Soil Structure and Clay Minerals

4.1  Introduction

The coarse grained soils generally conlain lne minerals
and eleclrically inort. The behaviour of such soils does nol de
other hand, behaviour of fine gréined soils depends

quarz and leldspar. These minerals are sirong
pend upon the nature of mineral present; on tha

on large extent on the nalure and minerals presen!. The mosi
signilicant properties of clay depends upon the type of minerals. The crystalline mineral whose surlace aclivily is

high are clay minerals. These clay minerals impart cohesion and plaslicily.

So the study of ¢lay minerals is
essential lor understanding (he behaviour of clayey solids.

4.2 Clay Minerals

The clay minerals are hydrous aluminium silicale with othgr metallic ions in a sheot like struclure. Thelr

parlicles are very small in size, very fiaky in shape and thus have considerable surface area. These clay minerals
are evolved mainly from the chemical weathering of certain rock minarals.

4.3 Structure of Clay Minerals

Clay minerals are composed of (vo basic slruciurat units.

() Tewahedralunit {iy Octahedral unit

(i) Tetrahedrai Unli: The tetrahedrat unit comprises of a canyral silicon

atomn surrounded by four oxygen aloms positionod at he vertices of

the ictrahedron. ® siicon
. , . O oxygen
The tetrahedral units are combined with each other such that each

oxygen atom at the base ol welrahedron lies in same plang and Js

being shared between lwo tetrahadron units. This combination of Fig.4.1 Singletetrahadral unit
letrahedral unils is called silica sheai,
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Fig.4.2 Symbalicrepresemation of silica shert

i he base is cammon to two adjacent units" The
e 3?DVZ‘S;‘IZ‘;E:QSEZ":'E:V‘Z::QL lr:‘:gzgg Zl;;?;easlali the base per letrahedral unit. This, alongwith the
f:ztnl'\njgalive charges al the apex, r}if:kes 3 lotal
of liva negalive charges to four pasitive charges
of siticonion. Thus, there is & net charge ol -1 per
unil.

{iiy Octahsdrat unli: The oclai?eldral unil comlprises
a central ion of either aluminium, Magnesium or
iron surrounded by §ix hydroxyl fons.

The oclahedral sheel is a combination of oc.lahedral
units. If the atom at the centre is Ai!.lm'mmm‘ the
resulting shaet is callod Bibbshe sheel. If
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i iscalled
magnesiumis the ceniral élom. the sheel is ca " stz
the Brucite sheet. !t iron is the central alom, the
cheol is called Ferrile sheel. oo
Each hydroxylion in Gibbsile sheel is being shared e

i harge
3 ociahedral unils. Therefore, netc ‘
ben:eeslnover Gibbsite is -1 Fig.4.4 Diffused double layer
pre .
itution . )
tsomorphous Substit R
a4 [Lis possible (hat ona atom in a basic unil may be replaced by anplhetr) at.or?é;hr:aprlead e
. bstitution. For example. one silicon ion in 3 letrahadral unit substilu y
isomorphous su . g . _ . s
ln:a:’gaﬁ\li:’e chargeonthe particte which aflect the physical properiies of miner

4.5 Types of Clay Minerals

C!ayéy soils are made ol three basic minerals

Gi
() Kaolinite minerat :
(i) Monimorillonile mineral - =
(iii} Wie mineral § - Borsd
(i} kaolinile Minarals: Kaolinile minerals ars made ofan.alum:mum sheexl 1:1 taitieo
{gibbsile sheel, Gi) combined vith a silica sheet (Si). The SHUClU:Ie l -
unils join logether by hydrogen tond, which devel?ps be{wTeeSn',:ce EX T —
oxygen of Silica sheet and the hydroxyls of ﬁ‘\lumln.a shge . |bl :
hydrogen bond is sirongest bond, Kaalimte mineral is qunre sla e
i isti inite mineral do not show mugh change in
Thus soils consisting kaolinite miner .
volume due to moisture variation. The most common examplle : ~ —
kaolinile mincral is china ctay. The surface area ol the Kaalnile ! ycdrogor Bosnd:

parlicles per unit mass is abaut 15 m2g. The surlace area per unit 72h “
mass is delined as specilic surface. | 1 n
" (i)} Montmorltionite Minerals: Monimorifionile mineral is 2 three layer t

sheot mineral. Basic three layer sheel unils are b?')rmc‘:d by keepgg g5 CooliiteMiren
ane silica sheet (Si) on he lop and botlom of gibbsite sheet (Gi).



Isomorphous substilution of
magnesium or iron for lhe
aluminium in the gibbsite sheetis
common, it attracts waler lo form
a water layer belween two
connecling basic units. The
bonding between basic units is by
waler Torces and exchangeable '
ionlinkage. The bonding of thesc T
sheets is very weak, and walsr
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may enter between theunils, Thus”  eonploto
mineral has signilicant affinity for - 2epwoten | &1
waler, and resulis in axpansion Si

and swelling. Banlonile and Black
cotlon sails contains mont-
rorilfonile mineral infarge proportion.

Specilic surface of monlmarillionite |s

about 200-800 m%/g. & |

{iiiy HliteMinerals . K
flite is also a three-tayer sheet mineral, it consisls of basic
three layor sheal unit similar lo montmorilloniie. There is also a “

subslantiai amounl of isomorphous substitulion =f silicon by
alummium in silica sheet. Consequently, the mineral has a larger n Non-axeharigoable

Fig. 4.6 Montmadlionite mineral

neganve charge Ihan that in montmorillonile. The basic units are T { K ; ] lum (K} bond
hontded by non-exchangeable potassium {K*) ions, which Is Si :
stranger than the bond in montmorillonile. Thus illiie swells fess 1ok
than montmatilionite. However swelling is more than in kaolinite. L

The specilic surtace is 50- 100 mfg. -

Flg.4.7 e mineral
4.6 Clay Water Relationship 9-4.7 e minera

Clay soils are narmally associated with waler and their properlies are greallyinfluenced by the presence
of water. Whereas, there is no impac! of structural vater on granular soils except for reduclion in void due lo
submergence. The surface of clay particles carry negative charges. The adges of a clay pasticle may have a
positive of a negative charge. Because of nel negalive surface charges, Ihe clay partictes rape! each olher, bul
edge lo surface allraction may oceur. Generally clay parlicles attracl cations (positive ions).
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Fig.4.8 Clayparticle Fig.4.9 Waterinolecule

The water immediately surrounding a clay mineral is a dipolar
molecule (hus realed as a bar magnet. Further to balance the negalive
cllmrge near ihe surlace layer ol clay matecule. cations from waler

ngd diffuso
ayer Layes

malecule are atracled, This atlraclion decreases with distance from § [2)
1he surface. Hence there is no altraction on pora wafer. N b ©
The disiance trom tha surface of the particta 1o Lhe limit of 3 g <]
atiraclionis tesrned as Difluse double layer. The walter canlained beteeen % % [2)
(he diffuse layer and adjacent lo the surface of clay is lermed as Rigid % é €]
z 0
fayer.
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‘NOTE - e suriace of clay particlescany a ne-g_atiw.a.gha;ge. L
=—= - Thisresulls [rom any ong of the ‘combination of the
following (actors:
.f) isomorphous substilution
(i)’ sudace dissaciation of OH™
{ily ‘absence of ¢alion in the crystal lallice
{tv) adsorption ot anion
{v) presence of organic malter

Inlensity of
sftraction

Dslonce —

Fig.4.10 Diffuse Qouble Layer

4,7 Clay Particle Interaction |
Theclay particle interact through the adsorbed vaaler layers, Therefore, [actors such as he natura of |or}s
present, their corcentealion and size and other enviconmental condilions influence tha soi structure found in

natural clay deposils.

The clay particles in aqueous environimant may mutually atiracl of repulse. Hthe lolal. po!e.nﬁal energy
beiween the particle decreases as they approach each other, (hese is atraction between themin whnc.h (.:ase lh‘.z
paricle ‘Fiocculate’. If the approaching parliclesincrease he energy of the system, they move apart o Disperse’.

Panicles generally flocculate assentially in lhe edge o face contiguration.

Dispersion o paslicles will bg moslly in the tace fo faca configuration.

The tencency te flocculale increase wilh increases of one or more of (he iollowing:

{i) Concentralionofthe electrolyte (i) Valency of lhe ion

(ity Temperature

Tendency 1o Flacculate increase with decreases of ane or maie of the following:
(i) Oieteclric constant of the medium (iiy Size of Ihe ion
(i) ptd (v} Anion adsorption
- The dispersed clay with basic face (o lace arrangement of plalelets has a lower void ratio than thee
flocculated clay, which has an appreciably large proporlion of voids.

4.8 Soil Structure -
Soif siruclure is a more generalized termn, applicable o all lypes of scil. Thisincludes:

{i) Patlicle gradation
(i) Compaclness



(iii} Inlerparticle forces and bonding agenis
{iv} Geometric and skeletal arrangemen of particles

There are various lactors that atfect the slruciure of coarse grained soils:
(i} Parlicte sizo distribulion
(i) Gravily

There are various laclors that aflecl the struciure of clay soils:
(i} Type of clay mingral
(i) Surfacelorces

4.9 Types of Soil Structures

49.1 Single Grained Structure

In granular soils, Ihe ratio of volume o the surface area is large, so thal mass
derived (i.e. gravily) torces ar¢ daminanl and surface-derived elactric lorces are
negligible, These are found in soils having size greater than 0.02mm. Single-grained
slruclures are formed when the soil grains selile out independenlly due Lo gravily
lorce. Examplas - gravel and coarse sand

492 Haneycomb Structures

This lype of struclures are found in sail having size betwsan
0.02 mm 1o 0.002 mim, Gravity and sudace elecific (adhesive) forces,
dolh are responsible for their formation. Thase slruclures enclose farge
volurna of vaids. Whan slructure is unbroken, these soils hava ability o
bear large loads, bui once the sbuciure is oroken, load carrying capacily
is losl and show large deformaltion. Examples - fine sand and sills.

493 Flocculated and Dispersed Structures

These are found in the sails having size less than 0.002 mm.
The structure of a fine-grained cahesive soil can be described ully wilh
the understanding clinter particle forces and the gcometrical arangement
ol parlicles.

Fig.4.71(b)

NG
Flg.4.11{a] Single
grained strugture

Honey comb structure

The tine particles are of {laky or plale like shaped. They have farga surface arca and theralore surface
electric force become dominant. The clay particles have a negalive charge on the surface and posilive charge on
edges. Particles joined edge-lo-edge or edge-lo-surlace results in a flocculated siruclure. This soils structure

have high volume of voids.
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Fig.4.12 (a)Edge-to-edge (b)Edge-to-surface (c] Flocculated structure {d} Dispersed suuctures

Dispersed slruclures develops in CIAYS IEL MEVS UELH LB UIGL: <x o
y nalure or man, convarls ils edgu-to-edge or edge-to-sutface orient

crientatian, {his resulls in a dispersed siructure.

remoulded B

294 Structureofa Composite Seil ‘ .
Composite soils are mixlure of coarse grain and {ine s0ils.
(&) Coarse Grained Skeleton: Coarse grained skele\og
is @ composile stucure which is lormed when soil
contain bolh coarse grain and fine grain pariicles.
Coarse grain particles forma liame wotk or ske1ei?r‘|.
The space between these skelelan is filled by fine
grain particles called binders. These types of soils

alion inlo sulace-o-surlace

Fig.4-13 Coarsegrainskeleton

are less compressible.

{b} Clay-matrix Structure: Clay- clufe
comtain both fing grain and coarse grain soifs. Ho
very large as compared lo coarse partictes. The ¢

matrix slructue is also a composite struclure whichis YO@ed wh.en sc_nl
wever, in 1his case the amount of fine particles s
lay fonns a matrix in which coarse grain appear

floating without louching each olher. Such soils are relatively more compressible.

Summary

@

j i T
Interpariicle forges acting betwean parlicles depends upon Lhe' surface area. its characte

and environment.

In the lormation of coasse soils gravity
¢harge are dominant in lormation of clays. )

Clay minerals are made of Silica and Gibbsite sheets,

The hreg impertant clay mingrals ere

() Kaclinitemineral

{iy Monimerillonite minezal

(i) 1tile mingral '

Flocculaled and dispersed sliuciute are the two basic slructures o} clay.
Sing!e grain ang honey comb structuré are the twa struciure of sand.

forces are dominant where as surface eleclic=

- Objective Brain Teasers -

Q.4 The descriplion ol “sangysilty clay’ signiligs that
{a) 1he soil confains unequal proportions ofllhe
thrize conslituents, in the order sand » silt >

slay

{b) the soil coniains equal proportions of sand,

Q.2 The carrect sequence of plasticily of minera®s in
soitin anincreasing orderis
{a) silica, kaolinila, iflite, montmoriflonite
{b) kaofinite, sifica, illive, montmorillonile
{c) sifica, kaohinile, monimorillonite, ite
{0} kaolinite, silica, monmmaritionite, illile

silt and clay .
(c} the soil contains unequal proparions ol sand, 05 Among the clay minerais, e one haviags the
sill and clay

(d) the soil comiains unequal propariions of the
\hree consfituents such that clay > sitt >

sand

maximum swelling lendency is
(3) Kaclinile (b} lliite .
{c) Monimarillonite {d) Halloysite



Q.4 Among the following types of water, which one
is chernieaily combined in the crystal stucture
of the 50l mineral and can be removed only by
breaking the crystal structure?

(a) Caplltary vater

{b} Adsorbed water
{c) Hygroscopicwater
{d) Strucluralwater

Q.5 Honey-combed structure is found in
(a) Gravels
{oy Coarse sands
(c) Fine sands and silts
{d} Clay

Q.8 Wnich one of the Icliowing s the most aclive
clay material?
(a) Na-iliite
{t} Na-kaofinite
{c) Na-monimorilionite
{d} Ca-montmorlionite

Q.7 The plasticity characterislics of clay are due to
{a) Adsorbedwater
(b) Freswaler
{e) Capiltary water
{d} None of the above
Answers .
1. (d) 3. (o)

8. {c)

2, (a)
7. (a}

4.(d) 5. ()

Hintsand Explanations:

2. {a)
Silica has Ieast plasticily while Montmorsiflonile
has highest plasticity.

3. {c}
Montmorillonile has highest swelling
characterislics and kaolinite has lowest swelling
characteristics




