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Unit 1 Soil Mechanics «1-

Unit 1

Text

Soil Mechanics

Soil mechanics is concerned with the use of the laws of mechanics and hydraulics in
engineering problems related to soils. Soil is natural aggregate of mineral grains, with or
without organic constituents, formed by the chemical and mechanical weathering of rock. It
consists of three phases: solid mineral matter, water, and air or other gas. Soil are extremely
variable in composition, and it was this heterogeneity that long discouraged scientific studies of
these deposits. Gradually, the investigation of failures of retaining walls, foundations,
embankments, pavements, and other structures resulted in a body of knowledge concerning the
nature of soils and their behaviour sufficient to give rise to soil mechanics as a branch of

engineering science.
1 History

Little progress was made in dealing with soil problems on a scientific basis until the latter
half of the 18th century, when the French physicist Charles-Augustin de Coulomb published his
theory of earth pressure (1773). In 1857 the Scottish engineer William Rankine developed a
theory of equilibrium of earth masses and applied it to some elementary problems of foundation
engineering. These two classical theories still form the basis of current methods of estimating
earth pressure, even though they were based on the misconception that all soils lack cohesion,
as does dry sand. Twentieth-century advances have been in the direction of taking cohesion into
account; understanding the basic physical properties of soils in general and of the plasticity of
clay in particular; and systematically studying the shearing characteristics of soils—that is,
their performance under conditions of sliding.

Both Coulomb’s and Rankine's theories assumed that the surface of rupture of soil
subjected to a shearing force is a plane. While this is a reasonable approximation for sand,
cohesive soils tend to slip along a curved surface. In the early 20th century, Swedish engineers
proposed a circular arc as the surface of slip. During the last half century considerable progress
has been made in the scientific study of soils and in the application of theory and experimental
data to engineering design.

A significant advance was made by the German engineer Karl Terzaghi, who in 1925
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published a mathematical investigation of the rate of consolidation of clays under applied
pressures. His analysis, which was confirmed experimentally, explained the time lag of
settlements on fully waterlogged clay deposits. Terzaghi coined the term soil mechanics in 1925
when he published the book " Earth—Building Mechanies" .

Research on subgrade materials, the natural foundation under pavements, was begun about
1920 by the U. S. Bureau of Public Roads. Several simple tests were correlated with the
properties of natural soils in relation to pavement design. In England ,the Road Research Board
was sel up in 1933. In 1936 the first international conference on soils was held at Harvard
University.

Today, the civil engineer relies heavily on the numerical results of tests to reinforce
experience and correlate new problems with established solutions. Obtaining truly representative
samples of soils for such tests, however, is extremely difficult; hence there is a trend toward
testing on the site instead of in the laboratory, and many important properties are now evaluated

in this way.
2 Engineering Properties of Soils

The properties of soils that determine their suitability for engineering use include internal
friction, cohesion, compressibility, elasticity, permeability, and capillarity.

Internal friction is the resistance to sliding offered by the soil mass. Sand and gravel have
higher internal friction than clays; in the latter an increase in moisture lowers the internal
friction. The tendency of a soil to slide under the weight of a structure may be translated into
shear; that is, a movement of a mass of soil in a plane, either horizontal, vertical, or other.
Such a shearing movement involves a danger of building failure.

Also resisting the danger of shear is the property of cohesion, which is the mutual
attraction of soil particles due to molecular forces and the existence of moisture between them.
Cohesion forces are markedly affected by the amount of moisture present. Cohesion is generally
very high in clays but almost nonexistent in sands or silts. Cohesion values range from zero for
dry sand to 100 kPa for very stiff clays.

Compressibility is an important soil characteristic because of the possibility of compacting
the soil by rolling, tamping, vibration, or other means, thus increasing its density and
load-bearing strength.

An elastic soil tends to resume its original condition after compaction. Elastic ( expansible)
soil are unsuitable as subgrades for flexible pavements since they compact and expand as a
vehicle passes over them, causing failure of the pavement.

Permeability is the property of a soil that permits the flow of water through it. Freezing-
thawing cycles in winter and wetting-drying cycles in summer alter the packing density of soil
grains, Permeability can be reduced by compaction.

Capillarity causes water to rise through the soil above the normal horizontal plane of free
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water. In most soils numerous channels for capillary action exist; in clays, moisture may be
raised as much as 30 feet by capillarity.

Density can be determined by weight and volume measurements or by special measuring
devices. Stability of soils is measured by an instrument called a stabilometer, which specifically
measures the horizontal pressure transmitted by a vertical load. Consolidation is the compaction
or pressing together of soil that occurs under a specific load condition; this property is also

tested.
3 Site Investigation

Soil surveys are conducted to gather data on the nature and extent of the soil expected to
be encountered on a project. The amount of effort spent on site investigation depends on the
size and importance of the project; it may range from visual inspection to elaboration subsurface
exploration by boring and laboratory testing. Collection of representative samples is essential for
proper identification and classification of soil. The number of samples taken depends on
previously available data, variation in soil types, and the size of the project. Generally, in the
natural profile at a location, there is more variation in soil characteristics with depth than with
horizontal distance. It is not good practice to collect composite samples for any given horizon
(layer) , since this does not truly represent any one location and could prove misleading. Even
slight variations in soil characteristics in a horizon should be duly noted. Classification of the
soil in terms of grain size and the liquid and plastic limits are particularly important steps.

An understanding of the eventual use of the data obtained during site investigation is
important. Advance information on site conditions is helpful in planning any survey program.
Information on topography, geological features ( outcrops, road and stream cuts, lake beds,
weathered remnants, etc. ), paleontological maps, aerial photographs, well logs, and
excavations can prove invaluable. Geophysical exploration methods yield useful corroboratory
data. Measurement of the electrical resistivity of soils provides an insight into several soil
characteristics. Seismic techniques often are used to determine the characteristics of various
subsurface strata by measuring the velocity of propagation of explosively generated shock waves
through the strata. The propagation velocity varies widely for different types of soils. Shock
waves also are utilized to determine the depth of bedrock by measuring the time required for the
shock wave to travel to the bedrock and return to the surface as a reflected wave.

Dependable subsurface information can only be obtained by excavation. A probe rod
pushed into the ground indicates the penetration resistance. Water jets or augers are used to
bring subsurface materials to the surface for examination. Colour change is one of the significant
elements such an examination can reveal. Various drilling methods are employed to obtain chips
from depth. Trenches or pits provide more complete information for shallow depths. Pneumatic
or diamond drilling may be required if hard rock is encountered. At last a few of the boreholes

should exceed the depth of significant stress that is established for the structure.
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Avoidance of structural disturbance of the sample is not critical for some tests but is very
important for in-place density or shearing strength measurements.
Complete and accurate records, such as borehole logs, must be prepared and maintained,

and the sample themselves must be retained for future inspection.
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Reading Material

Geologic Origins of Soils

It is a feature of earth’s geologic activity that the rocks forming the earth’s mantle are
continually being pushed out of the earth onto the surface, where they are then exposed to
earthquakes, glaciation, freeze-thaw, water erosion, chemical attack, waterborne abrasion,
wind erosion, and other forms of weathering. Under such attack, the rocks are broken
progressively into huge boulders, these into smaller boulders, these into cobbles, these into
pebbles, and finally, the pebbles are reduced to grains. Deposits of these assorted particles of
rock and rock grains are called soils.

There is at present no word in engineering geology that is used specifically to describe the
ever-continuing reduction of rock into smaller and smaller particles. For the sake of simplicity,
it is termed degradation in subsequent discussions. Degradation of rock into soil grains is not
something that happened only in some vague geologic past. It is a continuing process, as active
today as it was a million years ago.

As the size of the particles become progressively smaller, the particles become
progressively easier to transport. Transported first by such things as glaciation and avalanche,
the particles are reduced to smaller and smaller size as they are subjected successively to
rushing floods, then ,when smaller, by white water rapids, later by rapidly moving streams,
eventually by muddy meandering rivers, and finally, when small enough, to wind and
duststorms. At any stage, the particles might be deposited in a recognizable stratum for a few
thousand years before something happens to cause them to be picked up, transported, and
deposited in some new location along with particles transported similarly from a hundred other
locations.

At every stage of deposition and stratification, water is the ever-present medium of erosion
and transport. Water deep within the ground carries acids and bases that chemically attack the
particles even when they are buried thousands of feet deep. At the surface, rain, snow, and
sleet combine to erode, freeze-thaw, and further reduce chunks of rock into smaller and smaller
pieces.

Whenever exposed, the soil particles become subject to organic attack by vegetation,
carbon dioxide, and atmospheric acids, changing them chemically into other compounds or
even other minerals. Picked up again, redeposited, and exposed again and again, the particles
might undergo thousands of years of changes before they come to rest for a few hundred years in

relative quiet. It is at one of these quiet periods that the foundation engineer is given a stratum
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of these particles on which to place a foundation.

Because nature works on such a huge scale, the strata are usually( but not always ) so large
that the foundation can be located entirely on one stratum. But underlying this stratum could be
another stratum having vastly different engineering properties, and underlying this, yet another.
The material to be used to support a building foundation is thus a heterogeneous mixture of
minerals coming from countless sources over the breadth of a continent, randomly deposited,
irregularly stratified, and absolutely inconsistent. It is, in short, soil.

With such a description, defining the engineering properties of a material as variable as
soil would seem to be hopeless. Within recent years, however, real progress has been made in
defining the engineering properties of soils. Although these properties are more appropriate
within large brackets rather than to refined exact details, the response of most soils to a bearing
load can now be predicted with some degree of confidence.

Insofar as the engineering properties of a soil are concerned, the mechanism of geologic
transport, deposition, burial, and exposure is one of the more important influences. With few
exceptions , all soils have been transported to their present locations from somewhere else. They
have been blended, disturbed, chemically modified, reblended, mixed, erushed, restratified,
picked up and redeposited, sometimes loaded by thousands of feet of overburden, and finally
exposed when the overburden was eroded away. The mechanism by which the stratum was
finally deposited and later exposed will be seen to be of profound importance when the soil is
used as a foundation material.

A second major influence is the groundwater. The location of the water table, the amount
of its rise and fall throughout the year, and the chemistry of the groundwater can profoundly
affect both the type of foundation and the ability of the soil to carry the foundation. In some
circumstances, however, the water entering the soil from the surface can be far more important
than that in the water table below.

A third major influence is the residue of vegetation. Even in the most barren deposits of
soil, a few plants will manage to survive. The residue from their eventual death and decay will
provide a somewhat more hospitable environment for the next generation of plants. The detritus
of these plants in turn will deepen the fragile layer of organic material, providing a yet more
fertile ground for other plants, and so on. Eventually, a gradient of organic material is
developed, with the high organic content at the surface diminishing steadily with depth. As
always, water is the primary vehicle for transporting the organic material downward. Aided in
this case by disturbances from root penetration.

These combined effects of deposition, water percolation, vegetation, and other influences
on the soil eventually produce a typical distribution of soil and organic matter called a soil
profile by agronomists.

The presence of humus or organic material in a soil can cause serious changes in

engineering properties as the organic material continues to decay. Due to this variability,
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engineered foundations must be placed well below the organic agricultural soils and into the
parent soils of the Chorizon. The engineering properties of the soils in the Chorizon are
reasonably constant and are not subject to change due to the decay of organic material.
Although soils have long been classified into broad groupings, the engineering properties of
various classifications of soils cannot be determined once and used thereafter as constants; a
soil in Wyoming classified as clay might have vastly different properties from a soil in Georgia
classified as clay. There are, however, certain characteristics that are common to all soils
regardless of origin or chemistry. Such characteristics can be used as a basis for soil
classifications. One such characteristic is the size and shape of the individual particles that

comprise the soil .
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Unit 2

Text

Soil Failure Surfaces

Failure conditions and strength parameters are very important in the solution of stability
problems in soil mechanics. Two values of the shear strength, the peak ( maximum ) and the
residual (ultimate ) , are required in order to characterize the strain softening materials, such as
overconsolidated clays and dense sands at low confining pressures. The term failure is used
herein to define the limiting peak ( or maximum) stress conditions.

It should be emphasized, however, that in problems involving such soils as dense sands
and overconsolidated clays, both peak and residual strength parameters are needed. In this
case, the actual maximum shear stress mobilized at overall failure of a soil mass lies between
the two limits of the peak and residual values( Bishop, 1972).

In the following, various strength characteristics are discussed with reference to the shape
of the failure envelope in Mohr's diagrams. In the Mohr's diagram the normal stress o and the
shearing stress 7 are used as coordinates.

From a plot of Mohr's circles corresponding to various failure stress states(in terms of effective
principal stresses,o| =0, =0} ), the Mohr's failure envelope can be obtained as the common
tangent curve to these circles, as shown in Fig. 2. 1. In general, the failure envelopes are

curved , particularly for dense soils, such as dense sand or oversolidated clay. In many cases,

Mohr's ecireles
at failure

Failure envelope

Shear stress, T

(0]
Effective normal stress, o’

Fig.2.1 Typical Mohr's failure envelope for soils



