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/ OC < 5%, Inorganlc SO

Organic /0

OC 6 20%

Soil ﬁ
Deposit

Organlc silt or Organlc cIay

L

Soil Deposit

OC 21 74%

|S|Ity or Clayey Organlc 50|I

2
”— ‘
- — \\

OC > 75%; Peat soil;

Inorganic or

- High natural moisture

Mineral Soil

l/,

content (up to 1500%).

Deposit

- High compressibility .
- Low strength in natural
conditions.
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Yellowish or Reddish

Fine grained

Lateritic

: More than 90%
Coarse Grained

Laterite

ing

Black, Swelli

Montmorillonite
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Properties

\\ Black Cotton

Residual Soil
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Alluvial Soil
e Deposited in running water; River Bed Soil

e Sorted material

Lacustrine Soil
e Deposited in quiet water; Lake deposit
e \erved secondary structure; Verved clay

A B

e Thin alternate layers of coarse and fine soils

Marine Soil
e Deposited in saline water

e Fine grained

Marl
e Calcium carbonate or Lime rich soil
e Also known as Mudstone ot Marlstone
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MZA

Glacial Till
e Heterogeneous combination of

ugns?trgtiﬁegdgsegdigm?er)tsf

Boulder Clay
e Composed of clay, boulders of

J

intermediate size, or both

b

Moraine

J

the recession of the glacier

e Land form or topographic surface after
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Deposits of large size particles (boulders)

Form of long winding ridges

Erratics

Eskers
Asymmetrical, canoe shaped hills with

J aerodynamic profiles
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Aeolian soil

Wind Transported Soil Deposits

Common name of wind transported soil is
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MZA

Dunes
Formed due to accumulation of sand|

particles carried and deposited by wind |

S m—

Loess
Wind blown finer particles (silt)
deposited with some clay and cementing

materials. Also known as Collapsible Soil

Tuff
Wind blown volcanic ashes

5
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: Colluvial Soil or Talus

Common Name
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Grain Size (mm)

N 1000 100 10 1.0 01 001 0.001
i ""' Ll L Al . "l“ L NP ) L v ""' r L4 . l"" o P T R g ""' v ¥ ¥ . ‘l‘"' LA L4 Ll ]I"" 2 3 { | ‘
ASTM  Boulders | Cobbles Gravel Sand Silt Clay Colloids
Fmrsel Medium Fine
300 75 475 2.0 0.425 0.075 0.005 0.001 B
(#4) (#10) (# 40) (# 200)
Sand " "
AASHTO Boulders Gravel Silt Clay Colloids
Coarse Fine
75 2.0 0.425 0.075 0.005 0.001
Gravel Sand
USCS Boulders |Cobbles Fines (Silt, Clay)
Coarse Fine Coarsel Medium Fine
300 75 19 475 2.0 0.425 0.075
Gravel Sand Silt
B3l & Boulders obble Clay
MIT Coarse | Medium | Fine Coarse |Medium/| Fine Coarse | Medium| Fine
200 60 20 6 2.0 0.60 0.20 0.06 0.02 0.006 0.002

Gravel Sand
BNBC Boulders | Cobbles

Coarse Fine Coars{ Medium

300 75 19 95 475 2.0 0.425 0.075
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In the field coarse grained soils are identifiable by
naked eye. Fine grained soils usually form lumps

because of their
these lumps may also include some fine sands

Field identification tests are meant to perform
clay and fine sand) as they are not discernable by




MZA oA IAE ATIC 2 c 0
colour |
Highly organic soils havedark brown to black|
! colour. Inorganic soil is usually grey colour. i
Odour
Bad smell or odour of organic soil.
f ) Appearance
Coarse grained soil particles are large enough to be
{ J visible to the naked eye. .
f 1 Feel
May be tested for feel by placing it in between the
\ ) teeth. Gritty feelings for sandy soil.
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Sands settle in 30-60 sec., materials of silt size

Dilatancy or Shaking
) settle

The react

The reaction of this test may be described as

J very low, low, medium, high and very high.
The conditions may be described as weak and

J) friable, medium and tough.

) Dry Strength
) Plasticity or Toughness

) D

~
J




’—HT Field Identification Tests of Soil

ypical Reactions from Field Identification Tests
Soil Type | Dry Strength | Dilatancy | Plasticity Dispersion
Sandy Silt None to very | Rapid Weak to |30 sec to 60 min
low friable
Silt Very low to | Rapid Weak to |15 min to 60 min
low friable
Clayey silt Low to Rapid to [Medium |15 min to severa
medium slow hours
Sandy clay |Lowto high |Slowto |Medium |30 sec to several
none hours
Silty clay Mediumto |Slowto |Medium |15 min to severa
high none hours
Clay High to very |None Tough Several hours to days
high
Organicsilt |Low to Slow Weak to |15 min to severa
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MZA

skeletal arrangement of the particles and inter-
particle forces that may act on them. Soil structure
includes gradation, arrangement of particles, void
ratio, bonding agents, and associated -electrical

‘'orces.

M,

N /.

Soil fabric is a term used\tc{describe the structure of
clays and denotes the geometric arrangement of the
mineral particles in a clay mass as observed by
optical and electron microscope.
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Soil Structure and Fabric

¥

e Single grain structure

e Honeycomb structure

e Flocculated structure

e Dispersed structure

e Packet or ped




Honeycomb




Packet (Ped)

(b) Card—house flocculated structure

(a) Dispersed structure
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Fabric of Soil

arrangement of the particles
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The term fabric is used to define the
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particle arrangements that require an

Macro fabric refers to features such as

stratification, fissures and voids that can
J be observed by naked eye.

The term micro fabric refers to those
_ optical microscope for their study

N Micro-fabric
N Macro-fabric

I




Particle Shape of Soi
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classified into three major categories.

The shape of soil particles can generally be

=




’—HT Particle Shapes of: Soil

________________ S/ =Bl=J|k=y= T

Bulky particles are mostly formed by mechanical
weathering. The shapes of the particles are
angular subangular subrounded and rounded

.................................. — P —
.................................. I Flaky Zgreegtl(; Zﬁe?nr&zgs;;eeff]; E?lvpﬂgfeely the shape Of an i\
""""""""""""""""" Flaky particles have very low sphericity, usually
""""""""""""""""" 0.01 or less. These particles are predominantly

L clay minerals. ]

4 Needle Shape “
Needle shaped particles are much less common.
Coral deposits and attapulgate clays are the
examples.



sphericity: a measure of how closely the shape of an object resembles a perfect sphere
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Bulky Shape of Soil

ity of a bulky particle, A is defined as

Average radius of corners and edges

Radius of the max

Part

The angular

I
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Bulky Shape of Soi

The roundness or shericity of a particle is defined as

the ratio of minimum radius of the particle edges to

the inscribed radius

e

D

4

P

L
Equivalent diameter of the particle, D, =:

T

icle

volume of the particle
length of the part

L,
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Roundness Very

High Sphericity

0.17

0.25

The degree of roundness and sphericity for grains in sediment or a
sedimentary rock are usually determined by comparing grain shapes to
published charts that are based on statistical studies. The degree of
rounding and sphericity both tend to increase with transport distance and
with time. They are also impacted by grain composition.
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some basic tests of soil materials. These tests are
known as the classification tests. The numerical
results of these tests are often termed as index

I,

LA 4 i A 4

N 2
N

Two most common classification tests are:

e Grain size analysis for coarse grained soil

e Consistency tests for fine grained soil |~
_
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Hydrometer (Wet) Analysis:

Fin Graine Soil

rrections of Hydrometer Reading
The ASTM 152-H type of hydrometeriscalibrated up to
a reading of 60 at a temperature of 20°C for soil
.................................. particles having a Gb = 2.65. A hydrometer reading of,
say, 30 at a given time of a test means that there are 30
g of sail solids (G, = 2.65) in suspension per 1000 cc of
t t
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’—HT Hydrometer (Wet) Analysis:

Fine.Grained . Soil

The results of mechanical analysis (sieve and
nydrometer analysis) are generally presented by semi
ogarithmic plots known as Particle-size Distribution

Curve. Grain Size Distribution Curve 1. Effective Grain Size
100
, 14 .
a0 _ _-_._...P"‘l# DlO (ln mm)
80 v
70 // 2. Uniformity
e 60 f——m / Coefficignt
L, / e
I u
8 0 5 D1
%30 - - f/ i 3. Coefficient of
| : | Gradation/
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Hydrometer (Wet) Analysis:
FinexGrainedsSoil
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(a) Uniform Size Particles; Uniform Graded

0 Qoo

(b) Non-uniform Size Particles; Well Graded
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(c) Missing Particles; Gap Gra¢




MZA

|

| Consistency Test: bepending on {/vatér cohtent, =

could have 4 states or conditions & 3 limiting values or

................ . Ilmlts )
................... Liquid \ |'fPIastic State: Can a Semi-Solid State: 1 olld.
____________________ B e e iR e Can be remolded | CState.
Flows on any shape without to any shapeonly || art;enot
its own development of with development || remolded
. weight %?&cr:acks _ of cracks | \_(breaks)
r 4 B A
Liquid Plastic Shrinkage
Limit Limit Limit
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’—HT Hydrometer (Wet) Analysis:

Water
A
L Liquid (tooth

Liquid paste)
TR R
limit Plastic (soft

Plastic caramel
s o Wp-r e m e e e e e
limit | mi-solid (hard

chocolate)
Shrinkage g <

limit | g0jig




MZA

Definitions of Limits

gains a certain small shearing strength.

Liquid Limit

The liquid limit (w, or LL), is the water content at the

transition of liquid state to plastic state, whereby it

Y,

Plastic Limit

The plastic limit (wp or PL) is the minimum moisture

content at which the soil can be deformed plastically.

P

EShErinikaige i.irﬁit

The shrinkage limit (wg or SL) is the smallest water

content below which a soil sample will not reduce its
volume.
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Determination of Liquid L

Two Methods

Cone Penetration
Method

Cassagrande’s Cup
Method

UV
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Preparation of Test Sample

ionth, +a b hralcan

1

£f
QUIII\.;ICIILIY CU NGO NITUINUCITI

up by a mortar and pestle. It is then sieved using a
425 pum (No. 40) sieve and materials passing are

taken for the |

LN Alr C1i

firct Arind
Aot Oricd

1
19

Thao cnil

all

r1rrC oVril

is mixed

t tests. The soil sample

Imi

thoroughly with water into a smooth thick paste,

and stored in an air tight container for 24 hours to
allow the water to mix thoroughly with all the soil

grains
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Cassagrande (1932) developed a standard device for

the determination of liquid |

t suggesting that at

Imi

the water content of liquid limit a clay soil has a

small shearing strength of approximately 2.5 kPa.
The device consists of a metal cup seated onto a

hard rubber base and fixed to a crank shaft
arrangement with a handle, so that the cup can be

alternately raised and dropped.
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Determination o liguic

Method

Lambe (1951) suggested that flow curves plotted on a
double log scale should give parallel straight lines
represented by the following general equation:

n e
wi=w(3;)
Where, w = moisture content in percent at n blows.
The value of exponent e is suggested as 0.10 by Kapre
and Kulkarni (1972). This is commonly known as the
one point method of determining the liquid limit by

Cassagrande’s apparatus.
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MZA JeTE 5 c c c e
____________________________________ Nagaraj and Jayadeva (1981) also proposed for cone
penetration method an expression for determining
liquid limit as
Wy = —
L 0.65+0.0175D
Where, w is the moisture content corresponding to
penetration D (ranging in between 16 to 26 mm)
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MZA

~ Q@ The soil is again reformed into a ba:l'l ; the action of

Qs then re-rolled on the glass shnefet until the thread
sta rtsto crumblehju'st ________ as th ed|ameter Ec_r:xcih_e._d _____________________
________________________________________________ approx1mate|y3mm At this st g E thethread
frégmenis are taken into an air tight container.

@ The process is repe'ated for the other three sub-
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’—E Determination of Shrinkage Limit: -

Volume Shrinked

w, D " N % _ /
Solid W
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Shrinkage Limit,w; or SL

_ Weight of water at shrinkage limit

Weight of soil solid
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@ Both the liquid and plastic limits depend on the
type and amount of clay in a soil. However, the
plasticity index depends mainly on the amount of
clay. Thus, the plasticity index of a soil is a measure
of the amount of clay in sail.

@ As the particle size decreases, both the liquid and
plastic limits increase, but the liquid limit increases

t a greater rate. Therefore, the plasticity -index
increases at a rapid
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'@ Shrinkage index is directly proportional to % of

ay-size fraction present in soil. It can be used as
nindicator of amount of clay.

@ The flow index-is the rate at which a soil mass
looses Its shear strength with an increase in water
content

@ The toughness index is a measure of the shearing

L i o N | b | aoal g | Q l: ‘L L.° | |
strength ot the soil at the plastic limit. A high value
of toughness index indicates a high percentage of
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1<G,<3, C 24 @
—_—
Fp00<5%

T @ )%sand 215%, name GW or GP with sand
R —
Other C; & C @
G S%<Fg<12% GW-GM, GP-GM, Y\ Por W is based on GW or GP criteria. M or C
& GW-GC, GP-GC is based on plasticity chart for F , material.
A
% Fypp>12% GMor GC) € or M is based on plasticity chart .for F,  material
o7 or name GM-GC for CL-ML zone in the chart.
1<G <3, C 26
2 2 i @ % gravel 215%, name SW or SP with gravel.
(s} = —_
V§ > Other G, & C))
-
B e 5%<F,00<12% SW-SM, SP-SM. Por W is based on SW or SP criteria. M or C
Faio s SW-SC, SP-SC is based on plasticity chart for Fio material.
F 12%
§ L »( SM or SCY) C or M is based on plasticity chart for Fio material
& R or name SM-SC for CL-ML zone in the chart.
=3 x4 I
R | £ »( MH or ML
| =
%= —
|3
w
| = | »( CHor CL
a3
b

@ O for LL(oven dried)/LL(natural) <0.75, or non-O for LL({oven dried)/LL(natural) 20.75

Pt is identified by color, odor, spongy feel, and frequently by fibrous texture.
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Flow Chart For USCS
Copyright 1998, Alan Scott

Gravels
motre than 50% of coarse
fraction retained onn Mo, 4

sieve
Coarse- Graine d Soils
more thaty 30% retaitied on
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Sand=

50% or more of coarse
fraction passes Mo, 4 sieve

SRADATIOMN CURVE
AMD
LATTERBERSG LIMITS
oM FRACTION PASSIMNG

Clean Gravels

less than 5% fines

Between 5% and
12% fines

Gravels with Fines
more than 12% fines

Clean Sands

less than 5% fines
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12% fines

Sands with Fines

more than 129 fines
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[cU Z4:041 Eop 53
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A MO, A0 SEIVE

5ilt and Clays
ligid limit le ss than 50

Fine- Grained Soils
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Mo, 200 sieve

liguid limnit 50 or more

Inorganic
(examine color
atid odof)

Organic
(examitie color

atid odof)
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[exatnine color
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Organic
(exammitie color
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General Classification

Silt-Clay Materials

(More than 35% of total sample
passing No. 200 [0.075 mm])

“ ............................
Group Classification ———— 5 A3 —————— 71— 71— A4 | A5 | A-6 [

Granular Materials
(35% or less of total sample passing No. 200 [0.075 mm])

0,
No. 10 (2.00 mm) A% — — — — — — | == - — —
max.
0 0, 0,
No. 40 (0.425 mm) 30% 50% 51/’ — — — — — — — — —
max. max. min.
0, 0, 0, 0, 0, 0, 0 0, 0 0,
No. 200 (0.075 mm) 15% 25% 10% 35% 35% 35% 35% 36'/0 36/0 3§A: 36% min. | 36% min.
max. max. max. max. max. max. max. | min. | min. | min.
Liquid Limit — — — 40 max. | 41 min. | 40 max. | 41 min. iy 4.1 U 41 min. | 41 min.
max. mln. max. ............................
Plasticity Index 6 max. | 6 max. NP 10 max. 19 11 min. | 11 min. " 9 ].] 11 min. 1T min. g
max. max. | max. | min.
Usual Types of Significant | Stone fragments, | Fine 5 . . .
Constitnant Matoriale qravel. andsand, | ‘sand Silty or clayey gravel and sand Silty soils Clayey soils
General Subgrade Rating Excellent to Good Fair to Poor

aForA-7-5,Pl< LL-30

® For A-7-6, Pl > LL - 30

Source: Table 1 of M 145-91 (2017) in Standard Specifications for Transportation Materials and Methods of Sampling and Testing, by the American Association of State Highway and
Transportation Officials, Washington, DC, used with explicit permission
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’—TAASHTO Soil Classification System

The group index is usually expressed as a whole number
in parenthesis along with the soil group. The negative
value is considered as zero. When working with A-2-6
and A-2-7 subgroups the Partial Group Index (PGI) if
determined from the term containing plasticity index, I,
only.
Group Index, PGI = 0.01(F — 15)(Ip — 10)

As a general guide, the higher is the value of group
index less suitable is the soil for subgrade material.
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