Soil Formation

1.1 Definition of Soil

Generally, the tarm 'soif’, is used lor upper layer of the earth surface which can support plants.

For engineering purposes. soil is deflined as the uncemented aggregale of mineral grains and clecayed
organic maller (solid particles) with liquid and gas in the empty spaces between Ihe solid pariicles,

Soifis an unconsolidated maierial that has resulled from the disintegration of rocks by various weathering
agencies like waler, air etc. The sail may contain inorganic or arganic maller and can be repsesented ass a lhiee
phase syslem comaining solids, water and aic. Soil is used as a consiruclion malerial in various ¢ivil eng neering
projecls and & supports slruciural foundations.

1.2 Definition of Soil Mechanics

Soil mechanics is the branch of stignce Lhal deals wilh the sludy of physical proparties of soif and the
behaviour of soil masses subjecled to varicus lypes of forces.

The term ‘Soil Mechenics' was given by the Or. Karl Terzaghy in 1925. whois also known as Fath&r of Soil
Mechanics. According (o Terzaghi, *Soil mechanics is the branch of civil engineering that concerns the apzplication
of the principtes of mechanics, hydiaulics and chermistry 1o engingering prablems refaled 1o the soil,*

1.3 Definition of Soil Engineering

Seil Engineering is the application of principles of soil mechanics o practical purposes. Ilis a broader
lorm including soil mechanics, geology, struclural engingering and soil dynamics which are essential Lo obtain
praclical solulion to problems related (o the soil. It includes sile invesligation, iab lesting, design, consslruction
and maintenance of loundations and earth retaining struclures.

1.4 Definition of Rock Mechanics

A natural aggregale of mineral parlicles bounded by strong and permanent cohesive lorce s called
‘rock’. Rock Mechanics is the seience dealing with Ihe application ot the principles of imechanics iguncderstand
the behaviour of rock masses.

1.5 Geotechnical Engineering

Geotechnical Engineering is the sub-discipline of civil engineering that nvalves natural maleriads found
closer fo he surface of the earfh. Itincludes the application of the principles of soil mechanics and rock mezchanics



to the design of foundations, relaining struckure an& parth structure. Geotechnical Engineering is a broader term
whichincludes salimechanics, rock mechanics, rock engineering. Geology and Soil Engineering.

1.6 Origin of Soil
’ Almiost all the solls are formed by he disinlegration of rocks either through physicat of chemical weathering.
It weathered sediments remain over parent rack, then sail is called '‘Residual soil and waathered sedirments
transported and geposited at some other ptace are called “Transporled soit'.
The process af sofl formation is called ‘Pegogenesis’.
The soit formation is cyclic which is called 'Geologicai cycte’.
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fig. 1. Geological cycle {suggested by Bowles, 1984)

These are the stages in ihe geological cycle of soil formation in transporied saik
(1) weathering {2) transportation :
(3) deposition ot wealhered matgriats (4) upheaval

[ Daposition

Fig. 1.2 Stages of Geologleal Cycle In case of transpotted soil

1.6.1 Weathering Stage
Rock disintegration, also called weathering, is one of the imponant gealogical process. Weathering may
be physical (mechanical) or chemical.

Pnyslcal Wealhering: In Physical wealhering, rock disintegrates into smaller fragments due Lo vanaus
agencies like running water, heavy wind, temperalure changes, rainfall, expansion due 1o fregzing ol water and
human activities, Generally, sand and gravel (allin the category.

The minera! canslituents remains same as al of parent rock, il soil is fermed a5 2 result of physical
weathering.

Chemical Weathering: Fragmented rock rnateials oblained by physical wealhgfing 5omelimes changes
their mineral composilion and new compounds are (ormed. This phienomencn s referred as ‘Chemical Wealhering .

Chermical weathering is caused mainty by avidalion, hydration, carbonalion. leaching vialer and organic

acids.
Generally, clays and (o some extent silis fall in thus category.

1.62 Transportation and Deposition

The fragmenled rock material obtained by wealheiing are transported by agents Ik running veates (i-e.
tivers), taving ice (i.e. glaciers) and blowing wind to nawtocalions. Theweathered fragmenied malesials transported
and deposiled at some ather place are called 'Transported soil'.

On the basis of transporting agency, soil may be classified as:

Water transported soil: These sedimentary deposits ace of three lypes

(i)  Alluvial deposil

(i)  Lacustiing deposit

(i) Marine deposit

() Alluvis! deposlt {Alternate Layer of Sand + Slit + Clay): Swift runring waier carry alarge quantily
of sai either in suspension or by rolling and sliding along the bottom of stream. When decrease in
waler velocily oceurs. hese sediments get deposited from suspension in running weater. This type of
soil 1s called "Altuvial soil’.

Sorme of the examplas of alluvial soil deposil are Alluvial cones, Natural levers and Della
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Flg. 1.3 Alluviat deposit

{ii) Lacustrine deposit: Soil cacried by avel, while entering a lake, dzposils all the coarse parlicles
because of a sudden decrease involocaty bul the fine graired parlicies maves to the centre al the
lake and setlles when he waler becomes still Alernate layers are lormzd wilh season, and such
lake deposits are called ‘Lacusirine deposil.

{ii} Marine Soil: These are sails that have bieen farmed by s2dmentdlon of soil particles inthe deef
spa watar. The maring deposils have very lowr shearing sirenglh and are Lighty comprossitte. They
contain a large amount of organic majter. The marine clays aro sofl and dighly plastic.



wind Transporied Soll; Like water, wind can erade, transport and deposit fine grain soils. The scils thal
have baen iransported and depasited by wind are called "Aeolian deposits’. Dunes are fomed due to accumulalion
of such wind deposiled sand. :

Loass: Loess is a sill deposit made by wing. These daposits have low densily, slight cementation, high
compressibilily and poor bearing capacity when wel. The cemenling is due to the presence of deposits of
calcium carbonalg, derived from decayed vegetable matter. When partially saluraled, logss undergoes reduction
in valume. This phenomenen, which occurs with increase in moislure content, withoul any charge in applied
swress is lormed as callapse compression, due lo collapse of soll struciure. Scils having susceplibility to collapse
are called coillapsible soils or metastable soils.

Glacial Deposils: Glaciers are large masses of ice formed by the compaction of snow. A glacier moves
extrernely slow but deferms and scour the surtace and the bedrock ovar which it passes. Meliing of a glacier
cause deposilion of all the materials and such a deposil is relared to as till. Drill is general term used for the
deposits made by glaciers direclly or indirectly. :

The parlicles found In glacial deposits are generally anqular, in conlrast fo the more rounded particles
associated wilh typical walerborne deposits. ' :
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Fig, 1.4 Ghacier Deposited Soil

Gravily Deposits; Gravity can transparl materials for short distence. Gravily deposils are termed as
colluvial oil of lalus. These soils are [ound in mountain valley and formed by grawty {orce. On sloppy mountain
due lo maisture vatiation sediments stan creeping down, Also due o swelling and shrinkage land slide may
oceur which may resull inlo deposils in the valley. These sol consists of iregutar particlos of varying size.

Swamp and Marsh Deposlis: Invsater slagnated areas where the wates 1able i luclualing and vegetationat
growal is possible. swamp and marsh deposils develop. These soils are solt, high in organic conlent and
unpleasant in odgur. Accumutation of pariially or Tully decomposed aguatic plants in swamps of marshes is
termed ‘muck oF peal. Muck soil is ighl in weight, highly compressible 5o this is ot suitable for construction
purpose.

1.7 Soil Deposits in India
Inclia has been divided into live major sail groups
. Alluwst deposits « Black collon sail
. Laierite soil » Desertsol
. batring Deposits
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Organic and Inorganic Soils
Soils can also be classilied as organic or inosganic soil.
4 Organic soil are formed by growth and subsequent decomposition of plani. For example pe=atand

MOSSES.

. In general, organic soil is that ransparted soil cbtained from rock weathering which co=niains
decomposed vegetable matles.

« ' Inorganic soils referred lo ordinary soil obtain from rock disintegration due to weathering.

Common Types of Soils

v Loess: These are wind blown unilormly graded fine soif, Loess is formed in arid and sermi-arid
. regions. ts colour is yellowish brown and deposils of this soil are lound in Rajasthan and North Geujaral.



Calicha: it is cemented soil rich in calcium carbonate consisting of gravel, sand and clays. These
are also wing blown in semi-arid climate and fater on cemented by the calcium carbionale lelt out
from he evaporation of capillary water.

Loam: Itis a mixture of sand, sill and cléy in definite proportion which in some cases may consist al
arganic matter. [

Cumulose: Peaty {organic) sails are also called cumulose soil or muck, These are lormed due lo
accurnulalion of organic content under waterlagged condition. Il is generally lound in the areas
having deficient sewerage facilities‘or found alier overliooding of the rivers.

Gumbo: These are highly sticky. plastic and dark coloured sall.

Mark These are fine grained calénim carbonated soil of marine arigin. These are lotmed due to
decompositien of cell mass and Bones of aquatic life,

Humus: Humus is a mixture of mud and dead plants. The tiny pieces of rock and humus joinl 1o
make varicus soils. .

Peal: 1t is nighly organic soil containing almost decomposed vegelable matler.

Gravel: Gravelis alypg of coarse-grain soit having particle size inthe range of 4.75 mm to 80 mm.
Sand: Theyara cohasionless aggregates of rounded, sub angulas or angular sediment inthe range
of 0.075 mm o 4.75 mm. i

Sht; !\ is a fine-grained soil, wit: particle siza between 0.002 mm and 0.075 mm.

Clay: i is an aggregale of mineral parlicies of microscopic and submicroscopic range. Clay may be
arganic or inorganic., .

Cobblas: Cobbles are larga size particles in the range of 80 mm (e 300 mm.
Boulders: Boulders are rock fragment of large size (more than 300 mm).
Tul: These are smai grained siightfy cementd volcanic ash that has been (ransported by wind or waler.
Bentonile; It is a clay formed by chemicat weathering of volcanic ash which have high content of
mentmariltonite. Pulverized slurry of bentenite is highly plastic and is often used as a lubricant i
drilling. '

Kaotin (China Clay): I is very pure form of while clay, whighis extensively used in ceramic induslry.
Hardpans: Hardpans are types of sails thal ofter greal resisiance to Ihe penelration of drifling toals
during soil exploratian. These are generally dense, well graded, cohesive aggregates of mineral
particies. . ;

Varved Clays: These are sedimentary doposits consisting of alternale Lhin layer of silt and clay.
These clays are ihe tesult of deposition in lakes during periods of allernate high and low waters.
Tilt: 1t is tormad by glaciers and iceberg and may cantain mixiure of gravel, sand, silt and clay.
These soils are well graded.

[

Summary

©

«  Sailis an unconsolidated maledial which consists of sediments datived fram rocks.

The sail formation process is cyclic, whichis called ‘Geological Cycle’.

s The process of soil formatien is called ‘Pedogenesis’.

»  fweathered sedimens rematn aver parent rock, then soil is catted ‘residual soil'-

« Weathered sediments cansizrred and cleposiled at other place are Palled ttansporied soil.

»  hajor soil deposils of India are afluvial deposits, black cotlon sail, laterite and lateritic soil,
desert soil and marine daposis.
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Objactive Brain Teasers .

Glaciers are formed by

{a) Compactionand recrystallization ol snow
{b) Continuous freczing ol water

{c) Asuddendrop in lemperature below 0°C
{d) None of above process

When the product of rock weathering are nol
Iransportad as sediment but remain in place,
then the soil is knawn as

(a) Alluvial soit {b) Glacialsoll

{c) Residualsol  (d) Acolian soll

identily the teue slalements from Ihe {oliowing

(2) Asoilranspoited by gravilational lorce is
callad tafus '

(b} Laleritic soil is a category of arganic soil

(€) Walar held lirmly 1o the clay parlicles has
the same properties as ordinary viater.

(d) A clay deposit which exibits no evidence
of fissuring is described as intacl.

Hentonite is a malerial oblained due to he

weathering o
{a) Lime stone
{c) Volcanic ash

(b) Quartzite
{8) Shales

Match List-lwith List-il and select the correcl
answeer using the codes given below the lists:

List-! List-i
A. Wind 1. Lacusline
8, Lake 2. lLoess
C. Gravily 3. Til
0. Glacior 4, Talus
Codes:

1 2 3 4

@ A C DB D
@ 8 A D C
©y ¢ .A C D
@ D B A C

Matelh List-1 (Type of soil)wilh List-It (Mode of
transportation ang depasition) and select the
correct answer using the codes given below
the lists:

Q.7

Q.8

Q9

Q.10

Ligt-1

Residual soil

Loess

Peat

Varved clays

List-It

1, Soittransporled by wind

Qrganic soil

3. Deposition in lake during periods ot
aliernate high and low waters

4. Soiileftin place alier weathering of parent

coo>»

N

fock
Codes:
A B C D
@ 1 2 K| 4
5, 2 3 4 1
) 4 1 2 3
@ 3 2 1 4

Which ol the lollowing lype of soil is
‘transporied by gravilational force?

(a) Loess (b} Talus

() Duift (¢} Dune Sand

Lacuslrine sail are soils

(8) transporicd by rivers and sireams
{b) \ransparied by glaciers

{c} deposilsin s=a beds

(d) deposited in lake beds

\hich ane of ihe fallowing soils is the Aeclian?
{a} Volcanic soil

() Residual soil

(c) Wealhered soil

{d) Transported soil

Assertion (A); Black collon soils are clay a nd

exhibit characleristic property of swzelling.

Reason {R): These clays contain

Montmarillonite which atracts exlernal water

ino s fallice stroclure.

Codes:

{a} Both Aand Rare rueand Ris the corr&ct
explanalion ol A



{b} Both A and R are tug bul Ris nat the  Hints and Explanations:

cosrect explanation of A
(¢} Aislrue but R is false Ans,7 (b)
{d} Ais lalse but Ris rue Soit carried and deposiled by river waler are
i alluvial soils. Deposils made in lakes are
Answers lacustrine deposits. Wind lransporied soils are
1. {a) 2 (¢) 3.(a 4 () 5 aeoline deposils. Drifts are made by glaciers.
6 (¢} T7.(9) 8. (@ 9.(d) 10.{a) Deposits directly made by melting of glaciers

are called lill, Talus are colluvial soil depasits,

transported by gravity.



