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SOIL MECHANICS ANp g
N

114 D%‘f
Group index=0.2a+ 0.005 ac + 0.01bd : h

wh P . f percentage passing 75 mircon sieve greater thap 353"'(-{1,'
ere a = that portion of p as a whole number (0 to 40) ‘ﬂd_“,h'

exceeding 75 expressed : RN

. ¥ jcron sieve greater th

b = that portion of percentage passing 75 m . (0 to 40 an |5 ang
a whole number (0 to 40) Tl

exceeding 55 expressed as i -
¢ = that portion of the numerical liquid limit greater than 40 and noy EXCepy:

: i

60 expressed as positive whole number (0 to 20) g

and d = that portion of the numerical plasticity index greater than 10 and o xceqg
30 expressed as a positive whole number (0 to 20). "y

TABLE 4.1. HRB-CLASSIFICATION OF SOILS AND SOIL-AGGREGATE MIXTURES

G . . . [
eneral Description Granular materials Silt cm\

(35% or less passing 75 micron IS sieve)  (more thay 354
PASSINg 75 microp I siey
;

Group Classification A-] A-3 A2 A4 | A5 A-§
Aol ~ y ——{ AJg
-a | A-1-b A2-4 | A2-5|A2-6 | A-2-7 F
—‘S

Sieve analysis,
percent passing
2.0 mim IS sieve 50
max-
425 micron sieve 30 50 51
max max min
75 micron sieve 15 25 10 35 35 35 35 36 36 36 | 3
max | max | max | max | max | max | max | min | min | mip i

D

Characteristics of

fraction passing

425 micron sieve
40 41 40 41 40 41 40 41

Liquid Limit
max | min | max | min | max | min | max | mn
Plasticity Index 6 max NP 10 10 11 11 10 | 10 11 11
' max max min max max max min | min |
Group Index Zero 4 max 8 12 16 20
: max | max | max | max
Usual type of Stone fragments| Fine | Silty or clayey gravel and | Silty soils | Clayey soils
significant constituent  [gravel and sand | sand - sand
materials : :
\ General rating as Excellent to good Fair to poor
subgrade
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5.9. CLAY MINERALS

There are two fundamental building blocks for the clay minetal structures... Qne
is a silica tetrahedral unit [Fig. 5.14 (a] in which four oxygen Orf hydroxyls having

the configuration of a tetrahedron enclose a silicon atom. The teHahe@ra are combined In
a sheet structure so the oxygens of the bases of all the tetrahedra are in a common plane,

Oxygens 8
Hydroxyls ©

Silicons g

FIG. 5.14. BASIC STRUCTURAL UNITS IN THE SILICASHEET (GRIM, 1959).
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The silica tetrahedral sheet
a layer, of oxygens and a

About 15 minerals are or-
dinarily classified as clay min-

erals, and these belong to four Alum;ﬂums
main groups ; kaolin, montmoril- Magnsf i
lonite, illite and palygorskite. Qut Iron

of these, the first three groups

are the most common, and will .

be described here. FIG. 5.15. BASIC STRUCTURAL UNITS IN THE

. . T OCTAH 59).
Kaolinite. Kaolinite is the EDRAL SHEET (GRIM, 1959)

most common mineral of the kaolin group. The kaolinite structural unit is made up of
gibbsite sheets (with aluminium atoms at their centres) joined to silica sheets through the
unbalanced -oxygen atoms at the apexes of the silicas, (i.e., the apexes of the silica layer
and one of the gibbsite form a combined layer). This structural unit is symbolised by

which is about 7 A (one angstrom, A=10"7 mm=10"" m) thick.

The Kaolinite mineral or crystal, is stacking of such 7 A thick sheets
symbolised as shown in Fig. 5.16 (@). The structure is like that of a book with each
leaf of the book 7A thick. Successive 7 A layers are held together with hydrogen bonds
(Fig. 5.16 b). A kaolinite crystal may be made up of often 100 or more such stackings.
The kaolinite particles occur in clay as platelets from 1000 A to 20,000 A wide by 100
A to 1000 A thick. Since the hydrogen' bond is

7 Ty, H - Bond
fairly strong, it is extremely difficult | // / é.st;::;ie// / 7
to se_pgrat.e the l'ayers, a'nd a;ng {:/_3:;1;. / / 's'ifiéé”//// // : //‘o H - Bond
kaolinite is relatively stable ‘ , /, Silica 4
is’ unable to penetrate between the Gmbsne vl |fH;BO11d
FIG. 5.16 (q) layers, Kaghm.te cons§quer1tl‘y shows // / Silica / / / /,
relatively little swell én wetting, The Gibbsite .
Platelets carry negative electromagnetic charges on H - Bond

their flat surface which attract thick layers of adsorbed FIG. 5.16 (b). STRUCTURE OF KAOLINITE.
‘water thereby producing plasticity when the kaolinite - . '
iIs mixed with water. China clay is almost pure kaolinite.

" Montmorillonite. This is the most common of all the clay minerals in expansive
clay soils. The mineral is made “up of sheet like units. The basic structure of each. unit
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iched between two
is made up of gibbsite sheet (i.e. the octahedral.sheet) sa:}lf}iﬁess of cach uat
lssmcv: sheets, and is symbolised as shown in F.lg' tlrl(ﬂ:heothelr two directions are
‘ : A and the dimensions 1n the . ,
or sheet) is about 10 A ar , ini iron, magnesium
Endet"mite. The gibbsite layer may include atoms of alummlulT;, tetrahedragma interch
or a combination of these. In addition, the silicon atoms O h / g fChange
witl; aluminium atoms. These structural changes are called amorphous changes and resujt

' i ich are in soil water (i.e., ‘N,*
in a net negative charge on the clay mineral. Cations which ( Nat,

cat*. K* etc.) are attracted to the negatively charged clay plates, and exist in a continuoyg
state of interchange.

The basic 10 A thick units are stacked one above the other like the leaves of ,
book and symbolised as shown in Fig. 5.17 (a). There is very weak bonding between
the successive sheets and water may enter between the sheets cau.smg. thg -mmerals 1o swell

g (Fig. 5.17 b). The spacing between the elemental silica-gibbsite-silica sheets depens

upon the amount of available water to occupy /////////W//////////////////// /

the space. For this reason, montmorillonite is
said to have an expanding lattice. Each thin

5.17 (a). platelet has a power to attract to ea(':h flat _ > n H,O <
_ surface a layer of adsorbed water.approxmately (Water Bond)

200 A thick, thus separating platelets a distance of 400 7

A under zero pressure. In the presence of abundance Silica

of water, the mineral can, in some cases, split up into ] “““l“““|||||||||||"||||

about an individual unit layers of 10 A thick. Soils containing

/), Silica //
montmorillonite minerals exhibit high shrinkage and swelling FIG. 5.17 (b) STRUCTURI-; ok
chgractersﬂms, depending upon the nature of exchangeable MONTMORILI ONITE.
cations -present.

Illite. The structure of

illite is similar to that of montmorillonite except that there
is always substantial (20%

+ ) replacement of silicons by aluminium in the tetrahedral layers
and potassiums are between the layers serving to balance the charge resulting from the

a). The cation bond of illite is weake
of kaolinite, but is stronger than the water bond of mont-
morilllonite. Due to this, the illite crystal (Fig. 5.18 b)
has a greater tendency to spl

it into ultimate pl isti 4 ollcn,
of gibbsite layer between two silica la;)e?:ﬂittfaio?;l:tm;i l}m”I“H””‘HG/Ibbsne”l“”““
kaolinite. However, illite structure Sl
does not swell because of move- >y Kk <
E:‘?T;’;“”E‘“geﬂh'emept of water between the sheets, Water Band)
xrargla ’ it ﬂ:fﬂ;ﬂs;ac:; montmorilnit, II/{{{{I{ “““
lons . ] may be Gibbsite
LN i\ tso 200 A thick and 1000 A 2 Sica
FIG. 5.18 (a) 0 5000 A in lateral dimensions.

FIG. 5.18(6). STRUCTURE OF ILLITE.
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