor. 
These transition slopes generally 
take the form of alluvial fans or 
outwash material. Figure 22 is an 
oblique vie& of a land form of this 
type, showint' tile ;enerul shape of 
this land unit formed by the depo
sition of materials washed from the


mounta-.n valley. The numerous


channels are an indication of the 
difficulty in locating roads on


these land forms. In this transi

tion area the shiftinf. channels and 
accumulatingdebris require detailed 
planning for tile protection of the


right-of-wav. Aerial photographs 
provide the precise record of many 

details that are necessary for pro

per original location and subse

quent protection. 

Pipe lines and airports, as well 
as the other transportation lines


also must transect the"Basin" areas 
that lie at the outer fringe of


these fans such as that shown in



Figure 23. Alkali flats are found 
in the arid regions of all coun
tries. In addition to identifica
tion of soil areas on the basis of 
texture, soil maps and aerial photo
graphs can be used to locate alkali 
soils, ground water seepage zones, 
and active channel areas. Thewhite 
area in the foreground is crusted 
with salts of potassium, magnesium, 



25
 

Compendium 2 Text 7



4 11-41 

, :;:,.,,. 


- 177
IX 

(Photo: 1..E. Nelson) 

Figure 23. Alkali Flats 
sodium, cnlcium and other compounds. of salts aire to be found; the same 
These alkali flats (lake-bed land compounds used in the accelerated 
form) tire relatively important weathering or "soundness" tests o'f 
since in these, high concentrations aggregates and concretes. Early 
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disintegration of concrete and the 
rapid corrosion of pipe lines and 
meta! culverts are associated with 
the alkali soils i'nthis land form. 

For example, the U. S. National 
liireau of Standards correlation (7) 
show5 that 8-in. steel flpeF, placed 
in such areas can be expected to 
corrode and leak hithin five Years. 
Similarly, muck soils (a land form 
common in glaciated areas) can he 

expected to corrode pipe within 
seven years. 
 

LANDSLIDE LAND FORMS 

The risk of the unexpected is
often a contrihuting item to high 

constructio; costs. This factor 
also carries on into the service 
life of hic-hways and other engin-

eering structures. 'Ahile landslide 
occurrances are but an example of a 

1/8 great many varieties of risk, they 
well illustrate the use of the land 

form as a basis of projecting ex

perie'ice. Htere the land form es
tal lishes the permissible limits t 
which experience can be projected 
from one land forr, to another simi-

lar one. 
 

In the consideration of land
slides, two facts are outstanding: 
 

1. There is a group of land 
forms (identified by rock type) 

such as clay shale, mixed aAY 

sandstone and/or limestone, and 

basalt that are prone to sliding 
along their unsupported edges. 

Conversely, a large number of land 
 
forms do not fail by sliding, 
 

2. Landslides are a means by 
 

which nature adjusts slopes to a 
 
stable form. For that reason it is 
true that old landslides may be 
found in these land forms. Rarely 
 

foud i thse foms.Rarly
an 
 

will an engineer create an original 
 

landslide in a given land form. 
 

Therefore, a land form should be 
 

examined carefully when it is one 
 

of the susceptible types. Old 
 

slides will indicate the landslide 
 

tendencies of the land 
 form; drain-


age conditions on the upland will


indicate the possible locations of


new slides. Photo-analysis is par
ticularly well suited to this type 

of an investigation. 
Fit.ure 24, a vertical photograph, 

re.cords the. predisposition of the 
above-mentioned mrterials to fail 
by sliding. The highwav (white 
lile) is located on sloping terrain. 
fecent, A (indicated by arrows) and 
old, B glides along the unsupported 
facf , running diagonally upper l. ft 
to lower right, show that roads and 
structures near this face are sus
ceptible to destruction by slides.
Derse forest cover prevents adequate 

ground reconnaissance. The light 
gray area C which the road engin
eers attempted to circumvent is a 
shallow swamp; its upper border 
marks the approximate limit of 
material susceptible to sliding. 

A stereo pair of vertical photo


graphs showing numerous landslide



scars in a ba-,alt land form are 
shown in Figure 25. Encircling 
arrows indicate three major slides. 
The outcrops of basaltic rock appear 
as contour outlines at lower left



center. Where surface streams 
parallel the border of these land



forms, sliding is imminent.



SN-, 

A study of the engineering his

tory of a land form wauld include 
the investigation of design methods 

and construction procedures. Such 
an investigation would inevitably

show that within that land form,
the process of trial end error, a.



we as intl n ering

well as intelligent engineering 
planning, had evolved certain prac

tices that are the best for those


particular conditions. Those par

ticular conditions are character


istics of the land form under study



itisof t oporaphy, soil,



coterian ock.


there are a small number
Since 
 

of land form types and a great num

ber of eac h type, they asuae a 
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Figure "N. Predisposition of Materials TI- Fal I -iYSiinkc <I.C' 

by Old Slide~s 

(Photo: US Air Force)

Figure 25. Landslide Scars in a Basalt Land Form
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geological recommendations success-


fully. Professor Belcher's paper 
 
is a fortunate and proper step in 
 
this direction. The title of the 
 
paper rightly indicates to both the 
 

engineer and the geologist what is 
 
important in applications of geolo-


Text 7



gyto engineering - "the engineering 

significance" of geologic features. 
Witout entering into details, the 
writer wishes to call attention of


the highway engineers to this in


teresting and important paper.
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Western Hills Road, Nepal (courtesy U.S. AID). 
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Joint Meeting lnst :t,on of lhbhay Engineers and the Ro ,a Institution of CharteredSurveyors. 

Terrain Evaluation for Road Engineers in Developing 
Countries 

J. W. F. Dowling, B.Sc., F.G.S., and P. J. Beave,. B.Sc. 

J.W.F, Dowling P J. Beaven 

IOG RAPHIES pro, ect. This can often lead to a decrease in the amour:184r c:as :,',D,,:; .:" ,
 . c','s and e..caa, ther''at of srveyo.
work, together with at)increase in is eftective,184ILi";;os,'l . ....tf- /d, B: . ness.Ur'e,ie'sr, . i',,er or ery in,-i'::urs Co r.e in,:,,,'.ti;, 71e Pai'eris iud.tratedby examples of terrin-evaluati/
in 1 '3. A ,rcdi. 'ip::..iia:- Stui, a."fo i o tNioena std'eS frmn; Northern1 , ani Western ,'/ys/a.aVator a, Serr,C- P I*I, ;-"" 

It was aS ,,:aI Z".1 
1,'hinent (;'./'EXE)!', t. uth rt'.,,, n "'1eV .7 
lipid rnetl/; i ter,'n s/ /,.r e . 

jiurposes /i-; ete ir;otci Sr ' , eeaf/7L rL of t.'-' 'a'o,3:F),i !: & /ia5 R':" citte. of t a 

iumber ol iove.t,,jrlcr: .efj, to5 
 . 7' , i a,,. - i.t7 
the value of a'..., 
 , . . ot, i'l ca/ ,ds 
in locating e"?g"';n 'e,,.;nr,-, 
 

Mr Bearen ,JV-I; t 1 ' - 0o'o'-sfer -',r,, t 

with a Der,.'e .n ' arG/ jJ,. " RL /; ,, , d , -",rio 
Laboratory at :tic , , 'd ot., tye'i rie '..... , tt. .l.;
Section ,dru his *., * 'estth; ,beenI., ' ,c,it,l, Sr 
testing .uadv rasand nrappn t ,n nr r"115/ ridsOledV~it to r,?&. ,"*, t;2. Hotig Kwd'g.l , 3o;
led to visits to '.'~ i *nor n8r:~.Hn i'g

the Caribbean.Soz.hierri*A/rca ar d
SrI.tdiling

He has recently resturr;eo Iron) a / ' taut in Western
 
flalayca where 
 te orgarised a survey of roadmaking 

materials 


SUMMARY 
Existing road-Ircation and materials surveys are often 
carried out .Jut r!,,is)ric t' vaflatiin in terrainilth

conditions Terrain evat. 1:o/ re,'to.s the soil's Oroerties 

andthe associa[ d 'snr;;eri/ s/er!i and sl.'itons to
 
a land-classfi Cationo s1.ri, t/hs CSta?,t ng a system

for storing aied rji/afri istmr iatrsr on,e 'rolect to 
another TIe unitbasic of the classitic.lion i. the land 
facet which by dfiri,t!,,)n i fessoraiy lltformi itt
propetties2ddbc'/ia;i°u r'f ro;d en;7in'eernr, 

Land facets recur torierter in larger urit$called land 
systems which a,'.oa,1-, i/Wer;['itj ornair-photo prirl:t
lay.downs at sca/"s above 1 80000,At th'is level the fI nd 
system can store more general information relatnq to 
aveilability of rriaterials, suitable construction method; 
and costs of construction or maintenance. A tera,,'
evaluation can lead to a more logical soilnsurvey pro.
cedure. concentrating effort on problems relevant to the 

JUNEI149 

This Paper was pfuse ted at a Joint ,.o'eatnq of tlo
 
.,'/;;
sti trion and te R J/ Inst, rution ol CoJrterj S,'.
 
;ysrS Lti-.r',i on ,ircn 7t.1. 19j9. 1,r H. C,,slwe
 
D F C., P Sc.tEng., F/CE, 1tIStruct F, F.IrstI-.E 


Pre,et 0/tnesf tmt'of County Surveyco Devon, wasilitPle Ch,. 

Introduction

c .ini;jc, r , h en , iilecnde:
 

OLC'. riii , Inc tn
1:.o';i ( j4.- ,Ce fm ol i, r r ii;:iHor c.
Mi i-nd 0.!a.;.i ':crn,.I.l,[ ,i, ,",1t t -


n reo.. lec. i gtier". n *h;, o i'AIlo J dreiel 'p l
Ir n.:
i''d.':, .inid o4 f lril ,,p!. tci .iniommiiit, s rnich ,
 
- -i. : r .c:!r the .,;:,l ins -,r.i.itl ii". ; he..iue ti;
of 
financiaIl ,: ,,;. :Ire he.or 'j,11e "trfmi,.:e, :"!r I,.;i'\i~~rfci C'ii .c u; ii~e~,:s- i:ia
 

neied to prc.,, the iisem:n-nt - ::lo clv a,

pi,ible. i ht, r.-i it- .1!-,, d ii:lo
o - i is "at t- o:ipc

declupnicnt shielJ he uLin.trei; 
 ,liiThin hs ;:..,ii; X
 
overall c onunic plirilli, tru d e c - 551
i ' iiii7 flll,
 

other econornic seCtor,.
 
In highia)' .iieinecring, r'n i feaiihit% 'ilics are 
heirz
 

increa'nrlt' iid pro. ,vc hi.i,h ii fir etlfc., 'il dec.
1sin, and for pl oinigg irii.c.hi li Ih,:.i, 'i *ili.l cmn I
 

applied ah citii ence is 1.irzc, (tic to the i..diitlJinJI',
 
it lata oihitlared fro tic, 'op'in o;l ntries in 
 tv.ent %ears'. 


[lri purLpoIe o.f Ihi, Ii,tiir h r i ',ei. 1.elo;
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T , oi -,--%T-:4-- - ... H L.o.., .. W ok .ydO4 

P -te Own 

(4 

Figure 1. Block section of the Lugge lan~d itystem. Nigeria, showing corn panda land Iaceir. 

Minr valley Latrlic Hill slope Majavclliy 

iijrloce 

s - - - --A 4A 

; ,,,,.LaltrIe Irontonl,,y " ., ,,,

omscndstond (Crutaclows " $/ 

Figure 3. 8!ock section showing the laid fa,'ets of the Gombe land system. NigeH". 
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T7ABLE 1 
Lugge land system 

Climate: 	 Semi-arid to hot equatorial tropical (Suoan sdvz.::"zono tarsitional to Sub-Sudan anr, 
Northern Guinea zones), 4 humid months, June-September. Average daily maximum 
temperature above 33.5'C. 

Rock: 	 Granite gneisses and migmatites of the Pre-C.mbrian Basement Complex. 

Landscape: 	 Inselberg landscape wit i exfoliated granite rock domes and whale backs. Less resistant 
migmatites often undedl e plains. Lateritic ironstone corresponding to the Uppir African 
Surface is developed on upper pediment slopes. 

Soils: 	 Ferruginous soils developed on gently sloping ground with local occurrences ofweakly 
developed soils which i iclude asubstdiary group of lithosols. Basic gneisses Cre rise to 
occasional areas of ver:isciic soils. Coarse, bouldery talus forms waste man:,e to rock 
domes. Generally well drained, stony soils developed on pediment slopes, ,,,thsandy
alluvium in valleys. Clay soils patchily distributed in small valleys and areas of locally 
Impeded drainage. 

Vegetation: 	 Mixed Norhern Guinea Savanna woodland with transition to Sub-Sudan zone. 

Altitude: 	 650 m. (approx.). 

Relief: 	 350m. 

186 TABLE 2 
Some values of lateritic ironstone gravels obtained from four widely separated sites with the same 

land facet - land facet 3 Lugge lard -,y-tem. 

'I.. Sample No. 
Linear 

Shrinkage 
Dry Density 

(B.S. heavy compaction) 
Moisture 
Content CBR 

% lb/cu. ft. % % 

1 191 4 133 9.0 80 
190 7 133 9.0 104 
189 5 134 8.9 70 
186 - 129 9.4 84 
183 - 134 7.7 117 
184 - 130 10.8 66 

2 131 4 134 9.1 82 
129 12 134 10.4 44 
126 7 135 8.4 109 
125 8 134 9.4 64 
124 5 139 9.3 106 
123 8 136 8.6 64 
110 4 137 10.5 63 

3 102 2 140 8.4 88 
101 8 132 9.8 82 
1A 
1B 

-
6 

136 
132 

8.0 
10.5 

72 
94 

2 - 133 9.7 96 
14 4 135 8.2 78 

4 30 
29 

8 
8 

133 
137 

9.4 
8.5 

116 
94 

27 6 135 8.8 94 
26 - 134 10.2 82 
25 10 138 7.9 80 
22 7 134 10.9 96 
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information, if available at all, is often too general to be of 
much assistance to engineers. Again, the environment general
ly poses problems that are unfamiliar to engineers shose 
training and experience are hlnite. to conditions in the more 
temperate regions of the ssorld. 

In ruaJ-i.uilding perhaps the nust important difference be
tseen dLseloped and underdccloped cuuntries is that in the 
Jailer there is often inore Ireedun to choose the route of the 
road. It i. aho important to make elfectic use of local engine
ering ni. tcreal resources. llh of thee factori ailed costs 
and it is in rt-ponse to the necd to make early arid etCctLIve 
planning deiis1%that mcrcaing intcrest has been shown 
in the dteslopment of rapid iethods of terrain appr.isal and 
of niethcd :or "toring engineering csperijenc and data con
nected swth terrain. 

In spi : of the intimate connection between all forms of 
civil rngi ie.,ng and the natural materials of the earth's sur
face and in spite of the obIious ber.,lits that atn be obtained 
from purt knowledge of the engineering conditions of terrain, 
it is perhip, surprising that o less atienpis hase been made 
to s stetr itically record data for future use. 

In the t. ruted Stairs of America the pioneer %%ork by 
ieichier and the Engineering Expcrinrent Station, Purdue 
Un:sersit has led to cIsidtr.,hlc ,.;,e of aerial photography 
to map ire dstribution of cngi'viing miaterials. As a result 
many ma., base been prepared ssh,,h show, the distribution 
of agricu.unal soil uni s in Amrictia as s ell as inforni.tion 
about the engineering properties of these soil units; these are 
a ,'aluablL z:sd :o road planning. lhe early interest shosn in 
mapping Lnjetnring materials in America arose dir,:ctl trout 
the need, sriilar to that in many deselopig countries, to 
build roa is oser long distances in areas where insurhicient 
informatli 'bout soil conditions sas asailable. 

In the Un 'ed Kingdom, the Tropical Section of the Road 
Research _atrator, has made i number of studies connected 
with the iJentification and classilication of information on the 
engneeri.g properties and pnrformance of tropical road
building m.terials. These can be separated roughly into four 
spheres of Interest. lI rsily, the laboratory testing of oil and 
aggregate s.amples selected front many ditferent tropical and 
sub-tropical situations; Necontdly, the production of regional 
surseys or ioadmaking materials for a limited number of 
selected territories; thirdly, studies to di'ritite the value of 
aerial photography in the identitication and location of 
engineering materials; and fourtly, more recent studies of 
the use of terrain evaluation lechniques to retain engineering 
experience for future use. 

Methods of Terrain Evaluation 
 
The Road Research Laboratory has produced a number of 
 
reports deig with the roadmaking materials and road build-

ing probhrrs of Central Atrica. Nigeria, northern Borneo 
 
and the C nimonwealhh countries of the Caribbean and Leso. 
 
tho. "Itfe main aim of these surseys has been to compile an 
 
insentory of engineering experience to serve as a guide to 
 
engineers '%ith little know ledge of local roadbuilding condi-

tions by dna\%ing attention to the connection between road-

buildting wittrials and geology. A further aim sas to demon-

strate hos txperience once gained could be transferred to 
 
other situations where geological conditions %%ere similar. I or 
 
two of the territories. namely Guyana and Northern Borneo, 
 
maps hase been produced at scales of 1:250,0MK) and 
 
I: I.I-.W.t) I showing the regional distribution of roadmaking 
materials and indicating genteral roadbuilding problems','. 
As in niost instances the regional surve s represent the sole 
record of engineering experience for each of the territories con. 
cerned. they form an especially useful source of information 
for road planning purposes, 

However. in the case of individual road projects, regional 
sure.s of this kind base their limitations and are not always 
capable of accommodating the wide variety of terrain informa, 
tion %ith which the engineer is concerned. Commonly, geo
logical maps. even where these are available, by their neglect 
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of the unconsolidated soil mantle, are too broadly based to 
cope with the fine distinctions that te engineer needs to draw 
beissecn dillerent types of materials used in road construction. 
In this respect, agricultural soil maps base proed to be more 
satisIa,:tor, although, once again, in most deseloping coun
tries the amount ot ground cusered by such maps is small. in 
addition, the pcdological terms used are not always easily 
understood by engineers. 

During the course of an earlier ins etgation undertaken by 
tie L.ahratory in northern Nigeria to find out how aerial 
photography could be used to locate engineering materials', 
it becanne es dent that the mist suitable method for classify
ing the engineering features of terran lay ir, adopting the 
principles of land classitication. "Ihese insolse the recognition 
(f distiicti e patterns of landscape, brought about by the 
interaction of the many ditlerent components that make up 
the natural ens ronment. such as rocks, soil, topography, vege
tation and cLimate. "The most important principle of land 
classification is that, in any number of different situations 
stiere these components iase the same choracter .nd operate 
tgeti'- ;;, !he same manner, the physical form of the land
scape will b essentially the same. 

Most engi, cers are aware of the repetitive nature of ground 
and, in conn: ics that they know well, ssould easily recognise 
asstriations bc!s,:-en certain rock types, hill shapes, soils and 
vegetation. Land 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 Value for the physical attributes of dilTerent portions 
of the landszape. In this %ka%,a land classification becomes a 
land (or terrain) esahuation and sien the values obtained 
are concerned with soil strength, plasticity or any of the other 
properties on %Inch the design cf roads is based, the grcund 187 
zan he said to base been evalua'ed for engineering purpoes. 

10 tie eng:nceer, the Inportance of terrain evaluation lies 
,n it, abdilty to deal ssitli a saide variety of engineering con
',idratios %%hich are not restricted to soils, but, in addition, 
include Irform;ation about rocks, relief and hydrology. More
ts er. because pattern, of landscape can be easily identifiei 
aing aerial pnotography, large areas of ground can be 
exanined quickly. 

"Ifir concept of land classification was first described by 
Christian' after it had been developed and used in the 

Northern 'err:tortes ot Australia and New Guinea to express 

he agricultural potential of ground. Subsequently, these con


,ept %ere expanded and niodified in the Uinited Kingdom by 

he Department of Agriculture. Osford University, working 


under contract to the Ministry of Defence. In a series of 
report.%dealing swith parts of Osfordhire. Beckett and Web
,ter showed for the first tune that land.classification techniques 
tould be used satstfactorlrl to define the engineering features 
-f ground. Similar studie, had been made in South Africa and 
,ustraha. and in 1964 a joint meeting was held at which the 
erms used in this Paper weere agreed upon'. 

Ground can be subdisided into distinctive patterns of land
,cape. Each pattern is made up of several components, which 
r,re generally interrelated, and recur together to give a pattern 
Its Lnaracteristrc form. These patterms can be picked 3ut 
readily from aerial photographs of the appropriate scale. 

Units of land,cape khi,'h have a reasonably high degree of 
I omogencity for most pr ictical purposes, and can be readily 
identified in aerial photogral',v at scales betsvecn I: 10,00 
and I :l80,00. are termed lndi fa,et. They are significant units 
ef landscape in terms of engineering and agricultural land rise. 
land facets are thcm,,else comprised of smaller units called 
fund c'I-e',rnts. These are generally small components within 
tie landscape anti a number of related elements are linked 
ti form a land facet. Restricted outcrops of lateritic ironstone. 
which may form a useful source of building material, and 
small. incised. isatcrcourses are two examples of land elements. 
Generally, land elements arc too small to be identified easily 
ir aerial photography at conventional mapping scales. It can 
be seen. however, that they may have considerable significance 
in engineering terms. 
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TABLE 3 

Gombe land system 


Climate: 	 Semi-arid equatorial topcal (Sudan ;avanna 
 zone): three humid months (July-
September), 750--850 mm rair fail. 
Average daily maximum teinpe-ature above 33.5'C. 

Rock: Upper Cretaceous Gombo Sarostone comorising flaggy siltstones, generally fine grainedsandstones often heavil. fefruginsed e9pecially adiCent to lateritic caprock. 

Land:.cape: 
 The Gombe Sandstone hIs for "na buried land surface and are overlin by the Palaeccine,
Kerri
Kerri Formation. Fli!-to lirec Mills af,? capped by a tnick lateritic ironstone, pa-. oian

old erosional surface ,.hich dios beneath Quaternarv sediments of the Chad Forn-'tons.The topography comprises rcderately steep, rubble-clad stopes separated by flat
floored valleys. 

Soils: Thin, stony soils on hilslces, .-with fine sandy co!luviunm and alluvial material formirg theflat, valley floors. More coars.r-graned sands have been washed in from the ac:acent 
Kerri-Kerr Formation. 

Vegetation: Sudan savanna woodiand. 

Altitude: 	 400-630 m.(approx.). 

Relief: 150m.

Referenze: Klinkenberg. K.et al. SoilSurvey Section, Bull. No. 21, 
 1963. Regional Research St'ation, Ministry of Agrfculture,
Samaru Zania, Northern Nigeria. 

TABLE 4 
Facets of Gombe land system 

L.and Fo-mfacet		 Soils, mate.ials and hydrology Land cover 

1 Lateritic ironstone surface Flat, hill-creqts capped with hard Detarium woodland occurs in soil
Flat to gently undulating mesa lateritic iron tone and, or heavily pockets.
surface with uneven micro relief. ferruginised sandstones winichSize may vary from 100 m- to underlie capock. Bare ironstone,
5km2.		 ferruginised sandstones with 


shallow, stonry soils Reasonably 

well-drained sites, wit only. local 

impedance.



2 Hill slope 
 Thin, bouldsr soils up to 0.5 in 	 Detarium voodland on upperModerate steep slopes usually less thick form a conspicuous protec- slopes. Mixed Anogeissus .,oodthan 35, locally steepening below !ive sheath to unde,':ing finer land on luwer slopes.caprock and occasional mid-	 grained soil;. Erosion proceeds

slope rock outcrops. Gentler lower 	 rapidy A'ht:,ethis armour is re
slopes, sometimes with uneven 	 moved, perhaps by slidng.

bouldery micro relief. 


3 Majorvalley 	 Fine sandy cotluvium and allu- Heavily cleared and cultriated.Flat to gently sloping valley floors, vium forming valley floors and Elsewhere, mixed Anoo= .ssusof large size derived in part from adlacent Savanna woodland occurs. 
Kerr-Kerri Formatron Juvenile 
soils developed on rec.ent alha. 
vium. Rock orcasionaiiy r!rposed4 Minorvalley 
 in valley walls and floors. Collu-	 Asabove.Flat to gently sloping valley floors. vium tends to be coarser in areas 


often deeply dissected. 
 adjacent to land facet 2. Intensive 
erosion produces deep dissection 
of river channels. 
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Land facets recur together It form larger units called land 
systems. These form distinctive patterns, and are usually identi- 2 
fled in the first instance Ifromt air-photo print-!a.dosns (or 
photo Mosaics) at scales abusc I .SU0. 

Thus. the terrain of a rction IN t iolcd as a serics of re
cognitably distinct land-)sIcms, eaLi of slh contains typical 

land facets %acii has t siu !arIcattoes is :r they occurher 
and v,hich can le c tdil.idilnt'hcd tl i atriaiI ol'togra phs. 
Land facets usuall iiladc a nuni r otsmllcr land element%, 
,rich are insarialy tiltt litl neidus thall Ia.cI Iterngi

ncering character. Stm, of thscc lia,be t tgflllcanceipa 

in roz.dconstri1wotl, c' ',. % vaIhcC the j1 Crcnt a prob;:m 

or provide a sourLc oft Iiitlding matrial. 

Exanples of Terrain Evaluation 
tct SeIcled it)illtita tc tile 1ayA nuitber ottesa hit,,ha - be 

in whreh terrain esaltttiolt ati be aplliccd iI cLileitoit ensirun

mnUt in Nigeria antd Niatassia. 
In Nigeria, all it esir'atlon ssas Made c'f 31. tljUsqtare nioles 

of the NorthiL ast State Itutcrl, tlau,.hi and liurnia llfsin-

C). It covered all C\tcisi'c lange tit soil l'tpes derised Iionla 

wide variety Litpartnt ntiacrias, lt uLidtig tia,cnent touniplex 

granites, C.retaceous satd,toncs and sha'c,and Iertary sand- Fivitrc2. Gtiitd photograph iltowig typicallane 'acciv ,i 

stones, together \\thi lore rccnt aeoltan,.IUSin lld Ii l"ed .vltti Bt/ti, trlthern Niieria I. Roekl ti e, 

alluvi i1 scuinleint . latllit ic irontne, a ssociatedsstt a nu - /),,'. 2 l"/, t p' 3 / ft'r lttdu lt p.. 5.,linnet- 1e .iPedime/tt"ctlu tiet c 
ber of separate eroiit n urlacts %0 a2so 

Climatically, the area fals ,.'htn the West Atrica sav anna 

zone and is characteti "d b> a brir rain seasor 'he sui ocLur in~rcqi enlly.A Isical trriuind phott'graph i, shistn 

iter itiontlis "ith a ittln dry sea't'ii Ill the h in Iw'.rc2.s. itr. tie ctc 

tatiolt has beetn. ascribc to he Sudan and Sub Sudan %ege- A sumrniars ti the cnironncntal features tf a land isstem 

Uatio zones'. 1Nessential ftr classtli aiton pirpo,,s and an esanipte fotr 'he 

Th. enginering niatrltasdata %,ereoblatned ito.'a nueilbr Itw'c Jnrid sten is n n I ablc I. 

Of road projects utdertaketn hy the former Northern Ngeria t he Lunge land .nstri ii cNllx'NiN land facets stuch recut



Ninittry of Works aitif pt i ed part- ii-irouchotlt the arca the land ss scm O'e 
co' tilcetitenls of thic Io'pather t,Up td h' 
ci.ract t stca l v contains et1ru9e de

slmtlt itic l ic ldln g A ter- t :h c e.I and lacc 
zedistributio n of ia e t:taract 

berg lintits and linca Illnkages, tf taitinutit dry t p ,I itterltic irolnitne slti Iorma usettil sotrce rod
tie-s


densitc ,i, o 

differentlesels of crlompacfitl. and . the soil ftcngth at ltiild:ne ras,. During tlre c.OUrse rt a road suter. sanilu;s. 

optimum nlosture cttntent e\['rtssed in tcrttts of Uic (aitortia srt ,biaincd fromftour ildcv sseparated sites thit the 'anne 

Bear;ng Ratio in jcordanct'rthilcl ct'litcll lte-ru.isC latd la:ct [aiorator testlnt sibsctlitifl lirsd I c h tro

practice. sanples \ LcC ilsly tibtamicd at li\cdIlntersals aitalg gncits tf the lateritic erasci dc'osis It.r itt'5f rua !utldir.. 

the c!entre line oi road . itire s. Sotlie.ti the salies titatned frt'm rilte 
tltt -tI are 


Initially, prit lay-)oin, (holto ni,,acs) \%ere used to Ildea, shon in larle 2 A sintlar insctratnI nt the er-ncering



,l'i I afer. pro':rtics of tie indicaled th,.-.e
tify Irovisional tfss ciiI ntundaries a nore detailed rnai ing .ind la els t it 

interpretation ssas niade ising acrialpihotographiy at scales in turn slioss.d conierahe hoioigeneity : Macr sal e 

betwren I 10,1(H) aLld 1,401ll). flis enabItle Ie cis to be ss re a'cL ti petenrally sIItI coarse satts, sh e nit nor 

ia'dcof the landsseutl boutdrties \hete these %%ererequited. sailes ",ere oteil lswlctatl sstli ssak clays. 

"theeomponent land laci, vt.each land s,tem %terzidentitled the second exaimple ront Nigeria i,of the Goe land 

and described. SUliltrtntary InfImllatlin 5as cbtainittd fLt 
maps Figure 5 Air phtniosaic sbowing Labi and Ga/la landgeological sources antiagricuiltural rcconnaissance soil o .



these \erc asaulablc 
 
ti' a nitnber syultettt.Malaya.
where 

Field informatlon otaitned , rillg tile corurse 

of engineerintg sIt.s s sas used to elteck the results cit the 

photo study. 
Subsequetly. a lanid. ,stin classlication of the same area 

was earriet. out by Ifie I and Resoutces Di - ision of ftieDirec

torate of Js crscas Ntir\ . ine\teist'n it III earlier survey 

that had beer. undertaket in Adjtaassa 'rosince. These 

results I'a, b'eenuscd ttr resise the land c l'.tsit alion carried 
out by the ialrt.raltot and the land ,'cit boundaries now 

cnpi tyed are s ,'sf ti tilhe anie. 

It all. WotlIc 155CliiI laild sistetis \\eredelined anti Mapped. 

E "Chof flie land s ttls\sas dch'criL I Ini tet111i ots its main 

en ironmental tltiuc .s ilh as c;ililte. geol'cs- relice and 

attitude ;a brief acL %is alsogi\en otfthe gioimLorphtiology.t \II 
, 

soils and v egettion. I lie tt idtadul ,is decrlbesrlatild ticel ted 
no hoc.k di.igranis sstr pilatd Itustrafe theirpsition 

within act Ialid s>svnr 

iftc first esa ttiln o a lant s,t cut I rom Nigeria is shosn 

diagranrltatiecally in tltc block seLItril i. I ig lU 1.I flis iS the 

Lugge land %stltn Ilialei tar taitticif ftirrn, a d'illCtic 
,


inselherg landtsc eCttt1si11t it iock ioce%ind ;shsle backs *r 

separated by gentl sip-np slats aitt ic alle:s I le trnd r 
lying part t rok hl'eltnigs It' I. BliiIsetctt Ctt pies and Lort. 

priseui granite glies attd lilgillatites. lore basic gneirses t z a 
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0 are mostly form-d of granite. The losslands are more com

monly formed on sedinitvs. sshich may be sligh'l. meta

morpht,sed, Mit the area includesno loslands deseloped 
o5cr granitic rocks.An initial diiion of the terrain slas made frontcOntouredI: 63.360 maps. When air photographs became acailahl more I
de:ailed diion %%i posible, and a more inmInsie anass,is is

4, 
 nirw in progress at the Road Rcearit I ahorator. 
Front the first 

to cosor the nmain s aria:i n ot rock I pe and terrain :rntall 
anal si,. sites s%ereselected for soil 'a ipling 

Qrtiple s , " te ts ani lar'erNample, ior moie%erecollectcd tril borehole%, borro., 
detailed anal,,s 

pit 
and cutting,. A cop%%.%aa so rllatLeot tie test results p*I1Lu.Cco

i. 	
E oser the past ten .cars h) the lalaan Pulic o ks Depart 
nment, 

Examples of MalaN,;ian land cla-ificatwon are ,,ho%%nn theblock diagram of the ialla and I a0,u Lind sstems I iLre 4)
A characteristic tealure ot the tM.l it topo raphs s tie 
abrupt change from niountain to .niMand as shlIn ri this
diavram The pholo-niosaic 1 i, ure 5i shos, the Iancle 
cosered nuntains. sihich art too tcel,tor cultiatnon. a:anust 

12 the [.w. gently loping -round. laric 1,.irts orslopes of less Itian 3 .)tt.iis tit s InAh ha scWO the en ironmental leatu. esot5O 70 to 90 	 .1 1 the Labu ssstcniare gis et in labl, s and '. 
Llqutd fiPrc.mtIiaft The nain ditference het%%ccn tsso %,stems to the engi.Figure6. Varion orLiquiJ Lioit uih dt-pth ,f graic , 	 

the 
lie neer, apart from the o oiu%toIl,raphical dillerences. is tle 

system developed oser Crvtaceous sand,lones 
depth of the hedrock [or road enL.'ntcrintg purpos ., itan beIn this example ailmed that sold reck s:l11tconsidetably more detail is prosided. lab;cs 3 and 	 

ot be encountered in tie I-abtu4 glse a %)sten. \Weathering cmtintine,brief surnmary of the enmironmental features (itlbs andscan,., 
to a great depWi, and ;on hill% 

includin. a description 
and gentle sI 'pes lead to nioderate dpihl ot cut. In the Gallaof the soils h.drof!oQ a, d1 e:etat'n ,tern. roLk i,present ir nman, %treant chainclsof each land facet 	 A djagraninatc h'lock ,c.tion ot the lar'i 

and is ttittl 
vnmountered in road cut.s0,tem i.shlon in I'iurt S. 1ah'cS 	5. 6 and 7 ho', the 

I hus this s%sten is likel, to 711%ide 
tiel -;hle190 of inlormation that can hecolle,.ted 

t) ,. ood ,.uarty sits,. often %1%ii ocrburden. floes er.and stored for tuture ,c ,rnthe end of spurs,. cutini oftett shov, 13to201nicres lThese ir lude laboratory test .ata on ,presenta( i sotds. and %'iland 5cathered granite.engineeng material rtsi'L.,ce. [ahIc 7 hlins lon an asess The sollIs in hth of thee systems are sery sirtllar a, all arement ca' he made of the suitability torr rad ,atin of cach derised from tlies4eatliering ot granite rocks.land facet \sithn the land sten. 	 In th labi%stem the soils hase highly plastic ines. \5lthliquid limits'the sork in Western slala~sia cosered an area appro\i, ranging fron 55 tomately .00 x 30 oser lPil. 1he range is nornral I. rtfismiles in the:south of the ',laG. pcninsuia. sYsultype as a single soil-prohle may shs great Ia rationThe area is backed by mountains parallel to the coast, sshich (I igure 6. 1his figure also demonstrate that in the upper 
section
Figure 4. Blo. k showing Labu I ,.aevr;, Malahn a at jiumin, 
 tin wiih Galla laid srvitent. 
G2.
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Table 5 Engineering properties of materials - Gombe Land System 
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Table 6 Engineering resources: Gombe Land System 
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layers of these soils plasticity ircreascs with depth. This leads 
to the presence of perched sater tables afttr heavy rainfall. 
In general these soils are permeable and free draining and 
tend to have low in situ densities. At Kuala Lumpur airport 
the weatherrd granite soil hat a relatise density of 85 per 
cent BS. heavy compaction, and in construction two feet 
of soil wa' excavated and recompacted to achiese a suitable 
foundation". 

In the Galla sstem a typical soil profile consists of a red 
granite soil oseryitng decompiied granite oer fresh granite. 
The properlirs of the soils ire %ery similar to those of the 
L.abu system, and in both systems the soils are influenced by the 
texture of tie parent rock. The results of plasticity and com
paction test; on soil der,cd from tine and coarse grained 
granite are ,hosn in Table 10. 

It can be seen that the soils dcried from tine granite have 
a lower maximum dry density and tend to be of towser plas. 
ticity than those derived from the coarse granite. The deco'-i 
posed granite is of much toswer plasticity reflcting the lser 
degree of weathering. 

These soils have a high rating as subgrade material. combin
ing gcod strength ssih a free draining soil p,. Mile Laboratory 
tests show shat the 'Idition of cement or lime can produce 
base-qualit) material. and soil stabiation has been used in 
airfield construction at Kuala Lumpur and Singapore. 

Discussion 
One of the most important aimi of these ins etiga:ions "sas to 
prove that with the assistance of aerial hiotograph% it was 
possible to extrapolate the informat in gained from one land 
facet to sncther area 4he- the same land facet occurred Thus. 
it enabled survey effort to be reduced in those areas \%here the 
soils were .nown to present few problems and little sariation

192 so permitting greater survey activity in the more ditficult 
situations. 
In current survey practice, the frequency of samp!ing seems 
to bear litt;e relationship to the complexity of terrain : terrain 
evaluation can therefore do much to improve existing method, 
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. Often the sources of borrow materiais are restricted. 
Any information, therefore, shich can identify the asailable 
engineering material resources in advance of surveying on the 
ground can produce substantial sasings in time and costs. 

Landscape classification is being carried out by a number 
of organisations throughout the world. The Land Resources 
Division of the Directorate of Overseas Suesc is currently 
extending the mapping in Nigeria after completing similar 
work in other parts of Africa. Although these mapping 
schemes are mainly carried out for agricultural purpoes. there 
is growi-ig awareness of the need to include information about 
engineering features of terrain. "'hus. very shortly the Road 
Research Laboratory expect to contribute a section dealing 
*ith engineering terrain ccnditions to a memoir describing 
the agricultural potential of North--ast Nigeria. 

The Department of Agriculture. Oxford University. have 
recently completed the landscape mapping of Uganda and have 
produced a map at I: I.O0Y0r0 show ing the distribution of 
some 90 land systems. Each of these has heen described, after 
detailed examination of aerial photography Supplementary 
information was obtained from existing geological and agri. 
cultural soil reports-So far no immediate plan%have been made 
to gather engineering information, hut it is hoped that a start 
will be made as soon as the necessary co-operatior has been 
achieved, 

retrain esaluation has received considerable attention in 
Australia. The Division of Soil Mechanics, CSIRO, h."-e de
%eloped a method called the P.U.C.E. system involving tl.e 
use of aerial photographs and land classification, which ,n 
principle is very similar to the methods developed in the Lnit:d 
Kingdom". 

In America, attention has been directed main!y tossards de
%cloptng.niathematical models for predicting the pcrforman:e 
of terrain for ditlerent types ot engineering usage. Ihis 
approach has much to otter, and could be used to great benetit 
in developing countries, providet sufficient data swere asail. 
alle. Land classilication methods would play a large part in 
ri tries ing the necessary information. 

Conclusions 
Work in the United Kingdom, and in other parts of the sorld, 
his shown that terrain ealuation can be used for both clasi
f.ing and niapinng tliecngncermog features oh the ground he 
s'rstem is flexible enough to handle information a* all leseli 
and thus can be used to store data accumulated during roid
I-uttding projects, or any other cisil engineering work. 

1he follossing points hase energed Irom the work describcu 
io this Papr. 
(1 The extent and nature of ro-.': taking materials and of 
gssociated road building techniques can be displayed more 

clhcetively by lan.1 classitication than by intcrpretation of geo

logical and pedolotical mapping units. 'Ihe relation of the soil 

properties, and of engineering problems and solutions, to land 

classification is the basis of terrain e'aluation. 

(21 At the lccl of the land sstem, broad but useful gnerai

sations can te made about the availabilit. ,f materials. suit

,ble construction methods and costs of construction or main

tenarce. 

(3) Land facets and land elements classify information in the 
ietail required for road projects and thus pros ide a means of 
recording data in sudh a way that they can be used to !sign 
roads on similar ground elses here. 
(4) As terrain evaluation is based on a classification of I ind 
l.rm it is particularly suited for use with aerial photoaphs 
vieed stereoscopically. The initial identification oi lund 
, ystems is often established from single photographs or photo
mosaics. 
t5) The storage of information from road projects, in a mar.ner 

t reference %sien ground conditions are enlowing similar 
countered. should lead to a decrease in the amount of sursey


work and in increase in its effectiveness.


46) The frequency of soil 'ampling and testing in many site


insestigaiiuns is often disp.'oportionate to that neccsarv for


adequate design purpo,,.s A terrain evaluation can be I.sed


lo decide the appropriate riaces and frequency of samp ing.


.tude, made so far have shown that in sone cases sou ev


effort could have been reduced by as much as 'ri per ceuit if


such infor-i'tion had been available.


17) Terra,, evaluation for engineering purp,",s uses a clssi

fication similar to that widely adopted in agri.ultural anti lnd.


use surves,. This leads to the possibility of integrating engi. 
leering surveys swith surve)s for land de.elopment 

In addition to the types of data referred to in the preient 
study. terrain evaluation can he used to record uther kinds 
if engineering information. An example that is directly re
;ated to terrain is the quantity of earthworks associated will,
road building to different geometric standards. There i in. 
tercst in the use of terrain evaluation as the basis iof a I igh
way sufficiency rating: if a highway sufficiency iurscv Ncre 
combined with a lani-use survey. vshicth is also a forni of 
terrain evaluation, this would form the foundation of an 
economic feasibility study. 
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Terrain Evaluation for Road Engineers in Developing Countries 

TA.Bi.E 7 

Suitability for s~ad location: Gombe land system 


Land facet

No. Name Appraisal Features


1 Lateritic ironstone surface Unsuitable. owing toisolated facet Flat to gently undulating topo
situation graphy. Generally well drained


with abundant supplies of,.jravel.


2 Hill slope Generall €unsuitable. 	 Moderate steep slopes, ch sracter
istically armoured with bouldrrv

talus overlying heavier sc Is. 
wash, sliding and eros on 

Hil 
3re 

possible hazards. 

3 Majorvalley Suitable 	 Flat to gerv.y undulating topo
graphy. W.,, drained owing to

permeable nature of thtsandy 
soils. Spring lines developed at 
boundary with clay soils. 

4 Minorvalley Suitable 	 Gently undulating topcgraohy.

Gullying owing :*i ernsion forn

hill wash n.:'y
cptise problems. 

TABLE 8 
Labu land system 

Climate: 	 Monsoonal. N.E. monsoon November-March, S.W. monsoon May-September. Mean

annual rainfall about 2200 mm. p.a., mean annual temperature about 27'C. 
 

Geology: 	 Weathered granite of Jurassic or Cretaceous age. Depth to bedrock may be at least 15 m. 

Landscape: 	 An undulating landscape of low, regular, straight-sided interfluves, with a lendritic

network of thin fairly straight stream courses and broad flat-bottomed major vall, ys.


Soils: 	 Deep brownish and yellowish silty clays with quartz giains (Re:igam and Jerang ,Series) 

Vegetation: 	 Mostly rubber plantations, with occasional patches of jungle and scrub. 

Altitude: 	 30-60 m. 

Relief: 	 Up to 30 m. but may be up to 50 m in the vicinity of isolated hills. 

References 
I. Bonney, R. S. P. and Ilide. ft.Road plannin. in d'sehping 9. Clayton, W. D. .4preliminar) , .ofsoil and .,'getarionin


areas. Proc. Conf. on Ci%.Engng. Problems Overseas 19(,8 VorthernNigeria(unpublishcJrr,,.h1957.

(Instn. Civ. Engrs.). 10. Carter. J. D. ct it. The gstio, .y o/parts of,ldan.ata, Bauchi


2. Belcher, D. J.t19481. Ti. rngineriti' ignsiican. e o"flanI. and Bornu Provinces in oVrth..aIstern Nigeria. (jeol. Survey 
forms. Bull. No. 13. lligliw. Rcs. Bd.,pp. 9-29, National Nigeria. Bull. No. 30. 1963.


Research Council. Washinton,D.C. 11.Klinkenberg, K. et al.Tie soils 7f'the ,fiddle Go -'olaree/ion.
 

ol.ranular d.powtI by a'rial phot,3. Frost, R. E. I/eh'trication	 Soil Survey Section Bull. No. .1,Ministry of Agriculture.

graphy.Proc. IlighA. Res. lid. Wash. I1,45 116-29. Regional Research Station, 
. 	 Sama,'u. Northern Ni.-cria.
 

4.Clare, K. L. and ttearen, P. J.Road inaimne ,aterrals iia

Northern iorncr Road Recarch Tech. Papcr No. t8, lI.M. 12. Bawden, M. G. and Tuley, P. Te land resource. ,fSo rihern

S.O.London (1965 1. 	 Sardauna atidStthcrn.4tdaravaPr'vincei, Nor, ern.Vieria. 

5.Clare, K. E. and ttcaren. P.J.Road ma,uinv inatercrra$ in tih Land Resources Survey N.,. 2, Directorate fOverseas

Caribbean. Road Re,,ardh Tech. Paper No. 81, H.Nt.S.O. Surveys. Ministry ofOerseas Dcelopmcnt 1966

London (in the press). 13.Dowling, J. W. F. Tie lassi/ic,; onof terrain f,r road engi.
 

6 Dowling, J.W. F.and Williams, F. It. P.The use of'acruit neeringpurposes. Proc. Co,!. Civ. Enrisg. Proble'ns 0%erseas

photographs inmatcrials jurreys oafl claisil/cation ol land- 1968 ftnsn. orCiv. Engrs.).

forms. Proc. Conf. Civ. Engng. Problems Overseas 19t,4 14.Skepper, H. G., Rook, I. and Ting, W. Ht.Eaothworks and

(Instn. Civ. Engrs.). pavements for thenew international airport j'or K alaLunpur.


7. Christian. C. E. The concept of land units 	 Proc. Inst. Civ. Engrs. 3i,pp. 561-591, Dec. 1966.and land srstents. 
 
Proc. Ninth Pacilic S.i. IS.Aitchison, G.D. and Grant, K. The P.U.C.E.p-oerarmre of
Cong. 1958. 

$. Brink, A. B. etal.Report on the woruine group on land terrain description evahations and interpretattois for engi
classification ard data storage. MEXE Rep. No. 940, Christ- neering purposes. Proc. Fourth Regional Africai Conf. Soil

church. 1966. Mechanics and Foundation Engng. Cape Town. 1967.
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Terrain 	 Evuhltation for Road En.Qilte'rs in Developing Co'unries 

TABLE 9
Facets of Labu land system 

Land Form Soils, materials and hydrology Land cover
facet 

Li 	 Interfluves Slopes very gentle to (i) Rengam Series. Up to 15cm cf Almost entirely planted with 
gentle (2-5 ° ) more or loss dark greyrsh-b.ovsn friable sandy rubber; small patch of jungle
straight; sides about 100 m lcng clay loam over brownish-vellow remains in the south. 
meeting in a convex elongated sandy clay which may be 2-15 m 
interfluve crest. up to about deep.
100 m high. Margins with Facet (ii Jerangau Series. Similar to 
L4 may be very gently concave or Rengam exceot that suhsoil is 
abrupt. strong brown to yellowish red 

sandy clay loar r. 

L2 	 Isolated hills Straight, moderate As Facet LI. but depth to bedrock Sundry tree cultivation; rubber cn 
to steep slopes (up to3l)'), usu: ily may be less, less steep slopcs. 
elongated in pan. sides meeling in 
narrow ridge crest; up to 600 ni 
long and 10-30 m hi,"h; occur 
locallyat N.end of lard s,stem. 

L3 	 Minor valley floors Flat. more Perak Series. Grey, mottled yellow Mostly rubber, with occasional 
or less strainht, narro-.' but sily clay loam over blue-grey small pctches of grassland. 
width may suddenly vary bet,,een s~ity clay loam over alluvium; iron 
10 and 100 m valley h.ads often concretions na, occur. lmper
about 50 m across . 3rupt mar- fectly drained streams flow for 
gins with Facet L2, Sinuous short periods a terrain. 
stream course a few rn.wide. 

L4 	 Major valley floors 
(a) Floor. Level. fairly straight, (a) As Facet L3 (Perak Series). (a) Flattest areas under paddy194 150-500 macross. magins .llbth fields, better drained parts mostly
Facet L1 sinuous in plan. sundry tree cultivation; small areas 

of rubber and scrubland.
(b) Footslopes. Level to verv (b) As Facet Li (Re.t am Series) (b) Rubber plantations. 
gently sloping 'straight or slightly


uneven slopes; 150-600 m wide,


400-1200 rn 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 'ot


of the adjoining granite hills (Galla


land system).


(c) Small stream. Very narrow (c) Perennial fl-iw. 
(few metres wide), and sinuous. 

TABLE 10
Plasticity and density characteristics of granitic soils. 

Liquid Plastic Plasticity Linear Max. B.S. Optimur-, 
limit limit Index shrinkage Dry density moistur. 

lb./cu. ft. content 

LOWLANDS (LABU)
Coarse granitic soil 85 34 51 16 10S.5 16.0 
Coarse granitic soil 88 40 48 18 10J.5 16.4 
Fine granitic soil 64 30 34 16 89.9 28.8 

MOUNTAIN (GALLA)
CoarsE granitic soil 69 36 33 15 111.5 16.0 
Decomposed coarse granite 39 29 10 5 108.2 17.1 

1 Fine granitic soil* 	 62 35 27 15 93.0 22.5 

Samples taken outside area shown in Fig. 5. 

1,N1 I% 	 THEJOURNALOF THE INSTITUTIONOFHIGIIWAY ENGINEERS IS 



Compendium 2 Text 9 

LANDSLIDE INVESTIGATIONS 

A FieldHandbook for Use in 
Highway Location and Design 

By Arthur B. Cleaves


Highway Research Epgineer



Division of Physial Reaearch


Bureau of Public Roads



(Presently Profesmr of Geole iT and Vice Chairman 
Department of Geology and (eological Engineering 

Washlngton University. St. Louis. Mo.) 

U.S. DEPARTMENT OF COMMERCE 
Luther H. Hodgps, Secretary 

BUREAU OF PUBLIC ROADS 
Rex M. Whitton, Administrator 

I NOTE: This text has been reproducedwith the 
permission of the FederalHighway Administration, 

U.S. Department of Transportation. 

U.S. Government Printing Office, Washington, D.C. : July 1961 

For ol. by the Superintendent of Documents. U.S. Governmf nt Printing Ollie 
Wasaknglon . D.C. - Price 30 cesa 

195 



Text 9Corn [9ernOi ur 2 

A' .-. 

-

,

[... ' -. .. .i,,"',

'I 
' ' p..2 

.*-. .,:<,:,,: 
, ..
,,-. 

. ,,.' 
,', , , 

" \ _ ¢.:..,-. 
' ", -, 

.... h ,,'; i ? ;':?,: ;.:., .. - ,, .,[;.% . 

" 
..... ;..'< .i ;:.v .. . .. 

.... *. ., 

*' .. " : " '": ... ' 7'"...'"'' 
i 

-- I\°
L: : '- z -- - " 



PREFACE



This field handbook on landslides and related problems has been 
prepared primarily for the highway location engineer, although other 
engineers, as well as geolcgists, teachers, and students, may find it 
useful. It is not, however, intended to be represented as an exhaustive 
treatise, comparable to the reference mentioned below. The typical 
field engineer is expected t¢, have a working knowledge of a.wide 
variety of subjects, and_ can hardly be expected to be expert in them 
all. As in othcr areas, when the field engineer encounters unusual or 
complex landslide problems he should seek tihe advie of experts
specializing In this subjecms 
 

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 movements, and those characteristic of the landslide itself. 
The third is devoted to methods of landslide prevention, control, and 

correction. The fourth discusscs detali: of mapping and reporting 
landslides. 

The numerous illustrations are so capioned that they are self
explanatory. They include not only conventional techniques but some 
unique methods in overcoming landslide problems. 

The brief glossary defines the N-ords and their usage that inight 
be unfamiliar to the highway location engineer. 

Five principal references are listed at the back of the manual. 
In them, In addition to their own valuable conternt, the interested 
reader will find bibliographies covering books, articles, and other 
references on landslides far beyond the kitended scopi. of this manual. 

The author is a memb-r of the ('omnittee on Iiltdslilde InvestigL-

tions of the Highway Research Board, whic'h preureIrl Landslidc 
 
and Engineering Practice, iIR3 Sli-ial itejort No. 21, 1958. Acknowl-

edgment is made of close adlherente to the form and outline of several 
 
chapters In that report. 
 

Acknowledgment is made of the S l 
uort(sy (if s Steral ithlrhw:y
departments and others in furnishing sornie of the illustrations. In 
 
addition to those specifically credited, figure. .22, 2-1. ard -7were taken 
 
(with some modification) from llighwvy tesearch lloard Special 
Report No. 29, mentioned above, arid sor.- o the ,,ther ill n.tratiofls 
are from a file of photographs of the llt1 (2ornnnittee on Landslide 
Investigations. Ines~aton.stra~tumn--
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pigure l.-Shump-type landslide which covered U.S. Highway 101 at 
Pacifc palisades, Los Angeles County, Calif. (Courtesy California 

Division of Highways.) 
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Part 1.-INTRODUCTION -3 

Primary Features of Landslides 

A landslide Is the "downward and outward movement of slope 

forming materials composed of natural rock, soils, artificial fills, or 

combinations of these materials." I Landslides in the strict sense 

phenomena, or subsidence, but these topics are 
do not Include creep 

included here because of their relation to the nonstability of slopes 

and because they merge into embankment and slope failure. 

The movement may be fast, as In. the case of an avalanche, or It 

may be slow, involving hours or even days. The volume of material 

may be millions of cubic yards (frontispiece and fig. 1) or it may be 

very small. 
The downward and outward movement of materials normally results



of the features shown in figure 2, although ome
in the development 
 
of these features may not be readily identified in a specific landslide.



Problems and Cost 

highway location has always been present,The landslide threat to 

the age of Indian trails
but as we emerge farther and farther from 
 

slides has become more apparent.
and oxcart traces, the danger of 
 

The demand for highways with gentler grades and straighter allne


and frequent location on
ment has required deeper cuts, higher fills, 
 

unsuitable terrain. The inclusion 
 of these necessary features in the



highway design and location has interfered with both natural surface



and subsurface drainage systems and compounded the slide problem.



The problems created by landslides are tcq) numerous to list. but



include highway clearing and relocation, procurement of additional



right-of-way, and disruption of traffic. Dislocation of utlities, loss



(of land and buildings, in addition to street damage, are the moat



common 
 results observed in urban areas. Landslides in urban areas,



along highways, railways, irrigation canals, reservoirs, and in other



similar environments usually require control or correction.



Quoted from first reterence cited on page 67. 
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Attempts have been made to evaluate the costs of landslides in 
the United States. 
addition to actual 

However, so many factors become involved, In 
physical damage and the necessary corrective 

measures, that it probably will never be practicable to estimate them 
accurately. The costs undoubtedly amount to millions of dollars 
annually, without including the loss of human ie ,ad the interruption 
to normal use of public facilities.2 
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M ii.7 I- Importance of PreliminaryOffice Study 

_ _ 

______._-_ 

_a 

-_. 

V. -The 

~prereconnaissance 
. 

Initial approach to any highway location investigation Involves 
library study of the literature and of aerial photographs. There is 

no necessity for embarking on a highway location study without some 
knowledge of the problems likely to be encountered, 

because essentially all of the United States, and much of other coun

_-_ 

-

Ntries, 
~;Y 

are well described 
general topographi( and 

in geographic and geologic literature. The 
drainage features, the soil types, and the 

o o basic geology and geologic structure can be roughly evaluated before 
t,. the field study Is begun. 

l'reknowledge of this type means different things to different engi
neers. If the highway engineer has a good background in physical 

t ... ... geology, geornorphology, and groundwater hydrology, he can anticipate 
potential subsidence and landslide areas, unfavorable foundation 

........... problems, soil origin (transported or residual), and can even approxi

nmate a good estimate of the physical properties of the soil. On the 

S_ 
Sbasis 

_":::' 

of his training or review of the literature, he would also have 
an Inkling of the soil fabric, the bedrock structure, the subsurface 

___ ___V0/ hydrology, andl many other phenomena. 
_ _T_ Obviously, a location engineer who does not know the difference 

C ,and 
between basalt and granite, metamorphic and 

ancient beach deposits and glacial tills, is 
sedimentary 
not going to 

rocks, 
profit 

0 

, 

0 
cna,~ 

-nuvch 

-:----_ 
--.- _ 

_____--___-"____ 

-

: 
-

-edge, 

from an investigation of the geological and soil literature. 
Neverthelts, and in spite of a limited background in geologic knowl

a perusal of the literature will be of some help to him. 
Although a literature investigation does not obviate any part of 

the actual location studies in the field, It does simplify them. 

Geologic Processes and Their Effect on Terrain 

The ground conditions encountered in the field are the direct result 
of geologic pr*'s, es operating on and within the earth. Such proc

esses are the movement of surface and subsurface water, weehering, x 

CD 



glaciation, tectonics, wind, and vulcanism. The terrain features also 
are the result of the same processes having operated in the geologic 
pant. These processes, significant in themselves, are often interre
lated; hence, the ground features may be the result of a composite of 

them. 
The intensity and importance of many geologic processes in any 

specific area are dependent upon geographic location, climate, relief, 

parent material, and time. Variations in any one or a combination 
of these can result in a totally different landform. For example, lime

stone strata in arid regions may form protective cape on mesas. In 

semihumid areas, the softness and relatively high solubility of the 
limestone accounts for its presence in valley floors. 

The highway location problems in relation to the effects of glaciation 

are very different with respect to the relief of the region. In areas 

of the North Atlantic States, nearly mountainous country, steep-sided 
moraines, kames and kame terraces, kettle holes, and similar features 

pose quite different problems than do the areas of low relief, flat till 

plains, and loes3 deposits of Ilinois, Indiana, and Missouri. There
been dominantfore, although one geologic process--glaciation-has inthetwoconglomerate,overtheothrsthehigwayprolemsarenotthesam 
 

reo t , 
 
reg.ons. 

Rock Type and Geologic Structure 

The rock types provoke problems of many different kinds that have 

to be considered by the highway engineer. Forgetting for the moment 

all of the variations in each attributable to geologic processes, let us 
consider only the general rock type--igneous, sedimentary, and meta

morphic. Each of these major rock divisions can be broken down into 

many categories, but it is proposed to consider here only broad 

characteristics, 

Igneous rocks 

Igneous rocks originate from a molten melt deep below the surface 
 

of the earth. Those that solidify within the upper layers of the 
 

coarse grained, and are called intrusive,
earth's crust cool slowly, are 
Those that flow, or are blown out onto the surface of the earth, are 

called extrusive. 

The intrusive igneous rocks, such as most granites, diorite, gabbro, 
 

and the like, are reasonably homogeneous and, unless fractured and 
 

broken by subsequent deformation and mechanical weathering, make 
 

excellent foundation rock and permit steep excavation slopes. When 
 

0 
0 

the rocks are crushed, the coefficient of friction on the rupture planes


is usually high, and steep slopes and stability may still be obtained. -,



The extrusive igneous rocks vary from medium- to fine-grained lava 
flows, and volcanic ejecta ranging from coarse, angular blocks and 

spindle-shaped volcanic "bombs" to cinders and fine-grained ash. 
Lava flows, cinders, and ash deposits, whether firmly indurated or not,



have to be treated the same as layered sedimentary rock. The degree C



of induration or lithification controls the steepness of the slopes ex

cavated in them, but interlayering of "hard" and "soft" sequences,



such as lava underlain by cinders or ash, may require compound slopes.



Sedimentary rocks 
Sedimentary rocks are derived from the disintegration, decomposi

tion, transportation, and deposition of materials derived from pre

existing parent rock. They are divided into two principal groups: 

(1) mechanical, or elastic sediments, In which transportation and de
position have been chiefly by mechanical means; and (2) chemical 

sediments, in which the material has been carried in solution and later 
precipitrted. The clastic sedim-nts consist of such rock strata as 

sandstone, siltstone, and shale, wheres the chemical 
sediments include most limestones, dolomites, chert and flint, rock salt, 

anhydrite, and others. 

There can be no broad generalizations about which sedimentary 

rocks will stand up well with steep slopes. If the strata are thick
bedded and firmly cemented or lithified, they will stand well; if not, 

the engineer mu't use Judgment in determining the permissible slope. 

Shales are perhaps the most difficult to analyze because of the 

tremendous range in their physical characteristics. Some, as the Penn

sylvanian clay shales of Missouri, are essentially hardpans or clay
pans. Others, as the Conemaugh shales of western Pennsylvania, 

eastern Ohio, and West Virginia, disintegrate and slough very rapidly, 

and are foci of weakness for landslides in this region. Still other 

shales are very highly lithified and stand weathering well. 

strata, and nterbedded se-In general, the thin-bedded and "soft" 

quences of firm, massive rock ard soft, weak rock, will require gentle 

slopes, or compound slopes. 
If the sedimentary strata are steeply inclined and the highway cut 

is made at a right angle to the strike, or trend of the rock, steep slopes 

are possible even though there may be weak members in the sequence, 

However, if the highway line parallels the strike in a cut area, it Is 

obvious that on one side of the cut the strata dip away from the exca

tion, and on the other, toward it. In the case of the former, steep 

X 
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excavation slopes (fig. 3) are feasible, but in the latter, unless the 
cut slope parallels the dip of the bedding planes, special precautions 

3 
mu be taken to prevent slope failure. 

Metamorphic rocks /. .:i./ 

Metamorphic rocks are formed from previously existing igneous or 
sedimentary rock by the action of heat or pressure, or both. There / 

/ ',-/ 

are two principal types of metamorphism: (1) contact metamorphism, 
coming chiefly from the action of heat and solutions; and (2) dynamic
metamorphism, resulting primarily from the action of differential 

/ 

./ '
pressure.
Marble,quartzite, and slate may be stronger and more durable than / 

their sedimentary equivalents, limestone, sandstone, and shale, but thestrongly foliated schists and jnehaA can be very treacherous. The 
dynamic stresses to which these rocks have been subjected caused the 

-.ft. ,. 
,

development of foliation, which implies the ability to split along ap
proximately parallel surfaces due to the distribution of layers or lines 

of one or more conspicuous minerals in the rock. / 

/ 

/ i ". 
-

- a- t" 

-_S. 
. 

Structural features t. M 

Fractures, faults, crush zones, and similar structural features in - - o 
rock must be evaluated in relation to their effect on the stability of 
slopes and the supporting value of the rock. Fractures in carbonate 

/eto 
c W 

sedimentary rocks and other soluble rocks, such as gypsum, may allow _ o 
circulating groundwater to develop solution channels and caverns, . 
which pose their special types of problems to the road builder. =o 

Rock Weathering and Soils 
The distinction between soil and rock is not always clear. Engineers n/n a, 

generally consider unconsolidated or semiconsolidated material that can be moved by common excavation equipment without blasting as .*,-
M 

' 
- M :r 
" 

S0 0 40 

soil material. -

The weathering of rock in situ produces a residual soil. Two types 
of weathering are responsible for the destruction of rock and the ulti
mate production of residual soil-nechanical (disintegration) and Z/..... 

chemical (decomposition). The climate (temzperature and rainfall) 
determines the type of weathering that pr,,vails. Mechanical weather-
Ing predominates in northern cold clhuat, .and in arid regiom, while 
chemical weathering dominates in tropical regions with high year
round temperatures and rainfall. For example, the soils developed 
in the Arctic from a granite parent material are granular, chiefly 
colluvial soils, and are derived primarily by mechanical weathering. 
The various mineral components that made up the granite are chemi (D 
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cally unaltered. On the other hand, the same granite in the wet tropics 
Is chiefly affected by chemical weathering so that, except for its quartz 
mineral component, all of its other constituents are chemically altered 
and many are decomposed into clay-type soils. 

Grain size and structure of the rocks (rock type) and the length 
of time the geologic materials are subj,-tzd to weathering play an 
important role in determining the soil that is developed. Geologic 
materials exposed in tropical climates for extended periods of time 
may be weathered to depths of more than a hundred feet. 

Downward movement of the water through the weathered soil ma
terial results in leaching near the ground surface and accumulation 
of clay-size particles at a slight depth. These accumulations of clay 
particles, which occur mostly in humid, temperate climates, may re
strict the downward movement of water and have low strength 
when wet. 

Slides in residual soils are common when there is seepage due to 
variations in permeability of strata or layers of the soil or when 
seepage from the underlying rock permeates the residual soil on sloping 

ground. Residual soils in areas underlain by stratified sandstone 
and shale are particularly susceptible to landslides. Soils with a 
high mica content derived from schist, gneiss, or phyllite are easily 
eroded and are subject to slumping when saturated with water. 

Transported aoils are those that have been deposited by the action 
of wind, water, or ice. There is a variety of transported soils because 
of the varying agencies of deposition, composition, time exposed to 
weathering, and climate. 

Glacial deposits are extensive in the northern United States and 
other parts of the world that were subjected to continental glacial ion. 

"Glacial drift" is a term commonly used when referring to all glacial 
deposits, irrespective of their mode of deposition. These deposits 
are usually divided into two classes: (1) thos, that were deposited 

directly by glacial ice, and (2) those that were deposited by glacial 
melt waters. 

Glacial ice deposits a.', called moraine or till. These till deposits 
are characterized by beng heterogeneous in grain size (sometimes 

varying from boulders to clay), unsorted, and variable In composition, 
Glacial water deposits such as eskers, kames, kame terraces, glacial 

river terraces, outwash, and lacustrine sediments are generally asso

ciated with till, but unlike the latter these have been reworked, trans
ported, and deposited by water. Rcr-nding of particles, stratification, 

lensing, and abrupt changes in grain size vertically and laterally are 

characteristics of these materials. 

0 
3Seepage zones occur frequently In glacial water deposits that con- "a 

sist of alternating permeable and impermeable layers. Similarly, MD 
saturated pockets or lenses of sandy soil occurring in glacial tll 
result in water seepage in backslopes of highway cuts. Such sequences CL 
of soil materials, coupled with high water contents, are likely to 
result in slumping and sliding of these materials in high,-ay cut 

slopes, particularly in steeper topography. Since these situations 3


cannot always be avoided, adequate drainage provisions must be


made to lw:sure stable backslopes.



Glacial till has a tendency to creep or slmnp downward along steeper
 

hillides (solifluction) under the influence of freezing and thawing.


Movement occurs during spring thaws, when the soils are water

logged.


WindLnwa silty sediments known as loess are widespread in the



midwestern and northwestern States. These deposits are fairly


uniform in composition and grain size. A peculiar characteristic of


most loess is that vertical backslopes. of highway cuts are relatively


stable, whereas those on a flatter slope are more susceptible to erosion



and slumping. However, this structural characteristic of some loess


is not universal, and local field investigation of existing cut slopes


is needed before deciding that vertical backslopes should be


recommended.



Sand du:nes are wind deposits that contain coarser grained materials


than less. Although highly susceptible to wind or water erosion,


the dunes are not susceptible to sliding unless the angle of repose of



the sand grains is exceeded. 
Fluvial or alluvial (water) sediments such as river alluvium (recent



river deposits and terraces), alluvial fans, valley fill, and Coastal Plain



sediments represent a large portion of transported soils in the world.


These have many of the characteristics indi_ated for glacial water


deposits.



Colluvial deposits occur at the base of steep slopes, and are primarily


due to gravity action. However, considerable sorting of particles by


water action has occurred in some deposits. The colluvial deposits



that have lenses of fine-grained material interspersed with layers or


lenses of coarser grained material are particularly suseptible to slid

ing or slumping.
 


In addition to the soils discusied above, ther are particular weath

ering conditions and topographic situations that produce special soils,


such as organic deposits (peat bogs, tidal marshes), lateritic soils, and C
alkali or saline soils. X
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Effect of Construct-on on Local Stress Conditions 

Changes in ,,tress ctnditions of geologil al so il materials III tile 
roadway section mnaly Iave it dyniiliii t' et,l till' i highway. The lo
cation engin er should have sullit'iit Lra inring and exwltrience that 
he will recognize the possibility of potentially deleterious Stress con
d itios in the soils a nid geolgic' mhatril s of ilt proi s'ld highw ay 
location, and assure t tilt adetlotate investigation ind alitalysis will 
be made. 

Stresses in tile geologic or soil uaterial many be In'reaisedI by iny 
of the following facttors: 

The addition ofit 111144r other struc'ture; 
Tratflc loads: 
Ilasting and tonstruction vilrations. 

Other factots that nmay a ffe 't the abilily of Ihe geologic tr soil uia

terial to withstand the change in stress cotdition caused by construe
tion are its ftolows: 

Ani Increase in tie witier tressulre ill the soil by i mptllndmlienit itf aur
fate water or tlhrotugh blockitng of subsurface flow by irlplervious fill, 
freezing, or contnla itio itnder tills: 

IAatkage of wao ter fron ctulvert s. ,va ter mnainls. and cil.lalIs 

Ilflltrationl of surrface water rtsulting front stript ing tile lrote'tive 
overburden fromt a stiff, tissured clay : 

Exp sure of geologic nuterinils, 1w'riniting water to enter fractures 
and joints-ard accelerate weathering: 

Sv1 oili ng of clays when the ('4onfiling lot is rtemloved. 
Tbhis htrnief disculssit tihris e'n iit'lunlt'tl with the intention tily to 

give the elgineer some aprec titin of [ie relatittshills of geological 
processes, structures. and rocks to lanldslide pliemitelan;i. 

Na) 

0 

CD 
Part 2.-LANDSLIDE RECOGNITION 

Approach to the Problem 
II ally tl'ation stu;dy, ussliminig that the te rritory Is one where 3 

the engineer has hatIiti ,r ihlis t xlm-rienc.. the first aiid obvious K) 
Step is ii tSty of lie v '4ologit'll and stoil literature aad any aerial 
ptlotograhls avilrhlth, for the lr,,J*4-ttt route. Thir bugh this study, 
he e1 1ect0tinil li t'd wit lhtiit r,k ty.V-s lilt(] their relationshlilps and 
structura! ntlitud., ts well its the' s,il :atd ground condltions that 
ints Ie 'onisithrt.d in rou l'It aiiir nd highway design. 

Survey of geological and soil literature 

'l. highway htatitrn engintr iit-'i,,t si', .mc geitl ,gical and soil 
inforia lt Itn to ge'og ratphic irva. Thte broad genti .'lhithti,' exit' 

eralilies and nm-itin o ,, ftt si priz.iikIs fttitid ill text books are 
not nilih it-ll i,vhtiwhi! lit, is : it, lies it) ii ctertain irea in a I ir
ticular 4 tity ii tIownshi p. 't.'I1144itlv, I-ein u t kno w where to 
lotk. aind what ti e, of ge'.,ti' iitfriilitin are available. 

The lrineilml s,.r 's f art' th( rrimps and losttlh iniformtltin iubll
tatitls (ti lit, Uritt-.t itt t'l, l(;t',lgiatl .S lrvt'y an I lit' State. U.eological 
Survevs. 'I'live vv'n>'itil sottirt' limtt-rials rimty be fotuiid In most 
gtt'mr lulle'rit t'-rgilo'itt'rig rigtn'it'si ii i uti pulic libra ries, and college 

librrit's w ht'rt v r g ltogy i il glit. ManL1y utility comipanies, engi
it'i ring rgarnizatit. is, wid orhrs pts-,ss ge-ltgicill liteiature and 
Inn t , Ina'r 1 iep tiIttto th'ir swal i rens of initerest. 

'l'lle ucIt tgi'" Iange gt'It-nri , coveri'Ig the pjntire, area ofIi it o frl 
North An ercra tr South Ameri'a (publili ed by ilt Gological Society 
of AmIerica), anrd Still' gethgic' Il ti , 11blished by the individual, 

Stlles. ttt ctiiity irl (loltdratigli! 94-ogie'il rrai. iit: a States thetay 
ps areac'' tiied(ciunlty ti nill tllit ty litli hd brillttilnst etailing the local" 

geology. Ill ldditini. New llai hir ha rll (rlerri coverage (.n a 
tplxtgraphi qtlrt ndra';!' tasis, tillished by the New lIamishire Plan
nii g and 

The U'.S. Gt4olical Survey Is llblishing mre and mrte quii(rangle 
geologic .miitsill I rtolmgralhic base. Ot series of tlese is s,*-cifially 

it I)evt l '11'4erit ( timlliission. 

to cover the develttp lent of the Missouri River Basin. Ctomiprehensive 

geologic data and sonie engineering inforration are printed on these 
map sheets. 

CD 
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The U.S. Geological Survey has published geologic map Indexes for 
all States. These may be purchased fr,.m the Distribution Section, 
U.S. Geological Survey. Washington 25. D.C.. or from the Distribution C. 
Section, U.S. Geological Survey, Fed,-ral Center, Denver, Colo. 

The geological literature being published annually is not all found 
in Federal and State publications, but also in publications of many Cn " 
different geological organizations. To search out and find a particular 
report on a specific area would be a hopeless task were it not for two 
principal, regularly published bibliographies. For North Amprica, the - I 
Hawaiian Islands, and Guam, the U.S. Geological Survey pnblishes the 
Bibliography of North Arncrican G(eology in bulletin form. containing 
separate indexes listed by author, subject, anti State. Geological r... 
literature and maps published for areas outside of the United States ' C 
are reported In the Bibliography and Indcx of Geology Exclusive of " 
North Amnerica, published regularly since 1933 by the Geological Society I r
of America, 419 West 117th St., New York 27, N.Y. 

In addition to these sources, the State Geological Surveys will fur
nish lists of maps and geological reports issued under State auspices. 

The Soil Survey maps and bulletins, prepared by the U.S. Depart
ment of Agriculture in cooperation with State agencies. provide useful 
Information regarding the soil maqtle that overlies the bedrock. The 
recently published bulletins may be obtained from the Sup,-rintendent 
of Documents, Government Printing Office, Washington 25, D.C. Ref
erence copies are usually available in the local offices of the Soil .4 
Conservation Service, U.S. Department of Agriculture, and in State and 
public libraries. The Bureau of Public Roads and most of the State 
highway departments assist in preparing the eng-ineering alpplications 
section of these bulletins, which makes theni have greater value in 
engineering. Some of the bulletins pblisiied in the 195S-6l period 
have an engineering aplications section and most of those published -

after 1961 will have one. 

Use of aerial photographs 

From aerial photographs, the engineer can obtain a measure of 
understanding of terrain features, such as slolm's. drainage, vegetation, 
roads and trails, and similar phenumena. If highly skilled in photo
interpretation, he can gain an understanding of much of the basic 
geology and physiographic features. 's: 

Many location engineers have not had sutlirient training in either 
geology or aerial photographic interpretation to bXeable to visualize i 
the geologic structure or the meaning of the geonmorphology frou_ 
photographs. Nevertheless, even those without such experience can I____"__"_"_____ 
interpret the presence of such ground conditions as landslides, swampy X 
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areas, flooded areas, highly erodible areas, and rugged topography 
from the nerial photographs. He can also identify many simple 
geologic formations. It does not take a geologist or a skilled aerial 
photographic interpreter to identify a volcanic cone or an ailuvial 
fan. It is axiomatic, therefore, that with very little specialized train
lng, the location engineer can derive significant benefits from the 
use of aerial photographs. It is also axiomatic, of course, that a 
location engineer who is well equipped with knowledge of geology 
and aerial photographic interpretation can do a ar better job. 

Of what help is the study of these photographs in spotting actual 
landslides? Landslides have a typical appearance on aerial photo
graphs that makes them easily discernil)le (fig. 4). The typical 
characteristics include a semicircular scar (main scarp in fig. 2), 
and a slton-shalk.d area of dist urhed ground with humninocky topog
raphy and undrained depressions. For the most part. o:ly relatively 
large slides are likely to be identified on photographs having a scale 
smaller than 1:2 ),000. The one exception to this somewhat broad 
statement is the avalanche, where long, light-colored, linear scars, 
in areas of great relief, show up on the slope (fig. 5). 

Within the scope of the author's experience, more than 90 perceit 
of all landslides requiring control or correction have been small, 
averaging less than 'A) feet in width from flank to flank, and 100 
to 20 feet in length from crown to toe. The niajority of these are 
discovered when they have only begun to encroach on the highway 
shoulder; hence, they are hardly discernible on aerial photographs 
with scales of 1:20,000 or smaller. ('onsetluently, these small-scale 
photographs are of more help in sl)tting suspicious or potential
landslide areas than in identifying the slides themselves (fig. 6).
However, with the use of n lern plhotogramnizeri. ethods for the 
preparation of topographic maps and the design of highways, aerialphotographs with scales of I :1.(k) r larger are obtained for many
highway projects. Many of the small slides an b identified on the
large-scale aerial phot,,graphs 

Location traverse 

Subsequent to a study of geologic reports and the aerial photographs. 
the location engineer makes a reconnaissance study of the proposed 
line in the field. With this background, he should be able to recognize
and identify old or active slides and, in many cases, pin-loint potential 
ones. Recognition and planning for corrective action at this time 
constitute slide prevention. Many future slide areas cannot be Identi
fled positively at this time, of course, because of the vegetative mat 
masking the overburden and bedrock. However, preliminary core 
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Figure 5.-These long narrow sars are characteristic of avalanche.sAlthough such slides are shallow in depth, their movements may 
attainvery high velocities. They are generallyrestrictedto regions

of high relief, and highway locationin such areasis difflcult. When
relocation is not feasible, sheds and even tunnels are resorted toin ,'iforts to keep the highway open. Location in FranconiaNotch, 
N d. (Courtesy New Hampshire Departmentof Public Works and


Highways.)



hortngs and geophysival surveys in proposed cut areas may reveal 
suspect conditions, and result in a design to prevent or avoid serious 
slides. 

The depth of t prolk)sed cut and whether it is a sidehill cut or not 
may have li'.e bearing on whether excavation will initiate a slide. 
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For example, in one community near Pittsburgh, Pa., an 8-foot cut 
-. made at the toe of a slope triggered a slide about 500 feet wide and 

several hundred feet long. This resulted in the total destruction of 

a 	 . %I six homes and damage to others, and dislocation of a State highway, 
,. . a streetcar line, and overhead and underground utilities. 0.. 

I Another urban landslide involving less than 25 cubic yards of mate .


rial caused the rupture of an underground gas line. Subsequent gas 

- seepage through the shale bedrock entered two buildings near the 3a crown or the slide and caused explosions that resulted in extensive 
damage. This slide was chiefly caused by a surcharge of paving N3 

-.		 blocks dumped on the slope, but also owed slope sensitivity to recent 
" heavy rainfall and thawing ground. 

" R These examples serve to point out the fact that small slides deserve 

just as serious consideration as large ones. 

Problems in Cut Areas 

What should the location engineer look for, with respect to land' W 
slides, in future cut areas? 

Steep slopes 
SL On steep slope locations, the engineer should look for the following: 

ft ' Cohesive clayey soils that are, or may become saturated. These are 

soils in a sensitive condition which, when disturbed by removal of the 

vegetative cover, or by excavation, will start to move. 

SUnconsolidated materials having relatively low shear strength.
Sa . Inclined bedding planes of sedimentary rock strata, when the bed

ft ding planes incline toward the proposed excavation (fig. 3). 

Foliated and schistose metamorphic rock, where the planes of folia
tion and schistosity not only incline toward the proposed excavation,


]- but where micas or serpentine are concentrated on the lineation planes.


Decomposed igneous and metamorphic rocks susceptible to large

: " increase in moisture content. Additional chemical weathering of such


rocks may very quickly reduce their shear strength past the critical

point.L-. 	 faults,and crush zones, in the excavation slopes,,Fracture systems, 
 

'A 	 acting as decomposition zones, and even as water conduits. 

'Zc- Unfavorable rock sequences li.kely to produce rock or soil falls. 

ft! These may be anticipated by recognition of geologic conditions apt to 

produce overhanging or over-steepened cliffs (fig. 7). Examples are: 
massive lava flow over strongly fractured flow, or poorly consolidateo
tuff; thick beds of sandstone or limestone underlain by clay, soft 
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This rock fall is due 
to the undercutting of the 
river bank on the outside 
of a bend. Such falls are 
also common on lake and 
skea ciffs. Idt hd bwave 

location close to the edge
of cliffs and scarps can 

.behazarivers. 

___________- _ _ _..._ _' _ _--_ -

C) 

shale, or coa': rozeu ground or fractured rock subject to local thaw. 0 
ing; and firm, cohesive, or partly consolidated soil over noucohesive 3= 
soil that Is subject to erosion. 

Water M

Water conditions that the engineer should look 1,.r include the 
 C1. 

following: 

Surface water accumulated In sags, depressions, or ponds, in the 
slope, above the slope, or near the toe of the slope (fig. 8). 3 

Gr,undwater seeping through the soils, rocks, or rock structure' In 
the slope, or saturating It so that there are high pore pressures, or

hydrostatic pressures; and seeps over impervious beds underlying

pervious beds. An occasional or seasonal high gro.undwater table may 
produce these conditions in an otherwise stable slope. Furthermo .,
the blockage of "piping" through a pervious layer may suddenly in
crease hydrostatic conditions and the pore pressure, and cause a slope 
failure. Groundwater, It is generally agreed, is the moaL important 
contributory cause of landslides. 

Location close to bodies of water 

The location of highways close to rivers, streams, and reservoirs 
should .be examined closely, not only because of the possible poor
supporting value of the terrain of low ground, but also because of the 
phenomena listed below: 

Undercutting of the banks on the outside of bends of streamns, and 
action on the sides of reservoirs. 

Sudden releaseof "bank storage"water in streams after flood stage
(fig. 9). This is most likely to occur in streams tributary to major 

Rapid drawdown of reservoirs,resulting in release of pressure and 
"bank storage." 

Surcharge on river banks, subject to sudden changes in moisture 
content. The surcharge might be stockpiling or wasiting of materials, 
or even highway embankment construction (fig. li). 

Erosion of silty river banks too rapidly for slide development during the erosion. A cessation 	 of erosion can cause slide failure of the 
silt banks. 

.--" --Reduction of evaporation,causing failure due to swelling of clays 

.. ___Slopes 

_K7 by absorption of water. 
situated above mines, etc 

Figure 7?-Rock fall. 

On slopes above mines (fig. 11), actively pumping oil fields, or ahal
low water aquifers from which large volumes of liquids are being CD 

x 
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CtPotential 
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slide due to storage of water in stream bank after a flood. 
'Sank storage" water can cause overstressing of the sou in stream bank 
above terrace. 

•~ - . .. -. 

-- q -- - - -

-
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Flood Water 

. .. . 

,-v- '_ 

Figure 9,-Potential slide due to streambank water storage. 

209 

Creep is the slow, imperceptible movement of soil downslope. Here the offset 
Uine of telephone poles is one of the recognition features. Actually the creep in 
developing into a slide as shown by encroachment of debris on the highway. The 
movement may be accelerated by ponding of water near the edge of the right--of-way. 

Figure 8.--Creep and ponded water. 

2 
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Protection for highways in mining 
regions requires "slushiig" (Umited 
filling with sand or similar material) 
of the nitned-uut areas beneath the ~.


pavement and shoulders. 


•' ...,


ra 

7K 7 7 1 ,lL l'. .- ...I. t 

Figure ll.-Mine-caved area. 

Potential failure in unconsolidated sand and 
gravel overlying -ipervious shale. Excess 

Surca, water froti the washing and screening plant.... 
-r a combination of heavy rain and the sur
charge of stockpiled material may cause 

, -failure. Vibrations due to blasting of imper

*& viou., material may also be a contributng 

,-r5_ c factor. 

• ,. S" '>• " r i ' 

*Q." o 4 

Figure 10.-Potential slide due to surcharge. 
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13.-Typical snow and rock aval.t'che which completely closed 

a State highway in 1956. Considt.eabledebris accumulatednearthe 

water line. Location at the head o," Emerald Bay, Lake Tahoe, 

S:ID D -- Calif. (Courtesy CaliforniaDivigion of HWghways.) 

" wit irrln, sulisidelnve is qite ,oiinion. Evidence cif such conditions 

is readily riwogniz441 as sags, ponds, and other undrained depressions 

. '" k.\ " whiclh are ofitn circumscribed by cracks and terracettes. 

0 F Lines of springs and seeps on slopes 

Lin.s of sprinigs and seeps on t. 'es are Indications of permeable 

:-t ;materials i" 
-. 

underlain by noznpermeablt. 
polea ial slide conditions. 

ils or rock, and are indicat,:e 
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Colluvial s4oiils 

ConstruCeton over volluval soils at the base of sl,es (as a talus 
cone) may encounter extremelyil ustable Conditions. ( 
Ancient slide scars()ll slide soarr, ra ging fro mlil rg eto sl"Ill , g1ne4rillyappear as Tension cracks as typica y developed 

:3 
C 

escfllh id or sltion-shaped depressiont: il a Slo., , with* hummocky 
ridiges 'it fill liaise or lo"iest patrt of til deplresstoil (fig.1) Theyoften look like slu tili,, hlag-ha ll do eld mine drifts. In areas (if 
pIroti ontii'd relief, iialaneh a'cars and rock chlute.'snity ocecur, and 
talus cones develop titthe break In slope tfig. 13). 

in a slump slide In cohesive materials. 

NJ 

Ground cracks 
lun a r-shaI,d crack .,lrtrnIlleliiles (en -elihelo nl Ofa raeks, uldshrinkage cracks lii the surfaace soil (fig.14) are not readily sen, ph r

ticularly oin grassy sope's and tin forest litt~er. More careful .'krutinyIs rt-uired than for the previously nentilon d features., but thesetypes of cracks often cain be seen anl tre amiong the tlrst sl-l, of 
active slide movement. . 

-u--*"-'-

Crack, 
. 

Creep phenomena 
Like ground cracks. creel, pihenoiena (tg. ,) deland carefulobservation. 'haevy inehude terract ttes, whitih resemble cattile traces.rallelig the contours onl sloping ground. Fence hiis stone Walls.roads, pole lines, a nd lhdgerows that are waried downhill and out ofalinement. am,indilations of cree l).IA Hiig trees, arid soil stretching, Vill . -which may be rocol.ifize by series of smnall cracks rontlg-uous to ortouching roots, lbuhlders, or other rigid bilies, are a so indications ofmovenments insurtlical soils. Sie of those featuns nay lit recognIzed

in ae r ia l l hotog ra his. E xca v nti oi in to s uc h sl i 's ialy rodu ceI najor slides. Creep conditions have often ie'n observed to develop 
subsequently ito vaacms or euarth anad mud flows. 

. 

"I 

Cra ks 
W.dl Cracks 

_ 

. 

Problems in Fill Areas L 
So-called 'slip-out" slides are not only c,numon in fill areas, but are often ore , stly to repair tharr slide, that move down and bury ahighway tfig. 15). Included In this cntegory tire "slip-out" slides

caus.,ed by subsidence of the ground b.eaeth the ill! Many of theclus aid neans ifrevognizitag ,litentialslides In future fill areas,
and lit already coxistruated fills, are the sa le as ilacut area. . A thorough surface and subsurface investigation should be tade
where high embankmnents or bridge approach embunkiments are to be Figure l4.-Tenion cracks developed in a slump alide. 
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Figuefalur, 
),.-ideiilfil ofalup aidestrengthwih "liput"typ 

Traffic was slowed down but not disrupted. The situationwas later 
 

corrcteawihthadeepdranbas ofthebac cutsloe ad aswains,eorrected with a deep drain at the ba e of the back cut slope and a 
 
benched, atone buttress in the area of slope failure. 
 

constructed, in order that an unsuitable soil condition can be corrected 
or an appropriate embankment design be made. Soil strata with low 
bearing capacity or high compressitility that pccur within the depth 
and area that may he affected by the )rolxsed emnbankment should 
be detected. 

What siiouid .the location engineer lok for, with respelct to land
slides, in fill areas? 

Need for benching and drainage at sidehill fill areas 

Improler benching and drainage are probably the most common 
causes of failure in sidehill fills. Drainage may be unnecessary in 
heavy stone fills, especially in view of the permeable characteristics 

I(0 

of the fill. In the case of aidehill earth fills, however, drainage in the 
bench next to the backslope may be essential. Preliminary subsur
face exploration may have revealed the presence of water on particular 
planes, or in certain stratigraphic horizons. In such cases, the bench 
should be located at the elevation of the bottom of the water-bearing 
zone. 

Damp to wet or soggy areas on a slope may be spotted during loca
tion surveys, Indicating need for proper design of benches and drain
age. However, the permeable stratum should be accurately located 
before the bench and drainage designs are made, Inasmuch as water N 
may seep along fiat-lying or gently dIpp)ing strata and follow the base 
of the overburden downslope. 

Inadequate toe bearing of sidehill fill 
The base of the natural ground slope and the valley flatland edjacent 

to it, and that portion of the valley wall immediately downslupe from 
the probable lcation of the toe of the proposed fill, should be scruti
nized for seepage, high moisture content, and the presence of organic 
or other highly compressible materials. 

Swamps



Swamps owe their existence to intersection of the ground surface 
by the water table, or a perched water table, or because the ground 
forms a basin or receptacle for water seeping from the slope. The 
ground is saturated and in the swamp there is an accumulation of 
vegetation and organic soils. The compressibility and low shear

of these materials threaten the stabiiity of a fill. Some 
s oever, m a e hneatnbgo firmibedoc a shallow 

however, inay be underlain by good, firm bedrock at shallow 
depths, inwhich case satisfactory bearing for the fill may be obtained 
with a ninituiam of excavation, or by other techniques utilized for 

settling the fill on the nmterial having adequate bearing capacity. 
Other swamps, particularly in former glaciated or glacial outwash 
areas, may have organie material underlain by glacial rock flour which, 
when agitattl bcomes "quick." This must be ascertained In advance, 
for fillconstruction over such ground requires very special treatment, 
sometini s as extensive its vertical sand drains and a sand blanket. 
Irrigated ground 

The construction of fills over irrigated ground or adjacent to irriga

tion canals, o- over ground likely to be irrigated in the future, requires 
careful study. A relatively dry foundation soil may sustain the weight 
of the fill but may be vulnerable to an increase in moisture content 
that is caused by land flooding or seepage from a leaking canal. The 
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physical condition of such 
 soils to considerable depths must be 
determined. 
Alluvial fans 

Construction of fills over the marginal ends of alluvial fans may be 
a hazardous undertaking. Near the apex of an alluvial fan, the 
interconnecting or branching water channels may have unstable walls 
or new channels may develop during flood stages. Generally, the topo
graphic relief makes this ground undesirable for crossing by high
ways. On the other had. the lower margin of the fan may go un
suspected; here,grained,where the groundwatercontent near the surface,the soils areyetfine the moisture lies can be wery hligh andand 
the soiltare in granethe nure
omery lo ist ctenthag e very higsuais 
the strength of the soil very low. Any surcharge filllosed on such 
soil may result in rapid developui(nt of shear failures. Considerable
terrain analysis and soils investigation in such areas are necessary.
Surcharge on pervious material overlying impervious stratum 

Fills or any other type of surcharge placed on sand, gravel, or other 
highly pervious deposits, which in turn rest on sloping surfaces above 
clays or impervious rock, or adjacent to scarps, are subjtect totential failure. Water moves through the pervious material and is 
concentrated at the contact with the tiniervia. material, and the 
combined weight of the surcharge and pervious material may cause a 

slide to develop (fig. 10). Some years ago, under such conditions, a 
slide moved over an escarpment on the west batik of the ludson Itiver 
in New York, and buried the West Shore Branch of the New York 
Central Railroad. 

Mine settlement and sinkhole areas 

The placement of a fill across mine settlement or sinkhole areas is a 
calculated risk. The danger is apparent to the location engineer if he 
observC3 the subsidence at the ground surface. If he only suslcts 
there are such phenomena in the region, it behooves him to make an 
investigation (fig. 11). 

Where mining has been by the room and pillar method, and the ore 
is relatively fiat-lying, a cover of about 0 feet, which includes bed
rock, has been found reasonably safe. However, if the ore is coal and 
the long-wall mining method has been used (where the pillars are 
progressively removed ore is extracted),as subsidence is very likelyto occur. Such subsidence invariably brings ground water up to the 
surface soils and frequently causes ponding on the ground surface. 
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Failure of fills due to subsidence of the foundation materials I quite "alikely In regions where the ore beds or deposits are steeply dipping, asIn the anthracite coal fields of northeastern Pennsylvania. Surface CD 
dcationsare generally present In the form of open cracks and down

faulted areas serious problems. This dependsSinkhole areas mity poseseiuprbm.Thsdenso 
onC 

whether they indicate large caverns at shallow depths. Investigation 3 
is essential so the selected highway route will avoid large caverns


underlying the area. 
 rN


Rspid drawdown



Apidtill dradonlocated on a soil foundation adJacent to a reservoir or stream 
susceptiblh to failure if there is a rapid drawdown or lowering of 

the water level. 

Problems in Existing Fills 
What should the location engineer look for in fills that have failed 

or show evidence (fpotential failure? 

U n-
Fills may fail when built with surface soils and weathered rock atthe base of the fill and rock at the tol). Water moves readily through

the rock and saturates the upper portion of the soil fill.This sort of 

construction may happen ifthere Isinadequate inspection.


Frozen material 
Freezing ,ifa soil lift, or use of frozen material in the lift, may con

stitute a pIlane of weakness within a fill when thawing oo'curs, andresult in a "slip-ciut" slideC. 

-
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CORRECTION 

Basic Landslide Types 

There are three basic types of landslide movement: 
Fallswhichtre bIuce bypt laslid governing f bRock 
Fldl, which are influenced by the laws governing free-falling bodies, 

Sldes, wmehaicare ailuresmin emateria; athe 

Slides, which are failures in elastic or seis atria and 

Flow., which follow the principles of viscous flow of fluid and semi

fluid materials. 
 

The control or prevention of slides and flows involves one or both 

of two basic principles: Reduction of the motivating force, and in

crease of the resisting force. Inasmuch as the same basic principles 

are Involved in control and prevention of both slides and flows, the 

latter are not treated separately in the following discussion. The eco

nomlcs of the proposed control or corrective work has a strong bearing 

on the feasibility of the method chosen. Quite often the best and most 

positive method of treatment cannot be employed because of its high 

cost and limitation of available funds. 

Fe-ls 

The choice of techniques for highway protection from falls is gov

erned, first, by whether the problem involves materials from slopes 

above the road, or the falling out of materials from steep slopes be
low the (fig. low Secondly, the7)fragments, ortionhe oad(fig whether slabs or 

most 
road 7). Seondl, te fagmetswheher 
 lab 

blocks of rock, or earth-size material, determine those methods 

likely to be successful. 

Relocation 

Relocation is resorted to when space is available and the cost of 

other corrective work is too great. If space is not available and the 
road must be maintained in its original alinement, other methods have 
to be evaluated. 
 

0 
Wall-support construction 

0
3 

Wall support is applicable where, in a very steep rock cut, an over
hang has developed. Support may be given to the overhang by the (D 
construction of a concrete, brick, or masonry wall or facing (fig. 16). 
This method is chiefly used in slopes developed in jointed and frac- 0CL 

tured, blocky rock, and where medium- to massive-bedded strata rest C 

on easily erodible shales abnd soft rock. The technique is generally 

limited to relatively small areas. 
Rock anchoring N 
Rc nhrn 

bolting, dowelling, and associated use of tie-rods and channels 
is a relatively inexpensive method of securing rock slabs and blocks in 

face of steep cuts, and platy to blocky rock on bedding, fault, or 
fracture planes that are Inclined toward the excavation (fig. 17). 

They are only for use in solid, firm, lithified rock. They should not 

be used In clay shales or in thin-bedded, highly schistose, foliated, or 

deeply weathered rock that tends to slough upon weathering, or in 

poorly consolidated, granular rock. 

Where the rock is less blocky, wire mesh can be draped over the slope 

face, and heavy wire fencing or rubble, masonry, or concrete walls can 

be used to protect the roadway from bounding rock (fig. 18). 

Reducing and benching of slopes



Where feasible, reduction and benching of slopes may be used.
of hardB e isilrective w e bess 

Benching Is particularly effective where massive beds of hard rock



overldy thinly bedded, eadily weathered materials. 

Avoidance of scarps 
Where the highway must be located on a rock or earth bank above 

the bend of a river, or next to a lake or the ocean, the best protection 

against slides Is to keep a reasonable distance away from the scarp. 

Massive rock or thick-bedded, competent rock that is not subject to 

underminingthe clIffor excessive weathered, closerpoorly confrost spalling permits much and construc


sodte ck" r soils. 

to brink than thin-bedded, 

Surface drainage 

Surface drainage adjacent to the top of the cut slope, where rock 

and earth falls are anticipated, may be necessary. Shallow, paved, 

peripheral ditches and interceptor ditches, with outlet drains where 
necessary, can be installed. However, such ditches are often placed CD 
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Rock bolting is used in blocky rock to prevent slidIng of the rock down onto 
the roadway. It may also be used in vertical slopes and to hold rock in place
in the roofs of underground excavations. 

Figure T-Rock bolting. 

Walls are used in localized areas as 
protection from rock falls. -- ) 

Figure 16-WaU.support constructionbeneath overhanging rock. 



Figure18-Retaining wall and high wire fence protect a railwayand 

highway from falling, bounding rock. Location on US. Highway 22 

across the Susquehanna River from Duncannon, Pa. (Courtesy 

PennsylvaniaDepartment of Highways.) 

pass under the ditches,without realization that seepage water may 

through or beneath the overburden, and undermine them. When such 

seepage and ground conditions exist, -t solid-type ditch lining, such as 

concrete, should be installed. The (lit. may be linel with waterlrof 

paper, sprayed with a bituminous coung, as a temporary exledient 

prior to final construction, 

Slides 

There are many methods and techniques fo~r controlling and cor

recting true landslides. No one method or combination of methods is 

0 
universally applicable. Consequently, each slide must be considered 2 
on the basis of its own individual characteristics. 'a 

(pAvoidance 

Avoidance of slides or potential slide areas should be a primary con

sideration of the engineer when selecting a new highway route, par- C1 

ticularly in a region that is susceptible to slides. After the slide has 

occurred, avoidance by relocation or by bridging must be compared 3 
with other remedies, and may not be feasible because of excessive 

rcost. 

Excavation 

Excavation, in part or total, is usually the first remedy applied after 

a slide has occurred. Partly this is a primary necessity incident to 

reopening a road for tratfic. Removal of stide debris at the toe very 

often aggravates an already serious condition. Consequently, this 

step should be carefully analyzed In conjunction with alternatives or 

additional measures. 

Usually, where possible, an attempt should be made to remove 

some of the material at the head of the slide so as to reduce the motW

vating force. However, if this means removing a row of houses or the 

affected roadway, for example, some other method must be considered. 

Some slides are so large that it may not be economically feasible to 

remove sufficient material to do any essential good. Reducing the 

slope, perhaps by using a compound slope, and construction of benches 

(fig. 19) are remedies that are frequently successful. These two 

inethods are also recommended as slide prevention measures. Both 

of these methods tend to reduce the motivating force. 

Surface drainage


Excavation techniques are usually used in conjunction with various



forms of surface or subsurface drainage, or both. In the case of a


forces are not great,
relatively small slide, where the motivating 


rock or con
regrading the moving mass, treating the surface with a 

crete facing, nnd installation of appropriate pervious blankets and 

underdrains, have lo, ri sUccessful. 

Surface ditches, eirctunferential around the crown of a slide, are 

almost always emlhoye,. Such ditching often goes hand-in-hand. 

with regrading of the slide surface, and sealing or filling of all cracks, 

including joints, faults, and fissures. These measures almost invari

ably require continuing maintenance, hence they only help control the 

slide but do not stop it. Circumferential ditches, P- mentioned previ
ously, should usually be lined. C 
o 
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B
enches are m

ade in deep cuts to prevent debris 
from

 LaU
ling.on the highw

ay and to dim
inish the danger

of slope failure. 
T

he benches 
should be accessible 

from
 the ends 

so that accum
ulated 

m
aterial 

m
ay be 

cleared aw
ay. 

Figure 19.-B
encI, construction in deep cuts. 
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Pervious Material 
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81- Pervious Pipe


. Outlet



Use of Interceptor trench, pervious blanket ald perforated-pipe drains to stabilize


foundation for sidehill fill on portion of Dunsmulr Freeway, U.S. Hwy. 99, Northern


California. Bottom of longitudinal trench, outlc. trench, and upslope side of trench


have 3 ft. blanket of gravel.



Figure21.-Interceptortrench with pervious blanket and perforated-pipedrainfrom aidehillfill. 
(Courtesy Western Constructionand CaliforniaDivision of Highways.) 

These horizontal, perf rated-pipe drainshave been successful in granular soils in 
" California and other States. A typical "hori~zontal" pipe drain is 4 inches in diameter, from 

50 to 200 feet in length, and inclined upwarda 
. . _"'few degrees. 

-_h 

Figure 20.--S1dehiUl horizontal drhm. 
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This drain is removing water from a sandy
8" Perforated Casing layer beneath a clayey loess and emptying it 

into another permeable sand, which is above 
the permanent ground water table. A row of 
piles, to the right, had been used in an attempt 
to prevent sliding. 

Loess I 

'Section Back Filled 

%14.7... 77.7 1 -

__ __ -. __. Limit ofS 

Active - Piling

Clay - 


,........ .....



,,,°,......., ,...,,,........



o
.. .. .. . ...... . .. ........ °



Figure21.-Loess drainedto water-bearingsand. 

Asiphon intallato has hbeeermnofHgwyused in the State of Washington 
for lowering the water table and Section 8" Pipe
stabilizing landslides. It has 

ale the depth limitations of all 

Tanksipons.Perforations 

-= . .... 0.Water Level 

----o . - -- --- Ter 
 

_ -- ---

_---------------


---- _--.------....... 
 

Valverf4ow 

Figue3 Wsio- -- -------------- au.)"--- igtn earmetofHih 
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The buttress acts as restraint at toe against
the slide movement. A filter-type, perforated
pipe drain, at the upper surface of the imper
vious clay at the left, is needed to insure safety. 

p, ' . 1 ater Line , Ln 

ii Loe s, '" .' Gas Line 

ater Seepaze ,\ 

- a.-. ' __ . ... ,i 

e ~ ~ ~ siS]1).jr face 

B~luttret 

.... .......-
 -- -- ...... : ..- : . ., §_ 

Figure 6,-Bultress as restraint againstslide movement. 
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Plan 

Buttress-supported retaining wall.


-. Note that the wall is also supported



, on drilled, cast-in-place piles.

Drainage is achieved by a pervious



! I iblanket beneath the inclined buttresses


and subdrain at base of slope. 

Buttress 

Section Retainng Wall . 

Approximate t


Zone of



_- =Weakness



7 udrainDrain Pervious Blanket Cast-in-place Pile -Ppe in Drain 

Figure 28.-Strutted retaining wall on piles. (Courtesy CaliforniaDivision of Highways.) 

A pervious blanket of gravel or crushed rock 
provides drainage of slope and increases its 
strength by buttress action. 

Pervious Backfill 

* - Original Ground 

Excavation -

Figure 27.-Modified buttress. (Courtesy CaliforniaDivision of Highways.) 
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Lawn ;' . , ,, 

This bank was stabi
lized by use of buried, 
drilled and cast-in-place 
piles. A bench was cut 
in the slope in order to 
set up the drill rig. 

Figure M.-Slope stabilizationwith buriedpiles. 

Piles were intended as 
restraining devices. Here 

.... .the failure of this techni
que is indicated by over- / -- / 
turning where the plane of 
rupture is above the pile 
tips. I the slip plane is .q..' / 
beneath the pile tips, the 
piles may be rotated back- I 
ward or merely moved 
downslope in a vertical -, 1^ 
position. Very wet sol 
materials flow between 
the piles. 

Figure 30.-Failure of piles as slide protection. 
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Hardening the slide mass 

Chemical injection or cement grouting, whereby discrete particleswithin the slidc mass are cernented together, has been used success
fully In stone, and in sandy or other granular miaterial. to prevent or 
stop slides. Cement grouting and chenuical grouting reiluire that 
careful soil analyses be nmde in advance. The high unit cost and 
poor "mixing" assurance of chemical grouting mitigate against its 
recomnendation. Electr oosrinosis has been used for redrivcin g thewater content of clayey. cohesive soils, wid thls increasing theirStrength, brti iiower cost usurlly prohibit the use 'f this method. 
Sinkhole correction 

Sinkholes, ulnless indicativ-e of a large taverri at slillow dc(ith. 'hen 
 
relocation or realicieenlt is ncessary. 
 may le bhl.ked y choking
the hole with ield sone a nridtop inig tiffthe tipper few feet with ttierstone, which is Iher gronted. if thlie s 
tilue 
 t)serve ras ana oitlet for surface 
provision for draiinage nust lie inade iinit is desi ra ble to cor i s t r u ct a n lar hole 
itssiable 
 

ossible. 

it'rrn channel ntist con
water lr iiried fro imthe area, 
tile stine Ii Ii i sori 4eso at ur i ns pe tt hl fr i t r e ion i s 

'a 

CDPart 4.-MAPPING AND REPORTING SLIDES AND :3POTENTIAL SLIDE AREAS 

and S
Purpose Scope

The local i viie.igineer nt only faces the responsibility of recogniz
ing slides ad(Iplt-titiaI siides in the iield, and pssibly recommending 
Conlrol and corrective nienstres, but ailso mapping the slide and col
leting rantterials fir hlahoraIory arialysis. It is logical that he do this,iniasin luch he,as hieis firsteriginier it the ield, may have to accept thereslponsilbility for correcttive work, and his report will determine the 
st o~wSld n uig itide 'if any further iivestigations. 

Th prose fr w liT l.I o p~ ,fJ v i~'It im'inv stigation is made, and Its scope, musth n et g t o s n a 
e n t c p , m s


e deterni ed early initre 
 stuiy. It Is pointless to initiate an exhairstive progran rnless niectssary. Obviously tie purpose is deter

rrined iy whether the objective is prevention, control, or correction, or 
a coibination of t irese neasures.



While the following text is generally phrased in 
 terms of the map
lilt c iind reporting of slides lhat have ictually occurred, It can readilyi14interpreted 

tial slide areas 

Purpose



The usual p 
is to determrine 
correction 

for application t the mapping and reporting of poten
Its well. 

orleof it landslide investigation, after its recognition, 
the cause (ifthe slide and l)lan the proper repair and 

neasures. However, the purpose may be to obtain essen
til data for prosecution or defense in a damage suit. The magnitude
of any slide study depernds on the property damage done or threatened,
tire values involved, the ipllortanrce of the latud area concerned, the 
Iiic permitted fur the study, and the urgency for control or corrective 
Ill ansures. 

Scope


The scol is giiverned by the economic aspects and by the actual or 

liteltial hazard losed by the particular slide. The majority of slides 
require only a reconnaissatrce type investigation rather than a detailed 

CD 
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0 
3 one. An outline' of the various factors essential to any analysis isas follow s: 
 

. Locaos: SRegular 
 

1. Location: Station, milepost, distance from well-known point; 
 
whether above or below grade.


2. Effect on traffic: Whether the road is closed, partially open, or open.
3. 	 Size: Surface limits--crown, toe, flanks; subsurface limits--maxi

mum depth to surface of rupture.
4. Material : Types of soil and rock.5.Water conditions. 
6.Weather conditions. 

7. Evidence of movement, 
8. History of slope. 

The reconnaissance report provides a basis for determining whether 
a more detailed report is necessary before any final decision on the 
appropriate control or corrective measure is made. 

The outline above will ordinarily afford ample information for 
studies of minor slides of the nuisance type. Furthermore, the details 
indicated can be ascertained rapidly and with a minimum of expense. 

The balance of this discussion is primarily devoted to slides of con
siderable magnitude and importance. 

Mapping and Reporting Procedures 

The mapping procedure embraces two technical areas: general or 
areal, and geologic. 

Location 

It Is essential to locate the slide so that there Is no doubt about its 
geograhis siti on. oe point the slide near mthadton or u hu r s
geographic position. 
 Some point on or near the slide must be ref-


erenced to an acceptable benchmark, such as those placed by the U.S. 
Geological Survey or the U.S. Coast and Geodetic Survey. These are 
generally found on bridge abutments, cornerstones of public buildings, 
monuments, or on easily recognized topographic features. 

Legal reference points should be used. such as property lines and 
corners, highway or railway survey stations, or State coordinate 
systems, 

Geographic references are easily applied to readily identified Zer
rain and drainage features such as hills, streams, and springs, 1ll of 
which should be referenced in with precise distances and directions, 

2This outline and the general discuson following are adapted from chapter6 of the report listed as the first reference on page 67. 

Field survey methods 	
F ed s r e ~ h d 

surveying or plane-table methods may be used for preparing "a


contour or planitnetric maps and for determining points of reference


within and outside of the slide area. Accurate maps can also be made


by special techniques from aerial and terrestrial photographs, but t.


these generally would not be applied to the average small landslide


investigation.

ivsiain
To obtain a high degree of accuracy in landslide mapping, triangula
tion stations should be establislhd on stable ground, outside of the slide 

area. From these, a base line may be established above or below the 

disturbed mass. Froin the base line, points may be established within 
the slide area and checked periodically for movement. 

If more precision is desired 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 check 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 aspets of the slide being mapped. A very 
snmall landslide, but involving loss of life and great property damage, 

may deserve mapping on a scale of 1 inch to 5 or 10 feet Another slide 
covering several hundreds of acres may be mapped on a scale of 1 
inch to 2(K) feet or smaller. 

A contour map of the physical features of the slide may be desirable. 
Depending on the judgment of the investigator and the importance 
of the study, a 2-fsot contour interval may be required in one instance, 
whereas anywhere from 5- to 50-foot contour intervals m ay be entirely 
adequate in others. 

Mapping the slide 
The final map should show the slide proper, Pll associated water 

and other pertinent conditions. and the geographic frame. 
The area to be mapped must be determined with care. More than 

the actual disturbed ground should be shown. The position of the 
slide with respect to adjacent terrain and cultural features, such as 
highways, railroads, powerlines, buildings, and similar features, must 
be shown. A more or less arbitrary scheme for small slides is to in
clude e distance about twice the slide width on either side. A lesser 
side margin proportion is usually mapped for larger slides. The mini

mum distance upslope from the crown should extend to the first break
in slope. Downslope from the toe the minimum distance again should 
extend to the first major break in slope. 
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The limits of the slide proper should be mapped first in order to 
illustrate its size and shape. The slide nomenclature (crown, head,
flanks, toe, etc.) as shown In figure 2, should boe use( so that the de
scription will be (clear to nil readers, and so that there will he outlformity of language with reports from other Investigators. 

Internalfeatures within the slide mass properly frequently need to
be shown. These include scarps, fractures, flow lines. and r(wotmiizable 
displacements of surface features.reval 

dislacmet., o sufaefatre.;.HydrologicThe characteristics of fractures and cracks that may Ie reorded 
include the strike, dill, and elevations; vertical and horizontal dis
placements, an( any comilonent s of the sae inclding rotational 
movements: and depths of openings. These vary front fraewill oil(e 
ture to another. as well as In(dividually with time, according to adjust
ments within the slide miass. 

In the more plastic materilIs, flow features nmay mierge with the frae
tures and cracks associated wit, drier materials. hi lnaiping pa
tential landslides or the early stages of slides and flows, tilte trendof flow paths and the gradients or soil flows within the mass, or in
associated terra in, shouild he shown, 

Surficial features Indi.ating deforlntion sholl .beshown. These 
Include offsets of linear features such as fences, lines of vegetation,ditches, roads, railroads, pipelines, walls, anti utility lines. I)eforlled
rectangular elemtents, such as buildings and fields, suilhI also be 
shown. 

A map and cross sections showing all tit( suricial ant stiisurface 
 
data of the slide area are considered basic. 
 

Water sources within or atdjaeent to the slid(- area. sulit s springs, 
seeps, pipelines, sewers, ponds. canals, reservoirs, alind permeable

strata, should be reported anti shown 
 on the map. Seeipalge from any 
one of these could be a contributing factor in it slide lovement. 

Slide materialswithin the slide area d be aishtul l ed.should be described in terms-; of a standardl asslleafI oii, lind 
The 

also 
sils 

In 
terms of structure (pris mlitic, granular, dense, etc.). If It is a ro k 
slide, the physical and structlral charac'teristics, any mappable geologic
units, and pertinent features, should he recorded. 

Weather and hydrology should be reported. Precilpitation and tein
perature data are inportant In analyzing not only the chrotiologic 
data of actual movements but the slilalso history, its bioth factors 
are Important in arriving lit the cause or causes of a slide. The ter
rain stability may be upset by only a minr variation in the nornial 
climate. Barometric pressures, seemingly unimportant, may be the 

0 
triggering effect thai set the slide in motion. Records of preeip!tation 3and tile- teiperature should be noted for the licriod prior to and after 
it slide. 

-a
Belause the year Iiiniy have been unusual, weather data fora CD 

pecriod of yea:rs should be recorded. The essential records are 01)
tainabh froin tili, IU.S. Wenather Iirei and most utility companies. 


TetIl imprtanc (o hyirologidata,
showo landslides shtuli not be under

estimated. Groul lwatr data, 
 shoint wlater-table iluctunlons and 

inti t relation with the lanslide. 
utitt a should hi'-plot tedi aga inst rate of ajoveltient. Ne 

Subsurface investigations 
Susurface iivest i giiins are ia id fi r Ile( IrlSe of ascertaining

tte physia(:l, geoloi Ir, iini era Iig ciharacteristic.s (f the slide


material. aid sithld int 
 lud a s ly of the adjtve.nt statkle rock and


soil, all(] tli(' ililniton 
 (of the surfa e of rupture 1na groundwater con

dioll S. SonIth. if hII ( , at a ly Iyi fleternii ii. froun stirface investi

gittiolts. Sulsul rfatiIf examilltliiis niay not. te feasible in sonie very


Illi'it. (tiveslidhs.



Drill holes, test pits, and test trenches art tei m'thodls of subsur

face exploration in 111st .omoliniiln isage(, btil idtilift 
 iolt samciples may


i' otaiitiud by cIIi-i alhI anger il 
 rings, and stanallrd penetration tests


illay be Ilotlle.



Til lirge earth tintlgers tiat cnnll rapidly drill it hile tens of feet deep

anti 3 or more feet in 
 dinh ter are useful toos in Iandslide investiga

lis fr In llaeriakl 
 ithe'r than r.k-. Ill sow-nilovilig slides such auger

holes van he drill.d 
 allot visually insit(t-d ronveniently, whereas a


test 
 lit WvIil lh llt it s t" en 
 long eniouigh to be e'ompleted and examined.


Water investigations relative t 
 llndslides are concerned with the 
olVelmttl of t , ii grillndlwater It\vel, alid hydrostatic pressure.

Dye niay I. ellloloyed ti trai' tilt lmovemaent of water in a slide area,
usina ilousehold uiig or ftlores.ein dye in neutral water and uranine(lye fit tid water. rFracu- aiiiionts of ra dioiittive isotopes have been


used experimentalily for
may prove letf-elifin of sect pige, and further investigationtlit thits ine1ttl is jlst s ffe'tive and nliore econo:nicalthan stPll e f the o n t o nl i tthod . The lev c-Iof the water table 

and its flutiuittlti. iinnv li mnelasured l iY tle list- of observation wells.


y r s ttic ress res 
 a y l e d 'rii inoId by ilit' use If Iiezometers. 

When (xpllirnl ltlry Iriigs art' linalt,. it is often desirable to use one or


ltore ts Irt'ij wells :ind 
 to inistall it piezoimeter in one for future 
observation.rs of walt(r-talile lhutuations. 

Geophysical methods have ien tlisoI for the iil'pose (if locating the
slip lillilt ill lIlany I dletsliths.Tht electrical resistivity method has 
given aiccurate results in mnany areas and it inay be considered a CD 
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primary exploration technique In the study of actual as well as poten
tial landslides. Both seismic and resistivity methods are useful In 
determining the depth to firm bedrock, in detecting the thickness and 
general characteristics of layers of soil or weathered rock overlying 
the firm bedrock, and in obtaining data from which Iirock contours 
may be plotted, 

Slope history 

The history of the slope is one of the most iliasrtant features in 
terrain analysis relative to landslides. The landsle causes and
mechanics have a dlefinite relation to thle geolog-ical history and the 

slope characteristics. Both natural and artificial changes in the slope 

should be analyzed. Such changes include construction changes, such 

as excavation of a slope or the placement of surcharges on the slope; 

and hydrologic changes in response to seasonal and cyclical variations 

In temperature and precipitation. These rc-lt In variations in hydro
static and pore pressures, and the position and rate of movement of 

the groundwater. 
Examination of the slope for evidence of p-evious movements In 

It should be made. and available eye-witness descriptions should Iw 
Included in the slide report. 

Because vibrations may trigger off a slide, It is important to report 
location in an earthquake belt, near an operating quarry, stamp mill, 
crushing plant, railway, or heavily traveled highway, or any other 
phenomenon likely to produce earth tremors. 

Photographs 

The Importance of terrestrial and air photographs cannot be over

estimated in terrain study. They can be the most convincing evidence 

in any damage suit or academic study. Terrestrial preslide photo

graphs may be impossible to obtain in many cases, but in areas of deep 

cuts, and in areas of predetermined potential slide areas, they should 
be taken at the time of the qrlginal location study or construction. 
They can be most convincing in illustrating "before and after" effects. 
Two types of landslide photographic coverage after the fact are 
needed- General, showing the overall picture of the -ide; and specific, 
illustrating details of particular slide features, 

Laboratory tests 

Effective control of slides, either corrective or preventive, may re
quire a laboratory investigation of the physical properties of the soils 
and rocks In the affected area. The extent of such an investigation 
will vary, depending on the nature of the particular slide problem, 

0 

It may Include routine tests for Identification of materials, shear 
strength, ty es and amounts of minerals, and degree of weathering. "a 
They may be classified as soils tests and mineralogical tests. In CD 
so,me landslide investigations experience alone will afford all the 
infornmation necessary : in others, where quantitative information is CL 
desired, at least a nominal number of tests will be necessary. 

Soils tests should include determination of the natural (field) mols
ture content, liquid and plastic limits, and grain-size analyses. These
identiflcation tests lelp in estimating the probable behavior of the soil 
in the tield. Trile tssignment of standard test values to a soil eliminates
cinfusiuin in interpretation and alllow,,s engineers from widely separated 
ao sin in eretat iin all.to e ng r esae 

is' dtieirnin elby shear0irecttriaxial compression, or unconfined 
compression orucni. 

compression tests. 

Mineralogical tests may also be needel. All soils and rocks are 

aggregates of niinral.s, each with its own physical and chemical 
prolprties, luIevause of these characteristics the soils and rocks may 
have a positive relation to the individualistic nature of the landslide 
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 tiake the .soil iliick." Under special conditions of physio
graphic loc.ation and water content, such material is known to "break 
out" and flow as a result of spontaneous liquefaction. 

As another example, a reasonably stable clay soil may become un

stable or sensitive if percolating water affects the exchangeable 

cations of the constituent clay minerals or leaches out soluble salts. 

Because such factors will affect the type of treatment to be used, cer

tain laboratory studies are useful, among which are: 

X-ray diffracti n.-This test is made when the rock or the soil con
tains minerals of sucl sniall grain size that other identification methods 
are impracticable. A diffraction pattern of the rock or soil Is com
pared with the patterns of known minerals for identification. 

Diffcential thermal analysis.-This method involves heating 
samples of a material to an elevated temperature and determining 

the temperatures at which thermal reactions take place, and the Inten
sity and general character of such reactions. Because exothermic and 
endothermic reactions In a given mineral take place at typical tempera
tures and with typical Intensities, identification of the mineral is 

possible. CD 
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Petrographictct.-If the sample material contali,s mineral grains 

of appropriate size, or is suitable for the prearationconstituent minerals and their relations to thin sections,each otherormay be deter- CD 
mined with the petrographic microscopire from the optical proerties GLOSSARY 
of each specific mineral. L S 

Synthesis of Information ,lost of thcfde1itios that follow are from the twvo glossaries listed 
Once all of the essential data described! above are assemled for it ilarrdiatltybelow. 7he speeile gflosnary from. 1rhifhgiven landslide, the information may be stidied as the definition a whole and tie was taken isintdirt'.d by the italic number in parcnthscegat the endseveral observations and inves igations interrelated so as to Iermitreasonable Judgments from of the definiti-m.which will enuerge a Iri pcture of til 1) (lossary of SeI,.hpd (;eiriogi. Terms,1b W. L. stokrs andlandslide, Its causes, and l)ssibile corrective Imeasures. .. 1. 'arn... (olorado sejintiir" .'socicty l'rrccdibf., VOl. 16, 1955. 

(2) Glossary of (,44)logy a ladItelilrt,4 Sciences, by the American 
¢'ologicallh.ititut,,National.. cadrmny of H'icnc., 1957. 

Alluvial fan: A slollmig fanI-sil,ped rass of loose rock material de
posited by a strenai at the place where it einerges from an upland into 
t hroad 'alliy or it plain. 'h. hlIghl t s irt Is at the apex of the 
fair. which is genrerally corrrtx.441 of lioulhrs and cobbles that are 
dropXI as si HIMaisIlite strnir a eiaergen from its confining wall... 
if tihe mass of ztterial has steep; sl~oINS, it is generally called an allovial cone,, bat if the slopts, are reltively flat, it is called an alluvial 
fan. (1) 

Aquifer: A geologic formiation or structure that transmits water in 
slticiett q iralit ity to sojpply itiping welIls or springs. (1)

Basal till: I leis,, claty-rich till witli glacially worn stones. De
posidt by ldkilient ls'trelb the ice, in contrast to "ablation" or super
glacial till whicir is let dh wn by the melting of the ice. 

Clastic: (' oipost of broken fragments of minerals or rocks ... 
Famuiliar examples of sediients belonging to this group are gravel,
saind, silt, and cliy. ansil'heir consolidated equivalents, conglomerate,
sairdstonie, and shide. (1) 

Cohesion: h'liecapacity of sticking or adhering together. In effect.tile 'ohcsioln of soil or rock that is part of its shear strength which 
does not depelnd upo inter-particle friction. In soils, true cohesion 
Is attributed to th, shearing strength of the cement or the adsorbed 
water films thlirt serate tire individual grains at. their areas of 
contact. (1) 

Colluvium: Earth material that has mioved or been deposited mainly
through the actionr of gravity. Talus piles, avalanches, and sheets of 
detritus moved by soil creep or frost action are examples. (1)62X
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Conglomerate: The consolidated equivalent of gravel. The consti

tuent rock and mineral fraginents may he of varied composition and 
of a wide size range. The matrix of finer material tbtween the larger 
fragments may ie sand. silt. or any of the cominon cementing mate
rials such as cailchun carlnafte, silica, clay. or iron oxide. The rock 
fragments are rounled and sinotit led from transliirtation by walter. 
or from wave action .... (1) 

Consolidation: Used here as densiicat ii (if soil Iy natuzral earth 
processes, in contrast with artificial densiflati i of a s,il. 

Creep: An impercepitibly slow and more iir less conltinus down
ward and outward movement if slopf-formning soil iir roc-k. Creep 
may affect only the top layer of a slope. and thus result nit only frolm 
gravity but also from the seasonal inflence of freezirig find thawing, 
alternate wetting and drying, find thermal forces; or the movement 
may be deep-seated under the action of gravity alone,. III creep. the 
movement is essentially viscous under shear stresses sufficient to 
produce permanent leformation but too small to prodlice sh,:i r failure, 
as in a landslide. (1) 

Erosion: The wearing away and removal of materials of the earth's 
crust by natural means. . . . The agents that accompillish the tranm
portation and cause most of the wear are running water. waves, mov
ing ice, and wind currents . (..(1) 

Foliation: The banding or lamiination of iietainorhic ricks as con
trasted with stratification of sediments. Foliation implies the ability 
to split along approximately parallel surfaces lie to the patrallel dis
tribution of layers or lines of one (or imre coiisiicuiu, minierals in 
the rock. The la3ers iay be stoth and flat otr they may be undulaling 
or strongly crumpled. (1) 

Geomorphology: Through commnon usage it has (ole tl mean the 
science of landforuLs. It Is Interpretative ani descriptive in that it 
deals with the evolution of surface features as well as their 

morphology. (1) 
Induration: The hardening of rocks due to heat, pressure, or the 

introduction of some cementing nutterial. The term may also be 
applied to a hardened mass of rock or soil. (1) 

Kame terrace: Stratified drift desosited by melt water between 
glacier Ice and adjacent higher ground aind left as a constructional 
terrace after disappearance of the Ice. (1) 

Kettle hole: A depression found in glacial drift believed to have 
originated when a block of Ice, left isolated by general melting away 
of a glacier, Is prtly burled by sediments and lter melts entirely 
away. . .. ( ) 

0 
0 

Lithification: That complex of processes that converts a newly de- -3 

lpsitd ,e~iment into lin inidiurated rock. It may occur shortly after 
ven ti cnc3urrent with it-or it may occur long :eliistiii-nay 

after deloosition. 21 C


Loess: An IIIconsslidated or weakly consolidated sedimentary de- =



1xisit ('olulkostl doriiinantly of silt-,iz7&d rock and mineral particles C


dliti-1l iv wind .... The piarticles tre mostly fresh and angular 3 
adntiare generally held toigether by calcareous cement or binder ....


IIn Inlly I'lii's, it' n'iniil:tiln of loess sems to be associated with



iast glacial (r interglacial climal . (1) 
Moraine: An a(.illuiall ioi of drift with an initial topographic ex


pressiiii ,if its own. built within a glaciated region chiefly by the direct


action t s isin and thrust defornation) of glacier ice. . . . (1)



Petrography: The branchh (if ietrology dealing with the description


:id systn:tlii' ilassificalion of roks. Specifically, it deals with the


textures, nilneral assi iations, find chemical compositions of the rocks


alnl it iiis to provide systenatic til:ssiication of rock types. . . . (1)



Rock flour: Very finely ground rock material of silt and clay size


firned liv the abrasive actiln of glciers. It consists predominantly


of angular, unwe'athered minertl fragments anti thus does not possess


the colesion ehar:!.teristivs (of fine-grained materials composed of clay


minerals. Riick fliur is iommolln in glacial outwash stream and lake


deposits. (1) 

Schistosity: The property of a foliated rock by which it can be


split into thin layers iir flakes. The property of splitting may be due


Ito alternating layers (f differing mineral composition or to preferred


orientation and parallelism of cleavage planes of the minerals. (1)



Sink (or sink hole): A deIpression in the land surface . . . in lime

stone regions often communicating with a t.=rern or subterranean


s runiing wit fi e or sbeaa


passage. so that waters runni g into it are lost .... (1)



Soil fabric: Arrangement of the soil constituents in relation to each
 


other. 
Stratum: A single layer of homogeneous or gradational lithology,



deposited parallel to the original d'-of the formation. It is separated


from adjacent strata or cross-strata by surfaces of erosion, non

deposition, or abrutit change in character. . . . Restricted to sedi
mentary rocks. (1) 

Structure (geologic): The attitudes and relative positions of rock


masses as caused by deformatlonal processes such as faulting, folding,


and Igneous intrusion. (1) 
 X 
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Subsidence: A sinking down of a large area of the earth's crust. (1)
Tectonic: Pertaining to the rock structures and external forms re

sulting from the deformation of the earth's crust. (1)
Terracettes: Small "cat-steps" or "'sheep-tracks," that occur in the 

soil on steep grassy slopes above valley floors. These features are due 
to small landslips, which, as they are of frequent occurrence, con
tribute to the removal of mantle deposits. They parallel the contours.The essential conditions arebehind. lack of support in fru.it and lubrication(1) 
 

behin. (1)hensive
Till: That part of glacial drift deposited directly by ice, withouttransportation or sorting by water. (1) 
Till plain: The surface of a broad body of till. (2) 
Vulcanism: The phenomena related to or resulting froim volcanic 

action. (1) 
Weathering: The various cheuical and mec'hanical processes acting

at or near the surface of the earth to bring about the disintegration, 
decomposition, and commlnution of rocks. Weathering is accomplishe in place; no transportation of the loosened or altered particlesis involv e. ... (I) 
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70 AERIAL PIIOTOGRAIHS ANt) THEIR APPLICATIONS 

2----------------------------------------------------------------

PROCEDURE FOR STEREOSCOPIC: OBSERVATION 

In using the stereoscope for the first tine, correct procedure 
and photos of good quality are imlportant. The pho os should be 
fairly well matched for average color toile, should have at least 
noderate contrast, and shl l, nmd shoew well-defined fcatiires a 
topography of at least moderate relief. Gloss finish is preferable, 
bItt not essential. Corr-ct orientation of the p]hotos with rcspect 
to one another and to the instrument is particularly important. 
as otherwise tlire may he some diffictlty in otlaining stereoscopic 
"fusion- of' the two views. As experience is acquired, however, 
photos departing far fronm the ideal may be used successfully, and 
less attention to details of procedure is needed. 

In discussing procedure, tlire new ternIs are uIsedl, which may 
first be defi ned. Eve base represents an inaginary line between the 
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pptils of tie eyes. Its length equals the distance between the pupils 
when the eyes are focused at infinity, with zero convergence. 
Stereo base may be defined as the direction and distance between 
comlplenientary image points on a stereo pair of photos correctly 
adjusted for comfortable viewing under a given stereoscope, or 
tunder the unaided eyes. In the lens type of stereoscope, it lies in 
a plane containin.g the axes of the two lenses. In the mirror type, it 
lies in a plane Nertical I()that of the mirrors. Ill length, it varies 
for different instruitents, Plhoto Iast is a term here introduced to 
refer to lines, on each photo of a stereo pair, connecting the center 
point of one with that point corresponding to the center of the 

other (Plate 5 A). In direction, it parallels the line of flight, and 
in length it equals the air-line distance between exposure stations 
reduced to the scale of the photos. U nless there is distortion, the 
lengiIti is the sanie on each photo of the pair. 

Correct orientation of photos for stereo vision requires that eye 
base, stereo base, and photo hase be paratllel. There are various 
wa's of effecting correct orientation, and tie one outlined below 
is represenlative. As facility is gained, modifications and short- 239 
ctuts ma. suggest theniselhes. 

i. If the center pinis are not already marked on the photos. they 
are localtd b dilawiig inteisecting lines bctwecn l)osite collimating 
marks. If it is (desired to awoid ni.-rring the cmli Ision side of the photo, 
ihe cIllimating marks may be transferred to Ilie i-c'er'e side by prick. 
ing with . ine needle held ipcrlcndicuilar to the photo. Crossing lies 
arc the drawn as abhve, al their intersection point translerred to 
tie O)poisite side by (arefilly pricking. 

2. The stereo base for th1e inst I tMen t uLsed is nicasured by mean,, of 
a scale stuh as that shown in FigtTre 22. 

:j. The two photos are next placed in correct overlapping relation to 
oie aniother. and rctail alotig the€ edge of one is nitched with cOr
respolling detail Oil Ihc Other. A straight-cdge is then aligned with 
Ihe center point" of the two photos, andlone of the pair is moved along 
tlhe straighl-cdgc, tmaintaining the same relatike position with respect 
Io it. luntil (onipleiciitaiy image points are selarated by the distanlce 
nItCastur'd ill (2) abos e. If imiage: points along the straight-edge oilion(te 
photo do not Cortesplonl cxactI with those on the other, one or both 
plhotrs ilaN be rotated slightly about their center loints until the de
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,ircd alignment of comnplementary 01)oints with tfie straight-ecdgc is 
attained. Tlhc pho os miv then be fastened in position with drafting 
tape if desircd. 

*1. .. sttCre"sCOle is noiw plited over the hiloios and is aligned with 
the straight-edge hy noting whethcr tih images of lh latter in the 
lW e'es fall in line. The phhotos shottbtil he lighted, and the 

light Source sh h Ibc Cotl"rrtilv orictited withi espect to tile shadows, 
as explai col Oi0'1P- 5:5. 

2" 3" 4" 

Fir.. 22. SGaIC f il .nIeaIqlllillgM ) baoise fill i It'l' I.IC of i ts'f'(ofij... VhIell viecwed 
millet lh o,,t c.il thc %i It appear, i ill 
ilhe light. andilhe nuv',.',er ito llidl it points 1fill icl eCs t the length of the 

iet i iii he i (flitlcln id It I slat e .11 

,,ttei s.€ 1irlol type of steleoscopc, is IlIcsshaw. F ii a a lonll'- ( sctale lil ,gg.iled 
(,v L. Dr'jfdi .) 

5. It should now be possible for tile obserer to bring coinlple. 
inet.rv ilages foll tie two phfilos i t) sterculs(op Imsion. Attetntion 
should first be diiec ed at sonc sharp and well-defined object or fea. 
ture, and the gale allowed tol rest on it until a three-dimensional pic
tire Cenerges. Alter obltaining fusion lo(- one potint, tile ga/e is gradtl
ally moved rom ipoint to piifnt over the photo, titil tie ('ltirc area 
is seen slteicos(opicallv. Aftcr a short period If practice witlh dillerent 
pairs of pIhotos. it siold be possible to olltain ftsion instantancously. 
and to maintain it while glar ing 1al)i(dlv front point to point. 

Stereovision SlowVV j)ers(oll others,(Otllies m .ore to Ste pile than to 
and for those who encotinter difficiltis, special aids may be help
fill. Any ione ilio (atn seue CCII todrately well withi both eyes. 
lowe'er. shotild sooner ot later ie successtul. If' difficulty is ex
petrice(cd with one <ype of stereoscope, it may be iound more 
satislattzor% to tr) the other. One device whicl mia be ol assistance 
when t t,,ilon is not readily obta incd is to place a tiarker, suthi as 
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the corner of a plain white or black card, at each of tile photo 

points oil which tie attellion is directed. If this fails, it 
may be 
well to cl ieck tlle aci linllt of holos and instrument by alter
natcIh closing c;icl%ee. and noting, whether complementary points 
on the two photc s seem to be in the same position and to be 
equally distinct. If not. slight readjustment of photos or of light
ingllaV help. 


If one eye is dominant, or stronger than the other, it may be of 

assistance to iase strotnger lighting On 
 the phioto under the weaker 

eve, and to close the stronger eve until a clear itna-e is first 
seen


with the other eye. If these various devices fail to bring about


stereoscopic filsion, it maynlV
be eicessary to resort to some of tile 
exercises later described for obtaining stereoxision without the 
stereoscope, using them. however, with the instriunent. 

For all purposes requiring very accurate olbser'ation of detail. 
sulch as mlap making, photos should he aligned carefully b' the 
above procedure or its equivalent. For work of less exacting char
acter, more rapid and approximate methods may 1 e used after 
StereoVision has become easy and nattural. Due care must be exer- 241 
cised. however, for. even though.,l fusion is obtained, any seriotis 
departures from correct orientation will cause unnecessary eye 
strai1. 

One method for rapid adjustment is first to place the photos
approxinately in position tnder the stereoscope by estimation, 

and then, seeing dotle, to locate any two complementary image 
points, and to slide the photos insuch directions as to bring them 
into correspondence of positicon. A orfinger tip other marker 
placed belhw each point nma be helpftul iin doing this if no very
sharply defined features are present on which to fix the attention. 
Another method for approximiate orientati ut is to blink both 
eves in rapid alternation, noting tile relative position of sotie 
dist inctixe point which is shown on both tile photos, and mo e 
the photos so that tile point seeins to jtunmp less and less on shifting 
eyes, and finallv remains in the same position. Stereoscopic fusion 
for that point should then be possile. The above procedtire 
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should be repeated for additional points in other parts of tile 

overlap area. to make certain that the over-all adjustment is cor

rect. 

In orienting photos for stereoscopic examination. it is impor
tant always to separate them in the direction of the flight line. A 
colmmon mistake of beginners is to separate the photos in some 
other direction. Althougl this nlaN permit some dgree of stereo. 
scOpic perception. it will make foi distortion and CN( strain, with 
a ditiniution of tie relief effect. 

STEREOVISION WITHOUT THE INSTRUMENT 

Under nan\ conditions, as in tie field use of aerial photos, 
tile stereoscope may be either unavailable or inconvenient to use. 
In such circumstances, and for the hasty exalinationl of photos 
in general, it is extremely convenient to be able to see stereoscopi
cally without the use of any instrument. This, of course, permits 
no magnification, and does not afford tile comfort and stability 
of a stereoscope on tile table. It is not to be recommended for sus
tained periods of exacting observation, and is best used to supple
ment standard instrumental methods rather than to replace them. 

Stereovision with the unaided eve requires the disassociation of 
convergence and accommodation (or focus) of the eycs, which nor
really are coirdinated instinctively. In other words, it is necessary 
to acquire volutntarv control over a previouisl y involuntary reflex. 
This. however, is less difficult than might be expected, and re

(Iires otl the practice of certain simple exercises. The ones 
described below have been found by the writer to be particularly 
successful in teaching students. For some individuals, one method 
is easier than another, and for others, a combination of different 
methods may be most effective. If glasses are worn for ordinary 
reading, tiley should generally be worn for these exercises. 

j. The simplest niethod requires only a stereo pair of photos and a 
plain white card, 5 x 8 in. or larger in sie. The ph1otS arc first 
matched together, and then separated until complementary image 
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points are about 2 in.i'l)art. The card is then placed upright between 
tile photos, so that tile right eye sees only the riglt-hand photo and 
ihe left ce' only tit left-hand photo. Attention is then concentrated 
on sone well-defined feat urc (otltiot to both photos, and an effort is 
niatde to superinmpose the images atl to bring them into focus. If this 
can be doie. fusion should be easy. If it canlmt Ie lone, however, the 
separation of tIlc photos tna\ be dec teased to about half an inch or 
less, and thc satelc pr%0,lIu I epeat'd. If this swttcteds, and stcreoscopic 
futsion is atmainud, tdite photos ate gtadtallk moved farther apart, while 
mtintaining fusion. This, at first, will scent to strain the eyes, and at a 
crta in stage the fused image will waver and thlen separate into two 
flat itages. \Vhen this occurs, the e\us are rested for a few miniutes and 
the (exrtse repeated. After a time. tlie card is dispensed with, and the 
eves are trained to focus at will on two separate points some distance 
apart, and thus to bring the photos diiectly into position and into 
stereoscopic fusion. By practising this excrcisC se\oral times aIda\ lot 
several days, it should be possible to attain sterC scopic ftsion of 
points separated by a distan(ce equal to that between the eves, or about 
2-.5in.-sulffcient for viewing arty of the stereoscopic illustrations in this 

book. Vith added practice, tile distance of separation may be intcreasc(d 
to 3ior .1in. by nanv persons, and to as much as 6 itt. at normal view

ing distance b\ a few Individuals. As pricictncy is acquired, the sense 
of eye strain disappears, and this method of stereovision becotites easy 
and natural. 243 

2. For those who find diffictthv with the method outlined above, it 
is cinmmoniv helipful to substitute blatk (lots ott white pal)r lot tile 

phIotographic images. The sharper contras and absence of interfer
ence or distraction makes for greater ease in fcttsing the eves under 

the required conditions. The clots shottlhe ecxa(t lv alike, and are best 
made with a drot-bow compass and blatk india ink. Using tile card as 
described Ititd.t (i) above, it niaN be possible at tle outset to obtaitn 
ftsion for d10ts abll t 2 ill. alpart (Fig. 2' A). The otivergetICe of the 

eyes should be itearly zero, isin looking at a distant object. The dots 
will ptirball , be seen dotile at first. and ati ellot sholtd be made to 
)ring them together. e\cn though thle\ are blutred. Vhen this is ac

roill)lishcdl, a further effort is tiadcl to bring the ftused dot into sharp 
focus. This is practised until it tai be do)ie at will. withoutt the card. 

If (lots separated by the, distatnce indicated al)we canot easily be 
brought itto fusion and fot u, two dots ot separalt, calds il be'bc used. 
one iear tie.e(gc of tie card. Thlse ire placed (lcise together for tile 
first attempt. ;tid the uiright card uscd as befre. After fusion is 
attained, the distant, eOcf sepatation is graltallv inctastd. ulp to at least 
2:5 in.A variant ittliod is to use a series Of iaired (lcts. sejII'atcd b\ 
regtlarly increased distancs, as slIM,,'ill Figure 2,'j 1. F"uSiot is fIrst 
obtained for thc pail closest tcigelther, and thetn (ie galc is itale to 
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progress to those of wider spacing by a series of small iumps. It will 
be noted lhat the ari tispails of dots appear to he at differcnt deptls. 

.\fter piOfi icwn,in fusing the (ots is attained, photos are placed 
with thcir cdgecs lse to the.dots, and with compleenntary image 
points just beow the dots. Then. after fusing the images of the (lots, 
the gale isshifted tlofl pholos, anld an effort is made to maintain 

A. 0 0 

* 0* S 
* 0 

* 0 
* 0 

* 0 

B 0 0 

* 0 
* 0 

* 0 
* 0 

244 0 
* 0 

Fit f ii lt ii. %ie ()sisili 'Ile ilmitj it23. P iled (1. 1. pi ,I lliqri ll.If i iiot 

at first -ille ic , , ite lir in, .I.;llellii i,it.0,h' Iiic' si(-c'ci'cp i le I., pains ill 
B. ti Iatat1 tile I p ,ii .i1n, ill 11i1i 31p andl(I om dil02C 4 . 1 IOhw I11t1"1 (l cenaill 

separation, Itn a erics o small jiiiipj,. It fihjli1 ihll€ la';ite\(cill tihe111.0lie t, 
p;ail%,itclet 1hi ol. illfsion,. itll .lid'.A llItpl iht Eard imtseei the ri4i1 
and left-hliid %satids il ;oic\entiiig inle IlcL.c hiottvcni right and leftill;igc,, 
particuh1irl ill the beginniting. 

or inked on 
points may be used as a furt her aid, if ttcessar\. 
fusion. )i s small titles cotmplementary photo imagc 

3. A thbird exert is.involhss tile tts(oiftwo (lots on a strip of tratis
parent celliloid. The (lots should liescparatcd b\ a distance equal to 
or slightl% lcss than the interppillar, distattce. This strip is held at 
arm's lengti, and. looking thinogh it, tle eCs are focused on the sky. 
At tile same time they shoul see, alth tgh somewhat illt of focus, 
cither tbrec or four (lots. If four ate seen. the central (lots will prol)ably 
be close tt(Icle, and shottld easilyIle s perimposed, cither by rotat
ing the (cllotliid strip arotnd an axis parallel to tile line of sight, or 
Iyslightly cianging ilte setting oiftileses. An effort is then made to 
change the foc us of tile eses ftm the distant %iew 1t)tie central (lot 
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without changing their convergence. After this is done, tile dots are 
gradually brought nearer to tile eve%, to within a distance of about 
lo in. This is practised until it becomes easy, and then the gaze is 
shifted friom the dots to photo image points as in (2) above. 

By practising otne or more of the above exercises, it should be 

possible for virtualliv all individuals having anything approaching 

normal vision in both eves to obtain stereoS'isiin without thct 

instrument. Some will acquire the faculty mtulch more q nickly thatn 

others, and some will achieve a much greater distance of separation 

than others, but all should find it a workable method. 

CHIARACTERISTI(:S OF THE STEREOSCOPIC IMAGE 

The appearance of the stereosco lic image is that of a relief 

model or spatiatl mIodel, gi ing tile impre.ssion of solidity and 

depth. For vertical plltois having,fio per cent overlap, the vertical 

scale of the "nodel al lptars to lie considerablv exaggerated. and 

the impression of relief is far greater than that which an obser\er 

in tile photogral hic airllane would have received visually. This is 

dtie to the intwh greater angul"ar difference between the rays fron 

atn\ given giottlld point to two sti((essi\e exposure stations, as coni. 

pared to that between ra\s to the oh server's eves front the sale 

groutincd point. This difference in relief effect may be likened to 

that betweeti tiec iiiia-es of oijects vicwed at distances of 8 in. and 

I uile. respectTihcl. Ilte strellth of the relief effect is directly 

proportional to tile ratio of ai base (distance between exposture 
stations) to flight altitude. For phttos made with the same camera. 

the strength isinversel' proportional to the amotnt of overlap, 

atsmav he seenlv collipa" ing i (ofoapts same featture as viewedtilie 


on the 6o per cent overlai area of successive photos in the flight 

strip and on the 20 per cent overlap area of alternate phots. Ifit 
be assumecl that tle sie and scale of the photos and the amount of 

iserlap remain tile sane. tit' strengthi of tlile relief effect varies 
directly with tile agular coverage of the camera, and thus in

versely with local lenIgtI. 

245 
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In addition to the relief model, two satellitic images, without 
relief, may be seen on either side under certain conditions. This 
occurs when each eye not only sees the imagc directly bcneath it, 

D 0 
0 0 

E. 0 0 

FIe,. 24. Stereo r;a,is illuli utit, .ltof ditortion oilb, parall.ictic dti claremuen
the si5|(o p,(]i(ililgt..]it .1, thet dlislotitiotll oillfile'1%%(lIlllat. i ctlo'd III allolollill 

but Ol)J)oic to dile(Ciol. Ill 11. tilt(11%lilin'.1 3, 1t3(o oil fil1( I33l3ll.e .1lt41 113 per 

Cclii oil Ihe () t.C . l l ,i31.1 a311I DS. lit "I**. 33 %tlll(al (- nJliu3cill of (11%l lio3( , 
is zelo. hi C., h(olt( '\ l, that COlllmnchllt I.1.1c',alli (11 "\" (ollipojlle(li[l is lit (1lht'l. 

3C(4.ttI)I( . s [h .11( Ilis [hie salllcas ill S tC 33illllll (ll 1b mol 0 t \ ( llloJ1)3C'll t isa 
age(d o the spanCji;il mot(Il. %"}iletie ' 3Co3l4(imc3 io il3IIltltted. 1) anl I. show 
1((o sts of1" 3 ot'. IllICI(.l3lm C spr;Iinlt.g hill) I% 3jil 3he (fill[lcillIl lill(l.anudII. 
sieccl slelvosopicil, '|lo%that t11e loited ilnlaCs ;pp)et. h lh1e.I1IWtClnll It 
the actual inaiages. lhese sCreogain, Ina0\b3e\icCl tleiCI u th ; simple lells 
ial'pof stereoscope or with [e onaidCed e.eCs. 

but also has a marginal view of the image under the other eye. 
Thus the satellitic image at the right is the one seen bv the left 
eye, and vice versa. 

The effects of distortion by parallac:tic displacement on the 
stereoscopic image are different from those on any single photo., 
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The observed displacement, as tfeastred parallel to the photo 

base. equals tie alc)rai( iiean of the dis])laceelnits oH cach in

di'idual photo.Tiles. ifthe dispIa(clents of a given point ofn the 

two ph)ot(is arc e(lal illaliotitl)lut o))osite in dircction. they 

cancel one another, and the poiint or oliect shows no dist(o.tion 

along the one co(o)rlinate (Fig. 2.1 A). Ifthe distortion is7ero on 

one photo. the obl)sercd distortion will lihalf 1hat seen oin the 

otther sepjaratelv (Fil. 21 B). That component of distortion trans

verse to the )hoto base, however, is ttnaffected. For points l.ing 

close to the photo base. it will, of course. be inapjirecialhle (Figs. 

2.1 A and B), but for points lying well away fromo tihte t)hot base. it 

will be eadily (istingt ishabte, as showti illFi-tre 21 C. These 

effects are due to the simple fact tliat the apparent position of an\ 

point on the "spatial modcel" will be half'wa\ betweell its (omiple

mentary image points on the two photos, :ismay bc seen in Figures 

2 1) aid E. 

FACTORS INTERFERING WITH STEREOVISTON 

Asstming thmat the observer has nortial evesiglit anl has ctil

vated stereovision. there reniain sc~eral factoirs, arising from the 

nature of the terrain, tr lnthe pirolpwrties ol individual photos, or 

from faulty procedure. which niay interlere more or less seriously 

with depti percepition. 

i. Incorrect orientation. The effects of this factor ha\e been note] 
in the pretteding distcussion. Suffi(e it to( say that iarclessorientation of 
phtos Ivith respect to ole aiot her and toithle e Ie alltow somebase ma' 
iniage points to be icdil\ fused, while those in oitier parts of lie 
overlap area are less easit' fused. Other liffictilties introdlted by this 
fattor in its various fltitis are Ce strain, diminutio of the relief 
effect, and increased distortiom.



2. Marks Olt P itoS. Ink marks. such as scnmetiies tted on photos 
to eiiptiasi/e drainage liles or to record variots data, detract seriously 
froii tile etlectiveness of depth lercelptiot, particularly when onl only 
oie ptioto ol a stelte) pair. ltIjtTries to the Culisioti ha\e the same 
effect. 

'. Moo t ushi tilorl to lie antit u re. This Condition.ybdu
on one or hoth phoi(tos, inay be due to tile nature of' tile ground surface. 

247 
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to faulty photographic processing, or to both. It makes stereovision 
unsatisfactory or even impossible for the areas affected. This is par
ticularly well shown on Iodies of quiet water, and may sometimes be 
seen also on grassland or on cultivated fields. 

.I. Scale diffcrence. The effect of appreciable overall difference in 
scale betwtcri photos is to cause difficultv in obtaining stereivisiolh in 
all parts of thc overlap 2:tcj without readjusting the photos. This 
difficultv ma% be dealt with, either by realigning the photos for exant
ining different parts of the overlap area, or by bringing the photo 
of smaller scale closer to the eye, as by placing a book under it. 

5. Tilt. This factor also necesitatcs readjustment of the position of 
one or both hlipttos foir viewing diflerent parts of the overlap area. If 
vere large in anount, it may make siereovision impossible for some 
parts of the ( erlap area. There is no simple wav of compensating for 
tilt except iectification of the photo b\ projection printing. 

6. Deep shadows. The eflect of strong shadows ma' )e such as to 
obsire phiotngraphic detail locally. ain( thus prevent stercoscopic 
ftusioin. Proper priniing technique, however, may partially counteract 
this factor. 

7. Clitfs and steep slopes. Steep, \ertical, or overhanging slopes, 
particulari\ wlhcn fa ing away from the center of the photo, may
either (ninpress a part of the field of view, or cut it off eotirel', and 
thus interfete with tile two full views required for stereovision. 

248 8. I.arge and abrupt local differences in elevation. The effect ,if 
this factor is to make it impossible to maintain fusion for adjoining 
high and low points at the sante time. This is frequently true if tall 
smnokestacks (Plate 5 A) or high. steep-sided buttes. A simple illustra
iion may be had bv l,)xking down the end (if a pencil held about 8 ill. 
fron the eves. When the end is in fusion, the part farther away is seen 
ituble, and vi e \ersa. 

!). (h:angct's in po,,ition of objects bet ween exposures. This applies 
ti such noositg objects and feattires as cars, trains, and waves. Such 
(bjc(ts cannot be icwed stereoscopically. 

to. Rvsersa I of photos. If the right- and left-hand phnt is are ex
changed undler the stereoscope, without rotation, the relief effect is 
reversed, with the streams appearing as ridges 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 terned the peudoiropireffect. G;enerallv this reversal of 
the topographv is so abnorial in appearance as to )( readiliv detected. 
but in certain types of hummo ky terrain, where distinct poin ts for 
comparison are lacking, it may pass unnoticed on casual observation. 
The pseudoscopic effect is likel\ to be seen only under the mirrt r 
stereoscope, for the distance of separation required is too great for the 
a' (rage lens stercos ope when phois of standard size are used. 
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APPENDIX C 

MOSAICS 

Mosaics are composite photographs made by assembling positive photographic prints of individual and 
adjoining consecutive aerial rictures 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. In the controlled mosaic, each photograph is 
rectified to remove the effects of camera tip and tilt nnd laid to a base mau for control of azimuth, scale and 
position. Extbnsive grour o control survey viork is necessary to establish the horizontal coordinates of the points 
on the ground. 

In 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 rectification or ratioing 
procedures. This type of mosaic is least costly and can be assembled without specialized equipment in the office 
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 srace available for utilization. The scale should be large enough to afford 
recognizable images at a reasonable vieving distance. 

The materials needed to construct an uncontrolled mosaic include the following items: 

1. Photographic prints A set of single-weight contact prints providing coverage of desired area 

2. Mosaic board. A smooth, hard surface and non-porous material such as masonite, should be used 

3. Adhesive. An excellent adhesive for constructing mosaics is a mixture of gum arabic and water with a 
specific gravity of 200 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. Plastic squeegee 

Begin by assembling each flight strip of photography by matching images along the flight line only, adjusting 
all assembled strips to the same length, and finally assembling strips by matching the images in the overlapping 
areas. Select an image in the overlap area of each adjacent pair and adjust the photographs so that when they are 
flipped back and forth the image does not appear to move. Fasten the oriented 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 strips 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 .inother. It may e 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 straight 
line across tie mosaic board through the center point parallel to the direction that the flight lines are to be 
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 it 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 twisting motiom away 
from the portion to be retained in such a manner that the edge of the portion to be used is left in a tapered 
fash ion. 

Lay the edge of the photograph over d,e 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 thin as such exposed areas will appear darker after it has been laid. 

Apply the adhesive to the mosaic board. Then lay the first print in the center of the board matching the line 
on the photograph to the line on the board. Remo e excess adhesive by working the squeegee from the center of 
the photograph to the outer edge, forcing the photograph down and the excess adhesive from under it. 

Allow the adhesive to sm and select either of thp adjacent photographs in the center flight. Orient it to the 

center photograph by matchinj detail 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 photolraphs have the same tone. Avoid straight line tears except where the tear is parallel to straight, 
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 portion to be discarded as previously explained. 

After the torn edges have been featherea, re-orient the photograph in its proper position on the mosaic board, 
again matching detail and the lines of the photograph and mosaic board. Holding the photograph in its place, 
draw a serics 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 should be placed at intervals from two to three inches apart around the perimeter 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 toe photographs and mosaic board for that purpose. 
When the center flight 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



SOILS AND BEDROCKS



Merle Parvis, Research Engineer 
and 

Assistant Professor in Highway Engineering 

Joint Highway Research Project, Purdue University 


SYNOPSIS 

This paper reports the analyses o drainage patterns for their use in the identification of region
al soils and bedrocks by means of airphotos. The study is one of several concerning the inter
pretation of aerial photographs by the Joint Highway Research Project at Purdue University. The 
relative ease with which stream systems can be observed on aerial photographs facilitates the 
recognition of drainage patterns.

In the natural sciences, it has been accepted for a long time that certain basic drainage patterns 
such as the dendritic, trellis, radial, parallel, annular, and rectangular are associated with 
specific 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 patterns, 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 
noticeable differences in drainage patterns. For instanct, drainage patterns in regions where the 257 
rocks are bare or are covered only with shallow soils, are decidedly different than those in regions
of deep glacial drift. Likewise, drainage patterns develop differently in horizontal rocks than in 
tilted rocks. 

It Is concluded that surface drainage patterns can be relied upon in the airphoto identification of 
soils and bedrocks on a regional basis. 

Drainage patterns have intrigued The study of an area for the purpose

scientists over a long period of years. of identifying its soils and bedrocks by

As a result of their findings, many means of airphotos is best effected by

patterns have been classified and incor- stereoscopic examination of the vertical

porated into the literatureof the natural aerial photographs of that area. By

sciences of geology, physiography, and this means such "elements" of the

geomorphology. Recently - probably terrain as landform, drainage pattern,

within the last decade - engineers have erosion features, vegetative cover, and

been studying drainage patterns by land usage are revealed on the airphotos

means of airphotos. In the laboratories in a most realistic manner. Photo

of the Joint Highway Research Project tonality is another "element" vital to

at Purdue University, highway research airphoto interpretation. Tonality can

engineers have been using airphotos to be observed without the aid of a stereo
construct detailed draiiage maps of scope. Colors found in soil, rock,

Indiana on a county basis. During the vegetation, or water are recorded on

progressive stages in the compilation the airphotos in black, white, cr tones

of these maps recurring drainage of gray which vary according to the

patterns were observed. This led to values of the respective colors and the

the investigation of drainage patterns on reflection of incident light. While all

aerial photographs of areas of land the elements are correlative and are

surface materials, with known char- considered equally important in air
acteristics, which occur elsewhere in photo interpretation, only the drainage

the United States. pattern element is herein set forth. In
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doing this, it is not to be assumed that 
the drainage pattern element can 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 other 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 
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bedrocks o, a regional basis. 
The airphotos employed in the prep

aration of this paper were taken during 
1937-1943 in connection with the United 
States Department of Agriculture map
ping program. The prints were ob
tained from the Agriculture Adjustment
Administration (now Production and 
Marketing Administration). They are 
standard 7-by 9-in. and 9-by 9-in. 
contact prints having an approximate 

Figure 1. Drainage Pattern of the Headwaters of a Stream System Developed in Wisconsin 
Clacial Drift - lint Creek, Tippecanoe County, Indiana - The areas bounded by dotted 
lines are infiltration basins. Numbers indicate Congressional land se'tions. (This 
pattern was traced directly from aerial photographs of the area. Original Scale 

1:20,000) 

the drainage ways and landforms of a 
region are interdependent, they exist 
together as interrelated features of the 
region. Therefore, soils and bedrocks 
influence the evolution and character of 
the patterns of a region's many rivers 
and tributary streams. These facts 
lead to the premise that drainage pat
terns can be used to Identify soils and 

scale of 1: 20,000 or 3 In. per mi. 

DRAINAGE PATTERN


CLASSIFICATION



Apattern has been defined by Webster 
as "an arrangement or composition that 
suggests or reveals a design". The 
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term "drainage pattern" is used in this 
paper to apply to the manner, or "de
sign", in which a given set of tributary 
streams arrange themselves within a 
given drainage basin (See Fig. 1). 

Drainage patterns are classified on 
the basis of form and texture. The form 
of the pattern is its shape which may be 
described by comparing '.e pattern 
with a familiar object such as the 
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stream patterns which have been formed 
by natural forces actingupon the earth's 
land surface materials, six have been 
classified as the basic drainage pat
terns. Analyses of the more or less 
characteristic arrangement and repeti
tion of the lines of these patterns have 
revealed significant relationships be
twee-n the patterns and the soils and 
bedrocks uf the regions in which they 

RADIALDENDRITIC TRELLIS 

PARALLEL ARECTANUt.,


Figure 2. Sketches Illustrating Basic Drainage Patterns (20) (21)


branches of a tree. The texture (or 
density) of the pattern refers to the 
spacing of the tributaries in the stream 
systems. If the tributaries are closely 
spaced the texture is "fine", and if they 
are widely spaced it is "coarse". 

Certain drainage patterns are con
sidered as the basic patterns. Varia
tions of the basic types are known as 
modifications of the basic patterns, 

Basic Drainage Patterns - Of the many 

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 trunk of the tree and 
its tributaries resemble the 1. "egularly 
subdivided branches, limbs, and twigs 
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of the tree (22: 127) 1. Another term for
this type pattern is "arborescent" 
(11: 300). It is the most common type
drainage pattern. It is formed where 
the "rock structure does not interfere
with the free development" of streams 
(15: 340). 

2. A trellis type of drainage pattern 
may be compared to a vine on P garden
trellis; the primary tributaries are long
and straight and often para.el to each 
otherandto the main stream. Numerous 
short, stubby secondary tributaries join
the primary tributaries approximately 
at right angles (22: 127). This drainage
pattern may be thought of as one "ad
justed" to structure (2: 122). "Grape
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 either centrifugal or
centripetal; that is, the streams may
flow radially either outward from a
peak or inward toward a basin (17: 175)
(22: 127). Also, this term can refer to 
a group of drainage patterns originating

260 at a common po;.t (13: 350). Streamsystems on isolated hills often take 
this form. 

4. In a parallel drainage pattern the 
streams or their tributaries are paral
lel or nearly parallel to each other 
(22: 127). 
 The way inwhich the streams 
are arranged might aptly lead to the 
naming of the pattern cauda equina 
horse's tail. 

5. In an annular drainage pattern
"ring-like" tributaries flow into the 
radial streams (22: 127). This type 
pattern has been compared to the annual
growth rings in a tree (17: 175). 

6. A rectangular drainage pattern
shows the influence of the angularity of 
rock joints; it is characterized by many
"abrupt bends" in both the main streams 
and their tributaries (22: 129). This 
pattern Is a "right-angle system of 
streams" (7: 130). The pattern is affect
ed locally by horizontal rock strata of 
different composition. 

Rock structure Is a major factor in 
Lie development of these six patterns, 
'Numbers in parentheses refer to references 
at the end of the paper. 
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Dendritic drainage patterns are nor

mally formed by streams flowing in


horizontal homogeneous rocks. Trellis


patterns develop in folded or dipping

rocks where there is a series of paral

lel faults. These resultalso from


adjustment and 
 are stream systems
"aligned on a strike of the rock for

mations", the streams occasionally

making "right-angled turns to cross

strike ridges" (4. 86). Stream;3 draining

volcanic peaks assume the radial type

of pattern. Drainage patterns in tilted


rocks having parallel faults and in


valley-fill materials often show striking

parallelism. A 
 p aral lel drainage


pattern implies a 'pronounced regional

slope" (26: 510). Streams around a


dome follow circulax, or annular,


courses. Streams following the faults

and cracks in jointed rocks produce

rectanigular drainage patterns (17: 175).

Fractures 
 in the rocks of the earth's


surface have "influenced the activities


of running water'. Sometimes a river's


course is in "rectangular zigzags" 

its walls are formed of joint planes" 
(12: 224). All these drainage patternsreflect details of relief that are char

acteristic of the materials 
 from which


the stream valleys have been carved.



kcadfcatons of the 
 Basic Crainaue Pat

terns -There are several modifications


of the basic drainage patterns. Figures

3,4, 5, and 6 illustrate some of the


modified types. A number of these


patterns have been described in sci

entific literature. The author has


identified others by means of 
 aerial 
photographs. 

Descriptions of thepatterns in Figure 
3 are as follows: 

I. Tie pinnate drainage pattern Is 
a modification of the dendritic type.
The second order tributaries are ar
ranged in a more or less parallel 
manner (parallelism Indicates a nearly 
J:..orm slope). The rather evenly..
 
:a:,ced first order tributaries Join the 
'econd order tributaries at acute angles
(near right angles) much in the manner 
of a feather - hence the name "pinnate" 
(26: 512).



2. The deranged or disordered type 
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of draiiiage pattern has been applied to 
the drainage of drift-covered regions, 
It has been so termed because of the 
great irregularities of its pattern 
and the confused intermingling of 
lakes, marshes, and wide-open valleys 
(7: 503). Runoff water collects in the 
lakes, swamps, and marshes; and 
streams wander aimlessly about the 
landscape (8: 295). The numerous 
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(26: 513). This pattern is a modified 
type of parallel drainage, but "lacks 
the regularity of the parallel pattern" 
(26: 518). 

4. The contorted drainage pattern 
type is a "response to rock structure" 
(7: 215). Streams flowing in one di
rection may be completely reversed 
in direction when they encounter re
sistant rock or granular barriers. 

Figure 
filled 


PINNATE 	 DERANGED SUBPARALLEL 


N 

CONTORTED SUBDIENDRITIG NSOIOI 

3. Sketches of Modified Basic Drainage Patterns (20) - Shaded areas are water 
basins 	- lales, ponds, slough, bayous. Areas bounded by dotted lines are in

filtration basins. 

lakes and swamps depict the t'ndevel
oped character of the drainage. The 
terms "erratic" and "haphazard" may 
also be applied to this pattern (12: 300). 
Patterns of individual drainage systems 
within the area are usually dendritic. 

3. The subparallel drainage pattern 
resembles the spire-like Lombardy 
poplar tree in Its type of branching. 
The first order tributaries are usually 
nearly parallel to the second order 
tributaries. Again, in this type, par
allelism denotes uniformity of slope 

5. The subdendritic drainage pat
tern is a modification of the dendritic 
type. This type shows minor slope 
control of the second and third order 
streams (first order tributaries are 
the field gullies); other than that it 
closely resembles the dendritic type 
pattern (26: 513). It is a result of 
streams flowing !rom a non-resistant 
material area through another of slight 
structural control. 

6. The anastomotic drainage pattern 
is characteristic offlood-plain drainage. 
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The meanderings of the main stream
has produced sloughs, bayous, exbow 
lakes, and "interlocking channels". Anetwork of anabranches may even be 
present. This type pattern is considered 
to be "a phase in the development of
dendritic drainage" in restricted areas
(26: 514). 

Patterns illustrated in Figure 4 are
described as follows: 
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basin is "roughly an arc of a circle",
and the inside surface is steep and 
evenly sloping, then tributaries fromopposite sides of the basin will enter
the main stream at nearly the same
point (13: 350). This term can 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 

COLINEAR CENTRIPETAL DICHOTOMIC 

. - , ° 

'~~~•, .'7t"~
, -* - * " ° , '. 
 ., 
 ' , I I



RECTILINEAR SWALLOW HOLE 
 ILLUSORY


Figure 4. Sketches of 
 Modified Basic Drainns'e l'atterns
dicate subsurface drainage ways. 

(20) - Linear dotted lines inShaded 
areas are water-filled basins. 
 Dots are sink
holes. 
 Areas bounded by dotted lines are infiltration b,,asins.



1. The colinear drainage pattern is a modif ic ation of the parallel type.
Parallel streams are alternately surface
and subsurface. This is a recognized
type of drainagepattern found in cerliin 
foreign countries (26: 519). It is asystem of intermittent streams flowing
in very straight lines through porousmaterials. 

!. The centripetal drainage pattern
is a modificatlon of radial drainage. If
the headwater divide of a drainage 

distributariesof a stream is the dichot
omic pattern of alluvial fans (8). The
end branches are called arabranches 
b:anches which lose themselves In the
valley fill. Also, this pattern may be
applied to the arrangement of the
streams in the 
delta. 

4. In nearly 
dredged ditches 
low-lying soils. 
fairly straight; 

birdfoot type of river 

level areas man has 
to drain swamps and 

These ditches are 
they follow topograph
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Ical depression channels or the section, pattern is common to regions of mas
half-section, and quarter-section lines. sive strata of limestone. The pattern 
Often they do not "accord with the of a youthful karst region might ap
pattern of the soil and vegetation" of propriately be caii'Ld the "dot" pattern. 
the area (6: 73). They have been grad- In mature and old age limestone regions 

ANGULATE ASYMM CAL BARBED 
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BRAIDED AOMALOUS ' ~ THERMOKARST 

Figure 5. Sketches of kodflifled Nisic Dralnage 'aitterns Shaded areas tire water-filled 
rhanneln 211d basins - riv.er., likes, sloughs. 

ed so that low rises are traversed which sinkholes, fenster,, and solution valleys 

would otherwise block the natural form "unsystematic" drainage patterns 

drainage. This pattern is identified as in that surface drainage is interrupted

"rectilinear" in type (22). It is a form by the disappearance of the streams 

of artificial drainage. It is not to be under ground (18: 116). 

confused with the pattern of irrigation 6. The illusory type drainage pat

ditches which is a distributary pattern tern is occasionally observed on air

(6: 73). photos of porous low-lying soils which 

5. Drainage in horizontal limestone are tiled for drainage. While this is 
areas is both surface and subsurface. subsurface drainage the network of tile 
Where sinkholes predominate, small drainsis often"visible" onthe airphotos 
streams are "swallowed in holes" to because the soil above the tile has 
continue under ground as subterranean dried and there appears oh the photos a 
streams. Sinkholes plugged with debris sort of "X-ray near-white system of 
become ponds. This swallow hole lines - formed by the trunk tiles and 
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their parallel laterals (14: 30). This is 
a form of artificial drainage. The lines 
appear somewhat spectral on the air
photos - they may be likened to the 
spreading of the ink in a line drawn on 
blotting paper. This pattern is depict
ed graphically by dashed lines the 
accepted symbol for hidden lines. The 
pattern is an evanescent one; as the 
soil dries the pattern becomes imper
ceptible. Also it is adeceptive pattern; 
a buried pipe line, a buried telephone
cable, or ,n abandoned railway grade
might easily be mistaken for a large
tile. 

The patterns shown in Figure 5 have 
the following descriptions: 

I. 	 The angulate pattern is a mood
ified type of trellis drainage pattern, 
Parallelism in 	 it is si'nmilar to therectangular type but th. tributaries 
join the principal streams at acute or 
obtuse angles (26: 517). Like the rec
tangular pattern it reflects- the influence 
of 	rock joints. 

2. An "asymmetrical" d r ,i n a zepattern has more tributaries on the
upslope side ,of a trunk stream than in 
the down slop, side. This type is 
commonly found in miountainous terri
tories (13: 352). It is often "p-ctimate' 
-shaped like a conib. 

3. The barbed drainage pattern is 
a type of drainae pattern which results 
from stream piracy. Bra,;ching trib
utaries form obtuse anglesixith the 
trunk streams (11: 180). The pattern
is "calcarate" - spurred. It is a form 
of 	 "backhand dranage" 

4. The braided drainage pattern is
that of a graded stream. lrn intricate 
network of shallow channels forms "a 
complex pattern theon valley floor' 
(18: 69). Usuall. the materials de
posited by a braided stre.am are granular, especially in the Opper reaches of 
the stream. 

5. 	 An anomalous drainage pattern is
the general irregular patteri, of an area 
formed by the combination of dissimilar 
patterns in adjoining but different types
of topography. This complex pattern
indicates the existence of unlike mate
rials in an area. The component pat
tern of the complex pattern can be 
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studied individually. 
6. The ther.mokarst drainage pattern


is that produced by the surface thawing

of permafrost (25: 2). 
 It is formed by

cave-in lakes which eventually become


joined together by streams. The con

catenate 
 pattern o( the "button" lakes


is a singular feature. Usually the


thermokarst pattern 
 is 	 found in areas

of fine-grained 
 alluvial sediments 
(9: 	 17). 


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 area. In

div idual tributary systems may be


dendritic. 
 It is found where there is


impervious substratum. This pattern


occu., in areas where ti erosion cycle
is very young (2). It is a (losed-basin


type which Is found in parts of the


southern Great Plains rekion of the


United States.



2. The Yazoc type drainage pattern


pertains 
 to 	larger stream systenis thanthose 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 confluence plains 

plains on 
 which the tributaries unite


before entering the main streams.


This pattern develops in alluvial bottom


lands.



3. The kettle hole type of drainage


pattern is one of randor-spaced de

pressions, with an occasional 
 water

filled basin. Like the 
 lacunate pattern


it is a closed basin type, but 
 it occUrs 
where there i' a porous substratuin. 

It is the )attern found in graiular

moraines and outwash 
 plains. Individ

ual tributary system. may he (hndritic.



4. The elongared bay type drainage
pattern is one peculiar to coastal plain


or delta areas. ('The author believes


the bays in the Carolinas and Texas to

be ('ave-in lakes fornmed 
 in 	 permafrost

during glacial tiimes. ) Rows of the bays
follow the lows (troughs) in old beaches. 
This indicates that they have been form 
ed 	in fine-grained sediments. 

5. The ret i c u I a r type drainage 
pattern is a network of stream chan
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nels. It is "canaliculated" - having ANALYSES OF REGIONAL DRAINAGE 
many channels. It is a variation of the PATTERNS 
anastomotic pattern but is different 
in that it is found in tidal marshes and The following illustrations which 
in youthful coastal plains (26: 514). show airphotos paired with drainage 
At flood tide the water flows inward maps are presented as examples of 
through the channels; at ebb tide, representative typical regional drain
outward. It is a pattern of anabranches age patterns. The examples show 
- the diverging branches of a large noticeable differences in drainage
coastal plain stream which reenter patterns of materials common to various 

0 K7 

40 

LACNE VIOO KI TE HOLE 

ELONG3ATED 8AY IWLARt PhANTOM 

r-f.4 II.I . ,,I - 'r'N, , I ,, Ar highI.,,.i,, I , .,, I ndicate

til,tt' t' *l't , ~l ; ' t.l'. l't ul'~tlin .ti t u(lll i.i o: l ilsi fus.Wv.d). 


IiI 

that sait' stream. physiographic regions. 
The patterns arc classified accord

6. The phantom drainage pattern is ing to the basic or modified types of 
one of seepage ways. It is a network, drainage patterns. The forms and 
also. The pattvrn is caliginous and textures of the patterns are studied 
arachnoid - dim, and cobweblke. It for the influences exerted on them by
is found in "loose" (unconsolidated) the soils and bedrocks in which they
fine-grained but well-drained soils on exist. The effects of peculiarities of 
impervious subsoils. topography and extraneous materials 
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on the patterns are noted also. tilted rocks; and the examples from 
From a logical standpoint, the regions of transported materials are 

examples of drainage patterns found in drainage patterns found in glacial drift, 
residual materials are considered first; and water-laid and windblown soils. 

* ~?',, 

r,.. .:-r f I. , ."r.-S , e tOrdoiric it ) (20) (21) - [eft Airphoto
of Arr,, i. r , it ,H - ,eP " .''r1,,i.. .r.t Ir, o - fti hitt I[ritwuo ,tiip of Stute Area 

t i r, I er, s I nt ho Ies. 

L ines t',o - S- - The intricately den
dritic drainage pattern shown in Figure 
7 compares closely to the basic den
dritic pattern shown in Figure 2. It 
haw; some of the :haracterist ics of the 

- , - :-ubdendritic pattern shown in Figure 

3 but hardly enough for it to i class.i 
- f ied a.- subdendrit". HowevI- r, the 

pren, *of tw' material;, nearly 
horizmtal thinly-IwdJd strata ;if line

. . d shat- (f different textures, 
does lend the patti rn an irreigularity 
which indicates slight structural con-

P trol. The primary tribuiaries flowi, g 

- ,, f i. in shale are deflected, so.,netinies 
t,, i~r, I, sharply, when they contact ilit more

resistant limestont,. Sinkholes are 
found on the ridces where a limestone 

then, those in transported materials, layer is sufficiently thick to permit
The examples from different regions their development. These sinkholes 
of residual materials are drainage affect the drainage patte n only to the 
patterns found in Xoth horizontal and extent of occasional surface depres
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sions, for most of the runoff water 
flowing through them finds its way 

immediately 
The density 

into 
of the 

adjacent streams. 
pattern is great (or 

,H- ;'" d ' ' 

k \ .

phoft Vv, tt i I r l ! 1--. ) India..a - "l"vht- ..... n~ Kip of vi 

t' - e cAor- 267ur,"[) i, ' , ,'Ii ,i l.,ic e'-'ell~e ( T hi~or . iji (' ] (2'1) ]soeft 

f ine)fec Tuse oT hC p resene Of inm
pervi ousshale as well as because of a 

jitito hi r' n great diffe ti'it arein fond~eelevation tctweenrme.c~f~'. thwi i I lytrace.-, rence o llf 
the ridts and ite valleys. 

This rei n was n covered with 
. . ', ' llinoian glacia l drift hut the drift has 

.".-. , ....)<;-. ' only trat'es,of it arc found on ite highest.< 

, .... drift A~l~parcntly (oes not affr,'t the, 

,. ., . -,: . resrinieti its priimitiv-,. o)r pire-glaciA, 

CoiluvIlt slopes found thrughut 
the region cause rnanN landslidc- in 

himghway construct ion (See Fig. 6). 

, ,.,, , . .- ','i/ - Figure 9 illustrates 
:. 0.,~the slightly modified dendritic drainage 

pattern - somewhat subdendritic - de

in ersidual soil otrm- veloped in an area of laminated sand-
Fivur, tW. (,oll 
ed fron, Sandi t'i,- -Stat (Missi ss lqlin), stone and shale. The area is especially 

East-Ceitral Bhro C-ouni , Indina (10)) - knownfor the "perfection and symmetry 

In the, foreground, fragnentm of sandstone of its drainage lines" (11: 90-94). The 
fa-y be aern in the lottom of the gully. sandstone-shale has eroded to produce 
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a "rangy" dendritic drainage pattern of The region is mature and the inter
which the branching of the smaller fluves have been reduced to knife-like
tributaries is confined mostly to their ridges. The ridges are clearly defined
"tip ends". The sandstones are more by the spaces between the tip ends of the 
or less pure, are usually rather soft, first order tributaries (field gullies).
and are intercalated with sandy shales. Weathering sandstone breaks down
Soils weathered from them are plastic into small flat fragments; stream de
clays which erode in V-shaped gullies posits of this material are known as
because of steep slopes (See Fig. 10). "brown gravel". Although this gravel
Forests cover most of the hills as is used locally for road building mate
shown by the botryoidal texture of the rial it is not very durable. It is detri
airphoto in Figure 9. mental as an aggregate for concrete. 

10 
Figure 11. Drainage Pattern of Yf~ung Karst Topography (Missis.ippian Limestone) (20)
Left - Airphoto of Sinkhole Area ianWa~.lington County, In'ziana - Rgt- Drainage Map of
Same Area, - Dots indicate airlOi' s, some of which iiav tmall dendritic drainage 

systems. Shaded areas are water-filled basins 
 -plugged sinkholes.



The influence of the shale is seen in Mass ive Limestone -Figure 11 illus'he additional subdivisions.o• the ' mall- trates the "swallow hole" drainage
er tributaries. Angularity i.i the pattern pattern of a youthful karst plain. Such 
occurs because the sandlstones are plains are distinctive because their
resistant to erosion. The density of the surface features are the "result of the
pattern indicates that imm~diate runoff solvent work of underground water" inis less thanfor limestor regions -haleof surface streams (8: 321). Instead
(Fig. '7). The medum density is due to the arearepresented by this illustration 
the somewhat prrvious nature of sand there are no small streams althoughstone and to 1h. considerable difference small streams are occasionally present
in the elevaton between the ridges and in similar areas. The surface of a
the valleys. The pattern is influenced young karst plain is undulating, often 
very little by the general slope of the rolling, and sometimes rough- I isregion. known as sinkhole topography. The 
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sinkholes are identified on the airphoto 
portion of Figure 11 by dark-centered 
circular light gray spots. 

In the formation of young karst 
plains, water first flows through a 
fissure in the underlying limestone and 
begins dissolving the rock. When the 
surface depression has become approx
imately five feet in diameter it is known 
as a "ponor"; it has steep vertical 

Figure 12. 1opography ofLimrestone Area, 
 

North-Central Hiarrison County, Indiana 
 
(10) - Roads corstructt.d across plugged 

sinkhols give poor performance because 
of water-logged s1' gradea. Flooded con

ditions during wet weater result in the 

roads being impassale for periods of 

several days at a time. 

slopes as a result of initial erosion but 
is "asymmetrical in both plan and 
profile". After the depression is deep
ened and widened it is then called a 
"doline"; itL slopes are regular and its 
outline is symmetrical - it is circular 
if the fissure is short and oval if the 
opening is long. A "basin" is a filled 
doline; if the bottom outlet has become 
plugged with clay and other debris, 
swamps, temporary ponds, and even 
permanent lakes form (5: 713) (See Fig. 
12). 

The clays that develop from the 
weathering limestone have a peculiar 
"nutty" structure. They are well
drained "in situ", but they are very 
impervious and plastic when reworked 
by highway construction machinery (See 
Fig. 13). 

Cley Shale -A most minutely (very fine) 
dendritic drainage pattern, shown in 

Text 12 


Figure 14, is that produced by eroding 
clay shale. Because the shale is corn
pletely impervious, the runoff is almost 
equal to the total rainfall. Surface 
drainage is developed fully. Streams 
flowing in shale usually do not reflect 
lineal control. An intricate stream 
system is formed which resembles the 
venation of a broad leaf of a deciduous 
tree. This pattern approaches the true 

Figure 13. Concrete Pavement in Central


Lawrence County, Indinma - Pavements 

often break up in shallow road cuts in 
the clays of limestone regions. 269 

dendritic pattern illustrated in Figure 
2. Whe're thegeneral level of theupland 
is nearly flat - one to two mi. from the 

river - the gullies have "rounded" 
slopes; this is especially noticeable in 
the lower center of the airphoto in Fig
ure 14. This is a characteristic of c.ay 
shale topography. The "smooth" areas 
outlined in white in the airphoto - left 
center and lower left - are remnants of 
the Great Plains mantle which is gran
ular in texture; they do not contribute 
to the drainage pattern. Gravel is a 
material resistant to erosion; there
fore, it "holds up" the hills. Near the 
river the drainage pattern is influenced 
by slope control of the streams. Some 
of the smaller tributaries are straight 
and the angles of their junctions with the 
larger tributaries are very acu'e. 
Another cause for this slight changa in 
thepattern is thepresence of thinlayers 
of weak sandstones. Thes3 can be 
detected in the airphoto by the "bands" 
around some of the knolls, and by the 
presence on these bands of vegetation 
shrubs and bushes. Steep slopes cause 
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J J. 

Figre 14. Drainage Pattern of Pierre 
 Shale - Left -Airphoto of Area in StanleyCounty, SouthlDakota Right - Drainage Map ofSame Area - Shaded Area is Mihaouri Riv-r. 

Figure 15. Poor Performance of Flexible Pavement Constructed on Clay Shales of the
Northern Great Plainp, Nar Glendive, Montana -
Lebi shales are similar to those illus

trated in Figure 14.
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V-shaped gullies; therefore, the cyma- Flexible pavements, like the one shown 
curve cross sections of the upland in Figure 15, suffer considerable dis
gullies are extremely modified or lack- tress when placed directly upon plastic 
ing in the gullies near the river. The clay subgrades. 

r"F-


Figure 16. Drainage Pattern of Tilted Sandstone and Sandstone-Shale - Left - Airphoto 

of Area in llampshire Count), West Virgzinia - Right - Drainage Map of Same Area -Shaded 
area is a river. 

AI 

r- -"". " '" i l-. ( 

Pattern of Granite Dome - Left -Airphoto of Area in Lawrence


County, South Dakota - Highways ure straight white lines - Right -Drainage Map of Same


Area - Shaded area is an artificial pond.


Figure 17. Drainage 


main tributaries have almost reached Tilted Sandstone and Shale -Figure 16 

base level, in the vicinity of the river; is the drainage pattern of an area of 
here their courses have many full-curved folded and tilted sandstones and shales. 

The drainage pattern, where the shalesmeanderings. Parallelism may even be 
detected in the larger tributaries, predominate, is dendritic (See the upper 

Clay shales weather to fine-grained, left half of the airphoto in Fig. 16). Re

plastic, poorly-drained clay soils. sistant strata- probably sandstones - in 

271 
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theshale areagivelinealcontrol tosome drainage pattern on the left side of the 
of the streams in that area. Streams ridge. The stream collecting the run
are absent along the crest of the sand- off waters from both the shale and the 
stone ridge (See lower right half of the sandstone areas is flowing in shale. 

. :"' . . 4 , ":: . .



Figure 1 . Drai,,age Patterr, of Illirlr. an 
 Glacial Drift (20) (21) -Left - Airphoto of 
Area in Hiple~y County, Indiana - flight -Driinage Map of Same Area 

This stream is a part of a regional 
trellis drainage pattern which can not 
be shown by a single airphoto. The 
weakly developed subparallel drainage 
pattern on the right of the sandstone 

~ridge has formed partly in shale since 
the river is flowing in shale, also. 

Ir. regions of sedimentary rocks 
slope control plays an important part 
in the development of the drainage 
pattern - the more resistant the mate
ria, the steeper the slopes. Conse
quent]:,, the lines of the pattern are

Figure 19. Erosion Control in lllinoian more nearly straight on steep slopes
Glacial Drift P~egion, Jennings County, frfs-oigwtrtnst lwi 
Indiana -At thc. extreme. right-center, frfs-oigwtrtnst lwi 
the very light tones of gray mark t?,.e straight lines. Sandstone is more 

silty edges of a lateral guly 	 resistant tO erosion than shale. The 
drainage pattern in shale has a "round
ness" contrasted to the 'angularity"

drainage map in Fig. 16). Small "par- of the stream patterns in sandstone 
allel" streams are spaced at "regular" areas. 
intervals along the steep slopes of the 
sandstone ridge and form a subparallel Granite Deoe -Figure 17 illustrates the 
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radial and annula- "drainage patterns of the "B" horizon usually consists of 8 to 
a granite dome. The streams of the 10 ft. of "expansive silty-clay" (3: 187). 
plain have been forced to go around the Much of the surface is so nearly level 
bulging mass of granite, some of them that it is imperfectly drained. The 
making right-angle turns in theprocess. subsoil is impervious and is very poorly 
Radial streams course down the dome. drained internally. Surface drainage 
These streams unite nt lower elevations furnishes a particularly significant air
with sharp entrant angles. Near the photo identification element which is the 
base of the dome the runoff waters are "white-fringed" gully. The broad flat 
collected in annular streams inside the bottom of this type of gully is formed 
rim of upturned sedimentary rocks. by eroion removing the top soil (silt) 

from the impervious clay subsoil (See 

iigure 20. Drainige Pattern of Wisconsin Glacial Drift (20) (21), Tipton County 

Indiana - left - AirjhotoofTipton Till Plain - White lines are roads which follow land



section houndlries - Bight - Drainage Map elf Same Area 

Figure 18 is a Fig. 19). Long shallow -':ibutarieslllinoian 51acial Drift 
typical drainage pattern of the Illinoian ivdicate low velocity of the runoff water. 
drift region in southeastern Indiana. Where the gradient becomes steep and 
The drainage pattern is "subdendritic", the runoff water cuts into the clay, the 
a modification of the dendritic type with gullies become V-shaped. Secondary 
long, nearly parallel tributary systerns. tributaries show minor slope control. 
The pattern has a pronounced :71acy". Wide expanses show no developed drain
appearance. Illinoian drift is the oldest age pattern; here the terrain is nearly 
surface drift in Indiana. Its topograph- flat and headward erosion has not cut 

into the silty "A" horizon.ical features are subdued. It is free 
from swells and ridges. It shows the 
effects of age and weathering, for the Wisconsin 6lacial Dritt -Figure 20 is 

soil has a developed profile of approx- representative of a typical drainage 
imately 10 ft. (3: 187). The "A" hori- pattern of the Tipton Till Plain which is


zon consists of about two ft. of silt and an irregular, undulating sheet " till.
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Although the main streams in the illus- Till Plain is featureless - differences 
tration are "roughly parallel, with few 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" (24: 17). The 
drift is recent in age - it is uncornsoil
dated and, therefore, pervious. This 
reduces the amount of small gullies, for 
part of the runoff becomes subsurface 
drainage. Besides the drainagepattern, 
an outstanding identifying airphoto
element is the "marbleized" or "black
and-white mottled" pattern often re
ferred to as the Brookston-Crosby 

Figure 21. Low Altitude Oblique Airphoto pattern (23: 39) (See Fig. 21). The 
of a Wisconsin Glacial Drift Area, Tipton drainage of the till plain is connected 
County, Indiana - The Brool ston-Crosby through the darker, lower-lying de
soil pattern is -asily identified even pressions. These dark areas indicate 
though the field has a cover crop. Faint the presence of moisture, silty clays, 
near-white lines in some of the dark


areas show a tendency toward gully de- clay, and organic matter in the soil 

velopment. (14: 27). Gentle gradients of these 
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Figure 22. Drainage Pattern of Granular Terrace (20) - Left - Airphoto of Area in 
Vermillion County, Indiana - Right - Drainage Map of Same Area - Shaded spots are water

filled gravel pits.



and only short tributaries" the general depressions prevent any but sheet 
drainage pattern of the till plain is erosion over extensive areas. The 
broadly dendritic - very coarse textured divides are flat and the streams slug
(15: 390). It has the appearance of the gish. Wherever the gradient becomes 
forked ends of chain lightning (Also see steep enough for gullies to form these 
Fig. 1). The topography of the Tipton gullies are like "grooves" in the plain 
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they empty 
in shallow, wide "valleys". The drain
age of a glaciated region has been de
scribed as "glacially disturbed" for 
drift deposits have obscured pre-glacial 

n.id into creeks which flow pattern of medium density 
terrace gives the entire area an "ir
regular" drainage pattern (26) (See 
sketch of anomalous drainage pattern in 
FI - 5). 

to that of the 

stream systems and new drainage Terraces such as the one illustrated 
systems have developed (26). 

Granular Terrace - Figure 22 is the

weakly developed dendritic drainage '.'


pattern characteristic of granular

terraces found in the Wabash River

valley in western Indiana. The almost 
total absence of surface drainage inthe

right half of the map in the illustration

is a significant feature of the pattern.

Internal drainage through infiltration

basins provides an escape for nearly

all runoff water. A few drainage ways

follow depressions which are abandoned

channels of the post-glacial braided
stream that deposited the gravel. 

Ocsea thrt, ositedhe Vhael. 
Occasional short, steep, V-shaped 
gullies are found along the terrace face 

Figure 23. 
 Flexible Pavement Constructed
 
on an Ohio River Granular Terrace,
 
Switzerland County, Indiana (20) - Only 
very shallow side ditches are required 

next to the river. Gravel because of because of good internal drainage of the 
its porosity and permeability to water terrace materials. Highways on granular 
resists erosion. A most striking terraces usually give excellent per
feature is the inability of the upland formance. 
 275 

Figure 24. Drainage Pattern of Glacial LaJebed - Left - Airphoto of Glacial Lake Souris 
Area in Ward County, North Dakota - Right - Drainage Mar of Same Area - Basins are 

outlined by dotted lines. 

streams to cut across the terrace. The are composed of granular materials 
stream collecting the drainage of these transported by glacial melt waters 
upland streams flows in a slack wvter draining Wisconsin drift areas and are 
trough to a point where it can enter the important sources of gravel and sand 
river. The complete lack of relation- throughout Indiana. Figure 23 shows 
ship of the upland subdendritic drainage excellent highway performance on a 
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similar granular terrace. These lakebed sediments cover the 
uneven glacial drift of the inner border 

6lacial Lakebed - Figure 24 illustrates of a granular moraine which is a short 
the anomalous drainage pattern of an distance southwest of the area illus
area in a glacial lakebed region. The trated. Lakebed silty clays are strat
gullies in the walls of the valley of the ified and impervious to water. They 

Figure 25. Poor Highway Performance on Figure 27. Topography of Altamont Mo-
Glacil Lakebed Soils of Ward County, rair:e inWard County, North Dakota - Left 

Nortf. Dakota - Orgaric Soils of Infiltration Basin 

<7- .. ..- / " .E- -" 

. " - . - , 4 '"-

DaingePaten o Ktte-am -.Ai.hto of Porio. of~gre26 .Mor.in..-Left j ' 

figure 26. Drainage Pattern of Kettle-Kame Moraine -Left -Airphoto of a Portion of 
the Altamont Moraine in Ward County, Nort}, Dakota - Right - Drainage Ma[ of Same Area 

Infilt.ation basins are bounded by dotted lines. 

river ar typical lakebed gullies. The 
pattern of the 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 - the even 
floor of the lakebeci itself - contain 
small basins. These give the overall 
pattern its irregularity. The lakebed 
sediments are "comprised largely )f 
sand, silt, and clay" (1: 59). 

are genera'y plastic and poorly drain
ed internally (See Fig. 25). 

Kettle Kame Moraine - Figure 26 illus
trates the "kettle hole" drainage pat
tern of a granular moraine. Granular 
knolls of various sizes and shapes are 
scattered over the area without 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 28 indicate beach lines where finer 
kettle holes are found among the knolls sediments (clays) have collected. These 
throughout the area. It is difficult to "bands" support vegetation for they 
say whether the knolls or the depres- retain moisture (See Fig: 29). Straight 
sions predominate. There is no de- streams having box-like cross sections 
veloped surface drainage in the area. are formed by flash floods. 
Short, V-shaped gullies having steep 
gradients can be seen on some of the Great Plains Mantle (Ogallala) - Figure 
knolls; this is an identifying charac- 30 illustrates the lacunate drainage 

Figure 28. Draingec Pattern of Valley Fill Material - Left -Airphoto of Area in 277 
Imperial County, California - Dark bands in lower left corner of airphoto are beach lines 
- have fine-grained sediments - Flight - Drainage Map of Same Area -Shaded area is water

filled bosin (lake).



teristic of a granular deposit. Drain


age from the kettle holes is through the


underlying gravels. Many of the de

pressions have very small dendritic


tributary systems. Some of the depres- .


sions are partly filled with organic ,.


accumulations while others have mure


or less ephemeral lakes. The smaller... "" > ,];-''?
depressions are nearly c.rcular while qiL 

the larger ones are elongated. The de- . 
pressions are ckosed basins from -t few i


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). Figure 29. Poor Hihay Performance in



Valley Fill Materials Northeastern


Valley Fill Mlater ial -Figure 28 Illus- Nevada - Construction operations removed


trates the parallel drainage pattern granular materials -highway rents on


of valley fill materials. This area is fine-textured sedimenth.


the gently sloping apron of erosional


debris accumulated from the nearby pattern of an Ogallalaarea in the south

mountains. The texture of the material ern Great Plains region. The relief of


is predominately coarse, 'although dark the area is gently undulating. There


bands in the airphoto portion of Figure are no streams other than the small
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dendritic systems of individual basins. sions are called "buffalo wallows" (See 
Many of the depressions contain water Fig. 31). 
for days and even weeks after a period 
of wet weather. The term "poly basin" Loess - The drainage pattern in deep
might aptly be applied to this area loess deposits, illustrated by Figure 32,
because of the depressions. The subsoil is a modified dendritic pattern referred 
is impervious; it is probably a "marl". to as pinnate because of the leather or 
Erosion is controlled by contour farm- frond-like appearance of individual 
ing (Seethe airphotoportionof Fig. 30). tributary systems. The lateral gullies 

Figure 30. Drainage Pattern of Great Plains Mantle (Ogallala) - Left - Airphoto of 
Area in Lamb Covh!t>, Texas " Hig,, - Drainage Map of Same Area - Water-filled basins 

are haded. 

are short and spaced at "regular" in
tervals along both sides of the principal 
tributaries which they enter at nearly 
right 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 
this area. Great Plains loess areas are 
generally nearly level tracts with very 
long, parallel, low, and fairly broadFigure 31. ''Buffalo Wallow'' inEaster, ridges which are not easily detected on 

Colorado Near Kansas State Line - These 
alight depr-ssions are ,losed basins. single airphotos. Loess has a peculiar 

structure in'that internal drainage is 
vertical. Where slopes are steep 

In the inter-depression ridges the soils enough for erosion to start and where 
are silty and in places contain a large there is sufficient rainfall, the region 
percentage of sand. The clay content of soon becomes badly dissected. The 
the soils increases toward the centers of ridges and valleys of deep loess depos
the depressions. Locally these depres- Its fix the direction of the trunk streams 
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(16: 98). The principal tributaries are the drainage map of the county (See Fig. 
long and often nearly parallel to each 35). 
other. It Is easily seen that the dendritic 

The ridges of river valley loess are drainage pattern at "A" is repeated in a 
more pronounced than those in the Great band 5 to 10 mi. wide along the right 
Plains (See Fig. 34). bank of the Ohio River. It is passible, 

"*. di° - .i. 

Figure 32. Draina r Pattern of Loess - Left Airpbhn! of Area in Lincoln County, 
Nebrasla - Right - Drainag Map of Same Area 

279 

Figure 33. Gully Systen,inLoess-Covered Figure 34. Highwa) Constructed Through 
Area, Posey County, Indiana - Lateral liidgeE of Lo-ss, North of Vicksburg, 
gnilies tu the right and left of the Mississippi - Road cuts arevertical. 
main gully form the pinnate drainage


pattern by which loess-covered regions



can be identified. 	 then, to state with reasonable accuracy 
that bedrock materials (Ordovician lime
stones and shales) similar to those found 

TH':' APPLICATION OF DRAINAGE at "A' will be found throughout this 
PA', TERNS IN THE MDENTIFICATION band. 
OF REGIONAL SOILS AND BEDROCKS It is observed, also, that the sub

dendritic drainage pattern at "B" is 
Drainage patterns can be used in the repeated in an area, centering about 

identification of soils andbedrocks of an "F", of 35 to 40 sq. mi. in extent. It 
area. This statement is verified by the is poss- 1 e to state, with assurance, that 
compilation from airphotos of a detailed one material (Illinoian glacial drift) is 
surface drainage map of Switzerland the surface soil throughout this entire 
County, Indiana (19). Thre,.. drainage area. 
patterns may be recognL,. readily In The weakly developed dendriti 
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drainage pattern at "C" identifies a application of keen observation on the 
granular terrace. Similar patterns are part of the airphoto interpreter. The 
detected about five ml. to the rikht of correlation of the salient charactzristics 
"C" and about five mi. to the left of of drainage patterns with known types of 
"C". Knowing that a granular terrace land surface materials is dependent 
exists at "C", it is within reason to upon his ability to understand the sig
predict that granular terraces are to be nificance of the form and texture of the 
found in the other two areas. developed drainage patterns. This 

&Ii P L 9 O 

0 N I 0 , 
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Figure 35. The drainage map cf Switzertaniu County, Indiana, exhibits the following


drainage patterns: A'' - Dendritic drainage pattern of Ordovician limestone-shale


regions (See Fig. 2 and 7). "B'' - Subdendritic drainage pxttern of Illinoian glacial


drift regions (See Fig. 3 and. 18). "C" - Weaikly developed dendritic drainage pattern


of river valley granular terraces (See Fig. 22). (This map was compiled from aerial


photographs in the laoratories of the Joint Highway Research Project at Purdue Univwr


siLy, Lafayette, Indi&,a. Scale: Typical squareof grid system equals oise sq. mi.)



SUMMARY AND CONCLUSIONS understanding makes possible the draw
ing of tentative conclusions regarding 

The recognition, on aerial photo- the Identity of regional soils and bed
graphs, of the patterns of stream rocks.

systems of an area Is essentially the Drainage patterns are formed of
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straight and curved lines. Where there 
is no structural control stream channels 
are curved. In regions of residual 
materials the drainage network depends 
upon the distribution of bedrock, and its 
surfaces of weakness. If the plan of a 
drainage system conforms with the 
structure of the bedrock, the same re
peating pattern of uniformly-spaced 
fractures in that rock may be expected 
to appear in the lines of the drainage 
pattern. If the bedrock fractures are 
straight the streams will be straight 
between angular bends. Streams with 
steep gradients tend 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 which those soils or 
bedrocks can be identified. It is the 
streams of higher order that show the 
influence of the structural control of the 
bedrocks. 

Drainage patterns are coarse-tex
tured in regions where the bedrock or 
soil mantle is resistant to 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 other words, the drainage pattern 
reflects the porosity of the soil or bed
rock in which it is found. Likewise, 
the relative depth of the soil mantle and 
the dip of the bedrock may be inferred. 

Drainage patterns are classified for 
convenience of describing and comparing 
"hem.However, regardiessof the name 
aL.'igned to a regional drainage pattern, 
oncc it is established for a particular 
type o'soil or bedrock, similar drain
age p.,terns recognized within the 
region indicate the presence of materials 
similar to those associated with the 
established pattern, 

By studying first the particularly 
conspicuous features of the overall 
drainage lines of a region it is possible 
to make deductions concerning bedrock 
structural control of the streams of the 
area. Moving, then, from the general 
to the specific, the detaill of the patterns 
formed by the headwater tributaries are 
the means by which repetitive drainage 

Text 12



patterns within the region are classi
fied. Accidental localized variations in 
those recurring patterns are disregard
ed. Recurring patterns are similar 
but rarely identical. 

On the basis of observations made 
during the analyses of recurring drain
age patterns in various physiographic 
regions throughout the United States, 
the following conclusions have been 
reached. 

1. Drainage patterns may be clan
siflied according to the basic types or 
modifications 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 
identification of the soils and bedrocks 
of that region. 

ACKNOWLEDGMENTS



The author wishes to acknowledge 
the assistance given by all those per- 281 

sons who have helped in the prepara

tion of this report. Special a nowl

edgments are due: Professor K. B. 

Woods, Associate Director of the Jont 

Highway Research Projeet for his 

valuable suggestions and review of the 

report; Members of the Joint Highway 

Research Project Advisory Board, for 

their active interest in furthering this 

study; and Professor R. E. Frost, 

Research Engineer, for his aid in the 

selection and preparation of the photo

graphic illustrations. 


All airphotos used in connection with 
the preparation of this report auto
matically carry the following credit 
line: "Photographed for Field Service 
Branch - PMA - USDA". Other photo
graphs taken by Joint Highway Research 
Project staff photographers. 



282 

1A 

?t- ,S



Active landslide area in Bolivia. 
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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 ili 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 
techniques. 

Highway engineers have long been 
familiar with the use of topographic 
maps, both in planning and in ground 
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 otker 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." In addition, new techniques in production and interpretation processes 

have continued to extend the advantages 
of aerial photography. 

69 

Advantages 

The advantages of using airphotos in 
the investigation of landslides are sum
marized as follows: 

1. Airphotos present an over-all per
pective of a !arge 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 delineated 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 th.t 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 and 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-

SDetailed information as to availability of exist.
ing airphotos may be obtained from: Map Informa
tion Service. U. S. Geological Survey. Washington 26. 
D. C. Prevailing scales of photographs: 1:15,000 to 
1:30.000. Price for each photograph, covering 6 to 9 
square miles: 30.50 to $0.65. Airphotos taken specifically for highway projects are usually of much 
larger scale and may be procured through the hIgh

way authority concerned. 
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ploration can be effectively planned. 
9. Recent photographs can be corn

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 prcves a 
very useful tool for the study oe both 
existing and potential landslides, the 
highway engineer should be aware of 
its limitations. Some of these follow. 

Personal Experience.- 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 
little 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 o 
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. 

City Development. - In well built-up 
areas, natural conditions are altered or 
concealed by human activities. There, 
air photography may have special mer
its in city planning and related pur
poses, but its usefulness in landslide in
vestigation is greatly handicapped, es
pecially when the landslides are small. 

Ground Investigation.-It should be 
emphasized that the use of airphotos 
cannot and should not replace ground 

investigation entirely. Through careful 
planning with airphotos, however, the 
surface and subsurface exploration nec
essary for a landslide study can be profit
ably reduciJ to a minimum 

Principles of Airphoto


Interpretation



The interpretation of airphotos in
cludes three major steps: (a) examina
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, sh'ould. 
therefore, be considered an es3ential 
part of any photointerpretation job. 

Three-dimensional perception cani be 
acquired with a little practice by any 
person having normal vision. Ability in 
the identification of ground conditions 

il the interpretation of them in terms 
of bpecific 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 feature3. These features are dis
cussed briefly hereafter; more thorough 
treatments appear in the papers of Belch
er (1943, 1946) and Liang (1952). A 
bibliography on airphoto interpretation 
in general was 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
sion 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 ate 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 and 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 identification can, of 
course, 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: consolidated 
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 normal weathoring products of each 
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. 

DRAIN'AGE AND EROSION 

The density and pattern of drainage 
channels in a given area reflect directly
the nature of the underlying soil and 
rock. The dra,,'age pattern is obvious 
in some cases, but more often it is nec
essary to trace the channels on a 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 flat-lying 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, interruptd by haphazard de
posits, is characterisic of most glaciated 
areas. Indeed, disordered 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 should indicate 
clays, U-shaped gullies indicate silts, and 
short, V-shaped gullies indicate sands 
and gravels. 

SOIL TONES 

Soil tones are recognizable 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 different shades of gray, ranging 
from black to white. Because gray tones 
are highly respondent to soil-moisture 
conditions on ground, they are an im
portant airphoto element in landslide 
investigations. 

A soil having high moihm.re content 
normally registers a dark tonc and low 
moisture a light tone. The moisture con
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dition 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. 

VEGETATION 

Vegetative patterns reflect both re
gional and local climatic conditions. The 
patterns in different temperature and 
rainfall regions can be recognized in air
photos. Lrcally, 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 in 
nonproductive serpentine soils, where 
landslides are common, is very conspicu
ous and revealing, 

MANMADE FEATURES 

The identification of manmade fea
tures such as highway, railroad, ond 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 ground 
should have no difficulty in recognizing 
them in airphotos. Some old, overgrown 
manmade features are actually easier to 
see in photos than on the ground. 

Interpretation of Landslides in


Airphotos



Having obtained a general understand
ing of a given area through airphoto ex

elementz disamination of the major 
cussed in the preceding section, the en
gineer may proceed to a study of the 
specific features that are related to land
slides. 

LANDSLIDE INDICATIONS 

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-di
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 293 
are: the sharp line of break at the

of thear: the hmr k tphscarp; 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 inherently weak 
soil are also registered. 

VULNERABLE LOCATIONS


M


detected in are too small to be readily
any slidessmall-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 areas where the visible signs of

slides may not be apparent, but in which
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there are special conditions that are 
conducive to slides. Typical vulnerable 
spots are as follows: 	 

Cliff.," or Baznks Undcrcut by Streams. 
-Banks that are subject to attack by 
streams commonly fail by sliding. Where 
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 imip.ct from the 
vater. In areas of rock outcrops, on the 

other hand, the section at and near the 
point of maximum stream curvature is 
often occupi d by hard rock and the 
weak spots are to b, 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 	 andshould 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 land unit. 

Contributing Drainage.- 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 ap
pear 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, irrigation canals, 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
ger In areas below diverted surface 

drainage, especially in jointed and !rac
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 wa
ter seeps from the higher stream bed to 
the lower one. The recognition of seep
age is sometimes aided by the identifica
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 adjacent to the slope. 

OLD LANDSLIDES 

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 strking. 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 serws as a warning that 
the general area has been unstable in 
the past and that new disturbances may 
start new slides. However, such a warn
ing should iot 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 
landslide 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 siopes that are 
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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 as
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 SUSCEPTIBLE TO LANDSIDES 

Landslides are rare in sorne 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
quence 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

296 ceptible to landslides are basaltic lavaflows, serpentine, clay shale, and tilte
sedimentary rocks; other forms are suf sedientay oherroks ormsare us-the.ir high relief, massive hills, angular
ceptible occasionally, depending on local 
circumstances. 

Consolidatcd Sedimnictary Rk-,. and 
Their Residual Soils. - The discussion 
of rocks and their residual soils is corn
bined in this and in the following two 
sections because the recognition of types 
of residual soils depends primarily on 
the recognition of the landformde'elogel 
in the parent rooks. The determination 
of depth of residual soil requires con
siderable judgment. However. the engi
neer working constantly in his own re
gion should have ,w) diTiculty in estimat
ing the depth once he is familiar with 
local conditions, 

Genep-rally 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-con
trolled channeL, commonly fou-d in areas 
of shallow soil. The local climatic and 
erosion pattern should be considered in 
the interpretation, 

A very high percentage of all slides 
occurs in residual soils and weathered 
rocks. They are usually" in the form of 
slumps or flows. Rockfalls and rockslides, 
by definition, occur orly in bedrock ter
rain. 

in horizontal positions, massive sand
stone is little likely to slide. Clay shale, 
especially if interl)edded with sandstone 
or limestone, is highly susceptible to 
landslides (Figs. 18, 49, 50, and 51). 
Landslides are uncmonion in thickly
bedded limestone unless it is interbedded 
with shale or other soft rocks. In steeply 
tilted positions, an. sedimentary rock
may fail by sliding Fig. 52). Depending 
"I the dip angle, joint system, and cli
mate, slides nav take one or a combina
tion ot the forms of rockfalls, rockslids, 
(debris falls, debris slides, and earth
flows. River undercutting and artificial 
,xcavation are important factors in ini
ti;ting landslides in both horizonta' and 
tilted rocks. 

Methods of identification of sedimen

tarv rocks in airphotos are well establihed Ilard sandstones are noted for 

gu
rainage, and light tones; clay shales 

a'e noted for their low rounded hills and 
xell-integrated treelike drainage system; 
and soluble limestones are characterized 
hy their sinkhole development in tern
perate humid areas and by rugged karst 
,opography in some tropical regions. In

terbedded sedimentary rocks show a com-
Iination of the characteristics of their 
component beds. When horizontally 
bedded, they ace recognized by their uni
formlv dissected topography, contour

like stratification lines, and treelike 
drainage; when tilted, the parallel ridge
and-valley topography,, the inclined but 
parallel stratification lines, and the trel
lis drainage are evident. 

The identification of landform as a 
means of detecting associated landslides 
is important in the flat-lying sedimentary 
group because the slides there are often 
small arid, therefore, not very obvious 
in the photographs. This is particularly 
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f r u r r r r  51. ( ; r o u n d  r l r r  of rorkrliden a n d  rnrhfal ln  in whnlr and u n d r t n n r ,  mhnwn In F i g u r e  50. (I 'hnt~t-
graph h? S a t i o n a l  Park S r r v i r r l  

t . ! . ; ;~ f o r  sljrl'.. ~ ~ I ] u v i : t ]d t p ~ s i ! +  h: 

t n t l  b:istl of :!:it-!yi!lp bt-~!s. Furthcrmort . ,  
;t:ciime~~t:rry ri.icb.:: are? tht. most  \~ld!:-
-r)re:.ac! of  :ili y ~ i r i a c e  r8:~cks and  t h e i r  
,:nnc.!i?i!)ns :+re t c l  !W met cvcrywhrre.  

i ? l t r ~ t . ~ i ~ , ~  I g r ~ r o i ~ ~/ i t , / !  L*r t~~ i ,~ i~ .o  13.1rk.~ 
{ : I ! { !  7 ' / 1 (  ir / < r , v i d u / : /  sr,i/,c.-- Ija.w!tir kl7'f l  

! ' ~ I ~ I Q . - .a r e  on+.of  t.he most cornrnrjn r?prr?- 
si:ntatives o f  :he c!st.rtlsivi. i~nt.nu:: rficks. 
T h ~ y;ire re:rilily idf:ntifi:thle in a i r ;~hot r~s .  
I!:is:ilt i.? ~uscr:p:it,le to  different h i ~ ~ h l y  
!ype:: of litndslities ( F i g .  53). Ras:ilts 
oftc:n form the  caprcg:k in a plateau,  w i t h  
sharp ,  jrippc.~! cliff lines clearly visible 
in r ~ h o t o ~ r a p h s .  o rSur face  irregul:iritif!:; 
flr~tv marks,  sp;irsr?ness of  sur face  tirain- 
aKe, and  dark  tones a r e  c o n f i r r n i n ~  a i r -  
photo characteristics. 

I f  a basaltic flow is underlain hy o r  
interbedded with sof t  layers, par t icular ly 
if i t  occupies t h e  position of a bold es-
carpment ,  a very favorabla condition f o r  
large lumps is present.  The joints  a n d  

tht- c.r;~ck.s i l l  h:is:ilt ~ i v c .  ris~: 111 s p r i n r s  
:i!itl s~!cp:tpb zoncs :inti ~rt ' : i t ly f:icilitnte 
rnc~vc.nic:lt. Iirrc.l:f;tll.~ :tritl rocksl i ( l~>s along 
r im rock :irr t~ru:i!ly f;ivori.d by vert ical  
jointini. of t~ii.q:tlt :\:1(1 1)y undercu t t ing  
~ , f  bas:tl:ic- cliff... . T:ilus accuniuliitions of 
var i t~u ;  m a ~ n i t u d c s  a r e  found at t h e  fool  
of cliff.<. 1)isturbance of ta lus  slope d u r -  
inp  rand ronptruction h;is caused some 
l a r y r  slid^.: of t:iluq mntcri:ils. Olrl ~ l i t l e s  
;inti break.: indicating: incipient slic11.s 
0ftr.n can be sr.i.n in photoy:r:iphs. 

In  :irriis of rc.l:ttively dcrp  weather-
in^ t h c  lanrl.;c;iprb i.: sr~mcwh:it motlificd. 

A more rc~untied tl~p0gr:iphy ant1 henvier  
vepf.tiition di~vc.lops, ; i l t h o u ~ h  dark  t o n r ~ s  
still prcrlornin:tte. Slumps of lxith I : ~ r ~ f t  
and small size a r e  cornrnc~n in Las:iltic* 
soils. 

Granitr  and relntetl racks a r e  t h e  most  
widely occurr ing intrusive i~ncbous rock 
types. T h e  lanrlslide potent ial  of g r a n -
itic rocks varies  widely, depcnrling on  
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the composition of the rock and its frac- deposits. Although most of the distinct 

ture pattern, the topography, and the glacial forms are easily identified in air

moisture conditions. In granites that are photos, there are complex areas which 

highly resistant to weathering or of low require a high degree of skill for their 

relief, there is generally no slide 	 prob- identification. 
lem. In hilly country where the granite Moraines are found in nearly all gla

is deeply weathered, slumps in cut slopes, ciated areas. Thty are identified in air

as well as in natural slopes, are common. photos by their jumbled, strongly roll-
Fractures in the rock and high moisture ing to hilly terrain. In moraines, particu
condition undoubtedly are favorable fac- larly in the semiarid areas, there is a 

tors in producing landslides, large proportion of waste, untilled land, 

Granitic masses are identified in air- I)isordered drainage pattern, irregular 
photos by the rounded (old) to A-shaped fields, and winding roads are confirming 

(young), massive, uniform hills, and clues. 
by the integrated treelike drainage pat- Minor slumps, debris slides, and earth
tern with characteristic curved branches. tlows are .ommon in cut slopes in mo-
The presence of fractures and the ab- ramnes as the result of the presence of 

sence of stratification aad foliation aid undrained depressions and seepage zones 

to confirm the material, in the mass. Because morainic hills are 

Metamorphic Rocks and Thir R cidu- usually small, these slides are not very 

al Soils. - Lardslides in metamorphic extensive. They are, nevertheless, large 

rocks vary greatly. The interpretation enough to cause continuous trouble to 

problem is rendered even more difficult many highway maintenance engineers 

because the criteria for identification of 1Figs. 5.1 and 55). 

different metamorphic rocks in airphotos Slides in shallow glacial oiantle over
of 303 are not well established. Although the lying bedrock often take the form 

airphoto characteristics of major typos slumps, debris slides, and debris falls, 

of gneiss, schist, slate, and serpentine and often contribute to failures in artifi

have been worked out, these rocks do cial fill. They usually occur along valley 

not often have exposures of sufficient walls that have been oversteepened by 

extent areas 
is basically that of the underlying bed

to be recognized by their topo-	 glaciation. The topography of such 

graphic expression. 
group, many rock with slight local modifications, de-Within the metamorphic 

slides are associated with serpentine, pending on the thickness of the mantle. 
cases are commonly found in theSerpentine areas are identified in air- These 

by their sinuous ridge, smoothly northern and northeastern United Statesphotos 
rounded surface, short steep gullies, 	 very where sedimentary beds predominate 

and dull gray (Fig. 56). Slides 	 seldom occur in other poor vegetative cover, 
kinds of glacial deposits, such as kames,tones, 

There are, however, many serpentine eskers, outwash plains, and till plains. 

areas where stable slopes prevail. Low Unconsolidatcd Sedie'ntary Deposits. 

relief and low rainfall are among the - Within this group, which includes such 
factors responsible for the stability of diverse forms as flood plains, alluvial 
some of those serpentine slopes. A close fans, beach ridges, and swamps, most 
examination of airphotos to detect cx- landslide problems are associated with 
isting scars is necessary before the in- dissected coastal plain deposits, river ter
stability of a serpentine area can be 
concluded. Within a general area, local races, and lake beds. 

among the well
conditions, such as vegetation, moisture, Coastal plains are 

forms that can be definitelyspecial, favorable establishedand slope, may create 
recognized in airphotos. An undissected

2ircumstances for landslides, 
Glacial Deposits. - Landslides are coastal plain is identified by its low, flat 

with tidalin some glacial and glacio-fluvial topography; its associationcommon 
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-Igur" (,round 1* of a t, inal idr on a cut alopr 	 aho n in Figure 54. l'holograph b, D)nald J. 

Ilel:her 

v. m and the Silt.S tfl] C-,V.S. or whl'e' tilt.natural:nariht s. midt 
presei'," of brat, shai. iw, tidal stream equilibriutn is disturbed by artificial in

channels. The dissected coastal plain is stallatiolns:, slumps will occur. Slumps in 

identified by its rolling to rugged topog- terraces nat irally start on the ansup
the low land. Theraphy aIot inteIgrated dIrainage system,. ported slwp," facing 

It is also assoc'iated with coastal fea- presence of slide scars along the terrace 

tures ant appears oilairphotos t, 1, front is a reliable indicator of instahil
smewhat similar to areas underlain by 	 ity (Fig. 59). 

bed deposits generally displayconsolidated sedimentary rocks. Lake 
o elr tlat topography mnless they are dissected.In undissected plains, landslides 

a prolhim only in tile construction of Although generally composed of clays, 
to slide excanals ofr simiilar structures that rt- lake beds have little chance 

quire deep excavation in flat lands. In cept when exposed at vdleys or at deeTp 

cuts. There have been slides of considrdissected 'ai ns, however, slinips in nat
ural hill sl,,pes, as well as in road cuts, able magnitude in lake clays under each 

. The strat-	 of tOe following circumstances: aare comnimon 1Figs. 57 and 58 
where lake clays are interbedded with or,ified amn unconsolidated nature of the 

sands, silts, and clays that characterize especially, are overlain by gran a lar de

most coastal plains have provided a fav- posits, and 1)) where lake clays overlie 

orable situation for landslides. bedrock at shallow depthIi and the base 

Terra's are easily recognized in air- level of erosion of tile general area is


as elevated flat land along major greatly lowered. File former situation is
photos 
or minor valleys. Terraces of gravel and commInon in some glaciated regions of 

sand are usually stable, maintaining a New York. The latter combination ha 

However, where produced slides of extraordinary magniclean slope 
 oin the face. 

terraces are comlosed of interbedded tude in western Canada.
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i Figure 54.  Ground vlrw of landslide at point ( A )  s h o r n  In FIgure 57. f lcrr,  thr grny rlay layer llrr 
undrrnrath the pavrmrnt,  whlrh I 8  dsmagrd b y  thr slldr. (Phatorrnph by Tn I.1anp)1 

Undissected lake clays a re  easily iden- 
tified in airphotos by their characteristic 
brond, level tracts, dark gray tones, and 
artificial drainage practices. Dissected 
and complex lake bed areas are  relatively 
diflicult to identify, particularly for one 
that is not familiar with the local geo- 
lopic conditions. Again, the presence of 
existirig slides is the most reliable warn- 
ing signal. 

Windlaid Materials. -Loess,  or wind- 
depgzi!ed silt, can he identified unmis- 
takably ir: airphotos by its vertical-sided 
gullies, which a re  evenly spaced along 
wide, flat-bcttomed tributaries to show 
a featherlike drainage pattern. Equal 
slopes on hills and valleys, an  indication 
of uniform material, heavy veyetativc 
cover, and soft  gray tones serve to con- 
firm the landform. 

Loess is well known for  i b  minor 
slumps, generally called catsteps. The 
cabteps  a r e  seen in airphotos an fine, 
roughly parallel, light tone contours 

(Figs. 60 and 61). On the  ground, the 
individual steps of these small .qlumps 
a re  commonly 2 to  4 feet  wide, and sev- 
eral inches to 2 o r  3 feet high. 

Co7nplex Forms. -Most of the land-
forms previously described may be called 
simple forms because they consist pre- 
dominantly of one type of makr ia l  in 
each unit. In  nature,  however, citmplex 
or  superimposed forms a r e  numerous 
and of common occurrence. Thiu is es-
pecially t rue  in glaciated areas, as men- 
tioned previously. They a re  fur ther  em- 
phasized here because of their  ~ ign i f i -  
cance in landslide studies. Airphoto rec- 
ognition of the  basic simple forms is 
definitely helpful in the interpretation of 
complex forms. 

A change of material vertically o r  
horizontally in complex areas often af-  
fects the  internal drainage characteris- 
tics and creates slope stability problems. 
The most common situation favorable to 
slides i8 when impervious formatione 
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o. : . !4# 

1,4Ki-m, U.l-3, 

l.rv1,Li5 

Actuail failurtc: arc cmin,,,lYv detect
able in airphitos, in tihfollowing situa

tions: 

are undrlkiu by relativ,.iy p hds. 

1. 1:aiAl outwItshl or delta deposit 
over old lake led. 'hoto pattern changes 

from that of light-tonevd, well-drainted 
to p(orly draineidoutwash at high ground 

lake clays exposed on the slopes. Old 
landslide scars are present in the slopes, 

2. Glacial drift ovei shale. The photo 
is likely to show numerous landslides 

along river banks composed1 (if shallow 
drift. 

3. Valley fill over bedrock. The photo 

may show the landform characteristic of 

bedrock, but thisd lbed deos is modified locally 1y 

fill dPos8its. Sl ides Of fill mater ial alo g 

Steep hill slopes may be observed. 
4. Sand over clay. This combination 

is common both in glacial and coastal 

plain areas. SlOpe failures along natural 

or cut slopes can be seen in many photos. 

v



Irocedure for l)e eel inK Evidence


of Laddli(les in Airphotos



A step-hy-ltt) lr,'edure for lanudslide 
inv,.tigation by airphot,,.s is outlined 
ilthe fol,,wing: 

1. Lav out locations of road or other 
plled strm'It ui n. photos. 

2. Take a quick survey, on the photo

grapihs, of all cliffs or banks adjacent 

to river bends, and of all steel) slopes in 

the photo a ca, to see if landslide move

nients are evident. 
3. Outline are:s along ithe right-of

way 	 that show consistent characteristics 
natof topOgrl1)hiY, drainage, and other 

the same unit.ural elcments within 
4. Evaluate the genecral landslide po

tential of the areas with the hell) of 

T.-able 2. 
5. Make 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 corn
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AIRPHOTO INTERPRETATION 

TABLE 2 

AIRPHOTO IDENTIFICATION AND LANDSLIDE EVALUATION OF LANDFORMS 

Elimination Supporting Probable Landslide 
Procedure Characteristics Landforml Potenthal 

I. Level terrain 

A. Not elevated: 	 Flood plain, etc. (c) 

B. Elevated: 

Uniform tones Terrace. lake bed b 
Surface irregularities, sharp cliff Basaltic plateau 

II. Hilly terrain 

A. Surface drainage not well integrated: 	 Limestones. etc. (C) 

B. Surface drainage well intvgrted: 

1. Parallel ridges 

a. 	 Parallel drainage 
Dark tones Basaltic hills (a) 

b. Trellis drainage 
Rid-an.-,alley topography. handed Tilted or folded ia)

hills sedimentary rocks 

c. Featherlike drainage
Verticl.-slded gullies Loess 	 (hi 

2. Branching ridges 
a. 	 Featherlike drainage 

Vertical-sided gullies Loess (b) 
b. Treelike drainage 

(1) 	 Banding on slope Flat-lying 
sedimentary rocks (b) 

(2) No banding on slope 

Moderately to highly dissected ridges, Clay shale (a)
uniform slopes

Low ridges. associated with coastal Dissected coastal (a)
features plain

Winding ridges connecting conical Serpentine (a)
hills, sparse vegetation 

3. Random ridges or hills 
a. Treelike drainage 

Low, rounded hills, meandering stream Clay shaleMassive, uniform, rounded to A-shaped Granitic rocks 
hillsBumpy topography' Moraine 	 (b) 

h. Disordered drainage 

Di'nrdered, overlapping hills, associated 
with lakes and swamps' Moraine (b) 

' The landforms listed are the most likely ones to represent 	 the condition listed, It must be remembered. 
however, that other kinds of geology and terrain can give photographic representation similar to some of
those listed. Only a high degree of skill In photo interpretation or knowledge of the local geology can be
regarded as certain to avoid errors. 

3 (a) susceptible to landslides: (hi susceptible to landslides 	 under certain conditions: Ic) not susceptible
except In dangerous locations discussed aove.



a Glaciated areas only.
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pare slopes within the same unit area 
rather than of different 	 areas. For In
stance, slopes in bedrock would be more 
stable, even though steeper, than slopes 
in adjacent soil areas. Realize that slides 
usually appear small in photos, and so 
look carefully, inspecting slopes in mi
nute detail. Look especially for: 	 

a. 	 Existing slides. Relatively 
 new 
slides appear in white tones; vege
tation 	 and drainage are not well 
established on them. The reverse 
 
conditions 
 are true for old slides. 
(1) 	 Hillside scars and hummocky 

topography. 
(2) 	 Parallel moon-shaped dark 

patches on 	 hillside, likely to re
flect vegetation in minor depres

ectveetation linemioh de e 
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 outline of highways 
and random cracks or patches 
on 	 existing pavement. 

b. 	 Potential slides 
(1) 	 Ponded depressions and di-	

verted drainageways. 

(2) 	 Seepage areas suggested by
 
faintly dark lines, which 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 and criteria described 	 in 
Chapter Four.
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Mountainside road gallery in Bolivia. 



Bibliography 
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 seleced texts or are closely associated 
with material that was presented in the Overview 
and Selected Texts. Each reference has five parts 
that are explained and illustrated below. 

(a) Reference number: This number gives the 

Bibliografia 
La siguiente bibliografia contiene dos series 
de referencias. La primera serie consiste en 
una referencia para cada texto seleccionado 
que aparecio en la part 3 anterior de este 
compendio. La segUnd serie consiste de 
referencias a publicaciones ,J.'-ionales que 
fueron mencionadas en los textos se;eccio
nados o que se asocian intimamente con el 

material que se present6 en la Vista General 
y los Textos Seleccionados. Cada referencia 
tiene cinco partes qLie se explican e ilustran 
abajo 

(a) Nimero de referencia: Este nirmero d 

Bibliographie 
La bibliographie qui suit contient deux cate

gories de ref6rences. La preniere categorie 
consiste el Line reference po'ur chaque texte 
choisi qui est inclus dans la partie prec6dente 
de ce recueil. La deuxibme categorie contient 
des references pour des documenrts qui ont 
soit et6 cit6s dans les textes choisis, ou soit 
sont etroitenlent associes avec des ecrits qui 
sont presentbs dans I'Exposb ou les Textes 
Choisis. Chaque r6f6rence est composee de 

cinq parties qui sont expliquees et illustrees 
ci-dessous 

(a) Numero de la r6ference: Ce nurnero 

position of the reference within this particular bib
liography. It is used in the compendium index but 
should not be used when ordering publications. 

(b) Title: This is either the title of the comple'.e 
publication or the title of an aticle or section 
within a journal, report, or boak. 

(c) Bibliographicdata: This paragraph gives names 
of personal or organizational authors (if any), the pub
lisher's name and location, the date of publication, 
and the number of pages represented by the title as 
given above. In some references, the paragraph ends 

la posici6n de la referencia dentro de este 
bibliografia en particular. Se utiliza en el indice


del compendio pero no debera utilizarse al


pedir publicaciones.



(b) Titulo: Este es el titulo de la publicacion

completa o el titulo de un articulo o secci6r, 
 
dentro de Una revista, informe, o libro.



(c) Datos bibliogr6ficos: Este par~grafodd ios



nombres de autore: personales o organiacionales


(si hay alguno), el nombre del editoi sU direccion,


la fecha de publicacion, y el numero de paginas


represeniadas por el titulo en la parte (b). En



conalgunas referencias el par~grafo termina 

indique la position de cette reference dans


cette bibliographie. Ce numero est indique


dans I'index du recueil mais ne doitpas 6tre



utilise 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, iun rapport, Ou livre.
dun 

(c) Donn&es bibliograplhiqUes: Ce paragraphe 
indique los noms des aLleurs personnels (quand


i y en a) ou des aluteu1rs collectils (organisation),


lInome o I'6diteLi et son adresse, la date de
10 
I'dition, et Ic nombr, Le pages qui sont in

cluses sous le tite dans (b). Certaines
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with an order number for the publication in paren- dered, name and address of the organization from
theses. which it isavailable are given. The order should in

(d) Availability information: This paragraph clude all information given in parts (b) and (c)
tells how the referenced publication isavailable to above. 
the reader. If the publication is out-of-print but (e) Abstract: This paragraph contains an ab
may be consulted at a particular library, thc name stract of the publication whose title was given in 
of the library isgiven. If the publication can be or- part (b). 

un nimero de pedido para la publicacion en posee una copia. (2) La publicacion puede
parentesis. ser pedida de la organizacion cuyo nombre

(d) Disponibilidad de la informacion: Este y direcci6n est~in indicados. Elpedido deberg
paragrafo explica que la publicacion referen- incluir toda la informacion dada en las partes
ciada estd disponible al lector en una de dos (b) y (c).
formas como sigue. (1) La publicacion esta 
agotada pero pLuede ser consultada en ]a (e) Resumen. Este par~grafo es un res.men
biblioteca indicada donde se sabe que se de la publicacion cuyo titulo se dio en la parte (b) 

references se terminent par un numero entre document peut 6tre cornmand, l'organisation
parentheses qui indique le numero de dont le non, et I'adresse sort inoiques ici.
commande. L'ordre de commande doit inclure toutes les 

(d) Disponibilite des Documents: Ce para- informations donn6es dans les parties (b) et
graphe indique les deux facons dont le lecteur (c). 
peut acquerir les documents: (1) Ledition est 
bpuisee, mais une certaine bibliotheque detient (e) Analyse: Ce paragraphe est une analyse
ce document et il peut 6tre consult6. (2) Le du texte dont le titre est cite dans la partie (b). 
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(a) Reference number 
(a) Nimero de referencia - Reference 5 
(a) Num~ro de [a r~f~rence A REVIEW OF HIGHWAY DESIGN PRACTICES IN 

DEVELOPING COUNTRIES 

(b) Title Cron, Frederick W. Washington, DC: InternationalBank for Reconstruction and Development; 1975 May. 
(b) Titulo 57 p. 
(b) Titre Order from: International Bank for Reconstruction and 

Development, I188 H Street, N.W., Washington, DC 
20433.

(c) Bibliographic data 
(c) Datos bibliogr~ficos The design standards of some 150 highway projects
(c) Donnges bibliographiques financed by the International Bank for Reconstruction

and Development between 1960 and 1970 are re
viewed, and areas of agreement between the standaids of the 63 countries studied are identified;

(d) Availability information practical highway standards based on these areas of(d) Disponibilidad de la informaci6n agreement are sketched for the guidance of planners
(d) Disponibilit6 des documents in developing countries. The roads discussed here,fall into three functional categories: a small group of 

expressways, freeways andle) Abstract toll roads carrying largevolumes of traffic; a very large troup of 2-lane 
(e) Abstract highways carrying a wide range of traffic volumes(e)Resumen serving both local and long distance traffic; and a
(e) Analyse smaller group of low-traffic tertiary or specialpurpose roads existing primarily for land service. 

Comments are made on the problem of classifyingThe order should include all information given in parts (b) and hihway standards, and on the comparison of stand
(c) above. ards. Conclusions regarding standards for the 

El pedido deberi incluir toda la informaci6n tLqda en las partes capacity- related elements of design and standards(b) y (cI. for the velocity-related elements of design (radius ofcurvature, stopping sight distance, passing sightL'ordre de commande doit inclure toutes Pis informations distance) discussed, as wellare as the horizontal and
donnfes dans les parties (b) et (c). vertical clearances for bridges. The standard live 

loadings for bridges, the structural capacity of 
pavements and legal load limits are covered, and
conclusions rel..ting to pavement design, design
standards for 2-lane highways, incremental 
development of highways, and levels of service are 
presented. 



SELECTED TEXT REFERENCES 
 

Reference I 
HIGHWAY DRAINAGE GUIDELINES; VOLUME h 
GUIDELINES FOR HYDRAULIC CONSIDERATIONS 
IN HIGHWAY PLANNING AND LOCATION 

American Association of State Highway Officials, Oper
ating Subcommittee on Roadway Design, Task Force on 
Hydrology and Hydraulics. Washington, DC: American 
Association 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 and hydraulic problems which brings togtther 
related disciplines in highway engineering. 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. Special studies and investigations (topo
grapt,':V maps, aerial photographs, streamflow re
cords, historical highwater elevations and flood dis
charges) inc~uding consideration of the environmental 
and ecological impact should be made comensurate 
with the importance and magnitude of the project and 
the complexity of the problems encountered. Com
ments are made on potential construction and main
tenance problkms. The desirability of interagency 
-eetdination, and the need for information on existing 
and planned ;,on-highway projects are noted. The 
requirente. of permits, legal liabilities with regard 
to highway drainage construction, and the reporting 
and documentation of hydrologic and hydraulic data 
are disctssed. 

Reference 2


HIGHWAY DRAINAGE GUIDELINES; VOLUME H: 
 
GUIDELINES FOR HYDROLOGY 
 

American Association of State Highway Officials, Oper

ating Subcommittee on Roadway Design, Task Force on 
Hydrology and Hydraulics. Washington, DC: American 
Association of State Highway Officials; 1973. 23 p. 

Order from: American Association of State Highway 
and Transportation Officials, 444 North Capitol Street, 
N.W., 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 characteristics, 
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 
structures, and methods of determining flood magni
tudes. Factors in the selection of a design flood 
frequency (highway classifications, risk and 
economics) are outlined. The predicting of flood 

magnitudes and the development of the flood fre
quency curve are also covered. 

Reference 3 
SUBSURFACE SOILS EXPLORATION 

Finn, Fred N. Washington, DC: National Association of 
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.W., Washington, DC 20006. 

This 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 process,


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 techniques, field identifi

cation of 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 r'


land forms; profiles of surface and subsurface "..,te

rials, properties, strength and grading; and unusual


problems and recommended solutions. 

Reference 4


FIELD IDENTIFICATION OF SOILS AND AGGREGATES


FOR COUNTY ROADS



Shurig, D.G.; Hittle, Jean E. Lafayette, Indiana: 
Purdue University; 1971 December. 57 p. 	 (Highway



Counties
Extension and Research Project for Indiana 
 
Engineering Bulletin, Engineering Experimesit Station


County Highway Series No. 13).



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 did 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

tructions on the identification of soil components,


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 grou, Definitions, word descriptions and


classification symbols are summarized in tabular


form. Chapter IV outlines instructions and proce

dures for identifying each of the 15 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" tests are m-ainly 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
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amount of fines and relative plasticity of fines are 
also outlined. In Chapter VI, the 15 soil groups are 
rated with respect to their inherent properties as 
road-building materials. Each soil group is rated for 
its: (1) load-carrying properties as road-building 
materials, (2) drainage properties, (3) frost proper
ties, and (4) compaction properties. 

Reference 5 
DESIGN MANUAL: SOIL MECHANICS, FOUNDATIONS 
AND EARTH STRUCTURES 

U.S. Navy Department, Bureau of Yards and Docks. 
Washington, DC; 1963. Various paging. (Stock Number 
0850-00075-9). 

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, loads 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 covered 
in addition to compacted embankments, compaction 
procedures and hydraulic fills, and the analysis of 
walls and retaining structures. Spread foundations, 
deep 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

318 	 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. Washington, DC: U.S. 
Government Printing Office; 1960 November. 17 p. 

Out-of-print; may be consulted at U.S. Department of 
Transportation, Library Services Division, Room 2200,
400 Seventh Street, S.W., Washington, DC 20590. 

The method for identification of rock types presented
here in simple terms, is intended for application to 
pieces large enough for the rock structure 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 the 
rock. The necessary equipment consists of a steel 
knife blade, a magnifying glass of 6 to 10 power, and 
dilute hydrochloric acid. A genera! classification 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 are 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. Washington, DC: High

way Research Board; ' 43 November; pp. 9-29. (Bul
letin No. 13). 

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 moisture 

conditions existing in the land form are important. A 
given land form possesses a distinctive type 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 the 
soil or rock conditions. Emphasis is placed on the 
physical characteristics of the materials that 
compose the land forms, and the inter-relationship of 
the relief, soil, rock and ground water 
characteristics. Aerial and ground photographs have 
been used to illustrate individual forms as well as to 
identify the variations that occur within each unit 
area. Soil survey objectives are analyzed in the 
following land forms: (1) soluble limestones, (2) wind 
transported materials, (3) glaciated regions, (4) arid 
regions, and (5) landslides. Characteristics of the 
land form under study conditions of topography, soil, 
water and bedrock provide conditions to determine 
design methods and construction procedures. 

Reference 8 
TERRAIN EVALUATION FOR ROAD ENGINEERS 
IN DEVELOPING COUNTRIES 

Dowling, J.W.F.; Peaven, P.J. Institution of Highway
Engineers Journal, Vol. 16, No. 6, 1969 June; pp.5-IS. 
Order from: Insti'.ution of Highway Engineers, 3 Lygon 
Place, Ebury Street, London SWIW OJS, U.K. 

Some aspects of engineering planning are reviewedincluding route location, site investigation and sur
veys of engineering materials. The basic unit used 
for land classification is the land facet; land facets 
recur together in land systems which are usually 
identified by means of aerial photography. Examples
of terrain evaluation studies from Northern Nigeria 
and Western Malaysia are illustrated. A discussion is 
appended in which Dr. Millard, Road Research Labor
atory, took part. 

Reference 9 
LANDSLIDE INVESTIGATIONS; A FIELD HANDBOOK 
FOR USE IN HIGH'AY LOCATION AND DESIGN 

Cleaves, Arthur B. Washington, DC: U.S. Bureau of 
Public Roads; 1961 July. 67 p. 

Out-oi-print; may be consulted at U.S. Department of 
Transportation, Library Services Division, Room 2200,
400 Seventh Street, S.W., Washington, 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 movements, and those characteristic of the
landslide itself. The third is devoted to methods of 
landslide prevention, control, and correction. The 



fourth discusses details of mapping and reporting This paper reports the analyses of drainage patterns 
for their use in the identification of regional soils andlandslides, 
bedrocks by means of airphotos. The study is one of 
several concerning the interpretation of aerial photo
graphs by the Joint Highway Research Project atReference 10 

AERIAL PHOTOGRAPHS AND THEIR APPLICATIONS Purdue University. The relative ease with which 
stream systems can be observed on aerial photographs 

Smith, H.T.U. New York, New York: D. Appleton- facilitates the recognition of drainage patterns. In 

Century Company; 1943. 372 p. the natut _c-cILes, it has beer, accepted for a long 
time that cert'zi basic drainage patterns such as the 

and rectOut-of-print; may be consulted at U.S. Department of dendritic, trellis, radial, parallel, annular, 
Services Division, Room 2200, angular are associated with specific land surfaceTransportation, Library 

400 Seventh Street, S.W., Washington, DC 20590. materials. Airphoto interpretation has revealed 
several modifications of the basic drainage patterns. 

This presentation of the elements of photographic For example, some of these modified types are the 
Drainage patterns,mapping, photointerpretation and their various appli- reticular, phantom, and lacunate. 

cations, emphasizes practical working procedures as traced directly from representative airphotos of



well as outlines the underlying principles. The various physiographic regions throughout the United


and map- States, are presented as illustrations of patterns
interdependence of aerial photographs 

which develop in the soils and bedrocks typical of themaking procedure is emphasized, and the methods of 
 
study and the recognition of all important types of regions. These examples have been selected to show



noticeable differences in drainage patterns. For
man-made and natural features seen on photos is 
 
covered. The topographic and geologic aspects of instance, drainage patterns in regions where the rocks



are bare or are covered only with shallow soils, are
interpretation is based primarily upon photographic 

illustrations. The various chapters cover the details decidedly different from those in regions or deep
 

glacial drift. Likewise, drainage patterns developof characteristics of aerial photos, stereoscopic study 
 
of aerial photos, the general principles of photointer- differently in horizontal rocks than in tilted rocks.



pretation, geographic and topographic interpretation,


planimetric maps from vertical and oblique photos,


photo-mosaics, contour maps from physiographic in- Reference 13


terpretation, aerial photos in economic geology, AIRPHOTO INrERPRETATION


engineering and other fields, as well as, military 


Problems are included in several Liang, Ta; Belcher, Donald J. Landslides and Engineerapplications. 
chapters and laboratory exercises are included in theinPrcceChprFv.HgwaRsachBrdPractice; Chapter Five. Highway Research Board,

appendix. 	 Committee on Landslide Investigations. Washington,



DC: Highway Research Board; 1953; pp. 69-92.


(Special Report 29).
 

appedix.ing 

Reference I I 
AERIAL PHOTOGRAPHY Order from: University Microfilms International, 300 

North Zeeb Road, Ann Arbor, Michigan 43106.
Caraway, Jack. Washington, DC: National Association 
of Counties, Research Foundation; 1972 July. 57 p. 

This book, which is designed for practical use, brings
(National Association of County Engineers Action Guide 

together information useful in recognizing, avoiding,
Series Volume XIII). 

controlling, designing for, or correcting landslide 
movement. The first part of the book provides the 

Order from: National Association of Counties, 1735 
tools and methods needed to solve an actual or po-

New York Avenue, N.W., Washington, DC 20006. 
tential landslide pi, blem. The economic and legal 

lead to aspects are covered here, as well as landslide types
This manual provides information that can 

and processes, their recognition and identification,
innovative changes in engineering and planning proce

to assist engineers in providing the use of airphotos in landslide investigation, and 
dures. It is designed 

field and laboratory investigations. The second part
the greatest amount of service possible for the 

The broad aspects of of the book summarizes the methods known to have 
minimum expenditure of funds. 

Deen applied to the prevention and control of land
available types, forms, and sources of aerial 

are given of how slides; it also discusses the methods of making
photographs are discussed. Details 

can be used to obtain information stability analyses and of using them in the solution of 
aerial photographs 

Detailed design problems. Areas in which information on 
and data important to the county engineer. 

landslides and their control are needed are noted, and 
descriptions are provided of applications in highways, 

methods by which such information may be obtained 
drainage and flood control, water supply, sewage and 
 
solid waste disposal, land use and development plan- are suggested.



ning, and land evaluation. Some limitations of aerial 
REFERENCESphotography are also pointed out. 	 ADDITIONAL 

Reference 14

SOIL MECHANICS FOR ROAD ENGINEERS

Reference 12 
DRAINAGE PATTERN SIGNIFICANCE IN AIRPHOTO 

IDENTIFICATION OF SOILS AND BEDROCKS



Great Britain Road Research Laboratory, Department



Parvis, Merle. Soil Exploration and Mapping. Wash- of Scientific and Industrial Research. London: Her



ington, DC: Highway Research Board; 1950 November; Majesty's Stationery Office; 1952. 541 p.


pp. 36-60. (Bulletin No. 28).



Out-of-print; may be consulted at U.S. Department of



Order from: University Microfilms International, 300 Transportation, Library Services Division, Room 2200,


400 Seventh Street, S.W., Washington, DC 20590.
North Zeeb Road, Ann Arbor, Michigan 48106. 
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This book presents the collective experience of a 
large body of people concerning the use cf 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 characteristics 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 
classifying 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
swAmpy ground, the stability of clay slopes, and soil 
testing laboratory equipment requirements are also 
covered.



Reference 13 
GLOSSARY OF PEDOLOGIC (SOILS) AND LANDFORM 
TERMINOLOGY FOR SOIL ENGINEERS 

Highway Research Board. Washington, DC; 1957. 32 p. 
(Special Report 25). 

Order 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 pedological and 
aerial photographic studies. The glossary also pro

320 vides a means of understanding information fromother technical and scientific 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 16 
MANUAL OF PHOTOGRAPHIC INTERPRETATION 

American Society of Photogrammetry. W'ashington, 
DC; 1960. 868 p. 

Out-of-print; may be consulted at U.S. Department of 
Transportation, Library Services Division, Room 2200, 
400 Seventh Street, S.W., Washington, DC 20590. 

The development of photointerpretation is traced, theprocurement of aerial photogeaphy is discussed, the 
fundamentals of photointerpretation are set forth, 
and the use of photointerpretation in various disciplines 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 described, 
as well as the factors affecting photointerpretation
of soils. Photointerpretation in engineering, is 
discussed with reference to its application in highway
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 
exchange of timber, forest roads and soils, forest 
protection and damage assessment, and reforestation. 
Wildlife and forest range management are also 
considered. 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. Coin
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 SOILS: CHARACTERISTICS AND AIRPHOTO 
INTERPRETATION 

Liang, Ta; Cornell University. Bedford, Massachusetts: 
U.S. Air Force, Cambridge Research Laboratories; 31 
August 1974. 83 p. plus photographs and appendices. 
(Report #AD-613555). 

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 
circumstances is presented. Air and ground
photographs from Central and South America,
Tropical Africa, Southeast and South Asia, 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 theairphoto interpretation of the major groups and 
subgroups of tropical soils, in addition to the sup
plementary use of other remote sensing devices. 

Reference 18 

PCA SOIL PRIMER 
Portland Cement Association. Skokie, Illinois; 1973. 
39 p. (Engineering Bulletin EB007.04S). 

Order from: Portland Cement Association, 5420 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, --onstruction, 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 Testing 3nd 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 in terms of the design and 
performance of concrete, soil-cement, and granular
base pavements. 

R. ice 19 
5' .5 AN ENGINEERING MATERIAL 

l,0LU, Wesley G. Washington, DC: U.S. Bureau of 
Reclamation; 1974. 45 p. (Water Resources Technical 
Publication Report 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 sampling and testing materials and 
constructing earth darns, canals, foundations and 
other works, describes the forming processes of soils, 
the properties of soils, soil types, soil problems 
related to soil properties, 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 conditions, cons
truction sequences, 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 20 
WORLDWIDE DIRECTORY OF NATIONAL EARTH-
SCIENCE AGENCIES 

Falk, Anne Lucas; Miller, Ralph L., comps. Washington, 
DC: U.S. Geological Survey; 1975. 32 p. (Geological 
Survey Circular 716). 

Out of stock; may be consulted at U.S. Geological 
Survey Library, National Center, 12201 Sunrise Valley 
Drive, Reston, Virginia 22092. 

This directory provides references to earth-science 
bureaus in America (North and South and Central), 
Europe, Africa, Asia and Australia. Thirty countries 
in Europe, 49 countries in Africa, and 44 countries in 
Asia are included. Agencies in Australia and New 
Zealand are also included. This directory lists only 
governmental institutions whose functions correspond 
to one or more divisions of the U.S. Geological 
Survey. 

Reference 21 
DESIGN AND CONSTRUCTION OF COMPACTED 
SHALE EMBANKMENTS. VOL. I. SURVEY OF 
PROBLEM AREAS AND CURRENT PRACTICE!, 

Shamburger, 3.H.; Patrick, D.M.; Lutten, R.J.; U.S. 
Army, Waterways Experiment Station, Soils and Pave
ments Laboratory. Washington, DC: U.S. Federal 
Highway Administration, Offices of Research and De
velopment; 1975 August. 292 p. (Report # PB253120). 

Order from: National Technical Information 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 shales 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 formations is discussed,


and 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 produce


well compacted embankments having no problems.


Data from 16 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 
importance of mineralogy and slake-durability char
acteristics. The natural variability of shales 321 
collected from formations in five geologic age groups 
is described. 

Reference 22 
DESIGN AND CONSTRUCTION OF COMPACTED 
SHALE EMBANKMENTS. VOL.2. EVALUATION 
AND REMEDIAL TREATMENT OF SHALE EMBANKMENTS 

Bragg, G.H., Jr.; Zeigler, T.W.; U.S. Army, Waterways 
Experiment Station, Soils and Pavements Laboratory. 
Washington, DC: U.S. Federal Highway Administration, 
Offices of Research and Development; 1975 Septem
ber. 235 p. (Report IIPB-253121). 

Order from: National Technical Information 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 for


distressed embankments were developed. Information


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. Evaluation tech

niques recommended are: instrumentation with pie

zometers, inclinometers, and settlement markers;


undisturbed sampling and laboratory testing; in situ


testing with borehole devices (Menard pressuremeter


and Iowa shear test device); and back analyses of


failed slopes. The primary considerations in remedial





treatment should be subsurface drainage (mainly
horizontal and vertical drains) and surface drainage
(mainly paved ditches). Slope flattening, berms, 
retaining wals, cement grouting, and/or completereconstruction 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 OTHERPROBLEM SOILS OF THE TROPICS; AN ENGINEERING 
EVALUATION AND HIGHWAY DESIGN STUDY FOR 
UNITED STATES AGENCY FOR INTERNATIONAL 
DEVELOPMENT, VOLUME I 

Morin, W.J.; Todor, Peter C. Baltimore, Maryland:
Lyon Associates, Inc.; 1975. 369 p. (Performed jointly
with the Brazilian National Highway Department, Road
Research Institute; report //PB-267262). 

Order from: National Technical Information Service,
5285 Port Royal Road, Springfie!d, Virginia 22161. 

This product of 5 years of worldwide research, gives a 
comprehensive description of tropical soils including
their chemical, mineralogical an.d 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 tropical mate
rials used in highway construction, and methods ofworking with and using problem soils such as black322 clay and volcanic soils are also described. All 
tropically weathered red residual soils including truelateritic soils as well as those undergoing laterization 
were studied. The more descriptive pedalogical 
classifications are preferred, and it is noted thatvariations in properties among groups in different 
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
ations 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, overlay design, unpaved road 
design, Los Angeles abrasion and aggregate impact
test, shale durability test, repetitive triaxia load 
tests, soil stabilization with cement, lime, and 
asphalt, African black clays, classification of terrain 
by remote sensors, and specifications, 

Reference 24 
ACQUISITION AND USE OF GEOTECHNICAL


INFORMATION



3ones, 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, 2101 Cor.stitution Avenue, N.W., 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 geotechnical 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 investigations, the eq
uipment, procedures, and selection of sampling loca
tions for geotechnical investigations, and the struc
turing and positioning within the agenc) framework 
of the organization that must acquire and use 
geotechnical information. 

Reference 25 
SOILS MANUAL FOR DESIGN OF ASPHALT PAVE-
MENT STRUCTURES 

3rd ed. The Asphalt Institute. College Park, Maryland;
1978 March. 248 p. (Manual Series No. 10). 

Order from: The Asphalt Institute, Asphalt Institute 
Building, College Park, Maryland 20740. 

This manual describes laboratory and field soil test 
procedures used for obtaining design information. 
The origin, composition and properties 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 principal testing methods used in selecting
pavement thickness are included: American Associa
tion of State Highway Officials (AASHO) Classifica
tion of Soils; Unified Soil Classification System;
Federal Aviation Agency Methods of Soil and
Subgrade Classification; California Bearing Ratio 
Method; Bearing Value Determination - Plate Bearing
Test; and Hveem's Resistance Value Method. The 
importance and use of aerial photographs for highway
location, drainage, soil studies and design are also 
briefly discussed. The AASHO procedures for several 
routine soil tests are included in an appendix. 



Index


The following index isan alphabetical list of subject 
terms, names of people, and names of organizations 
that appear in one or another of the previous parts 
of this compendium, i.e., in the Overview, Selected 
Texts, or Bibliography. The subject terms listed are 
those that are most basic to the understanding of 
the topic of the compendium. 

Subject terms that are not proper nouns are 
shown in lower case. Personal names that are listed 
generally represent the authors of selecteJ texts and 
other references given in the bibliography, but they 

Indice 
El siguiente indice es una lista alfab6tica 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 Bibliografia. Los 
vocablos del tema que se listean son aquellos 
b~sicos necesarios para el entendimiento de 
la materia del compendio. 

Los vocablos del tema que no son nombres 
propios aparecen en letras min~sculas. Los 
nombres personales que aparecen representan 
los ,'utores de los textos seleccionados y 
otras referencias dadas en la bibliografia, 

Index 
Cet index se compose d'une liste alphab6tique 
de mots-cl6s, noms d'auteurs, et noms d'or
ganisatinns qui paraissent dans une section 
ou une autte de ce recueil, c'est dire dans 
'Expos6, les Textes Choisis, ou la Biblio
graphie. Les mots-cl6s cites sont ceux qui 
sont le plus 616mentaires A la comprehension 
de ce recueil. 

Les mots-cl6.q (!:; na sont pas des noms 
propres sont imprimes en minuscules. Les 
noms nropres cit6s sont les noms des auteurs 
des textes choisis ou de textes de r6f~rence 

may also represent people who are otherwise identi
fied with the compendium subjects. Personal 
names are listed as surname followed by initials. Or
ganizaticns listed are those that have produced in
formation on the topic of the compendium and that 
continue to be a source of information on the topic. 
For this reason, postal addresses are given for each 
organization listed. 

Numbers that follow asubject term, personal 
name, or organization name are the page numbers 
of this compendium on which the term or name ap

pero tambien pueden representar a personas 
que de otra manera estan conectadas a los 
temas del compendio. Los nombres personales 
est~n listeados como apellido seguido por 
las iniciales. Las organizaciones nombradas 
son las que han produci®u informacion sobre 
la materia del compendio y que siguen siendo 
una fuente de informaci6n sobre alguna 
parte o el alcance total del compendio. Por 
esta raz6n se dan las direcciones postales 
para cada organizaci6n listeada. 

Los n~meros que siguen a un vocablo del 
tema, nombre personal, o nombre de organi
zaci6n son los nmreros de p~gina del corn

cit6s dans la bibliographie, ou alors les noms 
de personnes identifi6es avec les sujets de ce 
recueil. Le nom de famille est suivi des initiales 
des prenoms. Les organisations citees sont 
celles qui ont ecrit sur le sujet de ce recueil 
et qui continueront d'btre une source de docu
mentation. Les adresses de toutes ces organisa
tions sont incluses. 

Le numero qui suit chaque mot-cle, nom 
d'auteur, ou nom d'organisation est le numbro 
de la page o6r ce nom ou mot-cle parait. Les 
num~ros ecrits en chiffres romains se rappor
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pears. Roman nunerals refer to pages in the Over
view, Arabic numerals refer to pages in the Selected 
Texts, and reference numbers (e.g., Ref. 12) refer to 
references in the Bibliography. 

Some subject terms and organization names are 
followed by the word see. In such cases, the com
pendium page numbers should be sought under the 

pendio donde el vocablo o nomb(e aparecen.
Los n~rmeros romanos se -efieren a las paginas 
en Ia Vista General, los romeros arabigos 
se refieren a paginas en los -extos Selec
cionados, y los numeros de referencia (por
ejemplo, Ref. 12) indican referencias en la 
Bibliografia. 

Algunos vocablos del tema y nombres de 
organizaciones estan seguidos por la palabra 
see. Eln tales cases los numeros de pagina 

tent aux pages de IExpose et les -_.neros 
ecrits en chiffres arabes se rapporLent aux 
pages des Textes Choisis. Les numeros de 
reference (par exemple Ref. 12) indiquent les 
numeros des references de la Bibliographie. 

Certains mots-cles et noms d'organisations
sent suivis du terme see. Dans ces cas, le 
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numero des pages du recueil se trouvera apres 

Illustration Ilustracion 

Selectd Text page numbers 
Nmeros de pgina en los Taxtos 

Seleccionados 
Num~ros des pages des Textes Choisis 

Organization name and address 
Nombre y direcci6n de la organizacicn

Nom et adresse de I'organisation 
 

-
Overview page numbers and 
 
reference number 
 

NCmero de p~gina en a Vista 
General y Numiros de referencia



Numdro des pages de I'Expose et 
 
num~ros des r~f~rences 

Subject term and see term 
Vocablo del tema y ti rmino see (ver)
Mot-cl6 et see 
 

Personal names 
Nombres personales, 
Noms propres 

alternative term or name that follows the word see. 
Some subject terms and organization names are fol
lowed by the words see also. In such cases, relevant 
references should be sought among the page num
bers listed tinder the terrns that follow the words 
see also. 

The foregoing explanation is illustrated below. 

del compendio se encontraran bajo el i6rmino 
o nombre alternativo que sigue a in palabra 
see. Algunos vocablos del tema y nombres 
de organizaciones estan seguidos por las 
palabras see also. En tales cases las referen
cias pertinentes se encontraran entre los 
nrmeros de pagina indicadas bajo los termi
nos que siguen a las palabras see also. 

La explicaci6n anterior esta subsiguiente

mente ilustrada, 


le mot-cle ou le nom d'organisation qui suit 
le terme see. D'autres mots-cles ou noms 
d'organisations sont suivis des mots see also. 
Dans ce cas, les ref&rences qui les touchent 
se trouveront citees apres les mots-cles qui 
suivent la notation see also. 

Ces explications sont illustrees ci-dessous. 

Illustration 

Subject term and see also terms 
Vocablo del tema y trminos see also 

(ver tambi~n) 
Mot-cl6 et see a!so 

mountainous terrain (see also degree of curvature;

design speed; maximum gradient; radius of curva

ture; shoulder width): 11, 17, 34, 35, 38, 173, 175,



217, 234, 238 

National Association of Australian State Road Authorlties(P.O. Box J141, Bricklield Hij, N.SW. 2000,
Australia):
publications, xxiii, Ref. 8, Ref. 9 

no-passing markings and signs: 31, 95, 132 

non-passing sight distance, see stopping sight distance 

Odier, L.: Ref.3 

Oglesby, C.H.: 231, 233, 234, 239, 240, 241, 242, Ref.14 

Selected Text page numbers and referenceL number 
Nmeros de pigina en los TextosSeleccionados y ni~mero de referencia 
Numeros des pages des Textes Choisis at 

num6ros des rf6rences 



AASHO, see American Association of State Highway 
Officials 

aerial photographs and interpretation : xx, xxi, 7, 
15, 17, 48, 161, 164, 165-166, 167, 169, 171, 173, 
175, 178, 184, 187, 189, 190, J92, Ref. 7, 
Ref. 8, Ref. 10, Ref. 11, Ref. 12, Ref. 13, 
Ref. 15, Ref. 16, Ref. 17, Ref. 25 

In drainage pattern studies, 257-283 
in landslide studies, 200, 204, 205-207, 229, 290-313 
mosaics, 252-253 
stereoscopic, xx, 238-248, 257 

aggradation: 20 

aggregates (see also alkali aggregates; field tests; 
gradation: x-vi, 51, 63, 76, 112-124, 145, 158, 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, 173, 185, 189 
fans, 176, 214, 230, 262 

American Association of State Highway Officials 
(AASHO) (now American Association of State Highway 
and Transportation Officials, AASHTO) (444 North 
Capitol Street, N.W., Suite 225, Washington, DC 
20001): 
publications, xv, 67, Ref. I, Ref. 2 
soil classification system, 62, Ref. 25 
test methods, 53 

American Society for Testing and Materials (ASTM) 
(1916 Race Street, Philadelphia, Pennsylvania 19103): 

49, 50, 69 

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. 16 

amphibole and amphibolite: 143, 144, 150, 155, 158 

anamolous drainage: 263, 264 

anastomotic drainage: 261-262 

andesite: 143, 144, 145, 152 

angulate drainage: 263, 264 

annular drainage: 259, 260, 273 

aquifiers: 208, 230 

arctic regions: 161, 173, 174, 175, 202 

arid regions (see also semi-arid regions): 161, 176-178, 
201, 202, Ref. 7 

artesian zones: 47 

Asphalt Institute (Asphalt Institute Building, College 
Park, Maryland 20740): 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, 150, 151, 152 

Australia: 187, 192, Ref. 17, Ref. 20 

avalanches: 206, 212 

backhoe: 57 

backslopes: 46, 203 

banks: 294 

barbed drainage: 263, 264 

basal till: 230 

basalt: 143, 144, 149, 135, 156, 161, 178, 179 
jandslide5, 295, 302, 312 

base czourses: 95, 104, 114-115, 116, 117, 119, 
i21, '72 

gravt.l, 76,106, 119, 172 

basern'wnt complex: ).88, 189 

beach sand at eas: 97 

bearing capacity (see also California bearing


ratio): 49, 55, 67, 76, 112-1 15, 161, Ref. 4,



Ref. 14



Beaven, P. J.: Ref. 8


bedrock: xxii, 47, 54, 57, 63, 162, 165-166, 175, 178



identification by aerial photography, 257-281, Ref.12


in landslide studies, 200, 292, 296, 305, 306


influence on drainage, 265, 292



Belcher, D.J.: xviii, Ref. 7, Ref. 13



benching: 213, 215, 224 

bibliographies: 

aerial photograph interpretation, 291 
landforms and terrain evaluation, 180-181, 193


landslides, 205, 233, 313


soil identification, 77


soil mechanics, 179



Bibliography and Index of Geology Exclusive of North


America: 205



biotite: 144, 151 

blasting: 224 

bolting, see rock anchoring 

borings (see also wash borings): 47, 55-56, 57, 58, 59,


645, 6 6, 68, 206



dry, 59
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Borneo: 187 Cleaves, Arthur B.: Ref. 5' 

borrow: 
areas, 55 
placement of materials, 67 

boulders: 61 

Bragg, G.1I. Jr: Ref. 22 

braided drainage: 263, 264 

breccia: 143, 150, 153, 155, 158 

cliffs: 294 

climate (see also arctic regions; arid regions; semiarid regions): 15, 228 
in relation to soil and landforms, 163, 174-176, 

186, 188, 189, 193, 202, 203 
coarse-grained components (see also gravels; sands): 

78, 87, 88, 91, 93 

bridges (see also footings): 9, 14, 20, 33, 44, 46, 50 
coastal plains:

drainage, 265 

bulkheads: 220-221 landslides, 303-305, 307 

cobbles: 82 

Bureau of Public Roads (now United States Federal 
Highway Administration, Department of Transp.rtation,
Washington, DC 20590): xviii, xix, 142, 153, 154, 205, 

218, Ref. 6, Ref.9 

Bureau of Reclamation(lSth and C Streets, N.W., Washington, DC 20240): 67 

cohesionless soils: 59, 60 

cohesive soils and rock: 50, 52, 59, ?1U, 

colinear drainage: 262 

colluvial soils: 202, 212, 230, 267, 300 

color, see soil color 

231 

buttresses: 222-224 

calcareous rocks (see also limestone; dolomite): 143 
144 

Commonwealth Scientific and Industrial Research 
Organization (CSIRO) (P.O. Box 89, East Melbourne Victoria 3002, Australia): 192 

calcite: 143, 144 compacted sample test: 132, 135 

326 California bearing ratio (CBR): 51, 62, 135, 186, 
Ref. 25 

189 compaction, see soil compaction 

compression and consolidation: 49-50 

Caraway, Jack: Ref. I I computer-aided computation of 

carbonaceous soil, see organic soils flood frequency, 32 

caving: 176 concrete: 157, 191 

CBR, see California bearing ratio conglomerate: 143, 150, 153, 155, 158, 201, 231 

cement: 157 
grouting, 226 
stabilization, 67 

consolidation and compression: 49-50 

consolidation tests: 137 

centripetal drainage: 262 

channels (see also drainage patterns; streams): 14, 
18 

changes, 8-9, 20, 23 
slope, 17 

construction and its effect on stress conditions of 
geological and soil materials: 204 

contorted drainage: 261 

control surveys: 17 

chemical properties, see soil properties 

chert: 143, 144,148, 155, 157-153, 201 

coss: 2f,28 
construction, xii, 8, 26, 28, 43 
maintenance, xii, 8,43, 44 

classification, see rocks; soil classification creep: 209, 212, 231 

ciastic: 230 crib walls: 222 

clay: 49, 50, 51, 61, 62, 78, 82, 94, 115, 116, 117,
129, 131, i36, 161, 168, 178, 203 

black, Ref. 23 
drainage, 268, 269, 270, 271, 277, 278h 
identification, 98-99, 101 
landslides, 207, 222, 296, 297, 307, 312 
silty, 166, 167, !71, 172 

119, crush zones: 202, 207 
crystalline rocks (see also andesite; basalt; diabase;

rhyolite; trachyte 1-4 

culverts: 14, 2, 25, 6, 51, 172, 178 



cuts and cut slopes (see also slopes): 48, 55, 67, 69, 
 
169, 206-207, 222, 303



damage: 26, 27, 31



dams: 7, 20, 25, Ref. 16



debris: 9, 19, 20



degradation: 20



dendritic drainage (see also pinnate drainage; sub


dendritic drainage): 259-260, 267-268, 269, 271, 
 

274, 277, 278, 279-280, 312



deranged drainage: 260-261


dewatering areas: 50



diabase: 143, 144, 1-.5, 150, 152, 155, 156



dichotomic drainage: 262 
 

differential thermal analysis: 229 
 

dilatancy: 61, 62 
 

diorite: 143, 144, 145, 149, 150, 153, 154, 155, 201



172, 215, 217, 262-263, 275


ditches: 14, 57, 
 

dolomite: 143, 144, 145, 140, ~ 155, 157, 165, 201 
 

Dowling, J.W.F.: Ref. 8 
 

drain wells: 220 
 

drainage (see also ditches; drainage patterns; 
 

xv, xxi, 7, 10, 114, 
surface wjr%.a"txii, xiii, xiv, 

116-117, 136, 165, 178, 192, 214, Ref. 4, 
 
Ref. 5, Ref. 
 14, Ref. 25
 

basin, 15-19, 21 
 
facilities, 8-10, 14, 223, Ref. 7 
 
subsurface drainage, 50, 67, 171, 218 
 
surface drainage (see also surface water), 171, 215, 
 

217 
 
tunnels, 220 
 

drainage patterns: 
 
identification by aerial photography, 257-281, 290, 
 

291, 292, 293, 296, 306, 312, Ref. 11, Ref. 12 
 

drained condition: 49 
 

drains, see perforated pipe drains 
 

drawdown: 208, 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


faults: 202, 207


feasibility investigation: 48


feather-like drainage, see pinnate drainage 

Federal Aviation Administration (FAA) soil classification

system: 62, Ref. 25


feldspar: 145, 146-148, 149, 150, 152, 153, 155



felsite (see also andesite; rhyolite; trachyte): 149,

152, "55, 157


ferruginous soils: 186


ferromagnesian minerals (see also augite; hornblende; 
mica): 148, 150, 153



field investigations (see also soil identification 47,


52, 60-62, 63 327


field tests (see also soil identification tests):


for aggregate materials, 75, 103-111



for moisture content, 122


for plasticity, 83



fills and fill areas: 67,212-213, 214 Ref. 5


rock, Ref. 21


rock, 21

sidehill, 219


fine-grained soils (see also clays; fines; silts): 49, 51,


54, 61, 78-79, 82, 94, 122, 137, 190



fines (see also fine-grained soils): 86, 91, 104,


106-109, 110, Ref. 4



e8.10
percent,percent, 78,78, 86-87, 107



tests, 76


Finn, F. N.: 45,Ref. 3


fish habitats: 8, 9


flexible pavements: 104, 172, 270, 271, 27.. Ref.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 frequency, 28-31


determination of magnitude, 24-25, 28-34


discharge and peak discharge, 24-25, 18, 30, 32,



33

frequency and frequency curves, 14, 23, 30-33


history, 20-24


landforms and landslides, 165, 167, 174, 312


predictions, 28-34





recognition of hazard, 7-9 
records, 8, 14-15 
runoff and runoff computations, 15, 16, 17, Ref.2 

amphibole and amphibolite;
foliated rocks (see also 

gneiss; schist; slate): 63, 143, 146-148, 149, 150, 
153, 158, 202, 207, 231 

footings: 49, 64, 67 
bridge, 56 
 
spread, 57, 58 
 

forests, see vegetation 

fossils: 145 

foundations: 43, 47, 50, 55, 67, Ref. 5, Ref. 14 

fractures: 202, 207, 208 

frost damage (see also frost susceptibility): 117-118,
Ref. 5, Ref. 14 

frost susceptibility (see also ground ice; ice lenses):
51, 57, 75, 76, 112, 117, 157, 174-176, 208, 214, 
Ref. 4 

gabbro: 143, 144, 145, 150, 153, ",55, 156, 201 

gaging stations: 30, 33 
 
records, 15, 22, 23, 28, 32



Galla land system: 189, 190, 192 

Geikie, Sir Archibald: 142, Ref. 6 

328 Geological Society of America (3300 Penrose Place, 

Boulder, Colorado 80301): 205 

geology (see also rocks): xii, xiii, xviii, xix, 18, 47, 180, 231,
Ref. 16 

in landslide studies, 200-202 

geophysical surveys: 206, 228-229 

geotechnics: Ref. 24 

glacial drift and glaciation (see also morainic landforms): 
54, 164, Ref. 7 

drainage, 266, 267, 272, 273-275, 276, 281, 292 
landforms, 170-173, 178, 202, 204, 229, 231, 232 
landslides, 303, 306, 311 

gneiss: 143, 144, 147, 150, 155, 158, 186, 189, 202, 
303 

in relation to landslides, 203, 303 

Gombe land system: 185, 188, 189-190, 191, 193 

gradation: 87-89, 91, 93, 96, 136 
 
aggregates, 75-76, 103-104, 
 114 
test, 133 

grading: xviii, 161, 173, Ref. 7 
 
approach, 27



grain size, see particle size 

granite: 143, 144, 145, 147, 149, 150, 153, 154, 155, 
156, 165, 171, 173, 175, 189, 190, 192, 194, 201, 
202, 203 

and landslides, 300-303, 312 
 
drainage, 271, 272 
 
in Lugge land system 185, 186 
 

granular materials (see also gravel; sands): 49, 121, 
172, 202, 276-277, 281 

granular terrace: 274, 275-276, 280 

gravel (see also base courses): 61, 78, 79, 82, 86,


87-89, 90- 92, 93, 96, 97, 101, 106, 107, 113, 119,


121, 123, 129, 130, 151, 171, 172-173, 191, 210,


Ref.4


drainage, 268, 269, 275 
roads, 104 

Great Britain Road Research Laboratory (now Transport
and Road Research Laboratory, Department of the 
Environment, Department of Transport, Old Wokingham
Road, Crowthorne, Berkshire RGI I 6AU, U.K.): 
Ref. 14 

ground ice: 173-175, 176 

ground photographs: 161, 229, 293, 311 
ground water (see also water table): 47, 64, 118, 161, 

162, 165, 176, Ref. 7


in landslide studies, 200, 208, 228, 229



Guinea: 186


gullies: 171, 
 271, 274, 276, 278, 279, 292, 296, 303, 

310 

Guyana: 187 

hand stain test: 87, 88, 96-97, 100 

high-water marks: 25 

highway drainage (see also drainage): Ref. 1,


Ref. 2



Highway Extension and Research Project for Indiana


Counties (Engineering Experiment Station, Purdue


University, West Lafayette, Indiana 47907): xvi,



Ref. 4



highway planning (see also road location studies):


9, 46-48



legal aspects, 10 

highway realignment: 46 

highway relocation: 215, 226, 299 

Highway Research Board (HRB) (now Transportation


Research Board, 2101 Constitution Avenue, N.W.,


Washington, DC 20418): 69, 164


publications, xviii, xxii, Ref. 7,Ref. 13, Ref.15,Ref. 24 

highway sufficiency rating: 192 

hills: 161, 165, 187, 188, 191, 193, 194, 303, 312 

Hittle, Jean E.: Ref. 4 

holes: 48, 52, 56 

Holtz, Wesley G.: Ref. 19 
horizontal drains: 69 

hornblende: 
,143, 144, 145, 17, 148, 150, 151, 152 

153, 156, 157 



Hveems resistance value method: Ref. 25 

hydraulics: xv, xviii, xxii, 7-10, 14, 24, 25, 28, Ref. I 

hydrographs: 22 
for flood prediction, 33-34 

hydrology (see also drainage): xv, xvi, 7, 10, 14-36, 19, 
20, 28, 201, 228, Ref. 2, Ref. 16 

peak flow, 18, 19, 33 
research and development, 21 
storage, 18-19, 21, 22, 30 

hydrometer test: 133 

ice (see also ice lenses): 9, 20 

ice lenses: 51, 117, 172-173 

igneous rock (see also basalt; diabase; diorite; felsite; 
gabbro; granite; per~otite; syenite): 63, 143, 144, 

145, 146, 148, 152, 153-154, 155, 156, 158, 201, 
292, Ref. 6 

and landslides, 207, 300 

illusory drainage: 262, 263 

index properties tests: xvii, 132-133 

Indiana State Highway Commission Standard Specifi
cations: 119 

indicator tests: 104, 106-Ill, Ref. 4 

inorganic soils: 51 

Institution of Highway Engineers (3 Lygon Place, Ebury 
Street, London SWIW OJS, U.K.): 
publications , xix, Ref. 8 

interfluves: 194, 271 

internal friction: 112, 114, 115 
angle, 137 

iron- containing rocks and soils (see also ferromagnesian 
minerals): 145, 186 

irrigation: 8, 9, 21 

Jones, Gay D. Jr.: Ref. 24 

Knopf, Adolf: 142, Ref. 6 

kaolin: 143, 145 

kettle kame, see morainic landforms 

kettle hole drainage: 264 

karst: 18, 263, 268, 269, 296 

laboratory testing: 47, 51, 52, 54, 62, 64, 66-67, 68, 
76, 77, 81, 132-137, 229 

Labu land system: 189, 190, 192, 193, 194 

lacunate drainage: 264, 277, Ref. 12 

lakes: 19, 165, 177, 203, 261, 264, 267, 269, 277, 304, 
305, 312 

land classification: 184, 187, 189, Ref. 8 
Malaysian, 190 

land facets: 187,188, 189, 190, 192, 193, 194, Ref. 8 

land use (see also urbanization): 7, 17-18, 30 
survey, 192 

landforms (see also terrain; terrain evaluation): xviii 
56, 64, 161-181, 231, Ref. 7, Ref. 15, Ref. 16



identification, 48, 291-292, Ref. 3, Ref. 8


susceptible to landslides, 296-311



landscape (see also land classification; landforms; 
teiain evaluation; topography): 186, 187, 188, 192, 

193 
landslides: xix, xxii, 8, 46, 49, 161, 165, 178, 179, 

199-232, 266, Ref. 7, Ref. 9, Ref. 16 
control and correction, 215-226, Ref. 13


in urban areas, 199, 207


nomenclature, 200


reporting, 226-230 
use of aerial photographs in investigations, 290-313 

laterite: 189, Ref. 23 
ironstone, 185, 186, 187, 188, 189, 191, 193 

legal aspects: 10, 14, 24, Ref. 1, Ref. 13 

Liang, Ta: Ref. 13, Ref. 17 

lift thickness: 121 

lime stabilization: 67 

limestone (see also karst): 143, 144, 145, 149, 150, 

151, 155, 157, 158, 163, 178, 202


and landslides, 207, 312



drainage, 263, 264, 266, 268, 269,279 
soluble, 165-167, Ref. 7 

liquid limit: 50, 91, 136, 190, 194, Ref. 23 

liquidity index: 138 

load-carrying capacity, ee bearing capacity 

loading test: Ref. 23 

loess: 161, 165, 167-169, 201, 231 
and landslides, 221, 222, 310, 311, 312 
drainage, 278-281 

Los Angeles abrasion test: Ref. 23 

Lugge land system: 185, 186, 189 

Lutten, R. J.: Ref. 21 

magnetite: 143 

Malaysia (see also Galla land system; Labu land system): 

189, 190, Ref.8 

maps: 7, 14, 15-17, 19, 46, 47, 48, 164, 167, 169, 171, 
176, 187, 190, 192, 204-205, Ref. I



drainage, 257, 258, 265-280


landslides, 226-230, Ref. 9


using photographs, 241



marble: 143, 144-145, 150, 155, 158, 202 

marshes (see also swamps): 67, 261, 265, 305 

329 
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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, 158, 201, 
202, 292 

and landslides, 207, 303 
 

mica: 143, 144, 147, 150, 151, 155 
 

micaceous soil: 9S, 203 
 

Michigan method: 163 

Miller, Ralph L.: Ref. 20 

minerals (see also quartz): 63, 102, 142-158, 229, 
Ref. 21 

mining areas: 210, 214, 292 

morainic landforrns: 163, 165, 174, 231, 276, 303, 
304, 312 

Morin, \W'.J.:Ref. 23 

muck: 80, 81, 82, 92, 113, 17S 

National Associanirn of County Engineers (National 
Association o! Counties, 1735 New York Avenue, 
 
N.W., %tashing:on, DC 20006):


publications, x x:, Re!. 3, Ref. 11 
 

National Tecnnv Vhr-na:ion Servi-e (5285 Port 
Royal Road, Spri.cfiebc, ,gia 2216): Ref. 17, 

Ref. 21, Ref. 22, Ref. 23 

New Guinea: IS7 

Nigeria (see also; Gombe Isnz system; Lugge land system): 
185, 189, 192, Ref. S 

noncohesive soils, see cohesionless soils 

nonfoliated rock (see also marle; quartzite; serpentinite): 
143 

obsidian: 143, 144, 148, 149 

office investigations: 47



olivine: 143, 148, 150, 152 
 

organic soils (see also muck; peat): 78, 79-80, 82, 
94, 98, 99, 117, 129 

outfalls: 14, 16 

overdesign: 43-44 

Oxford University, Department of Agriculture (University 
Offices, Wellington Square, Oxford OXI 2JD, U.K.):

187, 192 

parallel drainage (see also colinear drainage; subparallel
drainage): 259, 260, 312 

particle size: 51, 60, 61, 78, 87, 90, 102, 114, 136, 
170, 189, 203 

Parvis, Merle: Ref. 12 

Patrick, D. M.: Ref. 21 

pavement damage: 44, 45 

pavement thickness: 114 

peak flow, see hydrology 

peat: 80, 81, 82, 92, 94, 113, 165 

peridotite: 143, 152, 155, 156 

perforated pipe drains: 218, 219, 220, 222 

permafrost: 173, 264 

permeability, see soil permeability 

permits: 9 

petrography: 231


tests, 230



phantom drainage: 265, Ref. 12 

photographs (see also aerial photographs; ground photo


graphs; ): 4S, 61, 

piles:
and lands5hdes, 223, 224, 225


foundations, Ref. 5


support, 67



pinnate drainage: 261, 276, 27, 279, 292, 312 

pipelines: 176, Ref. 16


steel, 178



Pirrson, Louis V.: 142, Ref. 6 

pit run materials: xvi, 75, 123, Ref. 4 

plains, coa-stal, see ceas:al plains 

plasticity, see soil pldsticity 

plate bearing test: Ref. 25 

porphyry: 149, 152-153 

Portland Cement Association (5420 Old Orchard Road, 
Skokie, Illinois 60076): Ref. IS 

Portland cement concrete and paste: 51, 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-Evaluation 

system): 192 

pumice: 143, 149 

pumping plants: 18 
Purdue University(West Lafayette, Indiana 47907): 

Highway Extension and Research Project for Indiana 
Counties, xvi, Ref. 4 
Joint Highway Research Project, 237, Ref. 12 

pyroxene and pyroxenite: 143, 150, 157 
quartz: 143, 145, 146-148, 150, 151, 153, 155, 165, 

203 



quartzite: 143, 144,149, 155, 158, 175, 202 

"quick" soil: 229 

radial drainage: 259, 260, 273, 292 

rainfall (see also precipitation): 15, 21-22, 192 

rational formula: 33 

realignment, see highway realignment 

reconnaissance: xi, 48 

records and reports (see also floods; gaging stations; 
maps): 10, 14-15, 30-33, 46, 47, 48, 64-69, Ref. 1, 

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, s,e 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. 12 

rhyolite: 143, 144. 145, 152 

ribbon test: 84, 100, 101, 102 

risk: 26-28 

rivers (see also drainage patterns): 19, 204, 208 
undercutting, 208, 296 

road improvements: 114 

road location ;tudies: xii, 184, 204, Ref. 8, Ref. 
23, Ref. 25 

roads, see rural roads 

rock anchoring: 215, 216 

rock glass: 143, 145 

rockfalls: 208, 296, 300 

rocks (see also boulders; igneous rock; metamorphic 

rock; sedimentary rock;): 186, 188, 201-202 
classification, 143- 45, 146 
engineering properties, xviii, 154-156, Ref. 6 
identification, xvii, 47, 63, 142-158, Ref. 3, Ref.5 
particles, 102 
structure, 146 
weathering, 202-204 

roughness coefficients: 25 

runoff: 14, 19, 21, 22, 30, 33


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. 19 
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, 56, 60 

sand drains: 67 

sand dune areas: 28, 165, !'0, 170 
analysis of sand, 171 

sands (see also sand dune areas): 49, 50. 61, 78, 82,


86, 87-89, 92, 93, 96, 97, 98, 101, 7, 113, 116,

117, 119, 121, 123, 129, 130, 167, 168, 172, 173,


189, 275
plains, 170 

sandstone: 143, 144, 149, 150, 155, 157, 158, 163, 
165, 178, 189, 201 

drainage, 267-268, 269, 271, 272, 281


in Gombe land system, 185, 188, 190

in relation to landslides, 203, 207, 296, 299, 300,
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savanna: 186, 189 

scarps: 215 

schist: 143, 144, 146, 147, 150, 153, 155, 158, 202,303 

in relation to landslides, 203, 207, 231, 303 

scour: 20 

sedimentary rock (see also breccia; chert; conglomerate; 
dolomite; limestone; sandstone; shale): 63, 143, 


144, 145, 146, 14S, 154, 155, 156, 158, 163, 190, 

201-202, 292 


and landslides, 207, 295, 296, 295, 300, 301, 302, 
305, 31i2 

drainage, 272, 2Z3, 277



sedimentation: 8 

sedimentation test: 97, 104-106 

seepage: 44, 48, 50, 294, Ref. 5 

seismic refraction: 55 

semi-arid regions: 163 

serpentine soils: 293, 303, 312 

serpentnite: 143, 149, 155, 158



settlement: 67, 176 
prediction, 50 
rate, 50 
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shale: 143, 144, 149, 155, 157, 161, 163, 165, 178, 
189, 202, Ref. 23 

drainage, 266, 267, 268, 269, 270, 271, 272, 279 
embankments. Ref. 20, Ref. 22 
in relation to landslides, 203, 208, 215, 222, 296, 

297, 298, 299, 300, 306, 312 

Shamburger, J.H.: Ref. 21 

shear strength (see also bearing capacity; soil 
strength): 48, 49, 55, 68 
failure, 214 
tests, 49, 52 

shrinkage: 133, 136, 167, 186, 189, 212 

Shurig, D.G.: Ref. 4 

silica: 144 

silicous rocks (see also breccia; chert; conglomerate; 
sandstone; shale: 143 

silts: 9, 50, 61, 62, 78-79, 82, 92, 94, 112, 117, 119, 
129, 131, 166, 167, 168



drainage, 273, 276, 278 
 
identification, 97-9S 
 

sink holes: 165-166, 214, 226, 231, 263, 266, 268-271, 
296 

siphon: 220, 221 

site investigations, see landforms; 
terrain evaluation 

slate: 143, 144, 155, 202, 303 

slopes (see also back slopes; cuts and cut slopes): 48, 
49, 201, 202, 208-211, 223, 225, 229, 294 

stability, 44, 55, Ref. 14, Ref. 22 

slumps: 296, 303, 305, 310 

Smith, H.T.U.: xix, Ref. 10 

soft strata: 54 

soil classification (see also land classification; Unified 
Soil Classification System): xvi, xvii, 47, 50, 62, 75,

137, Ref. 3, Ref. 4, Ref. 5, Ref. 17, Ref. 23, 
Ref. 25 

soil color and tone: 165, 166, 170, 192, 257, 292-293,
294, 295, 296, 297, 300, 303, 308, 313, Ref.4 

soil compaction (see also compacted sample test):
64, 75, 76, 112, 119-122, Ref. 4, Ref. 23 

equipment, 119-121 

soil compression: 135, 136 

soil components: 78-82, 92 

soil deformation: 51 

soil density: 
 
dry, 186, 189, 194 
 
in place, 60, 192



soil drainage, see drainage 

soil erosion: xxii, 8, 9, 24, 176, 208, 231 
control, 169 

soil identification (see also aerial photographs; soil 
identification tests): xvi, xxi, 47, 48, 52, 60-62, 75, 

83, 124, Ref. 3, Ref. 4, Ref. 5, Ref. 23 
by aerial photography, 257-281 

soil identification tests: 75, 76-77, 78-90, 95-102


hand tests, 75, 76, 78, 83


visual examination, 75, 78, 86, 96, 102, 130



soil mechanics: Ref. 4, Ref. 13 

soil moisture conditions: 161, 162 

soil moisture content: 119, 121-122, 136, 189, 194,


207, 292



test, 133, 137



soil particles, see particle size 

soil permeability: 49, 50, 52, 60, 116, 134, 135, 136


203, 214, 219



soil plasticity (see also liquid limit): 49, 50-51, 60,


61-62, 76, 7S, 82, 83-85, 91, 98-99, 104, 162,


189, 190, 192, 194, Ref. 4, Ref. 14



chart, xvii, 138


index, 50


limit, 50, 133


test, 106-111 

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, 161, 184, 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. 14
dry, 61, 62, 85, 97, 100, 101, 102 

soil stress, see stress 

soil surveys: xvii, 161-181 

soil swell: 51, 64 

soil testing (see also soil identification tests; soil 
moisture content; soil properties): 49, 68, 229, Ref.23 

soil texture: 161, 162 

soils rating: xvi, 75, 76, 112-124, Ref. 4 

soils use chart: 112-113, 116, 119 

sounding. see probing 

South Africa: 187 

stability analysis: Ref. 5, Ref. 13 

stabilization (see also soil stabilization) 67 



218 

stage: 25 
 

Standard Penetration Test (SPT): 53 
 

Standard Specifications for Construction of Roads 
and Bridges on Federal Highway Projects (FP-61): 

standardization: 61, 161, 180



stereoscopic observation and stereovision (see also


aerial photographs and interpretation): xx, xxi, 
 

238-248, 257, 290, 301,307, 310



storage, see hydrology 

storm sewers: 9, 14, 18, 34



streams (see also drainage patterns): 9, 18, 19-20,

208, 209, 294, 296, Ref. 2 
 

crossing, 7


records, 7, 18, 22, 23, 32 
 
runoff, 15 
 

stress: 50, 51, 205, Ref. 14 
 

subdendritic drainage: 261



subgrades: 67, 95, 97, 114-115, 116, 119, 170, 271


frost damage, 118 
 

subparallel drainage: 261 
 

subsurface explorations (see also foundations; 
site investigations; soil investigations): xvi ,

37-69, 228, Ref. 3



Sudan: 186



sumps, see drain wells 
 

supervision: 52, 54 
 

surcharge: 208, 210, 214, 229 
 

surface water (see also drainage patterns): 208, 209 
 

surfacing: 
 
materials, 104 
 

swallow hole drainage: 262, 263 
 

swamps (see also marshlands): 19, 57, 174, 205, 261, 
 
262, 269, 305, Ref. 14 
 

syenite: 143, 145, 149, 150, 153, 154, 155 
 

talus: 300, 302 
 

terrace landform: 172, 174, 305, 309, 312 
 

terrain (see also landforms; terrain evaluation; topo-

graphy; volcanoes and volcanic terrain): Ref. 23 
 
in landslide studies, 200-201 
 

terrain evaluation: 184-194, Ref. 8, Ref. I I 
 

test pits: 48, 52, 55, 56 
 

texture, see soil texture 
 

thawing: 174-175 
 

thermal characteristics: 49, 51


thermokarst drainage: 263, 264


Todor, Peter C.: Ref. 23


topography (see also landforms; terrain; terrain evalua

tion): 7, 15, 18, 22, 161, 164, 165, 178



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: 175, 228

interceptor, 218, 219


triaxial shear tests: 137


tropics (see also Malaysia; Nigeria): Ref. 17,


Ref. 23



landforms and terrain evaluation, 166, 169,


187-194, 202, 203



Uganda: 192


unconfined compression tests: 49 
 

undrained condition: 49


Unified Soil Classification System: xvi, 62, 75, 76,



79, 83, 91-94, 95, 129-131, Ref. 4, Ref. 25



United States Agency for International Development


(320 21st Street, N.W., Washington, DC 20250):



Ref. 23


United States Army Corps of Engineers(Chief of Engineers,


Forrestal Building, Washington, DC 20314): 17, 75,



76


United States Army Corps of Engineers, Waterways 

Experiment Station, Soils and Pavements Laboratory 
(P.O. 	 Box 631, Vicksburg, Mississippi 39180):



Ref. 22



United States Department of Agriculture(14th and 

Independence Avenue S.W., Washington, DC 20250):


Bulletin No. 348, 145


Bureau of Plant Industry maps, 164


maps, 164, 205, 258


Soil Conservation Service, 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


22332): xvii, Ref. 5



United States Department of Transportation (400


Seventh Street, S.W., Washington, DC 20590):



Ref. 6, Ref. 9, Ref. 10, Ref. 14, Ref. 16



333 



334 

United States Geological Survey (12201 Sunrise Valley 
 
Drive, Reston, Virginia 22092): 15-17, 23, 24,


30, 32, 164, 205, Ref. 20 
 

United States Government Printing Office, Superintendent

of Documents (Washington, DC 20402): Ref. 5,


Ref. 19 
 

United States National Bureau of Standards (Washington, 
 
DC 20234): 178


University Microfilms International (300 North Zeeb

Road, Ann Arbor, Michigan 48106): Ref. 7, Ref. 
 

12, Ref. 13, Ref. 15


urban areas: 17-18, 30, 33, 199, 207, 291, Ref. 16



valley fill material: 277 
 

valley trains: 170 
 

valleys: 
 
in Gombe land system, 188, 189, 191, 193


in Labu land system, 194 
 

vegetation: xxii, 19, 21, 165, 174 
 
forests, 166, 170, 178, 268 
 
in Gombe land system, IS8


in Labu land system, 193 
 
in Lugge land system, 186


landslide area identification, 293, 294, 295, 303 
 

vertical sand drains: 220


visual examination (see also soil identification tests): 
 
48, 52, 54, 57, 59, 60, Ref. 4 
 

voids: 50, 87 
 

volcanoes and volcanic terrain: 18, 163, 201, 207, 232



volume change: 49, 50, 51, 119



wall support: 215, 216



wash borings: 54-55



Washington siphon: 220, 221



water, see groundwater; surface water



water content: 61-62, 68



water infiltration: 18, 21, 22



water resource projects: 9



water supply wells: 7



water table: 47, 50, 51, 57, 67, 228


lowering of, 221


perched, 192



watersheds: 16, 17, 23, 30


agricultural, 18


weathering: 163-164, 166, 167, 200-201, 207, 232,


268, 269, Ref. 21



Weibull's formula: 32



well drilling: 47, 54



wind transported materials: 167-170, 278, 292, 308,


Ref. 7



X-ray diffraction test: 229

Yazoo drainage: 264


Zeigler, T.W.: Ref. 22
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