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[1]

PHYSICAL PROPERTIES AND ENGIN-
EERING CLASSIFICATION OF SOIL

1.1 Formation of Soil

Soil, which is a complex mixture of inorganic matters that may or may not contain
decomposed organic residues and other substances and which blankets the crust, is
formed by the process of weathering, that is, disintegration and decomposition of
rock and mineral at or near the earth surface through the action of many naturally
physical or mechanical and chemical agents into smaller and smaller particles. The
two latter kinds of weathering process are concomitant and occur simultaneously .
The destructive process in the formation of soil from rock may be either phys-
ical or chemical. The physical process may be erosion by the action of wind,
frost, rain or snow, or the action of various forces by the impact of wave and
earthquake, or the variation of temperature and freezing and thawing in the rock.
These processes caused cracks in the whole rock. and disintegration and fracture
and debrises came into being. For example, the thermal stress caused by the cool-
ing of rock mass or the change of temperature in the ground surface nearby can
cause cracks in rock mass, Rain in these cracks can cause these cracks open after
freezing and expansion. Rock mass can disintegrate into debris, and debris be-

comes smaller and smaller in the same process. In dry land, the impact of sand- =,

ad

stone and gravel can also causc cracks in rock mass, The weathering action gin

only change the sizes and shapes of particles and can’t change the minem&g&ﬁpﬂ—

sition of rock. The chemical process results in changes in the minem&ﬂm of the
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parent rock due (o the action of oxygen, carbon dioxide and water { especially if it
contains traces of acid or alkali). In general, natural soil is not only the result of
physical weathering but also the result of chemical weathering .

On the basis of its origin, soil can be divided into two large groups, those
that consist chiefly of the results of chemical and physical rock weathering, and
those that are chiefly of organic origin. If the products of rock weathering are still
located at the place where they originated, they constitute residual soil. Otherwise
they constilute transporied soil, regardless of the agent that performed the transpor-
tation.

Residual soils are those which have heen left in place as a result of decay of
the underlying parent rock. Residual soils that have developed in semiarid or tem-
perate climates are usually stiff and stable and do not extend to great depth, How-
ever, particularly in warm humid climates where the time of exposure has been
long, residual soils may extend to depth of hundreds of meters. They may be
strong and stable, but they may also consist of highly compressible materials sur-
rounding blocks of less weathered rock. Under these circumstances they may give
rise to difficulties with foundations and other types of construction. Residual soils
are usually encountered in south of the terminal moraine. In glaciated areas residu-
al soils are buried by glacial drift because there may be more than one terminal
moraine. The parent materials for residual soils are igneous rocks such as granite
or basalt, and sedimentary rocks such as limestone, sandstone, and shale,

Transported soils are those which have been transported by flood, wind and
glaciers as a result of decay of the underlying parent rock. Transported soils are
mainly the following kinds:

Alluvial Soils; Alluvial soils occur in former and present flood plains and
deltas, and often form very thick deposits.

Wind-bome Soils: Under this group two kinds of soil material may be indud-
ed, namely: loess and dune sand. Wind-bome soils are ones which have been
transported and laid down by atmospheric currents such as wind. Loess is wind-
blown silt or silty clay, light in color, porous and coherent. Loess as construction :'»"J
material is relatively unknown to engineers. Loess often may turn out to be a very’
dangerous material for dams, highways, and a support of foundations, paf’ucﬁaw
when wetting. Dunes develop when and where loose sand is expgged‘ to wind



(sandy shores of lakes, rivers, seas).

Glacial Soils; Glacial soils are those which have been transported and depos-
ited by glaciers. The principal glacial deposits are of the Pleistocene Epoch. The
glacial ice sheet filled up river vaileys with the so-called glacial drift. Glacial drifi
is the glacial deposit from all types of the superficial materials of rock debris of
any sort, handled in any way, by the continental glacier——for example by ero-
sion, transportation, deposition from ice, or running meltwaters emanating from
the ice. The glacial deposits may be sorted, assorted, or stratified. These deposits
consist of boulders, rock fragments, gravel, sand, silt, and clay in various prop-
ortions. One of the engineering aspects of glacial soils relative to foundation engi-
neering is the thickness of the glacial drift. On ridges of bedrock the glacial drift
may be thin, whereas in preglacial valleys the glacial drift may be thick. Excava-
tion operations in glacial till (unsorted, unstratified, unconsolidated, heteroge-
neous material) in a dense state require a power shovel or explosives. Ordinarily,
however, excavations in glacial till present no problem.

Marsh Soils: Marsh soils denotes soil deposit in muckland. They are a
mixture of finely particled, inorganic soil and black, decomposed organic matters,

1.2 Components of Soil

The composition of natural soil may include solid particles and voids between par-
ticles, where the voids are filled with water and gas. As the mixture of solid parti-
cles, water and gas, soil falls into three phases: (1)solid mineral particles, which
called solid phase; (2)water in various forms and states, which called liquid
phase; and (3) gaseous inclusions, which called vapor phase. When the hole of
the soil framework is all filled with water, this kind of soil calls saturated-soil;
When the hole of the soil framework contains the air only, this kind of soil calls
dry-soil; When the hole of the soil framework contains air and water, this kind of
soil belongs to three mutual department and calls wet-soil, and it was founded
above underground water level and below ground surface. Ay

Research shows that the various components proportion of three p]_m:?eg'
will affect the engineering properties of soil, which will be discussed as gw" fol-
lowing. ‘,o"



1.2.1 Solid Phase

1. Soil-forming mineral
The mineral components which form soil particles vary with the mineral compo-
nents of parent rock and weathering. Soil-forming minerals include two major
types:; one type is original mineral, which includes quartz, feldspar, isinglass,
homblende and pyroxene. The soils formed through physical weathering consist of
single or combined original minerals commonly. The particles present the charac-
teritics such as coarseness, roundness, piece form or plank form in size; and
weakly water-absorbing, stable property, without plasticity in property which are
similar with the parent rock. Another type is secondary mineral, which is formed
through chemical weathering of original mineral, and has the components different
from parent rock. Secondary mineral consists mainly of clay mineral, where ka-
olinite, illite. montmorillonite are familiar, The particles forming secondary min-
eral present very small in size and flaky and needle in shape, which result in the
characteristics of unstable property, strong water-absorbing( especially for the par-
ticles consisting of montmorillonites) , volume-expanding and plasticity .

2. Crystal structure of clay mineral

Clay mineral, the most one of the secondary rnineral and the main constituent part
of clay particle group, is made of aluminosilicate mineral which is produced main-
ly from the decomposing of various silicate minerals. Clay mineral is classified as
crystal and non-crystal by structure, whereas crystal component is most. Crystal
means that atoms and ions regularly arrange in space. Various geometrical array
forms call crystal structure, and the minimal cell of crystal structure calls crystal
cell. Clay mineral forms soil depending on the basic composing of silicon-oxgen
tetrahedral unit and aluminum ( magnesium )-oxyhydrogen ( oxygen ) octahedral
unit. The silicon-oxygen tetrahedron unit, comprising a central silicon fon with
four surrounding oxygen ions, shows in Fig.1-1a). The tetrahedron units combine
to form a silica sheet as shown in Fig.1-1b). Note that the three oxygen ions lo-
cated at the base of each tetrahedron are shared by the neighboring tetrahedra, The '~
aluminum ( magnesium )-oxyhydrogen octahedral unit, consisting of a almninu)rp‘.'
ion at the center and six oxygen ions at comer, shows in Fig.1-2a).The mgmbi'na—

.
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FIGURE 1-1  Basic unit and siructure of aluminium
tion of the aluminum octahedral units forms a gibbsite sheet, shown in Fig.1-2b).
Kaolinite is the outcome of feldspar erosion by the action of wind, and it consists
of a structure based on a single sheet of silica tetra hedron combined with a single
sheet of alumina octahedrons. Montmorillonite has a basic structure consisting of a
sheet of alumina octahedrons and combined with two sheets of silica tetrahedrons.,
and there is a very weak bond between the combined sheets, so the space between
the combined sheets is occupied by water molecules and (exchangeable) cations.
Considerable swelling of montmorillonite can occur due to additional water being
adsorbed between the combined sheets. Illite has the same basic structure as Mont-
morillonite, but there is a very strong bond between the combined sheets due to the

existing of kalium ion.

FIGURE 1-2  Basic unit and Siructure of magnesium

Clay mineral is composed of basic units mentioned above with different for-
mation. Sometimes Si ion or Al ion, which is located at the center of the unit,
can be replaced by other ions such as Fe, Mg etc, thus the physical and chemical
properties of particles will change, although their structural style is unchanged.
This phenomenon is called isomorphous replacement or homeotype replacement. '~/
3. The size and gradation of solid soil }n‘."
As mentioned above, the size of solid particles relates to the SOil-fOFIITIj]'I% miiner-
als, and the particle sizes reflect the property of soil at some degree. éﬁ.s'a natural



production, soil consists of countless particles which have different shapes, so it is
unnecessary and impossible to study the size of particles. An altemative method
used in engineering is classifying the particles which have the similar size and
property as grain group. The grain group which are used commonly in engineering
is boulder grain, cobble grain, sand grain, silt grain, clay grain, colloidal grain.

The definition for grain group varies with countries, even departments in a
country . Table 1-1 shows the definition in {Soils test regulation( 8L 237—1999)}
by The Ministry of Water Resources of the People's Republic of China.

Table 1-1  Classes of the grain group defined by The Ministry of Water Resourc-
es of the People’s Republic of China

Generic terms of |
{ Vi if il } i
soil particles Division of soil particles Range of particle size(mm)
| Floar stone( block stone ) group d > 200
Huge particle group - ————
Pebble ( macadam) group 2= d =60
Coarse gravel 0= d>20
Pebble particle ; -
Middle gravel W=d>5
(breccia) il
Fine gravel S=d>2
Gross particle group  ————— 1 —
Coarse sand 2=d=>0.5
Grains of sand| Middle sand 0.5=d>0.25
Fine sand 0.25=d>0.075
Silt 0.0752 4 >0.005
fine particle group _ L e
Clay d=0.005

The particle content of grain group in soil is defined as the ratio of mass of
total particles and that of dry soil in percent style. The particle size distribution is
described as the percentage by mass of particles within the different size range,

which represents the property of soil. A well grading soil can reach a high degree ““-JJ

of density after compacting, thus, which exhibits weak permeability, high streng}h‘.'
and low compressibility. Whereas, the poor grading soil has the opposite E;pﬁcr—

ues. <+
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