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Soilé iﬁ a verﬁ general sense, ip the mantle of comparatively
looge er unconsolidated material formed by the disintegration and de-
compositicn of the earth!s crust by numerous natural processes. Soil,
a5 an engineering material is extremely complex ag its character varles
materially with ordinary changes in the numerous factors and conditions
associated with it. Trom the stendpoint of the engineer, it becomes
esgentiasl to congider each particular soil as an individual entity, the
behaviour of which is the reflection of itg own characteristic properties
and environment. |

In the study of soils, there are two extreme positions to bake
in such consideration, that of the geologist whe is primerily interested
in the origin of solls and that of the civil engineer who has no direct
interest in origing but ig vitelly interested in types éf goils, the pro-
perties peculiar o each type and the proéerties ag influenced by its
particular environment. The study of origins of gpoils particularly in
regerds to Michigan hag been tréated in an earlier lecture, Methods or
systéms for cléssifying soils hag 1ikewise been trested., The gtudy of
origin and claseification enables us now to better understand the reasons
why & further knowleﬁge and technigue for uge of poils as an engineering

materisl is neceggary. In the strict senge of considering soil as



engineering material, we might ﬁe led to congider i£ as we do the better
known engineering materials such as metals, wood, concrete, ete. Bub, as
we all must realize by this time, soils cannoit be treated in this manner.
The economice of its use together with the fact that it is a meterial
which is "in situ" requires that we must conslder it as it is fownd in
its natural.envirgnment,.in place, &t the site of the engineering strue-
ture. A48 a matter of fact, it ig this special peculiarity, or sfipulation,
which mekee it necessary to develop the science of goils engineering some-
what apart from the science of the gtrength of materials,

More specifically it is the variatlon in performance of selle
as influenced by natural envirenments and the economles in relation to its
uge in engineering étrustures ﬁhich determines or eatablishes tﬁe problems'
encountered under the subject of soils engineering. Therefore, the study
of the problem divides highwey engineering itself into two phases. First,
what conditlons, natural‘andreconom103 make it necessary to lmprove the
proverties of goils Win~situ and secondly, what fo do in order fo improve
these propertieg.

We will deal %ﬁth only the firgt phase in the diséussion today;
while the other phage will be discussed in the following sessions of this

sehoo:[-.,.

Physiographic Environment

' Usually; the general location of an engineering stmucture is pre-
determined by the eeonomic:needs; the most suitable, specific location
will usually be definitely determined by consideration of natural or phy-

siographic envirenment. 4s we a1l know, the general leocation might be
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described by a relatively large area as in the ecage of & preliminary or
reconnaisgance survey for a railroad or highway, or to a specifiec lo-
cation such as the gite of an office buildingz. The selection of the
final site, therefore, may be determined whoily; or in part, by the
natural environmenﬁ. But; in any case, the engineer in uwbilizing the
goil material in pie.ce mist bhave a thoréugh Ikmowledge of the\%gffect of
the natural conditions upbn its performance ag a foundation or as a
part of the structure, or in & 1more gensral genge as an engineering
material,

As hag been previously digeussed under soils clagsification,
the goil may be clagsified subjectively or objectively. By £he subject-
ive methad; the soil is considered under the conventional pro¢édure in
which study of certain fund&méntal properties such as elasticitf and other
physical properties is made., In t@e objective system, the sgoil itéelf
a8 a nabural material is the basisiﬁf.its classifiéation. In this method
its characteristies in relation to the parent materialkand ite environ-
mental factoﬁs are considered. Therefore, in studﬁing-séil as an engin-
.eering material, we are interegted in how the natural environment not
only affects its performance but also as a part of a method for élassi—
fying verious types of soil. - | |

The performence of seils and the solls problens encountered are
influvenced, in = lérge Deagure, by the geveral physiographic énvirommentﬂ

2) conditions which may be considered under the following headings:




1. Climatlc conditions
2s Topography
3. Drainsage

4o Physical state of soil

Climatic Conditions

The varioug phases_of climate is one of the most important
physiographic conditions which influence tﬁe character of our goil
problem, This is perticularly true when these phases are congidered
as agencies in the formation of solls. They alsc have s marked in-
fluenee upon performance of soilsg and necessary subsequent treatment
of soils. The various aspects of climate related to this influence
includes temperature; rainfall and humidity.

The temperature range in‘ény given locality controls the char-
acter of plant and animsl life; together with ite destruction and also
furnishes forces which digintegrate rock, The amount of weathering due
to temperature change is not.of such great lmportance however, ﬁnless
mgsoclated with water, |

The'mechanidal process of freezing water is one of the important
procesées_of weéthering. Water is also importént in‘bthér ways, for in-
gtance; running water; an i@porﬁaﬁt factor in erosion, will algo act as
a weathéring agent if it ig carrying solid matter in suspension.

The iﬁ?urities uwsually found in water give to it chemical pro-

perties which regult in other weathering processes. The mineral conéti—

'f tuents of the soil particles depend largely wupon the chemical compositilon
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of the parent reck and the conditions uwnder wﬁieh the soils are deve-
loped. And, as will be seen later, the chemiéal compogition may affect
the use of the soil. In lnmid northern climates the iron and aluminum
oxides are removed by leaching whereas in thg bumid tropical climes, we
f£ind the silica leached out leaving the iron and aluminum oxides. In
arid or semi-srid climates the alkalieé are not completely leached out
causing & soil to be neubrsl or alkaline.

The relstion be%ween temperature and water is thus seen to be
closely associated and weathering action cannot be completely described
without conéideration of both phases inter-dependently.

The éction of water and changes in temperature add furiher to
our problem in certain inecidental phenoﬁena such ag differentisl gnd
frost heaving which will be discussed later.

The importance of eclimatic conditions ‘then “in relatlon to the
natural soil depends upon the amount of water pregent and upon the veria-
tion and ranée of temperature. The type of soil problems which,are en—
countered,‘as cauged by these conditiong, will be digcussed wnder topo-
graphy; drainage and physical state of goil,

Topography
The topography; or relief of the land surface is clogely as~

socisted with mony soil engineering problems. The topography and its

associated problems will vary for different localities and areas, The

:iér topography of a given area, of course, iz determined by the menuner of

origin of its surface. The topography of a mountainous area being de-

cidedly different from that of glacisted sreas. Since we asre interested
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in Michiggp, a glaciated srea, specific attention will be given to pro-
blems encéuntered under such conditions. Most of the problems here disf
cusged will deal primarily-with building of railroads and bridges, but
certain information may be useful in the construction of other types of
engineerihg gtructures.

The topography may be congidered for our purposes, according to
the amount of difference of elevation or inequalities of the land sur—
face and may be divided into three groups namely -

'1. Hilly
2« TUndulating

3. Level

‘Hilly'Topqgggphgg Hilly topography in the glaciated areas of

' Michigan presents a number of assoéisted soil problems as'determined by
the natural contours, geological characteristics of the body of material
in place and subsequeﬁt tpeatment in congtruection.

Natural Contours: In this type of topography srise problems
concerned with deep cute and high fills. The egstablishment of the line
and grzde, of course, will be determined by many other factors;_yet some
congideration must be given to natural eonditions as influenced by the
topography. The selection of gradé line will be determined by the im-
portance of safety and convenience, drainage and financial considerations.
Safety and convenience are not within the provinee of this paper, drain-
age will be discusged later, but the charécter of the goil will influence

very much the finenelal consideration.



The location economics will be affected by the topographical
features and in addition, the nature of ﬁecessary cuts and fills, the
availébility of suitable mzterial for embankment fills, the stability
of sloping ground above and below é selected route, and the availabi-.
1ity of . suitable construction material will all jnfluence the final
selectiopugf_line aﬁd g;ade.

Since the character of the goil in hilly topography is egsen-
tially morainic in character, it is subject to a wide renge of soil
maﬁerials from a fine clay to large boulders. This ﬂon—uniférmity re-
qgulres a thorough study of soil types and & specific knowledge of
their properties in order to detérmine thelr suitability as f£ii1l mater-
ial or the economies of proper treatment for satisfactory use, such as
control of compactign by Proctor method, introduction of sﬁabilizing
agents, etc. | |

Sudden variations in soil stnﬁctu:e in hilly glacial topography
pregent many soil problems snd peceésary treatment. The character of
thege problems snd their specific treatment will be eovered in “fracti—
cal Use of Soil informa@ion in Highway‘Deségn." It is suffice to point
out that these varlstions are assoclated with frost heaves with which

-we are all familiar. Also, in this'type of topography is found goll

- types conteining depogite of nested, large boulders,'a sourde of trouble
to the contractor in excavation. In this type of topography is found
conditions of interrupted drainage, old stream beds whieh have been block-

ed by deposition of later deposits. It is seen that this type of topography



does not exhibit uniformity ss & leading feature, which, of course, re—

‘ qulreg that gréatest posgible -care be teken in the preliminaery investi-

gation and gtudy.

During design and congtruction thought must be given to possi-
biiities of eroslon and revegetation in hilly topography. This type is '
subjeet to e;osion, particularly from surface run—pff snd adequate ero-
gion eontrol must be provided and protection affordei by plent growth
peculiar to the sgoil type. This is partiéularly important too, because
of the scars in cut and new glopes in £ill which must be provided in
such ty?es of topography.

Uhdulating Topography: -~ In undulating topography the problems

- encountered are similar to those of hilly topography except that they.

are of lessger degree.

In this ﬁype there ig more need of selected materiale in con-
strﬁction due to the more level topography and the fact that the exis-
tent soil is heavier in ite characterigtics, being of the ground moraine
type or till plain material, which type provides conditions conducive to
differential heaving. However, in this type of tépography, frost heaves
are less prevalent,

From an economic standpoint these types of soil are the veluable
agriculiural soils and our leocation and type of highway is effected to ‘

gome extent by thils consideratlon.

Level Topography: On & whole, the level topography provides
fewer problems then do the killy or undulating types. The materisl

usually is the floor of éxiinét glacial lake beds or extengive outwash



plains or delta waters. This resultant material provides the most ideasl
foundation goils and is the source for excellent selecfed materials. In
thisz case, nature has done the job of_érushing, grinding, washing and grad-
ing of aggregates. However, in some cases serious problems are obtained
where wind ghifted sands; not very thick in bed; lie upon clay soils.
Careful examination must be made to determine necegsity of thickening

guch beds in order te eliminate poor drainage.

Similar probiems in thege various kinds of £op0graphy'may be en-
countared in any type of engineering construction. The complexity of
problemg must be realized and proper information concgrﬂing_the peculiari-
ties of the local area of foundation sité must be obteined and corrections
or modificaﬁions in design must be ma&e to cope with the situation.

Close;y aggoclated with topographical features are the drainage
conditiong., Most of ug sre familiar with thé affect of moisture and water
content upon the performance of goils. In practigally all kinds of engin- |
eering constructibh drainage is of supreme iﬁportance. It is not necesg-
ary to discuss the effect of water on most types of construction, what we
are most interested in the study of solls is the types of water encounter-
ed; how it‘affects the perfdiﬁanée of soils and methods of treétment,for
diffsrent types of sgoils, :

. Types of water associated with the general subject of goils may
be divided into three classes, naﬁely -

| 1., Gravitational water

e G;pillary weber

3. Hygroscopic water
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Surface water and rm-offs may indirectly affect some soll problems, but
on & whole only these three types ﬁeed to be considered as%associated
with the subject of soils.
| Gravitetional water may be defined as that portion of the water

in the soil that is moved daﬁn by gravity; I% includes all water which
is free to flow through the soil%mass under the actlon of gravity and
not intimately associated with the soll particles and goil structure.

The presence and effect of-ground water upon foundationg, high-
ways and in open excavations is particularly significent. Iﬁs fmport-
‘ance in the problem is most evident iﬁ connection with the congtruction .
of gtructures on uncongolidated material. Methods must be developed to
cope with underground water during construction as well s methods for
its removal after eonstruction,

‘The relatlon of geology to soil deposits has been discugsed in
a previéus lecture, Agéin; a Xnowledge of lpeal geological featurss is
necesgary to.determine information on ground water. Surface observa-
tlonsg are not sufficient because of the possibilities of complex under-
ground gtructures existiﬁg beneath relativély simple 1ooking ground surface

Thig is pariticularly true in country which has been subjected to glacial

action,

Further methods of study and exploratory methods will be dis-
cupsed under "soil mechagics“; but brief mention should be made of geo~
physical electrical metheds in which variationg in reslsgtivity provides
a clue for the determinstion of ground water. Satisfactory results have -

- 10 -
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been obtained in various parts of this country and other parts of the
world. Further reference sghould be made to articles upon this'subject.

The subject of ground water hydrology is closely related to
the performancerf soils, This relation has been well treated by se-
veral aubhors ineluding Housel, Tolman and others and is too lengthy for -
discussion at this time. However, its importence must be stressed and
those who would become well informed in seils engineéring must acquaint
themselves with the subject. Some of the problems of'groudiwafer should
be touched'upon particularly swamps, perched water tables, frost heaves,
quick sands and spring break-ups.

One of the effects of the last glaciation'was}to leave numerous
depressions in the surface of the land which have filled with grgund
water to become lakes., These small lakes are favorable to the formation
of peat of which many heve become filled. These deposits have caused
great trouble in the past because of the instability'of the peat of high
water content. |

Perched water table refers to water trapped by impervicus strate
in the uvmnsaturated zone above the true water table,

Frost heaves are a result of variations of water movement in
the soil affected by variations in temperature above and below freezing,
the necessary water being supplied by gravitetional water., Several
theories have been advanced as to the cause of frost heaves. It is knowm
thet frost heaving may occur in a wide range of soil texture. The tex-
ture of the soil will usually determine the method uséd for proper treat-

ment.,
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Quick send isisand in which there is an upward flow of water
producing Ilnstability and, of course, is & serious problem which calls
for some treatment. In general, the treatment of all types of ground
water problenms cails for control of éround water by various methods,
bub the important fundamental is — keep the water table sufficiently
low so that gravity flow can take place away from the structure,

Capillary water as the name implies, is ordinary water which
occurs in small voids so thet the surface tension of the water becomes
an important factor in determining its behavior. The behavior of ca-
pillary watef in soils is influenced by many factors ineluding varia-

tion of texture of soils, mechanical arrengement of soil particles,

- movement of water table, upward or downward (dependent upon rainfall).

Caepillary water aclts as a stabilizer of soils in the absence

of frost, a property of ubmost. importance, yet again where sudden change
of texﬁure in soil occurs, it can be the cause of differential heaving.
It might be pointed out that capillary weter is the actual form of
water which forms the ice Ienses in frost heaves. And, the high ca-
pillarity of fine sands and silts is the property which causes their
very detrimental character, under conditions favorable to the formation
of ice lenses. In the case of eclay soil, during:spring, the capillary
water becomes gravitational water causing'consequenf spring break-up.

_ Hygroscopic water may be described as waber which surrounds

and is very closely associated with the individual grains. It cannot

be eyaporated by air drying. Hygroscopic water does not enter into
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soil engineering problems as does gravitational or capillary water.
Ite importance being probebly more closely associated with the test
characteristics of soils.

Climatic, topographical and drainage conditions have a de-

" finite relstionship to soll performance. Another condilion which

must be stﬁdied is that of the physical or natursl state of the soil.
This condition is closely related to the others - and specifically
refers to the characteristics and propeﬁﬁgscﬁ?the soil.

Characteristios of a soil bave been defined as thoge attri-
butes which may identify the soil and which add to the general Imow-
ledge of the manner in which they mey perform bubt which do not give
a direct measure of seil behavior. |

Among characterigtics of soil may be ligted texture, strue-
ture, surface area, density relations, coior, chenical composition,
mutation and'possibly'Several obthers.

Texture, as applied to soils, refers to the size, shape and
arrangenent of the individual particies, the degree of cdnsolidatibn,
and, largely determined by the foregoing, the size and perceﬁtage of
voids.

Texture as a term is sometimes used to refer only to the
particle size while the term structure is used to refer to the other
factors mentioned above. In such a method of eclassification, soil
is divided into three textural gr;ups namely sand, silt and clay

according to parbicle size. Soils ef coarse texture with perticle

- 18 -
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sizes no finer than send are celled gremular.

These types of textures possess many definite properties of
practical importance which will be discussed in following pepers. And,
of course, these properties are directly related to the performence of
the sgoll as found in place.

Soil structure, as has been stated under the previous defini-
tion of texture, is a term used to describe the state in which the p&n;
ticles are held together in the soil mass, which includes arrengement of
particles and tyﬁe and extent of bonding. These afrangements and bond-
ings include firmly cemented meterials such as hard pan to grenular
coarse single grained structures.

Surface area, or more accurately the specific area, is an in-
herent characteristic by which we commonly think of a soil as being
heavy or light. The specific area is defiﬁed as the surface area per |
volume, increasing as the particle size decreases. It is a property
which plays an important part in colloidal action of which you will hear
more later.

- Density ig defined ag the weight of a material per unit volume.
It is quite common-to use denglty in expressing the degree Af‘consolidae
tion or compactness of a .soil. In this sense, the density lis quite
closely related to structure as a characteristic.

Most of the cheracteristics as will be noted are general terms
and not capable of measurement except the later two just meﬁtioned. They

would almost seem to come in the category of physical properties and
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perhaps shou;d be so classed when definite measurement 1s made.

Clogely associsted with density is the void space in the goil
magss or porosity anobher cheracteristic which may be indirectly deter-
.mined but which is used as an identifying atiribute or indicater as to
ﬂhe soil performance iﬁ a genarai WaY o

Boil color as &n indicater gives clue to the cheracter and ex-
tent of weathering to which the soil bas been subjected and identifies
the soil chemicai congtituents. Professor Veatch pointed oub how these
colors might identify the performance of certein soils.

Another characteristic is the chemical constituent of the soil.
0f late, considerable research has been done in the relation of chemical
constituents to the performance of soils. These relations mey give us
the answer to many questions in scil stabilization, explaining the re-
action of certain soils to certain chemical soil sgtabilizers.

It is thus seen that many general characterigtics are used in

celassifying and the study of solle., At times, it is not sd apparent
how these characteristics affect the performance.

I have listed a few general problems in which chafacteristics
of the soil wffect engineering operations. The performance of the soil
has bgen noted by many of you, but you have not necessarily associsted
them with these ch&iacteristicé. |

Excavation methods and rates of progress are clearly depend-

ent on the material to be encountered together with its geological

structure,. These two factors alse determine the finished cross section
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of the excavation. Slight change in location may aveid troublesome
nmaterial.

Texbture and structure plus moisture content will indicate
the pfobable angle of repose to adopt for given matérials, indica;
+ing the necessity of a knowledge of the speéifie nature of a mate-
rial in its natural state. Of course, at times, it 1s necessary to
have a more conplete knowledge by study in the laborstory of goil
samples. The inevitable use of assumed angles of repose in prelimi-
nary design may be admitted but thorough study is necessary of de-
finite types of structure to determine the effect of removal of soil
material (in situ).

Sands and gravels will usually be foumd to be unaffected by
exposuré to atmosphere. Clays are different and special attention
must always be paid to the effect of exposure to the atmosphere on
any clays that are to be uncovered during excavation, Moisture con—~
tent of the cley is a critical factor in such determinations.

The ease of working in dried materiéls in excavation ig ob-
vious. Water content alone is the caﬁse of mény of the peculiar
characteristics described by such names as gumbo (elay) mud {(often
gilt) and qidlck sand.

Associated with the placing and consolidation in ordinary
embankments is the problem of settlément and bulking. The relation
of the volume of f£ill maberlal after deposition to the volﬁme of the

same material before excavation. This relation is definitely dependent
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on the type of materiel being hendled. Bulking will depend princi-
pally upon the undiﬁturbed state of the material, moisture content
snd methods used in construction. Settlement mey be the joint re-
sult of ghrinkage of fill materiel and actual settlement of the
supporting strata. Although a thorough study of the material by
goil mechanics may be indicated and necessary a knowledge of the soil.
characteristics will be & great sid in preliminary consideraticns.
In conclusion, it cannot bé téo strongly emphasized that

the verious envirommental phases; climate, topography, drainage and
natural characteristics, as described herein is only a very genéral
ravieW'of‘the many complex and Inter-related problems.

| Experience in the field is the only sure guide in recogni—
zing the sufface indicatiens and related conditions, but @uch can

be obtalned from experlence of others and the printed word.
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