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 Unit Qutcomes (UOs) ..

(St

Unit -1 la Describe  the salient | 1.1 Intreduction of geology, different branches of geology, imponance of
Overview of features of given type of geology for civil engineering structure and composition of earth.
gmm and rocks.

geotechnical

engineering

Ib  Identify the given type of | 1.2

Introduction of petrology, definition of a rock, classification based on
rocks.

their genesis (mode of origin), formation, classification and
enginecering uses of igneous, sedimentary and metamorphic rocks.

lc  Suggest the type of soil | 1.3 IS definition of soil, Importance cf soil in Civil Engineering as

|

|

|
for the given situation. construction material in Civil Engineering Structures, as foundation ;
bed for structures. '

1d  Describe the applications | 1.4  Field application of geotechnical engineering for foundation design,
of Geo-technical pavement design, design of earth retaining structures, design of

Engincering  for  the earthen dam.

construction of the given

civil structore.

2a Use the relevant IS code | 2.1

Soil is a three phase system, water content, determination of water
for determining the given

content by oven drying method as per IS code, void ratio, porosity
physical properties  of and degree of saturation, density index, unit weight of soil mass -

Sotl with justification. bulk unit weight, dry unit weight, unit weight of solids, saturated unit ‘
weight, submerged unit weight, determination of bulk unit weight ,
and dry unit weight by core cutier method and sand replacement :
method as per IS code, specific gravity, determination of specific
gravity by pycnometer. :

2b Calculate  Atterberg’s | 2.2  Consistency of soil, stages of consistency, Anterberg’s limits of i
limits of Consistency for consistency viz. Liquid Limit, plastic limit and shninkage limit,

the given data. plasticity index, determination of liquid Limit, plastic limit and
shrinkage limit as per IS code.

2 TInterprete  Amerberg’s | 2.3 Particles size distribution, mechanical sieve analysis as per 1S i
Iimits of Consisteacy for codeparticle size distribution curve, effective diameter of soil, i
{ |
the given data. Uniformity coefficient and coefficient of curvature, well graded and ! |
uniformly graded soils, particle size. classification of sails, 1. :
classification of soil. ¢
!
2d  Classify the given soil f
sample as per IS i
provision l
2e Interpret the particle size ' si
distribution curve for the %
given data. %
H
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| tnit - 001 3 ldenufy e Prio VE o fsen of pemeability, Darcy's law of persnealionts. cimfiiciey
H - - i L i i
| ‘ P { gt P dst Bets gorsruge
e vhe nermesbtits | of pestreability, factors affecting peotipalnnty, U ITIRALAG o
porineability and affecting the j=1 " '_ ) e by comstann head and (ali
. of wint o v - ) . S ¥ 2
Shear Strength of of given type of © . cocffic f pesmeability by comsiiin e > Jalimg bey
| Soil sample permeability tests, simple problem to deiersne coeflicient
{ sample.
m permezbility Secpage through earthen structures, secpage vekoy
wepage pressure, phrcatic line, flov tines, apphication o flow ne
(Mo aumerical problems)
b Compute the coefficient | 3 1 Ghear failure of soil, field sitvation of sheas failuse, concept of shea
of permeability for 2 strength of soil, components of shearing resisiance of scil-cobesin,
given soil sample data. internal friction. Mohr-coulomb failure theory, Streagh l“"’d‘%
strength Equation for purcly cohesive and cobesion less soils. D
dhear test and vane shear test laboratory methods
3 Compute the shear
strength of soil sample
for the given data.
3d  Interpret the shear fzilure
of soil sample for the
given dat2.
3¢ Use the application of .
flow net in the given
situation.
Unit - IV Bearing | 42 Suggest  the 4.1 Bearing capacity and theory of carth pressure : Concept of bearing
Capacity of Soil parameters 1o determine capacity, ultimate bearing capacity, safe bearing capacity 2nd
m bearing capacity of given allowable bearing pressure, Introduction to [ erzaghi’s analysis and
soil sample with assumptions made, cffect of water table on bearing capacity.
justification
4 Suggest the method 1o | 4.2 Field methods for determination of bearing capacity — Plate load test
determine bearing and standard penctration test. Test procedures 35 Per 1S:1888 &
capacity of the soil for the 1S:2131 ’
given  strata  with
justification.
4 Choose the relevant type | 4.3 Definition of carth pressure, active carth pressure and passive carth
of foundation  using pressure for no surcharge condition, coefficient of carth pressure.
) . g dve Soils.
Rankine formula for the Rankine's theory and assumptions made for non-cohesive S0IE
given situation,
4 Corelate the cffect
water table on bearing
capacity of soil for the
given data. - — 1
M
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Unit iy lfnil Outcones (UOy) Topics hnd Sub-topics

% W . (in coguitive gluﬁ\;aih) ;

Unit -V 5a Describe the process of |51 Concept of compaction, purpose of compachon, ficld situations
ompaction and cun\.pf\clifm | '.'\ml whete compaction is required, Standard proctor test, test procedure
bilization of soil .\t..'\!uh‘r:\lmn in the given as per IScode, Compaction curve, optimum  moisture - content,

stnation, maximum dry density, Zero air voids line, Modifiedd proctor test,
factors affecting compaction, ficld methods of compaction rolling,
ramming and vibration and Suitability of various compaction
equipments smooth wheel roller, sheep foot roller, pneumatic tyred
roller, rammer and vibrator, difference between compaction and
consolidation,

s Suggest  the relevant | 5.2 Concept of soil stabilization, necessity of soil stabilization, different
compacting  equipment methods of soil stabilization - echanical soil stabilization, lime
for the given type soil stabilization, ccment stabilization, bitumen stabilization, fly-ash
sample with justification. stabilization Califoria bearing ratio, C.B.R. test, meaning of C.B.R

value,

sc Choose the relevant | 5.3 Necessity of site investigation and sub-soil cxploration, fypes of
method of soil exploration, critenia for deciding the location and number of test pits
stabilization for the given and bores. Field identification of soil-dry strength test, dilatancy test
situation with and toughness test.
justification.

sd Compute the CBR value
for given data of soil
sample.

5o Interpret the value of
CBR with reference to IS
- provisions.
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Over”ww of Geo!ogy and
Ceotechmcal Engmeermg

es of geology, importance of geology for civil engineering structure ang

1.1 Introduction of geology, ditferent branch
composition of earth.

12 Introduction of petrology, defini
classification and engineering uses 0
mportance of soil in Civil Engineering a

as foundation bed for structures

n their genesis (mode of origin), formation,

tion of a rock, classification based 0
tamorphic rocks.

f igneous, sedimentary and me
1.3 1S definition of soil, | < construction material in Civil Engineering Structures,

1.4 Field application of geotechnical engineering for toundation design, pavement design, design of earth retaining

structures, design of earthen dam.

- Geologists help Jocate and manage the Earh’s naunl

Syllabus Topic : Introduction of Geology

—

resources, such as petrolenmn and coal as well as metals such

as iron, copper and uranium.

1.1 Introduction

2> (HSBTE —-514,515,5-16) | _  Additional economic interests include gerostones and many

‘Eeoki@? . minerals such as asbestos, perlite, mica, phosphates, zeolites,

TASEITI LA

clay, pumice, quartz and silica as well as elements such

sulphur, chlorine and helium.

S

Syllabus Topic : Different Branches of Geology,
Introduction of Petrology .

—  Encompassing such things as rocks, soil, gemstones, geology

swdies, the composition, structure, physical propertics,
12 BranchesofGeology

history, and the processes that shape Earth's components.

2> (MSBTE _5-16, W-16,518)
N G 4—"""'/

- Geologists have established the age of the Earth at zbout 4.6
billion (4.6x10%) years, and have determined that the Eanh's
lithosphere, which includes the crust, is fragmented into
tectonic plates that move over a rheic upper mantle

(asthenosphere) via processes that are collectively referred to

as plate tectonics.
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Techrical Engreent

-

sowh-divded imto the tollowanze branches

S——
ches of Gedlogy

Ll Physical geclogy
L=

r—e{ 2. Geomerphelogy

-)J ‘3A §' r.era‘f?v.

.
§

l: {3) Indian Geology
(b) Photo-Geology

=3 13. Relationship of Geology with
Other Branches of Science

Fig C1.1: Branches of Geology
1) Physical gevlogy

It deals with the origin, development and ultimate fate of
various surface features of the Earth and also its structures. It
is the study of role played by the physical agents like wind,
rain, ruamng water, ice, volcanism and earthquakes.

2) Geomorphology

It deals with the land surface features of the Eanh and
encompasses their development, structure, modifications in
space and ume. It includes the study of development and
disposition of mountains, plains, plateaus, valleys and basins
and associated land forms.

vical Enginoering

I &

wals e
culy wih stady o formation, occurence, agrregahion,

Poopetties and uses o imnerals

- y"“""“'

It deals with study of vamous types of rocks, their mode of
occurrence, their Compasition, textures, structures, geological

and geographical distnbution,

= 5 Structural geology

It deals with study of morphology, classification, causes of
development and all other aspects related to the structural

features of the rock surface. The structural features are folds,
favlts and joints.

> 6) Stratigraphy

It deals with study and interpretation of stratified rocks, and
with the identification. description, sequence, both vertical
and borizontal, mapping and correlation of stratigraphic rock
units.

= 7) Palacontology

It deals with study of fossils of ancient life forms and their

evolution.

=» 38) Historical geology

It deals with the swdy of past history of the earth as
deciphered from the rocks. It includes Palacogeography,
Palacotology and Stratigraphy. It gives the pictures of the
land and seas, the climate and life of carly times upon the
carth.

- 9)  Applicd geology

The knowledge of geology is utilized for the benefit of man
for various purposes in various ways and can be sub divided

as under

=} 2) Enginecring geology

~ It deals with the study and use of geology in civil

engineering.

Gen Techn

1 Engineenng (MEBTL Yien

Ve the apphication of the geclogic prioophes auer

[ ractice for the purpose of assuring that the socbor Liaens
stfecting the location, design, construhen, operation o

mantenance of enginecring works are propecly abtressed
h)  Mining geology

It deals with the apphcation of geology an mining
engineering.

It consists of the extractions of mineral resources from the
Eanth. Some resources of cconomic interests include
gemstones, metals, and many minerals such as asbestos,
perlite, mica, phosphates, zeolites, clay, pumice, quartz, and
silica, as well as clements such as sulfur, chlomne. and

helium.
¢) Economic geology

It deals with the study of those minerals and rocks and
materials exist in the earth which can be used for the benefit
of the man. It includes non ores Like petroleum, coal, burlding
stones, natural gases and ores of all metals hke iron, copper
and uranium as well as minerals for refractonies, abrasives,

insulations and chemicals.
d) Petrolcum geology

Petroleum geologists study locations of the subsurface of the
Earth which can contain extractable hydrocarbons, especially

petroleum and natural gas. Because many of these reservoirs

are found in sedimeotary basins, they study the formation of
these basins as well as their sedimentary and tectonic

evolution and the present-day positions of the rock units.
10) Hydrology *

As a branch of geology, it deals with the studies of both
quality and quantity of water that are present in the rocks in

different statcs (Conditions). Morcover, it includes :

w) Indian Geology

As a branch of geology, it deals with the study of our
motherland  in  connection with the coal/petroleum,

physiographic, stratigraphy and cconomic mineral of India.

-y

-

e

*oLervisw of Geology ang Gootechiowsl tng

o Geelogy

A a branch of geoloey deals wath the stdy of aconld

photographs

1 Relationship of Genlogy with Other Branches of

Suience

In onder to carry out civil engineering projects safely and
successfully, geology shoukl be related to the other branc hes

of bordering sciences as descnbed as follows
(8) Geo-Chemistry

As a branch of science, it deals wath geology in such a way
that it concems with the abundance and distribution of

various clements and compounds in the earth.
(b)  Geo-Physics

As a branch of science, it is related with geology in such a
way that it concerns with the constitution of the carth and the

nature of the physical forces operating on wathin the carth.
(¢) Geo-Hydrology

As a branch of science, it is related with geology in setting of

ground water. In other words, Geohydrology is an

“interaction between Geology and Hydrology™.

() Rock Mechanics

As a branch of science, it is related with geology in dealing
with the behaviour of rocks that is subjected to static and

dynamic loads (force ficlds).

Syllabus Tople : Importance of Geology for Civil

Engineering

13

Importance of Geology In Clvil
Engineering

Q, Sll:not any ono\mpgnancq of goology n civit "+ /4

N LAt S
il enginacring. (S-13)- 1%

> (MSBTE - S-15, S-16, W-17)

Ll A
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(,EJ Geo Technica! Encinesing (MSBTE-Sem - 1 Civil)

Q.*Sta'e cbjectives of cectechnical engineering. (S-16) ,

Q. State any four i m*;*o]. wnco of Qf:n!ogy‘ (W-17) J

The role of geology i ol engineering may be briefly

outlined as follows

= Geology provides a systematic knowledge of construction

matenals, their structure and propertics.

= The knowledge of Erosion, Transportation and Deposition by
surface water belps in soil conservation, river control, coastal
and harbor works,

— The knowledge about the nature of the rocks is very
necessary in tunneling, constructing roads and in determining
the stability of cuts and slopes. Thus, geology helps in civil
engineering.

=  The foundation problems of dams, bridges and buildings are
directly related with geology of the area where they are to be

butlt

= The knowledge of ground water is necessary in connection

with excavation works, water supply, irrigation and many

other purposes.

—  Geological mzps and sections help considerably in planning

many engipeering projects.

— If the geological features Like faults, joints, beds, folds,

solution channels are found, they have 1o be suitably treated,

Hesce, the stability of the structure is greatly increased.

= Pre-geological survey of the area concerned reduces the cost

of engincering work.

1-4 Cve rview of (:rr‘i‘,r,, ntd Geetechnical Engm enng

T —— T e T

‘Eyll.f.}uq Topic : Siructure and Composmon of
fZarth

L T —

1.3.1  Internal Structure and Composition of
Earth

Mountam

Genrue crmt

(Bacatic)

0

Continental —— X »' ¢
crust (Grannic) 3 56m
(035 km) PR ettt el [ PO e

100 km\
Mohorrdcic
discontinuity

Fig. 1.3.1 : Internal structure and compaosition of earth

Syllabus Topic : Definition of a Rock

1.4  Rocks

> (MSBTE W-16)

— Rocks of all kinds decompose or weather at the Earh’s

surface. Weathering breaks rocks into smaller fragments such
as gravel, sand and clay.

= At the same time, rainwater may dissolve some of the rock.
Streams, wind, glaciers, and gravity then erode the weathered
panticles, carry them downhill, and deposit them at lower

elevations.

= "All such particles, formed by weathering and then eroded,
transported, and deposited in layers, are called sediment. The

Scanned with CamScanner
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Qodimentary 1ocks make g less than 8 percent of the Farth's

cnst,

-

Syllabus Tople ! Clasglfication Based on thelr
Genesls (Mode of Orlgin) )

1.4.1 Types of Rocks

- 8-14, 515, 6-16, 817, W-17)
ok H,R'ﬁi% ‘fﬁmﬁxzﬁ“"

il r if @oo zgg
»’4; l ,-A'\N*?Vg L!" 31“ W(‘ p lgh
7, W7) *“ : ;s’“ iy

Geologists group rocks into three categoties on the basis of

how they form : Igneous rocks, Sedimentary rocks and

Metamorphic rocks.

Geologlsts group rocks
into three categories on the
baslis of how they form

! 1. Igneous rocks

| 2. Sedimentary rocks

g 3. Melamorphic rocks

e

Fig. C1.2 : Classification of Rocks

- Igneous rocks formed at various depth below carth surface
the rock granite and basalt comes under Igneous type of rock

are used as building stones.

- Metamorphic rocks i.c. Marble is used for facing concrete o

masonry extcrior and interior walls and floor.

~  The sedimentary rocks possess hard water and oil holding
capacity hence can be used as reservoir rock which is suitable
for dam and water retaining structure, In construction of

roads houses, tunncls canals sedimentary rocks are used,

1,5 Wnenuly NRse
14y

{
|

B (MAEATE

€0, inle iy Lo EnBanm et of fgnaons 1LY,
o /

i

An fgneaws pock forie e A soliifies, Aot

pescnt of the Fanh's crust comsisty of Igneos 1ock ad

metatmoryliosed igneons 1ok

= Alhough mich of this dgneous frundation is tned Yy 4

redatively thin layer of cedimentary 1ok, Y
up sone of the world’s mart

foaks  me  compred

a8 1ANS BEE

consphouns becmse they make
spectacular Ignenrs

principally of silicate minerals,

etititalng,

> Usen

(1) These are used for decorative work for flooring and walls,

(i) ‘These are alto used as aggregate for concrele,

gt p——"

a——

Syllabus Toplc : Classification and Engineering

uses of Igneous Rocks -~
151 Classification of Igneous Rocks
Classification of l;neous

Rocks

| 1. Clascification based on dopth of formation
l: i) Extrusive Rocks
ii) Imrusive Rocks

t a) Plutonic Rocks
b) Hypabyssal Rocks

s 2. Classification based on Silica (StO5) Content

— (i) acidic

l-— (i) intermediate
— (iil) basic and
— (iv) ultrabasic

3. Classification based on Silica saturation

L— (i) Silica Under saturated Rocks
— (i) Sifica Oversaturated Rocks
L— (iil) Silica Saturated Rocks

-p{ 4. Classification based on Colour of Minerals

t-—- (i) Loucocratic rocks
— (il) Mosocratic rocks
L— (iii) Melanocratic rocks
L (Iv) Hypormelanic rocks

Fig. C1.3: Classification of Igneous Rocks

R
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Ignesus rochs are assified into following vwo ypes
i) Extrusive Recks

Magma can either rise all the way through the crust o erupt
onto the Eanth’s surface, or it can solidify within the crust. An
extrusive ignecus rock forms when magma crupts and
solidifies on the Earth’s surface. Because extrusive rocks are
so commonly associated with volcanoes, they are also called
volcanic rocks after Vulcan, the Greek god of fire. The

texture of these rocks are the fine grained texture,
ii) Intrusive Rocks

An intrusive igneous rock forms when magma crystallized

. within the crust. Depending upon the depth of formation, the

intrusive rocks are classified into plutonic rocks and

hypabyssal Rocks.

a) Phutonic Rocks

= The rocks formed at greater depth are called as plutonic
rocks after Pluto, the Greek god of the underworld, The

texture of these rocks are coarse grained texture,

-  Forexamples : Granites, Gabbros rocks.
b) Hypabyssal Rocks i
—  The rocks formed at depth close to the crust are called

as hypabyssal rocks,

= Hypabyssal igncous rocks are formed at a depth in
between the plutonic and volcanic rocks. These are less
common than phutonic or volcanic rocks and do often

form dikes, sills, laccoliths, Dolarites rocks.

The texture of these rocks are the finer than plutonic and

coarse grained than volcanic rock.
2) Classification based on Silica (Si0y) Content

On the basis of the percentage of silica present in the rock,
igneous rocks are classified as;

v

16 (versiew C uciogy and Geotechnical Engineering

(1) A G Intermediate

(1) Risie vy Ultrabasic.

(i) | Aod Sihea> 66wt % | example : Granites,

(or Felaie) Quartz, Rhyolite

——— i

(i) | Intermediate | Silica 52-66 wi% example : Diorite

(iii) [ Basic Sihca 45-52 wi% example : Basalt

(or mafic)

(iv) | Ultrabasic Silica<45w1 % | example

Penidotite
(or

Ultramafic)

This terminology is based on the onetime idea that rocks with
a high % SiO, were precipitated from waters with a high
concentration of hyrdosilicic acid H,SiO,.

= 3) Classification based on Silica saturation
= Ifamagmais oversaturated with respect to Silica then a silica
mineral, such as quartz, cristobalite, tridymite, or coesite,

should precipitate from the magma, and be present in the

rock.

= On the other hand, if magma is under saturated with respect
to silica, then a silica mineral should not precipitate from the

magma, and thus should not be present in the rock.

= Thesilica saturation concept can thus be used to divide rocks
in silica under saturated, silica saturated, and silica

oversaturated rocks. The first and last of these terms are most

casily seen. \

=» (i) Silica Under saturated Rocks

In these rocks we should find minerals that, in general, do not

occur with quartz, Such minerals are ;
Nepheline : NaAISiO,

Leucite : KAISi, O,

Scanned with CamScanner
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Peronvebie  Cali(),
Melarte  Ca Fe # 38,0,
Mehlne (Ca, Na), (Mg, Fe + 2, AL 51,0,

(i1} Sitica Oversaturated Rocks

These rocks can be identified as possibly any rock that does
not contain one of the mincrals in the above list. Silica

oversaturated rocks will contain normative quantz.
(ii3) Silica Saturated Rocks
These are rocks that contain just enough silica that quanz

does not appear, and just enough silica that one of the silica

under saturated minerals docs not appear.

These rocks contain olivine, or hypersthene + olivine, but no
quartz, po nepheline, and no Jeucite.

4) Classification based on Colour of Minerals

The colour index of a rock is an expression of the percentage

of mabec minerals (those with lots of ferromagnesium

mincrals) that it contains.
Four categorics have been distin guished :

(i) Lewcocratic rocks : which contain less than 30% dark

mipcrals

(i) Mesocratic rocks : which contain between 30 and 60%

dark minerals

(iii) Melanocratic rocks : which contain between 60 and

90% dark mincrals

(iv) Hypermelanic rocks : which contain over 90% dark

minerals

1.6

1.6.

H [ JOocrecruncal L rginenine

tpe, wherean basy o

pertrelanic, reopectivel

¢ L ication of apnem

Formation of Sedimentary Rocks

Rivers, oceans, winds and ramn runoff all have the atality to
carry the partic les washed off of eroding rocks, such maten ]

called detritus consists of fragments of rocks and minerals

When the energy of the transporting current is not strong
enough to carry these particles, the particles drop out in the
process of sedimentation. This type of sedimentary deposition
is referred 1o as Clastic sedimentation. Another type of
sedimentary deposition occurs when material is dissolved in
water, and chemically precipitates from the water. This type

of sedimentation is referred to as chemical sedimentation.

A third process can occur, wherein living organisms
extract jons dissolved ip water to make such things as shells
and bones. This type of sedimentation is called biogenic

seimentation.

Thus, there are three major types of sedimentary rocks :
Clastic sedimentary rocks, chemical sedimentary rocks and

biogenic sedimentary rocks.
1 Engineering Importance of
Sedimentary Rocks

Sedimentary rocks are deposited in strata tha\l form a structure

~

called bedding. ~

N
The study of sedimentary rocks and rock strata provides

information about the subsurface that is useful for civil
engineering, for example in the construction of roads, houses,

tunnels canals or other constructions.

Scdimentary rocks are also important sources of natural

resources like coal, fossil fuels, drinking water or ores.

The sedimentary rocks are possesses good water and oil

holding capacity duc to which these rocks can be used ad
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reserverr Tochs 1es these e santable for the dam and other Classitleation of Clastic
Sedimentary Hocks

water supply scheries

o P! (I Huri 1C00US 1OCks
= Chemical sedimentany 1ocks have a0 non clastic texture, L() ‘

IS ——

S ——— U ————

consisting entirely of ciystals Todesenbe such atexture only | (i) Aronacnous rocks
J ‘ Py

the average size of the cryatals and the fabric are necessary.

A ——— i . S B 1 R

e v = B ——— e (i) Organic rocks
Syllabus Topic : Classification and Engineering
uses of Sedimentary Rocks b (Iv) Argillaceous rocks
. C1.d ¢ Classifieation of Clastic Sedi tary Rocks
1.6.2 Classification of Sedimentnry Rocks Fig. C1.4 : Classification of Clastic Sedimentary Roc

. g N ) =» (i) Rudaccous rocks
Sedimentary rocks are classified into three groups depending

w \-."a\l [\ P ] LN LAY el ‘*'u

upon their mode of formation. These groups are clastic, chemical ‘H Drﬁm"ti‘(:p o/' Rydacmus ktgclga : th; l;ogkr‘ L u)z’xci:r
-‘}| ,\44. 0.‘--1\.",.\& ...“,

precipitate and biochemical (or biogenic). "«"‘ "Agmciude all th coarsed gmmcd of. mbr‘e than Zmm i

: oy v !
*‘:\J‘. kln"““) AL, 'fi‘“ N i i :AA::: s

e u ﬂJu | Y it
Class ‘“‘ “size elemgcneob com pos;hon are called ~g:-;» |
w ification of Clastic Sedimentary Rocks {,, “._ﬁ.m et ﬁﬂ._“gy.m%m ‘?« B “f['i{“ﬁ“i:};}'" *i‘
‘?;" u' S %’*'*'m*».“‘ Vi ~-~"‘ IR -"Ms’:
Clastic sedimentary particles are classified in terms of size as | [0} pl.wphtcb. RS  § hoha Fo BBt N

tabulated in Table 1.6.1.

‘.:’

—  Breccia and Conglomerates are the important rocks.
Table 1.6.1 : Classification of Clastic Sedimentary Rocks

] N e =¥ (ii) Arenaccous rocks
AORTEE LR S “:3 cmﬁ “f"%“‘“'«‘
W ¢ . Lon: ocﬁ wwwq- *»m»,:;:,"»\wn A s TR L el T e AL LT T Oy VR ,.a,,
o F -'\“m\ 4 i e .K;w on A?naccousR?cka. m?mckail i
N Sﬂilm ,, i PR ,; .-.._k a‘.‘-(,.;\\ ¥ ‘:L Py \\n.‘..‘“ .‘ oy
A .@h k include ll the sediment of st ‘_be{ 1116‘
{(\\",“\ -z R ‘w‘— ‘l“'" 'lr":'b*é-“";:‘;n‘-u‘g':"‘.i# ‘g“kiw.uht-!“
Gravel Cong]()mcmge or \,?%M :VK‘ ‘t;- ){'ﬂ\g}\ P ey Rty ““;‘-ﬁtw‘pﬁﬂh ’ég F’«“
. as arenites or psam:fesﬁw“f‘rnzr E ERT
Breccia (depends on
Cobble | 64-256 Gravel rounding)

~  Sandstone, Greywackes and Arkoses are the important rocks.

= These shells accumulate on the ocean floor in great quantities
Pebble 2-64 mm Gravel

to form sedimentary rocks.
Sand 1/16 - 2mm | Sand Sandstone —  Examples : Shell Limestone.
Sil 1256116 | Sil Siltstone =¥ (i) Organic rocks
- nm [ ~$E-A‘a.r\:{.e;}\.mm#ﬂ‘ DAY 0 AR M S R B
e Inition ofOrgcnicRock:-Tﬁem entary i
@,&-@r e ‘3,:;“,.:&"-_%3;?5,»-\{-;@? gebisy
e ocks fproned due fo sepuinuation anct SRS ““"‘é&
Cla /st ; u L S ATl S wd R m*“\"-*\!“:-‘:\ NS
y <1256 mm | Clay Claystone, mudstone ‘f\'s dqwmpo.fitwn of vegetahon matter“&rhé c&qu{g Mery
and shale AR PR SN
or:ganic_ rocks:s

Based on the presence of the sediment of particular grain size, | _ Examples : Peat, Lignite, Coal

the clastic rocks are further sub divided into the following three
types : => (iv) Argillaceous rocks

A th mt_:on ofArngaceoﬁs Rock.a Tk'é?dcks

e el i
o 'ggf.ﬁ’i z{zgltqu aI! the f ncs: sedxment af siz Igss

LYy o
#-‘3 ‘than 1 lIb‘_ mp are mlled as argzlla_ceo

'|A"| MR A \(J‘ '- . 4,-\"",

i3 " These are also called as Iutites. orpchtrs.\ 8
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rocks, these are rocks arc

omes are e mportant 1 k.

Sile, Clay. Shales and At

6.2.1 Classification of Chemically Formed

Sedimentary Rocks

he chemical composition of sedimentary

b Jivrded into following LYpes :

RIS oryur ey
Classification of Chemically
Formed gedimentary Rocks

On the basis of t

\u

1=

Q) Siliceous rocks

\

(1) Carbonate rocks

(i) Ferruginous rocks

Il

(™) Ferruginous rocks

() Evaponies

Sedimentary

Fig.C15: Classification of Chemically Formed
R

=2 @ Siliceous rocks

These sedimentary rocks ase contained the silica as chief

constient

Example : Flint, Chert. Jasper.

arbonate rich

water under different conditions  controlled by the

concentration of carbon dioxide.
Example : Carbonate deposits of iron, limestone, dolomites.
(i) Ferruginous rocks
These sedimentary rocks are formed by precipitation of iron
oxides.
Example : Hematite, Pyrite, Iron stone.
(iv) Ferruginous rocks
These sedi ¢ ini

se sedimentary rocks are precipitated from sea water rich

water rich in phosphoric acid.

Example : Limestone, Shale.

Thise wedimentary jocks are formed by the evaporation of
)

wiline lakes,

_ Example : Gypsun. Anhydrite. Rock salt, Borates.
1.6.2.2 Classification of Organically Formed

sedimentary Rocks

of remains of animals of

On the basis of the composition

¢ are rocks are sub divided into following types -

Classification of Organically
Formed Sedimentary Rocks

plants, thes

(1) Biochemical rocks

(if) Organic rocks

assification of Organically Formed

Fig. C1.6: C
Sedimentary Rocks

< (@ Biochemical rocks
The biochemic
animals living under water, €X
matter, usually calcite, to form

the ocean floor'in great quantities

al sediments are produced when plants and
tract from it dissolved mineral

shells.

These shells accumulate on
to form sedimentary rocks.

e.g. Shelt Lime Stone.

¢.g. Peat, Lignite, Coal.
#"»

Syllabus Topic : Classification an

uses of Metamorphic Rocks

S

d Engineering

Introduction of Metamorphic Rocks

> (MSBTE—S—1B)

1.7
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detormation

Pectonie processes van depress the Fath's surface o form a
handn that may be hondieds of kilometees i dinmeter and

thousands of meters deep

Sediment  accumnlates in-the  depression, burying the

Jowermost layem 1o great deptha,

«  When a tock is burded, its temperature and pressure increase,
causing changes in both the minerals and the texture of the

ek,

= These changes are called metamorphism, and the rock formed

by these processes is a metamorphic rock,

= Mectamorphism also occurs when magma heats nearby rock,
or when tectonic forees deform rocks, Schist, gneiss, and

marble are common metamorphic rocks.

- Most common classification is based on the basis of foliation

and the rocks are classified into following two types :

Classification Is based on the
basls of follation and the rocks

1. Foliated Rocks

2. Non Foliated Rocks

Fig. C1.7 : Classification based on the basis of foliation

1.7.1  Foliated Rocks

If a rock is foliated, its name is determined by the type of
|foliation present and the dominant minerals for example: a kyanite

‘schist.

\

1.7.2 Non Foliated Rocks

1f a rock is ot foliated, its name is derived from its chemical
composition. A quastz-rich rock such sandstone, for example, is
called a3 quartzite when it has been mectamorphosed. A
metamorphosed limestone is called a marble,

7 (MS ATE - W-14, Vi- 16)

0 Explain tha fornation process ol soil, State varous

1ypn‘l of mlh .w.nl.rhlu in lndm (W— M W—I(‘ )

Soil formation mainly tabes place due to mechanical
disintegration or chomical decomposition of rocks whenever rock
pet exposed 1o atmosphere, it is ted by various weathering
agencies and it gets disintegrates or decomposed in to small
particles and then it is converted into soil.

The common types of soil available in India along with
gravel, sand, silt, clay, organe, peat arc.

@ Types of soll avallable In India

. Residual soil
(a)  Redsoil (b) Laterite soil
Black cotton soil
2. Transported soil
(a) Colluvial soil (b) Alluvial soil
(c) Glacial soil  (d) Lacustrine soil

() Eolian soil

Syllabus Topic : IS definition of soil

I.S. Definition of Soil

1.8.1

=> (MSBTE - 508, W-09, W-10, S-11, W-12,
S-14, W-14, W-15, S-16)

% ""l“ .,,‘v}..‘,

B N5 s
& : S5
[0 Defins 5ol s per LS (508, 09, W14, S 161 5 e

- The word ‘soil" has different meanings according to different

context. Hence there exist various definitions of soil.
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various Jefimtion®

I — i

@ Definition of Loyman's : The upper surface of

earth or the carth crist containing lonse material,

with any one or mixture of clays and gravel, pebbles

ete,

- *surface which supports, sustains and nourishes -

4 - aod
P ) # - o ¥

S plants: s EEETIA ENEL K G

@ Meaning as per Webster Dictionary : Soil (n)

1. Finely divided rock mixed with decayed vegetable or 2nimal
matter, constituting that portion of the carth in which plants
gZows.

2. The ground in general, native land, country.

3. A mixture of lampbl

- = S e

ack, glue and water used in plumbing.

e~

Ao A ==

@ As per Indian standards

= i e e

1.8.2 Importance of Soil in Civil Engineering

> (MSBTE - S-09, W-13, W-17)

The importance of soil in civil engineering is soil can be used as :

Fmportance of soll

1. As construction material in civil engineering

2. As loundation material 3

Fig. C1.8 : Importance of soil

¢ s rantfold. [t c2a be wied 1n 2o

Thus pmgortanie o0

differeat ways

The sanioas tacioes which Aefine the imponznce of soil are

discussed nere

Syllabus Topic: Importance of Sail in Civil
ing as Construction Material in Civil

Engineering Structures

Engineer

1.33 As Construction Material in Civil

Engineering Structures
2 (MSBTE - S-15,5-18)

S Lo 7]

-

Construction Material In
Civil Engineering Structures

=

1. Clay

—p{? Pervious and impervious sod

3. For WBM water bound
macadam roacds

4. Canals and embankments

=

-2 5. Retaining walls

Fig. C1.9 : Construction Material in Civil Engineering
Structures

1. Clay

The clayey soil is gencrally used in the formation of clay
bricks with proper addition of required amount of water to
make it It is cheap and can be utilised for various

construction operations.
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=¥ 2 Pervious and impervious soil = Generally the foundation of any strctin foa the
i Y L

rround level upto hard murem or rech
A part from making bnicks clav is man inpredient of carthen Lt ~

dam the whele hearting zone i constiucted with clay with | Following structures can be cited as btz ool s their
optitnum moisture conlent <o as to form impervious layer ultimate supporting structure -

similarly murrum s used to cover the hearing zone. )
1. Bridge pier foundations

=» ). For WBM water bound macadam roads
2. Building foundations

For many road work soil is used as a binder. The soil is

. . 3.  Earnhdams
compacted at optimum moisture content and thus gets filled
in the gap of stonc and ballast and act as a binders. 4.  Railways
-’ 4. Canals and embankments 5. Rnn“'ays of ﬂil'POﬂS, roads, etc.

After construction of canals soil is particularly used as filling | — |, fact, ultimately the foundation of any strucrure on this
material, carth will have to rest on soil

=% 5. Retaining walls =  The foundation of any structure rest on soil thus, it acts as a

In retaining wall soil is used as filling material. The type of bed for structure. Soil cement mixture used as sab grade
soil used may vary depending upon its pecessity and required pervious and impervious soil is used in carthen dam Thus
parameters. soil belps to give necessary support 1o various structures
stated above.
(6) A part from this soil can be used for other purposes mainly. —_

Syllabus Topic : Field application of Geotechnical

Engineering for Foundation Design, Pavement
(ii) Soil cement mixture used as sub grade. Design, Design of Earth Retaining Structures,
Design of Earthen Dam

(i) River protection work.

(iii) Soil is also used to hold water duc its impermeable
nature (particularly clayey soil). 1.9  Field Applications of Geo-technical

(iv) Soilis also used as filter. Engineering

i > (MSBTE - S-08, W-08, $-10, W-10, S-11, W-11
Syllabus Topic : Importance of Soil in Civil $-14, W-14, 515, W-15, 515, W-15,

Engineering as Foundation Bed for Structures S-17, W-17, S-18)

1.8.4 As Foundation Bed for Structures

= Soil, at various levels is known as soft soil, murum, hard

murum, rock ctc.
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w  Geo-technical Dngineering  also  called sometimes  soll

mechanles, can be applied in varfous slwatlons where the

properties of soil and its behaviour under the action of forces

of the passage of water through voll (s of Importance,

= 'The vardous applications of Geo e hnlcul engincerng are 8

follows :

Flald Applications of Geo technlcal
Englnoering

e LA A B A L ST P 0 S

—4{ 1, In Foundation Dasign

ep{ 2, 1N anomnnl Naslgn

bep{ 3. In Earth Retaining Structures

p{ 4. In Dosign of Earthon Dams

S et

—o{ B, In Deslgn of Embankmaent

mn Design of Under-Ground Structures

Fig. C1.10 s Fleld Applications of Geo-technlenl Engineering

Fleld Application In Foundation
Deslgn

1.9.1

-) (MSBTE-W-M)
1 3 ,, ,u;f;'”h .( f{}’
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= 'Ihe property of soil which is considered malnly In foundation
denlgn Is it Bearing copacity. Dearing capacity Iv the

maximum compressive stress that a soil will be able o carry,

P AR AV ABG TNTI i 8500 e 8 8 5T

1

s B P, A D 1

]

Oy o Coolggy anid @ ] 8 TR TR N AT T i

flw wpew 6f the Foimdation will deprend vpon D bearing
capicity Iy neicasing Wie nren of found s, i sty

ol fomd will rodiee

I this reduced dntensity of Do e compreasive sesy i

within hiit of the heaning, capaeity, the fonndation will e

sile, 11 will not sentle down

Thus, in foundation design, knowledge ol pro technical

engincering s exsential

w 8ol I8 ultimate foundation material  which support any

structure and proper functioning, of any structure,

It will depend on the success of foundation, Good will be the

foundation more will be the Hife of structure,

~ It is therefore necessary 1o know the stiess pattern in the soil

below the foundation,

- The probable settlement if any in the foundation effects of

vibrations, ground water table, jis sheinkage, swelling cte.

;.Iumld hc knnwn

NP S YN R u*“ru MU B

iy Ny
“" t‘ {Fi.‘ ;‘{‘(‘J :-r._’r,‘,l‘ﬂml
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y‘,.“""v"”“f’""l’I"J s
W W :‘

m& “géﬁ*f’*m ‘(b»m.m b-‘vcmmw )
Fig. 1.9.1

1.9.2 In Pavement Design

¢ below the

= In pavement design, due to secpage of wate
pavement, the permeability of soil is the important property

10 be consldered in the application,

= Also compaction and consolidation of soil comes into picture

In pavement design.

BR— \-rw"!f'_;
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193 InDesignol Earth Retaining

1.9.4

{ll 4, \llV”]

bagrtl, prvenioal can be flenible or rigid

Pepending upen st

and it directly attachedn the properties ol «uhsoil

Therefore while ey e povvment by considering

various puints relatedd with vl Ike effects of frost or thaws,

Jts suitability as @ construction matenal for constructing

highway$, railways el dould be decided.

The thickness of pavement depends upon the type of soil

strength ete

Structures

The active and passive carth pressures and the safe and
critical heights of an open cut form the important propertics

in the design of carth retaining wall.

Permeability of the soil retained behind the wall is also
important for the drainage of the retained carth.

The knowledge of active earth and passive carth pressure,

safe and critical heights of an opean cut density and moisture
content is important for the design of carth retaining

In Design of Earthen Dams

Earth dams requires huge amount of both pervious and
impervious soils. .

The design of carth dams is a very sophisticated process
involving various properties of soil. Thus, the importance of
soil mechanics in various ficld situations is evident from the

above examples,

e —

In cothen dam soil s the enly con tuerion matenal dsed,

hener construction of earth daiy reguire thiotigh hrowledge

of rotl mechames

S0 all the properties chould be known, the optimum water

content at which mavimiin density would be obtained, afl the

characteristics like consolidation, stabtlity of slopes etc

should be taken into account,

Fig. 1.9.3 : Earth dam

195 Design of Embankment or Cutting

In embankment or in cutting the knowledge of shearing
strength, angle of repose and frictional cocfficient is essential.

Thus from above example it is clear that the soil mechanics is

important in various field of constructions. _

/ Carmriage way

WZZN

(s) Slope in filling

Carriage way

__J Exavation slope

///<\\
Slope in cutting

(b) Slope in cutting and filling
Fig. 1.9.4

1.9.6 In Design of Under Ground Structures :

While designing the underground structures such as tunnels
conduits power houses the role of soil is important as load is
transferred through the soil, therefore stress distribution should be

taken into account.

R SRR A

Chapter Ends
Qoo
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Physical Index properties of Soil

2.1 Soil as a three phase system, water content, dete
code, void ratio, porosity and degree of saturation,

and dry unit weight by core cutter meth
determination of specific gravity by pycnometer.

22 Consistency of soll, stages of consistency,
shrinkage limit, plasticity index, determination o

23 Partide size dis
diameter of soil, Uniformity coefficient and coe

size, Classification of soils, 1.S. classification of

minati
density index, unit weight of

unit weight, unit weight of solids, saturated unit weig
od and sand replacement method as per I

Atterberg's limits of consistency viz. Liquid limit, plastic li
f liquid limit, plastic limit and shrinkage limit as

tribution, mechanical sieve analysis as per IS code pa
fficient of curvature, we

soil.

on of water content by oven drying method as per IS
soil mass - bulk unit weight, dry

ht, submerged unit weight, determinaticn of bulk unit weight
S code, specific gravity,

mit and
per IS code.

fticle size distribution curve, effective
Il graded and uniformly graded soils, particle

@ Introduction

Soil is a complex engincenng material with propertics

different than other conventional materials. This is because soil has

a microstructure made up of particles and spaces between the

paricles. These spaces may be fi
properties of soil tend to be complex. Other engineering materials
are mostly solid, so
consist of only one phase

the three phases of material together.

s a Three Phase System

lled by air or water. As such the

metimes liquid or gaseous but majority of them

of matter. In contrast 0 this soil has all

Syllabus Topic : Soil a

2.1 Soil as a Three Phase System

> (MSBTE-W-08, W-10, S-11, W-11, W-12,5-13,
W-14, 5-16, S-17, W-17, s-w)

"E'xpram soil> as:: o5
w-1z, 3~13 5-17 w-‘_ )

e ‘, og phase Sysh

' meanin

In general, the soil mass is a three phase system composed of

solid, liquid and gaseous matter. The solid phase comprises of

hl

mineral, organic matter or both.

—  The mineral portion consists of particles of different sizes and

shapes.

Scanned with CamScanner

ANURA .
.“_’.:\'-.'?"‘::;l‘l-.x Rea o
SRR R LS

.
' 39y

T,

Bpsig

o)
s
TR

ity

A S
CARE

R ST g,

T
e
SN ATy S




pf/..v,ﬂ““:l!’A"l’wx(' el

L’J G( -0 Trchmcal En- ne onnq (M.uﬂE- Sema, Civl) 244

Ihe crganic fraction s the plant and antival residuc w ol

may be present in vanous stages of decomposition
The soluds enclose the open spaces termed voidls,

The liquid phase is gencrally water and fills panly or wholly

the voids

O S ol e [ ]

0% 8 v
5 . v.

:O{ L ) Wator | J | /// | |

The gaseous phase, usually air, occupics the voids not filled

by water.

The relative volume wise and weight wise proporiions of the

three phases in a soil mass are important factors influencing
its physical properties.
It is therefore necessary to study them. Though the three

phases preseat cannot be separated as shown in the
for better understanding they are shown as

Fig. 2.1.1,
occupying separate spaces.

Fig. 2.1.1(a) shows a three phase system which is present in a
partially saturated soil.

When it is fully saturated i.c. all the voids are filled with
water and thus gaseous phase is absent and the soil becomes a
two-phase system. (Fig. 2.1.1(d)).

Also, if the soil becomes totally dry and consists of only solid
and gascous phases. In this case also, it is a two phase system.

This is shown in Fig. 2.1.1(c).

Fror saturated condition i.e. Fig. 2.1.1(d) it shows two phase
system the voids are fully filled only with water and hence.

(b) Partially saturated condition

Volume
s T
W, Air Ve
Y
r Y, s - V
w,| EZ5E A | v,
) 4 J_
(c) Dry condition
Fig. 2.1.1
( W = Total weight of soilmass
v W,, = weight of water
W, = weight of solid
V,, = volume of water
V,, = voluma of voids
V, = Total volume of soimass
i V, = volume of air
(d) Saturated condition
Fig. 2.1.1 : Phase diagram
From 2.1.1(b)
Total weight W = W,+ W,
Total volumeV = V,+V,+V,

“* 'V, is small it is neglected

R V.+V,

For dry condition : Rg. 2.1.1(c)

W =W,
V' = v'
: s Y = V+V,
~ Total weight W = W, + W,
For saturated condition : Fig. 2.1.1(d)
W = W,+W,
~ ¥V o= V+V,
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Water Content (w)

2.1
2 43, 514, W-14, 515,

510,511, S
> (MSBTE S-10. 516, W-16, W-17)

—~  ltisalsocalkd motsture content.
:l ST ‘-‘1’-. A e 1
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Weight water
Watercontent = “Weioht of solids

Weight water

% waler conlent = ejoht of solids 10

Wy

w, X100 [osw<=]

- Water content is expressed as a percentage, though in
formulae giving rclationships between quantitics, it is

expressed as a decimal fraction.

—  In laboratory the water content is determined by oven drying

method.

The various method to find water contert are :
(1) Pychnometer method

(2) Ovendrying method

(3) Sand bath method

(4) Cakium carbide method

(5)  Alcohol method

e .,
SUTE: St Sem 4, St

R e e oy
-'—"" epep e S et 405 R RN A h 1T -
. Gl 8t

am——
,,yllnbu'; Topic : De termisiation of vy i
by Oven Drying Methad o, e ;(' o . 1.,,‘:

_— .,_y._____,.._..—-—--—‘—“"‘-—-“— S VOl
2.2.2 Determination of Water CCm;.
oven-drying Method as

1S-2809-1972
~» (MSBTE- S-09, W-09, 5.14

-

nt,
peris Coge

""1] WV 2
\)‘17 W 17)

———'——-_—'7
¥ Explaln tho delcrmmahon of water C()Mnm of

.Q n ,
; qva‘n‘dryn_',)g :pemod (509, W-12) S"tf/

wme _,!ep by step proccdure for. deta rrmn,z,Q
4w n u

‘water ccritent by oven drymg mnthod as pes |, S o,

'r-_,h _1« .4 wie g

e, 'v..’."/
L LAy 4y KR
%

det xmlne water contc nt of .,o|l ? E/plaf 7

l (a'lltll'!ul al Enrpneanng (MR- o4, O
Afrer 24 hours, v tayen ot sl 19 €ond sad
agan
e water content » then calonlated o chown below

W, Weight of contuner

W, = Weightof confaner with maoist
1

Wy = Weght of continer wnth dned

Weight of water W, = W, - W,

Weight of sotids W, = Wy-W,

Water contet W = 7 T

—  This is the commonly adopted and simples; method |
or

Jaboratory.

sample is taken.

water of crystallisation, thus giving wrong results.

place.

hours at 105° C - 110° C.
accuracy.

weighed accurately.

T

determination of water content of a soil sample iy 4,
<

—  The method basically consists of drying a ‘VCiz]‘n‘:d imoiy
sample of soil, in an oven at a controlled temperature for

period of twenty four hours, after which the dry weight of the

—  The drying of soil is reccommended at a temperature of

105°-110° C as temperatures higher than 110° C may break

— A lower temperature of 60°C is recommended for highly

organic soils at 110° C, oxidation of organic matter may take

About 30 - 40 g of moist soil sample is placed in it 3

2 2 mm :
3 475 mm 2
3. 10 mm :
s. . 20 mm :
6. 40 mm |

the crystalline structure of clay particles and result in loss of The above table gives the minimum quantity of s

taken for test.

3 Index Properties of Soil

As a three phase material soil has some sper

ese are called the index properties of soil These

Sand and g_nvels require less time to dry, i.c. 4 to 6 hours, but  ow:

routine laboratory procedure is for drying for twenty four Syllabus Topic : Void Ratio

3.1 Void Ratio (e)

A clean, non-corrodible container is weighed within 0.01 7 > (MSBTE- S-09, S-11, W-1:

S-15, S-16, W-

R oy it

>.» Deﬁne

= Mtisthen placed in the oven for drying at 110° C for 24 b0
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After 24 hours, it s aken ot allowed 10 cool werphed

again
The water contentis then calonlated as shown below
ol \v| E

Weight of container

W,

Weight of coptainer with moist sample

Wy Weight of container with dried sample

Weight of water W,

Weight of solids W,

= Wz-W,

= \V]— Wl

Water content w

&4 Phveical Indes / 4o
- hystcal Indes Frocr otivs of Soi
i SEELA TR EEEEIL L e s

!
r’, - kb " . - ’ o V
Definition of void rotio : The ret'c et eeiime of
votds (V= V4 V7, J Lo the total volir V) of wnlids

1 erd as uml luha

B V.+ V
¢ v,
\4
-
e = 3

= The void ratio is generally expressed as a decimal fraction.

Syllabus Topic : Porosity

2.3.2 Porosity (n)

=> (MSBTE - W-08, S-10, W-11, W-12, 5-13, W-13,
$-15, 5-16, W-16, 5-17, w-17)

L DYaf R e
,10. D{efﬁnen ggyrosﬂ[;

‘gW13*S‘-J 5.6

i _z i : 3 s ‘f

TS %’ﬁ‘:fm et _,J
L 425 p-1S sieve 25
2 2mm 50
3. 475 mm : 200
4. 10 mm 300
5. 20mm 500
E: 40 mm 1000

The above table gives the minimum quantity of soil sample to
be taken for test.

2.3  Index Properties of Soil

As a three phase material soil has some special properties.
Thesc are called the index properties of soil. These are discussed

below :

Syllabus Topic : Vold Ratio

2.3.1 Void Ratlo (e)

, > (MSBTE- S-09, S-11, W-12, W-13, W-14,
] $-15, $-16, W-16, s-17w17)

S e m;f;«zgmg---nw. e
*:4;;4;”4 S e sy ‘M};’f?‘mbf s
F225 2 volume "soil ) is'called s Porosity (n).:

Son o= %"xlOﬂ
2.3.3 Relation between Porosity and Void
Ratio
NV, Vv
V,V-V,T vy
)

v,/

<L< <

[ ]
n
—

<|<

Dividing numerator and denominator by V,,

= v /v,
(V +V)
s = VvV, IV
: -y
Ty
V,“
_ e
D= e

Subtracting n from 1,

. l-2 = e+l
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acal Enagrweenng (NGB Dom 4, Civil) pX.

Sob=nmer ) =1

- e A s ettt ———

Syllabus Topic Dumev nf S 'mrntlon

T

g s s e — =

2.3.4 Degree of Saturation (S)

2> (MSBTE - \W-08, 5-09, $-12, $-13, W-15,
S-16, W-16)

Q. Derna Doqreoolwur.mon ! i

s N W hiy
v (W-08, 5-09 3-12 S-13, W-15, 5-15 W-TG)

l_.-@“ ‘.Dcﬁnmon of chn cof ‘m!umrwn iy Iw dc‘grt‘c

of mtumt:on. S is de fnm' as the rat:o nf' vo!unm o[
il watcr Vfto t.’w wlumv of vom’s Vi Thus) -}

o
Ay

- The degree of saturation is usually expressed as a percentage.

As it indicates the portion of voids filled with water, for a

SN N ale

“‘]'\ 1~ 1: I ill :t {

When vonl s i densest state,

e

¢ - (':nm

In natural state Iy, lies between 0and |

Density index

Lomp rction state

-15 Very loose
15-35 Loose
35-65 Mediim dense
65 - 85 Dense
85-100 Very dense

2.3.6 Density(p)

fully saturated soil, V, = 0,and S = 1 or 100%.

—  Similarly for a completely dry soil, V, = 0 and S = 0 or zero
percent. For a general case of partially saturated soil, the
degree of saturation varies between 0 percent  and

100 percent.

Syllabus Topic :'lg)ensity Index

2.3.5 Density Index (I,)

> (MSBTE - 5-08, W-09, S-13)
L I

| Q2 Define : Density Index. (508, W-09, 5-13) <+ 1 ik

= The term density index is not applicable to ill types of soil, It

is generally applied to cohesion less soils such as sand or silt.

Bl AR A

-au* ',t-r;’tl‘}-io’\i;vfpf.ﬁ-" Iudfx_ I:‘ ‘3 ﬁn" .aéﬂ"é‘é
bt E’i Py At et Lt iy o

contparatwe dcnsune.u af sod

Jn PPl

measure: o,
H‘\:g\"l 11~.“~1

0. respect t0 its loosest and. denmt state,

= Mathematically it is given as,

Ciy ~ €

Density Index = Ip=

Cmmx ™ Cinin
Where, e, = Maximum void ratio in loosest state of soil

Cma = Minimum void ratio in densest state of soil

¢ = Void ratio of s0il in natural state

ﬁb‘mD;:;‘ir‘i;t ».m\w s zly (/) of sozl mass rs dc/‘ nctl as oy

r«u .\‘W\ AN .( ,*' 1 ,’.

\the mass (M’) perunit. volume of sod NSRS

M
p=y

Where, M = Mass of soil

\'} Total volume of scil

Itis expressed in term of Kg/m’. gmlcm"

Syllabus Toplc : Unit welght of Soil Mass - Bulk
Unit Weight, Dry Unit Weight, Unit Weight of
Solids, Saturated Unit Weight, Submerged Unit
Weight

2.4  Unit Welight of Soil Mass

= In case of soil, different unit weights are defined instead of a
unique value of unit weight,
~  This is due to considering different weights such as weight of

only soil solids, weight of soil solids and water cte. and also

due to different volumes. Below, these unit weights are

defined.

- Itis defined as the weight of unit volume of a soil
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:3\‘— g 2.45  Submerged Unit Weight{ v, ) _ é e
“> (MSBTE-S-12)

= s - R RS eIt s-e

. reicht of $o! g I} w =

W = Weight of sail [_Q_._Oeﬁne:SubiTrergi‘d unit werght. {. 12) G

V = Total volume of soil and it is 2.4.8 Relation between

Tewalvolome of sorl and - The soil partckes befow the water table hehave as if they are Ter
expressed KN/m’ >

immersed in water. When any sohid is immersed in water, its

2.4.1 Bulk Unit Weight (y) Q. Derive relation between -{"4, yan

weight is reduced due to buoyancy.

_°‘ Defuutwn of Bulk Umt Wcrght 5 It is dtfm:d as Q Derive :he followxng equa k n‘ :

= Hence the submerged unit weight is defined as the submerged

'(s-n)
weight of scil sobds per unit volume of the soil mass.
vV oW+ W, Y-V,
Th .(_wt (_W‘)__, YEVEVIV, TV
s S V)TV
_ Ye-G-V, +Y
- V,+V,
. . It can be shown as,
242 Dry Unit Weight (y,)

= Dividing throughout D and N by V
-) (MSBTE -W-14 s—17) Tad = Y=Y, iy

=  Where v, is the unit weight of water and it is generally taken (G Vs
Y = VvV, V
259.81 kN/m’ o¢ approximately 10 kN/m’. VY

24.6 Air Content v
Y (G +y
-9 (MSBT" w-15) o N v
- T+e

Thus, Ya = v
_ Ya(G+s-0
Y = l+e

v The above equation can be writte:
2 3
A& = V.'"'“’ : s by w using Equation (1).
et ' e
w, —  Itisexpressed as percentage. L / ’
Thus, Y = -V—.‘ g = _T
If a, = 0 % soil is saturated.
24.4 Saturated Unit Weight (v,,,) Y -G(l+w
If 3, = 100% soil is dry. Y= 1+e
9 (MSBTE - S-17)
= = = 24.7 Relation between G, w a cases
Lcrbeﬁne Satiaed wﬁf‘”“»ghﬁ »W,Sande . Particular
= > (MSBTE - S-08, W-08, S-09) j For dry soil: Y=, and w=0
@‘Derf&é’?e"ianmbem*‘**szuﬁ"a'(s.og‘ 08 v.-G
- .“‘#l»:&_—m\\‘?:;-‘i Y = =
SR : Y,
3 S S e -
£ degreeofsah:mbonand PO Also 1+e = !'—G
. Yl
W, Va-y,
w = Tﬁ‘l = V,-y Y -G i
e = *—-
= Where W is the weight of the soil mass when it is fully 1
\
saturated. = év! ( G:'—Y‘-)
; Y. Compare Equation (3) and (4)
N T SO A N / X
GV, VGV, 'V, Y, = Tow
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The above equation can be written in another form replacing
s by w using Equation (1).

wG
1[G+ -
%)
il l+e
1 G(l+w)
L P . (3)
o P‘n-: 1
Forhﬁl:.' Yy and w=0
]" = I';-G_
Y, -..(4)
Al l4e = -1-'—1
A

1 24 £
) ——— Lix Mg
Y f - =%

rated seil s Y=y, w0 \ <t Sy

for fully sat ‘ ‘?1 i
: liquminn (2) becomes =
| '(—;«. e
Yoo © T [ 1+ t_l 0
For suhmrrgcd soil ¢ ;
Ymh = YM—Y c
G+e "
_G_'H_:__'___c“
= [ l+e ]
G-1 -
Too = T [ l+e] -0
249 Relation betweeny andy,
w
W, -
w_Wa¥, ‘('*w.) i
Y = Vv = v +v' - W)
‘ A2 (I +!L
v|
1+
y = 7,[ l+:] & -

25 Determination of Unit Weight

In laboratory, the in-situ or bulk unit weight is determined. At
the same time water content is also determined. From these, other

unit weights are determined.

Syllabus Topic : Determination of Bulk Unit Weight
and Dry Unit Weight by Core Cutter Method as pef
IS Code

251

Determination of Bulk Unit Weight and
Dry Unit Weight by Core Cutter
Method as Per IS Code :

IS ~ 2720, part 29-1975

> (MSBTE - W-08, S-10, S-12, W-12, S-13, W1
S-14, W-15, S-17, W-17, &18)
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S —— e L= e et o
e iein how to determine bulk unit weight end dry unit
Q. Explzin hew 1 Ce&im . b= 6. Repeat procedure 2 10 3 times for getting secio e vt waighil.
‘weight of sail. {S-13)
d' cni'\t two methods. used to o"tetrnnu bulk density and Then the dry unit weight can be found frony the bulk umt
ary censiy. (519« 3 ‘ weight as follows :
Q. Explain the method of determination in-situ dcnsu‘y "
w..hacore-cut‘er (W-15 5‘77) LR Bulk unit weight = Y=y
Q. E\cp ain core-cutier method. (5-17) e
Where, W = Weight of soil
—  The core cutter method consists of driving a core-cutter of
- , - Dry unit weight = ¥, =3
known volume usually 1000 cc, into the soil after placing it o 1w
on a cleaned soil surface. : _
M = Massof soil
—  The core cutter is usoally provided with a 25 mm high dolly.
V = Volume of core cutter

—  The driving of corecutter is accomplished by hitting the
w = Water content

dolly mounted on the core cutter with the rammer.
Where w is the water content expressed in decimal fraction.

—  The cutter filled with the soil is removed by cutting under it

The core-cutter is shown in Fig. 2.5.1.
with a knife or sharp edge. The extra soil is trimmed off. The
112.5
cutter with the soil is wei y
ghed. 100
: % / 7
—  The volume of the core-cutter is calculated from the inner 7 7
4 5 g
4 4 ’
dimensions. The weight of empty core-cutter is also taken. 7 425 /
5 :
Then the in-sif unit weight is determined by dividing the / 3 mm Brnerminded’sli
/
weight of soil in the core-cutter by the volume of the core- ;
& ' ’ 1
cuter . 1o
(a) Core cutter
—  For determining the dry unit weight, a piece of the soil is b
taken and its water contet, w, is determined by oven drying :
method as given is section 2.2.2. 1375
c) Rammer
% Procedure ©
Fig. 25.1 : Core-cutter apparatus

I._ Measure inside dimension of core cutter and calculate
Syllabus Topic : Determination of Bulk Unit Weight

lume.
s and Dry Unit Weight by Core Cutter Method and
Sand Replacement Method as per IS Code

2. Weight core cutter without dolly. (W}) .
2.5.2 Determination of Bulk Unit Weight and

3. Clean 10p of s0il on site and Jevel it place dolly on top of the Dry Unit Weight by Sand Replacement
core cutter and drive in 1o the soil with help and rammer until Method : IS 2720, Part 28-1974

about 10 1.5 em of dolly remain above surface. > (MSBTE - S-08, S-15, s-w)

i D . S
Dig out container which js containing soil from ground.

Remove dolly with help of straight edge trim flat and the end
of cutter.

3. Weight cutter full with soil and find out water content (W5).
7

i

|
!
|
|
|
|
[
]
|
|
|
I
|
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proceduse 0 datenmine bulk  deneity LY cand

replacemo r:;;»x.‘sO(i;(_;‘f:'_-_iﬁ)‘ TR
The core-cuiics incthod cannot pe used for foose woils or non-
cohesive sols. Under these condtions, the wand replacement

methad is better suited.

It consists of making a hole in the ground. The excavated soil

is weighed and the volume of the hole i found out by filling
jt with standard sand, whose unit weight is known.

_  Knowing the weight of excavated soil and the volume of the
hole, the bulk or in-sifu unit weight can casily be calculated.

Io this method, the site is cleaned and a square tray with 2

central hole in it is placed on the cleaned surface.

— A hole of diameter equal to the diameter of the hole in the

tray and depth about 10 to 15 cm, is made and the soil is

scooped out.

—  The collected soil is weighed. Next, a sand bottle about
ghed and placed centrally

two

thirds full of clean, dry sand is wei
over the hole.
The tap is opened and sand allowed to rum to fill the

excavated bole and the cone. When no further flow of sand

takes place, the tap is closed, and the bottle with the

remzining sand is weighed.
—  The botle is then kept on 2 Jevel surface and the weight of
sand filling the conc is noted. From this' the weight of sand
filling only the hole is calculated.
—  The volume of the conc is known. From the weight of sand

filling only the cone and the volume of cone, unit weight of

sand is calculated.

~  The weight of sand filling only the hole divided by this unit
weight will give the volume of the sand filling the hole.

~ In other words, it gives accurate volume of the irregular
excavated hole. Dividing the weight of excavated soil by the
volume of the hole will give the bulk unit weight ¥ of soil.

n.0
. T

PriynILar e .
[ Butpen T

The water content 'w' of the excavided SOl i e (ermined by
. A9y Then, dry ey
oven Jiying methodd 28 Fed i osection Zo—eo 13 v, dry unst

wetght s cale ulated by,

-

{d . | +w

This is shown in Fig. 2.5.2.

| » Standard sand

.p—» Handle

‘ s} Sand pouring cytinder

(b) Calibrating cylinder

(2)
Fig. 25.2: Sand replacement method

Syllabus Topic : Specific Gravity o

26  Specific Gravity(G) . .=

- (MSBTE — W-10, W-11, S-12)

G = L
Yw
Y, = Ugit weight of soil solid,

Unit weight of water

Y
It is a pure member and does not have any units.

@ Absolute specific gravity

lon" of Absolute: Speci

3 £
n
S o

TS T R

wer
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Physical Index Properies ot Sot!

Vhere, G, - Absoluie specific gruvin
:
{v1a - Unit weight of ebsolute sohds
Y, - Unitweight of eqeal volume of water
. <

=" Bulk specific gravity (G )

All xoil solids have both permeable impenmeable voids in
them, peraxable voids may get filled with water. If we want to
determine true volume of solids, internal voids of soil particles are
exchaded. Thus specific gravity obiained is called absolute or true
speaific gravity.

X

Y=

G, =

Syllabus Topic : Determination of Specific Gravity
by Pycnometer

26.1 Determination of Specific Gravity
by Pycnometer : IS 2720 Part 3,

Section 1 - 1980, Reaffirmed 1987

> (MSBTE-S5-09,S-10, W-10,W-11,5-12,

W-12,5-16, 5-17)

Weight of equal volume of water

—3 (\V‘, - W,) - (\V1- \V4)

Specific gravity = G
5 Wa- W,
(Wr- W)= (W;-W,)
G - W,-w,

Wz-W,—WJ+W4

The pycnometer is shown in Fig. 2.6.1.

w!
(2) Empty (b) Pycoometer  (c) Pycnometer (d) Pycnometer
p)coometer + soil +soil + water +water

Fig. 2.6.1 : Specific gravity by pycnometer

SR

= A pycnometer is a bottle with a Iid in the form of inverted
cone with 2 hole on the top. An empty dried pycnometer is
weighed, say W,

= Next about 300 g of scil dried in the oven and cooled in the
desiccators is placed in the pycnometer and the pycnometer is
weighed again say W,

The pycnometer is again filled with water and its weight is
poted, W;. Finally, the pycnometer is emptied completely,

cleaned and dried and weighed after filling it completely with
water, W,

Now weight of dry soil = W,=W,-W,

Syllabus Topic : Consistency of Soil

— Itis also the state of liquidity, which the soil can achieve at

particular moisture content,

=  The soil, especially a clayey soil, behaves like a solid, plastic

or hiquid depending upon its water content.

This behaviour of change of phase with water content is

known as consistency.

Syllabus Topic : Stages of Consistency

———

2.7.1  Stages of Consistency

Solid, plastic and liquid are the three stages of consistency.
With increase in water content, the soil passes from solid to

plastic and then from plastic to liquid state.
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= vt t contenl it

¢ heat a hquid paste of soil to reduce s

This is known as sheinkage of sl

“ W |
&i]! decase voluime.
tal int which the

. volume will decrease upto a cerian point ater whic
tNe

! in consk we are the
volume of the soil mass wall remain constant. These are
QI N

ifferent stages of consistency.

-gﬁlabus Topic: Atterberg's Limits of _Consist'en.cy
viz. Liquid limit, Plastic limit and Shrinkage limit

27.2 Atterberg’s Limits of Consistency

> (MSBTE - S-08, W-08, S-09, S-10, w-10, S-11,
S-12, W-12. 5-14, S15, W-18)

= The soil may be very stiff, plastic or flowing or liquid state
depending on the water content. Atterberg in 1911 determine

the boundary water contents at which the soil changes from

one state 1o the other.,

Of course
» these boundary water contents will have different

values for different sojls The
i s¢ are known as Atterberg’
limits. s

Later
n 1932, A Casagrande presented Atterberg’s work

along with improved testin & procedures

If water ¢ i
ontent is plotted against total volume of 50il ma
s$

we get an i X
get an idea of Atterberg's consistency limits, (Fig.2.7.1)

L AN

Physical Inde
,_y,,_-_f'_(’f)f P_-"({'.')r’,r;'; n

]

B ———c
— — Vi
: 0
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[t us consider i completely dry ol nigeg g
) Soln
R !
o

remain constant Gl the water content ¢ ),
Cre

Vs
i ";‘ll,

«ituration point. This is shown in part A-B of g, -
§° ,)ill

If water content is still increased. the wtal volup, i
= Ul [he "O'l

mass incrcases and the soil becomes seni-solig like puty
YU[;‘
thick paste. But if it is pressed with finger ang release
ased, i

comes back to original statc.

A mark is not formed. It is not yet plastic. This is showp by
graph B-C. Upon further increase of water content, the soi]

passes from scmi-solid to plastic state.

If it is pressed with finger, it retains the mark. It becomes
mouldable to any shape. But it is still not liquid. This is
shown on the graph as C-D.

If water content is further increased, the soil will pass into
liquid state, like flowing mud. It will flow under gravity and
assume the shape of the container. This is shown on the 'graph
as D-E and further.

These states are the different phases of soil as they change

with the water content.
These phases can be considered in the reverse way also.

Let us imagine that a very liquid mud is slowly heated in 2
can to reduce the water content. As the water content reduces,
the total volume of soil mass will go on reducing and at a

certain point, the soil passes from liquid to plastic phase.

On further heating, the soil mass will shrink further and pass
from the plastic to semi solid phase.

When the soil reaches the point when it is just saturated with
water, on further heating, its volume will not reduce 1Y
more, and it will pass into solid state. If we go on furthef
heating, it will become more and more dry but its volume will
not reduce.

Thus, the water content below which the liquid soil passes i

plastic phase is called the liquid limit.

The water content below which the soil passes from plastic ©©

semi-solid phasc is called the plastic limit.

The water content below which the plastic soil becomes ™
solid is called the plastic limit,
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"Ny

tuther apon reduction of water content o calio b e

\hankage Tt
hus there are + phases of solul solid, semisohid, phaste and
hauid,

Mere are theee limits separating these phases ¢ ligond i,

plastic imit and shrnkage limit,

~  Laquid hinut is the water content separating the iguid and

plastic phase,

—  Plastic imit is the water content separating the plastic and

semi-solid phase,

—  Shrirkage limit is the water content separating the semi.solid

and solid phasc
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Vevenhiag e Casagrande s proce e Toid T e defined
wthe water content at which agroove cut iy part of sl cat
by & wvoving teol of standard dincasions will o topethe
for o distance of 125 ¢ under the impact of 15 blows ina
standand liquid it deviee,

2.7.4  Plastic Limit (W,)
=> (MSBTE - W-09, W-11, 5-13
[ Dofno s lastic imit, (W-09, W-11, S-13, 516, 5-17)_ |

3, 5-16, 5-17)

—  Itis the minimum water content at which soil remains plastic,

without being semi-solid or non plastic.

— It can also be defined as the maximum water content upto

which the soil remains semisolid without becoming plastic.

R p AT AR R Lt ST e] B
e Dcf mtw_ V{;lmh%ét«nuﬁ\-w pmqgg{u(fl terms,
- }\ By w)-r’ S

o] uu.a:m i‘te tat iﬁ’:‘% soil will
e ‘ﬁ P 3 DR AR R e

ust; beginio. o nbleiiohen. 1 Iledfnto ‘thread: of|
es \*ﬁ?‘*‘lﬁ‘* %ﬁ“ﬁ

ﬁ

R N._ 38

“““_ a‘i‘h Q\_& o S (m (w.o pw 1

:@\\_M\_\“\a';s-‘}finh ,,kq‘zrgs-r:'w;~ Sk
of S, WAk

3

—  In other words, it is the minimum water content at which a

given soil will be fully saturated.

Syllabus Topic : Plasticity Index

Deﬁne Liq"‘d fimit 2

iy LRSS A

s ,: A

&%*:z*-' e

_zs(wos W-11; 5-13’“ W-14; 5-15,5-1 [

~  Itis the water content at which the plastic soil changes into
liquid soil, if water content is increased. Thus it is the

minimum water content required for liquid state of soil.

~ It can also be defined as the maximum water content upto

which the soil will remain in a liquid state.

The liquid limit can be determined by any standard

experimental procedure.

2.7.6 Plasticity Index (1;)
- (MSBTE- W-09, S-12, S-13, W-16, S-17)

e £ e g

p“"mymx(wm s-12, s-fs.\w-rs" “s;“f_]

oy l"l‘h’ Tk.'

Déﬁnulfa —gl

‘r\ 3

lr = WL- Wr

—  Two other indices viz. liquidity index I, and consistency

index l¢ are also defined as follows :
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2.7.7 Consistency Limit

“¥ (MEBTE - W1

{Q D-:hm C on:«v-h ns\ linit U“ 1)

> I)(‘}amlmn n[ Consistency Limit @ The walr
content at which the soil passes from one state to the

. next is called as consistency limit,

o
L MW
lr

2.7.8 Consistency Index

:‘r S Drﬁnitmn of Commtcncy Indr:c R It is the ratio of

Jligt nid' limit (Wl)_- naturul u.arcr mnrvnt (W) to

.
-

”‘» plastzcu) Ma!" ] "r.(‘-“x‘ v‘-qws.n PTG Y

AT

L how
c =%

2.8 Experimental Determination of
Consistency Limits

> (MSBTE- W-10, s-u w-12, 5-13)

SEEATE %% -;f“"‘r“‘y‘-f
wd Limit for detem:iged‘

The consistency limits can be determined by laboratory

procedures as given below

Syllabus Topic : Determination of Liquid Limit as
per IS Code

2.8.1 Determination of Liquid Limit : IS-2720,
Part 5-1985
7 4 (MSBTE- W-13, W-14, W-17)

Q‘T Wntégs’t’ép Bﬂftﬂ

Physical ! ¢ "l",i(

liv the baboratory, stamdaed appardis brosaas C ol

e = I tee duteginie

aprrratas, Aong with the ctandind

the liquidd Tt The apparatos s oo g b 28 !

I consists of a brass cup mounte don alurd pabber base The

cup can be raised and made to fall on the haed fubber e,
The distance of the fall can be regulated by screws

The fall is made 1 cm before the start of the test

There are two types of grooving tools as shown in the

Fig. 2.8.1, to be used for different types of soils. For more

sandy soils, ASTM tool is used and for claycy soils,
Casagrande tool or spatula is used.

About 120 gm of air dried soil passing through IS sieve of
425 micron is taken and mixed with water such that the soil

attains a putty like consistency.

A portion of the paste is placed in the cup and is levelled so

as to have a maximom depth of 1 cm.
A groove is cut in the soil placed in the cup by using

appropriate grooving tooL

In cutting the groove, the tool is drawn through the sample
along the symmetrical axis of the cup, holding the tool

perpendicular to the cup.

The handle is rotated at the rate of 2 revolutions per second
and the number of blows required to close the groove for 2
distance of 1.25 cm is noted.

The groove should close by flow and not by slippage of soil.

Then about 10 gm of soil near the groove is taken to
determine its water content. By altering the water content of
the soil and repeating the procedure, 4 to 5 readings of water

content in the range to 10 to 40 blows are obtained.
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Physical Irdex Propertic

Uf ;f il

S MGG soew
e L u‘u.— l'"5

-r".r

i

- e ,—

ase o Hande

po— Mo d ruttew ~
Dasa

fo ———12%
Al érnansions afe in mm

(») Liquid limit spperatus

- 20 =

(/) Casagrande tool () A STM tood

(b) Grooving tooh
2
(i) Soil pat before test
(c) Soil pat in cvp
Fig. 2.8.1 : Casagrande apparatus

(iF) Soll pat sfter test

A graph is then plotted between number of blows on a
logarithmic scale and water content on a natural scale as

shown in Fig, 2.8.2,

&2 f"‘"q’

<
4
..

‘!0‘)

.
o)
o

WWater conten
WMERE DL E

4

b

i

12 2 7 »«’

i A4 ;‘0 ?d /&!09.‘412
% N/ ,‘," ’”/"5"1‘:,
A NG t.d,rl,.bh.:."ﬂ,‘

Fig. 28.2 : Flow curve

It cagll b ceen

whose vogittion s,

N,
= l’ h:);:m ﬁ:)

Where W and W are water contents corresponding to blows

woW
I Il

N, and N_.Ij1s the slope of the line and it is called the flow

index. The line 1s called the How curve.

The liquid limit is then determined by reading the water

content corresponding to 25 blows, on the flow curve.

Syllabus Topic : Determination of Plastic limit as

per IS code

2.8.2 Determination of Plastic Limit :

1IS-2720, Part 5 - 1985

> (MSBTE- W-12, S-13, w-14 s-15)

',!M.; T, Tai

,f,‘f;f‘t’o’m P h e, O o

-

About 15 gm of air dried soil passing through IS sieve
425 micron is taken for plastic limit determination and is
mixed with a sufficient quantity of water which would enable
the soil mass to become plastic enough to be easily shaped
into a ball.

A portion of the ball is taken and rolled on a glass plate with
the palm of the hand into a thread of a uniform diameter.

When a diameter of 3mm is reached, the soil is remoulded

into a ball.

The process of making the thread and remoulding is
continued till the sample at a diameter of 3 mm just starts

crumbling.
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A

LAais
= Guil Samplo
(3 mm dia matar)
Fig. 2.8.3(0)
3 mm dlameter thread
Crumbled thread / Thread with larger diameter

raw et

3 mm diameter thread

Crumbled thread
(b
Fig. 2.8.3 : Plastic limit determination

Some of the crumbled pieces are then taken for water content

determination by oven drying method.

The test is repeated twice more with fresh samples and the

average of the three values is taken as the plastic limit.

A steel rod of 3 mm diameter kept by the side of the glass

plate helps in comparing the thread diameter casily.

~  The test is shown in Fig. 2.8.3.

Syllabus Topic : Determination of Shrinkage Limit
as per IS code

2.8.3 Determination of Shrinkage Limit :
IS - 2720, Part 6- 1972, Reaffirmed

1975

~  About 30 gm of soil passing 425 micron sicve is taken in an

cvaporating dish.

= The soil is mixed with sufficient quantity of water to bring

the soil to a consistency that it may flow.

11h

Physical Inddes Progierio o

- = o+ e—— S
" e it s — e,
s e e

[he sond oirbtree 19 st A in the sheinkage diskin o

et as 1o Oil) the dish, The excess sl i per,
and the dishies wergtied with the «oil.
*

The soil pat is allgwed 1o dry il the colous changes fo,,

dark ta hight.

The dish is placed n the oven a8 1107 C ull its acighe

hecomes constant.
The shrinkage dish is weighed with dry sample asd e
volume of dry pat of soil is measured by displacement of

mercury.

The shrinkage limit is calculated 2s shown below -

Fig. 2.8.4 shows the amangement for shrinkage [imit test.
Fig. 2.8.5 shows the phasc diagrams.

Referring to Fig. 2.8.2.

Fig. 2.8.5(a) represents the soil sample in plastic statc which
fills the container of known volume V and weighs W,.
As:hcsamplcisg;adual!ydﬁcd,mcwamrcontzmz!a
certain stage becomes cqual to the shrinkage limit as in
Fig- 2.8.5(b)-

At this point the volume is decreased to Va, the comresponding

weight being W,. The sample is in perfectly saturated state.

Beyond shrinkage limit, sample continucs to dry and its

weight continue to reduce. But its volume remains V, as now

. the decrease in weight is due to loss of water from the voids.

When there is no further loss in weight, the sample is

completely dry and its weight is Wg while volume is Vy, 25

weight of air is negligible. See Fig. 2.8.5(c)

The shrinkage limit is the water content at situation of

Fig. 2.8.5 (b).
Ww
W, = W, x 100
W, = W =W (V- VY,
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{n the combined analysis, diy ol s bintara

ond then the verv fine sorl s anadveaed by hvdreacter o
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pipeite method by maxing it with waiet

S‘ylulﬁb-us- fopic :ﬁc&i.:!‘nfcal Sieve At;nlysis as per
IS Code

2.9.1 Mechanical Sieve Analysis as per
IS Code : IS 2720, Part 4 - 1985

> (MSBTE- S-11, S-12, W-12, W-13, S-14, W-13,
W-16, W-17, S-18)

‘Q. Why do wa carry out mechanical anatyszs ofsoil. - .

Exp!a:n laboratory. procedurs . for mcchamcal s:eve

L =k

analysrs‘otsoﬂ (s;rz, W-TZ)
Wﬁta'the pmcedure o( mécharucal Siave analysns for-

FE A

—  The size of particle other than cube or sphere cannot be
universal which is not defined by single linear dimeasion and
particle size depends upon dimension and hence to determine
size of particle mechanical analysis is carried out.

—  Sieves are wire screens having square opening. According to
IS 460-1962 (Revised) the sicve number is the mesh width
expressed in mm for large sizes and in microns for small
sizes.

—  The 4.75 mm sicve scparates the soil into 2 parts. The
fraction larger than 4.75 mm is called the coarse fraction. The

fraction less than 4.75 mm are called as fine fraction.

—  ‘This fraction is analysed by the following scries of sieves :

100 mm, 63 mm, 20 mm, 10 mm and 4.75 mm sicves.

—  The sicves arc arranged in descending sizes from top to

bottom. A weighed, dry soil sample is put onto the top sicve.

Ceperally 100 2 sonm le 18 anslveed, Tin top sicy

m veve has @ pea bolow it

creed with T and the boti

aith

The entire assembly 16 then <haken cither mamiily -
carcful up-down and circular motion of 1n a M tine knoan
as sieve thaker. Usually ten minutes of shaking fs sufficient
The soil retained on each sieve is then weighed and the
weight is recorded. The sail coilected in the pan is subjected
to further analysis.

For this a series of 4.75 mm, 2.4 mm, 1.2 mm, 600y (4 means
microns), 425, 300y, 150u and 7541 sieves is used.

—  These sicves arc arranged and the sample from the pan is

shaken for another ten minutes. The weight of soil retzioed on

cach sieve is then recorded.

The soil particles passing through the 75u sieve are collected

in the pan.

If the amount is significant, it is mixed with water for

hydrometer or pipette analysis.

— A table is prepared, in which “percentage finer” and
“cumulative percentage finer” particles corresponding to cach
sieve size are worked out and plotted on a semi-log graph

&5 =

7
=
100 mm
[
100 mm {
Sleve size

Fig. 2.9.1 : Sieve analysis

- This graph gives particle size distribution curve, which
determines the characteristics of the soil. The sicves arc

shown in Fig. 2.9.1.
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2.8.2 Particle Size Distribution Curve

> (MSBTE- S-10, S-13, W-14, W-17)

- Q. What is particle size distribution curve.

(5310, Watd, W) ci T s e

[

‘Q Wnto the sngm‘icance of particle size drstnbutlon curva
and show typical curves for well graded p00r1y graded

“and umlormly graded Soils. (S-13}, AR

»

i
orh «
2}?5"..»»-1"*"‘ AT

¥77.0001 £ 0.057,001:.005; 0.1

it

As said earlier, the cumulative percentage of a particular size

of particles passing through that size of sieve opening i

worked out,

It is plotted against the size in log scale. It is drawn on semi

log graph paper, because the particle size may range ﬁnm a

few microns to a few hundred mm,

Hence, on ordinary scale, a very long graph paper would be

required which would be impractical.

Thus “cumulative percentage finer than” or “cumulative
percentage passing through™ is plotted on Y-axis in natural

scale and the corresponding sicve sizes are plotted on X-axis

in logarithmic scale.

The resulting graph is known as particle size distribution
curve. This curve forms one of the important index properties

of the soil. Fig. 2.9.2 shows typical curves for well graded,

uniformly graded and gap graded soils,

05 10 ao 110.07:50.0;

-~ > g : we
7 .wr.‘;;." Y

\—"%'?f:‘"‘ g
o Py
. a‘ﬁ }:‘\

;m: v.‘:,:)'

YT G

|ty ”‘.".S&m,(, 5eT Sand 8

S R gy e
001 0,002 001" nms :0425%%201 475
o k20 In

) Mg ST

Fig. 29.2 : Particle size distribution curves

S

&l Index Propeities of Soif

2.9.2.1 Use of Particle Size Analysis

> (MEBTE- 10, 511, W-11, 513)

Q. State tho use of pmt.clu size analys:s of soil.
(510,511, 5-13) Byl

Q Statc any four uses of pamcle size dlSlﬂbUbOﬂ eun/c
T Werry LR SRR e

R |
!

The size of particles helps in determining the propertics of
soil like permeability which is greating released size of grains.
Therefore it is important in predicting behaviour of soil and finding

its suitability in vanous construction activities,
Particle size distribution curve is used for :

(i) .Dctcrmining properties of soil.

(i) Itis also helps in determining behaviour of soil.
(iii) To determine suitability of soil.

(iv) To determine correct measure / methods according necessity.

Syllabus Topic : Effective Diameter of Soil

——

29.3 Effective Diameter of Soil

> (MSBTE- W-10, 5-12, S-13, W-13, S-15, W-15)

i""w N S o S e B T LT TR Sy »\i.\\}\ﬁi\\ XY e Da
Q2. What'is me.antbyeffecu e dnameterof il (5-73)**
?N?;"%"?"‘ w‘w‘."* 4.,-,‘*%:-" \"% : SRR
T
-De
K

Since soil contains particles of many different diameters, it is

necessary to choose some diameter as representative of the

soil,

This diameter is called the effective diameter for a soil type.

3 w""as effective siZe o

m-ﬁ‘ ),N,."v; Lt ATy B A ‘ W
S8 represen ts'a\s:zqm msu

5

u' “fl‘ ‘4'5,,-9‘-"2.1 A "n.,\‘.‘ ‘1'-\‘9

x".

o‘w‘“vv x*.-g S
s .,eﬁ, Defin um’ii‘sfxmc:
,r ‘ m X"J“ ““*J‘I:—f‘\ s

Tt RN

effective dmmctcr of sox! it ‘**x

are finer.than that size: -

) u\

= The diameter D, which represents the size for which the

given soil contains 10% particles finer than this size. Note

that Dy, size does not mean 10 mm size particles,
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rmity Coefficient (Cy)
10, 12, W-13, S-14, s-15)

TR

—  Itis defined as the ratio of D size to D), size for a given
soil
D,
& = D
e.g Dy, size for a soil is 2.43 mm and Dy, is 1.24 mm, then
Cis.
oMo

— It the soil is uniformly graded the coefficient C,, is nearly

unity.

Syllabus Topic : Coefficient of Curvature

295 Coefficient of Curvature (C_)

- (MSBTE- W-10, W-13, S-14, s-15)

It represents the shape of the particle size distribution curve.

It is given by,
Dz
Co = —20
Dyo x Dy
Cc = 1w3for well graded soil
Ce > 4for well graded gravel
Ce > 6forwell graded sand.

Graded Soils "f()un(
e A EEITREE SO S B a...-‘__.._____‘&*-
g Well-Graded and Unifo ey,
2.9. rmly Gm dag
Soils
P (MSBTE-W-00, Woyy g,
e —————— 4 e e, g ). ,.]s)

Dehne (i) Well graded .,o:l (u) Poo:ly de,. d 20l

3 (u) Gap graded soil. (W-13)
' ‘-Explain well graded sonl (sm),.: i .

’ f.\\l( ll ]”i fnx '|’("

et o 8 LS B
Bt SR

B el el L T—

Syll::tmﬂ Bpic Wcll(ar.)ded ﬂndu

[Q What do you mean by well-gradod and lz};ﬂ,y
Ot

graded soil. Give the values of coummom ol ey

v,
for each of them. (w-08) .. lurg

q\n‘

partncle siz8 distribution curve. (S- 15) ;._\J

" e T

T Depition ofwellgraded il e
R gr:au}.? bf all s:..es m SIgmﬁcant amount then ibis, is
a\&mc;}l da t&ell gradcd wo:l,, N AT ,:,: 7

-—

Such a soil wil! give a particle size distribution curve whichis
S-shaped. See Fig. 2.9.2 graph.

A well graded soil is considered structurally superior as it can

be compacted to a very high density. Because of presenceof /

all sizes, voids between bigger particles are filled with

smaller particles.

Voids between smaller particles are filled with still smalks

particles and so on. Hence it will give a high compacted

density.
particles almost of only

A uniformly graded soil contains
se of this, the

one size. Sce graph B in Fig. 2.9.2. Becau

] ; we
compacted density that can be achieved is much lo
called poo'”

for \l'f"

¢ for

this type of soil. Uniformly graded soil is also

graded soil' The value of Cu is nearly unity and

graded soil it is in between 1 - 3.
angle
) . < pot 318
Another type called gap graded soil contains n° N
izes. ¥
particle of a particular size or som¢ p.;mcular st
29.2.
soil is called gap graded soil. See graph C. in Fig:
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s Tepie @ Particle Size, Classification of
Scils

2.10  Particle Size Classitication of Soils

=> (MSBTE- S-09, W-09)

Q. Explain paﬂigle size classification of soil. (S-08). -
Q. State and explain particle size classification. (W-09)

The classification of soils according to the predominant or
effective sizes is called the particle size classification. The various

terms_used in this classification are as follows ;
1. Clay:lessthan2p

2. SiI.l :2pto75p

3. Sand:75p104.75 mm

4.~ Gravel : 4.75 mm to 80 mm

2. Pcbbles : 80 mm to 300 mm

6.  Boulders : More than 300 mm

Syllabus Topic : L.S. Classification of Soil

2.10.1 IS Classification of Soi}—

. > (MSBTE- S-08, W-09,W-10, W-11,5-12, W-12,
W-13, 5-16,W-16, S-17)

=

S T e T
5 .

i

2-20

e e S R AR I AT

Physical Index Properties of Soil

The Fodian Stondind Sorl Classification: System (ISSCS)
assics the sorh warh the help of a prefix indicating the
paiticle size and o suthivoindicating grading or plasticity of

the soil. The ditferent suffixes are give in Table 2.10.1.

So : ¢ o
LB LY. ety TR
T AR SR s
"t Coarse gramed | Fine grained - « -« Highty grained « .«
{More than 50% malerial - (Mors than 50% matoriat - (Large % of organic. .
" gmatarthan 0075 mm) " - smaller than 0 075 mm)- . matten) & g (Peat)- .-
S W e

i Gravels < .,y Sonds /L
(50% > 475 mimj (50% <475 mm) ' ©

il

mpressibildy .- compresshitiy. compressibity
5T 38 <EL <50 1
. pes %

N, GP, =
S GMa OG04 SMA SC

M - il
O — Organicsilt
W — Well graded
P — Poorly graded
1 — Medium compressibility
L - Low compressibility
H — High compressibility
S — Sand
C - Clay
Hence, GW — Well graded gravel
GM — Well graded silt
SW — Well graded sand
SP — Poorly graded land

Table 2.10.1 ; Suffixes and prefixes
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Htvpe | Prefix Subgronp § Sulbiix |
e |
i
vand S Poorly graded b
Silt M Silty M
Clay C Clayey C
Organic | O w, <35pereent | L
35 <w, <50 I
Peat Pt 50 < w H

— A plasticity chart is used as a help in classification. It is the
plot of Liquid limit against plasticity index. Fixed lines are

printed on the chart, dividing it in to different arcas.

- Liquid limit W, and plasticity index Ip is determined for the

given soil and the point is plotted on the plasticity chast.

cggr“ W._:%
’*-’é‘ 7
1 ’1’-»1

T

m»\mww:mu W

o

py T ————meerre e S TS G

Fig. 2.10.1 : LS. dassification of soil

—  Ifit falls in a particular region, it is classified as that soil type.

Plasticity chart is shown in Fig. 2.10.1.

CHUTFIRIREL BV

Fig. 2.10.2 : Plasticity chart

“\ Physical index Prope

Accentanee cnbena for soft nurun is in betueen 4-8 il I

'
hard murvnn it s s beteeen 008

2.10.2 Plasticity Chart

A Casigrande devised o chart wseful for identfving end
classifying fine grained soils The basic of classification 13 the
relationship between hquid himit [W, ] and the plasticity index (15
A line called ‘A-line’ is drawn diagonally across the chart. The
area above the A-line represents inorganic clay and that below

A-line represents slit and organic soils.
The equation of A-line is 2 1, = 0.73 (W, - 20]

Majority of Indian black cotton soils lic along a band above
the A-line. The plot of some of the black soils is also found to ke
below the A-line. Care should be taken in classification of such
soils.

Using plasticity chart soil are classified as follows :

(i) For silt and clays LL less than and equal to 50% soil are
classified as ML, CL. OL

(ii) For silt and clays L.L. greater than 50% soil are classified as
MH, CH, OH.
2.11 Soived Problems

Ex. 2.11.1

A soil has bulk unit wt. of 3.02 gm/cc when water content
was 15%. Calculate water content of soil partialty dries to a
density of 2.89 gm/cma. Calculate specific gravity of soil.

Soln. :

Given: = 3.02 g/ee, ¥ = 2.89 gm/cm’,

w=15%=015 w=2 G=17

o X 3.2 302
Yo T T+w-1+015- 115

=2.62 gm/cc
Y _ 289
Ya = l+“/=°2'62' 1+w

1 2.89
e +w = 26-2

1.103-1=0.10%

£
1]

y 302
y, 981

o = 302 o ADS
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Physical Index Properties of Soil

Ex. 2.11.2
A soil sample has dry density of soil 1.75 g’crn“. What is its
dry unit weight. Find bulk density it unit weight is 19.8 kN/m’,

Soln. :

Given: pg= 175 pk m' L p=T

Y, 5 R XE
175X 981 = 17.17 kN/m’
oy 19.80
P= SR

p = 2.02;'Jtm" woAns,

Ex. 2.11.3
Calculate void ratio and dry density of a soil sample having

porosity 35% and specific gravity 2,67,
Soln.:
_ n___035
€ = 1-nT1-035
e = 0.538
%G 1x267
Yo = 4= 140538
Y, = 1.735gmlec wAns
Ex.2.11.4

A soil sample has porosity of 25% and specific gravity of
2.67. Calculate void ratio and dry density.

Soln, :
_ n__ 0.25
€ = 1-n¥1-025
¢ = 033
_ %G 1x267
Yo = T4e>1+033
Y, = 2.007gm/cc. . Ans.
Ex. 2.11.5

The bulk density of a soil is 1.6 gm/cc. If the specific gravity
of soil solids is 2.7 determine the void ratio with the
assumption that the soil is perectly dry. What will be the void
ratio if the sample is assumed to have a water content of
17% 7

Soln. :

Given:y=y,= L6 gm/cc, ea?,G = 27, e="ilw=17%

G
. Y

Y l+4e

16 @ datd
: lve
2.7
STl
¢ = 0.69=07
Using Y, = T}-\:
T N
14017
Yy = LI7Tx).6=1872gm/ce
¢ = Y- G (1 +w) 1
) Y
) Y,'G:-(1+w) y G-(l1+w)
Using Y = T+e 3 ” -1
1%x27(1+0.17)
= 1872 -1=1.68-1
e = 0.687=0.7 weANs,
Ex.2.11.6

The density of soil sample is 2000 kgfma and its water
content is 16%. Determine its dry density, void ratio porosity
and degree of saturation.

Assume G=2.7, v, = 10 kN/m?,

Soln. :
Given: 1=2000kgjm’=23mlcc. Y,=1?
w=16%=016e=7G=27, n=7
Y, = 10kN/m’ =1 gnvee, §=17
oY 2
Yo = Tow=T+0.16 = 1724 gmlee
Y, G
-
Also, Yo ¥ Tve
1x27
1724 = l+e¢
21
¢ = 2!
e = 0.566
e 0.566
M= T¥e T 140566 = 03614
n = 6%
G:w = Se.
G:-w 27x0.16
S om U= 0666 =0.7632
S = 7632% e ANS,

S———
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Ex. 207
The potosity of soill samgple s 38% and specific gravity of
solid is 2.7. Calculate [a] Voul ratio, (b] Dry unit weight,

Geo Technical Engmee 1iny 'M‘ HH Semd, C |V||)

ks 85 40 S . PSR SR L

Soln.:

Given: n= W% =038, e=? G=27, Y, 7

N .38
¥ ® en " 1-038
e = 0.6]
o6 1x27
Ya 14c ~ 14061
Y, = 167 gmlrmJ ... ANS
e S P S T S T,
Ei 2.11 BAA yigie el a._;“}jgf'_.':‘{%.’,;d‘-‘-,;,‘.cff 2 ‘rz;:?’
P Sy VL R S et e A
A Stiied oy, e gn-w%werj
R 100_¢gm‘af§er gvpr dr)nng li rts dry dens: : 1;; %510 li%{%
- o~ iy ey ‘ ‘ M“’ ,«".‘ J«‘n"“"'?) s ¥
'ieng:pe s cpntem void, r?no ) and s specnﬁc sum
G =270 and Y, 2 10.KNm’; % "':'%’?:zfgﬁ:%ﬁtﬁam i
Soln. :
Given: W=1540, W=7, W'=1100gm. e=7?,
Y, = 1350 kg/m’ = 1.35 gm/cc, G_=?
W, 1100
o e
Y, = V=735 ° 814.81 cc
W 1540
Y = V =51481° 1.890 gm/cc
e .
Now, To = T+W
1.890
135 = 1+ W
1.890
w = 1.35-1':0.4:40%
OR Wo = W-W,=1540-1100=440 gm

Ex, 2,110 %

Soln. :

Given :

Phys

R AN S SRS s

"qu j

Y = 176 gm/ee,

Calcnlate wold ratio, poiosity and
mass of bulk density 1.76 spacifi
and wator content 30 %. -

e="7,

W=30%=030, 6=7
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Yo ® Tow™14(
Y, = 1.353 pm/ec
_ 6
Ya 1+¢
2.7x%1
1.353 = T+e
2.7
e = Jas3~1=0
e = 9%
_ n
L T
n
099 = T=~n
0.99-099n = n
099 = 1.9n
n = 049
n = 49%
Ex. 2.11.10

A soil sample has porosity of 35%
Calculate its void ratio, dry density
saturation is 50 % and 100 %.
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O3y 200x1 Soln. :
W' o lse 140538
| e S 10-06
Y, = 1,736 pofer ' eoe 1h-04

) whens =50 % =08

(G4 .\}L (2640538 x05x1
| +e 1 +0.538

Y =

Yy = L1386 gm/ice

b)  when s=100 % =1 i fully saturated

(G+e sy, (26740538x1)x1
T+e 1+0.538

Y:.‘

Y = 2086 gm/ce «sAns,

Ex. 211.11

An undisturbed soil sample has volume of 100 cc. It's weight
is 190 gms. After drying in oven weight reduced to 160 gms.
It specific gravity is 2.68, find water content, void ratio,
degree of saturation.

Soln. :

Given: V=100¢cc, w=2, W =1%gm, e =7,

W, 30
— . c—
¥ = W,

_ W _1%
Y= vyv7
Yy = 190 gm/cc
W, 160
Y, = -v1=-i-—=].6Ogm/cc
_ S,
Yo = T+e
Gy, 2.68x1
e = -1= -1
1, 1.60
e = 0.675
s - W—G_O.1875x2.68
T e T 0675
S = 0744=74.3% e ARDS,

Ex.211.92

- The actual void ratio of sand is 0.6. Here 8, = 1.0 and
8 = 0.4. Find the relative density of sand.

d
”"(", = ().6666

Il = 66.66% ...Ans.

Ex. 2.11.13

Porosity of soil sample is 35% and specific gravity is 2.7.
Calculate void ratio dry density, salurated density and

submerged density.
Soln. :
Given: n=35%=035 e=? G =27,
Yd=7’ Y,‘=?' Ymb:"’
- n
€= 1-n
__03s
€= 1-035
¢ = 0538
_ G-y, __27x1
o = TT¥e T 1+0538
(2.7 + 0.538)
Y, = l.756gmlcc—"—'(]+oj38) X
_ IG+e] | (27+40538)
Ta = [4e] "= (1+0538)
Y. = 2105gm/cc
Yoo = Y~ Y,
= 2105-1

Soln.:
Given: N=42%=042,e=? G=270,
1, =2 S=40%, y="?
when s =-j40%
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I3 0724
G ’{‘ 1) ]
1 lee 140723
1.566 gin/ac
(Ges O, 27+04-0729)
L (Tse)  ~ (1a0723) L
Yy = LiMgm/cc e AR
Ex. 2.11.15

Find porosity of soil whose voids ratio 1s 1.24.
Soln. : We know the equations,

Volume of voids

9 Porosity = Total volume

x 100
v,
—x100
v
.. n . Volume of voids
1) Voidsratio = oy of solids

v,

ie. ¢ = v,

We z2lso know the inter-relations between porosity (n) and

voids rztio (¢) as given below.

¢ = Topwdn=yis
we get,
8 = l:—c=li':;424 =036
jieen = 5236% ~Ans.

i.c. 52.36 % pores arc there in the soil.

Ex.2.11.16

The porosity of a certain soil is 58%, find the void ratio for the
soil.

Soln. :
. . n
Using the equation ¢ = T
We get,
0.58 0.58

e =

1 -0,58 = 64_2' =1.38 ...Ans,

i.e. the soil have 1.38 time more voids than solids.

) rl +
Dry dessity

1€. Yy

Saturzted density

1e. Y,
Submerged density
1. Y

Nae 7,

274 Fard vords sato, iy Cencily,

whmetged dencity of the ¢od

n___038
J-a 1-03%

= 0631

Gte 278x1
T1="14e T140613

= 1.723 prlcm’ AR
G-v1.

(l+e)

(2.7% + 16131
(1+0613)

= 2013 g/ .o Ans.
= (=0T

= 2013-1=1.103 go/em’  ...Ans.

= unit weight of water = 1 gra/em’

Ex. 2.11.18

An undisturbed soil sample has volume of 60 cm and weight

110 grams. After cven

Grying its dry weight was found to be

g5 grams. Find the water content voids ratio, porosity and
degree of saturation for the sod it G=2.6.

Soln. :

Woatercontent =

ie. W =

bulk density =

dry density =

Also dry density =

Voidsratio=¢ =

Porosity n =

ie. S =

Degree of saturation =

W;-W, b
T xl(!):u%sﬁ x 100
12.79 % =0.1579 .--Ans.
W
1=y =16%0 =1.83 gmlc:m3 - Aps.
Ly 18 3
fa=T+w =1+ 01579 = 18 gmfem
wd 95
1,=7 =g = !S8gwem’  ..Ans
(G=)
Ta
26x1 |) =0
‘-58 s - .6‘5 ...Am
c 065 oo
l+e ~ 140645 3921
0.1579%26  _
0635 =0.636=0.64
W
s="e'S ...(by se = WG)
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@3 Gec Technical Engneenng (MSBTE- Sein 4, Civil) 2-26

1579 x2.6

YT TS

= (L6363

63.65 %

o
v
[t}

«Ans.

Ex.2.11.19

The volume of a soil sample having natural water content of
42% is 26 cm’ and its weight is 45 grams. Calculate dry
density, voids ratio, porosity and degree of saturation for the
soil sample if G = 2.76.

Soln. :
Given :
N W 45
Bulk density = Y= = 3¢ = 1.73 gm/cc «.Ans.
o Y 11
drydemsity = vo=1335 =Tr042
ie. Y, = 1218 gmlec «..Ans,
G 1.
Yodsratio = ¢ = |——1 -
Ty
. 276 x 1
1e.¢ = 1218 - l) =1.266 «..Ans
. e 1.266
Porosity n = I+c=]+l.266=05587
ie. n = 5287% e ADS.
- wg
Degree of saturation =S = o (from se = WG)
) 042x276
ie. S = 1266 =09156
ie. S = 9156 ...Ans.
Ex.2.11.20

The porosity of soil sample is 35 percent and the specific
gravity of its particles is 2.7. Calculate its voids ratio, dry
density, saturated density and submerged density.

Soin. :

o __03

T-n ~1-035 ~0538

G 2.7 3
- = =
Y, = Tve =153 = 1.755 g/cm

(y~=lg/ml)

G+e)y 2740538 ;

Te = TTre =T7;g =2105gem
Y = Y, - =2105-1=1105g/em’

Physical Index Proparies cf Soil

e AT

Altenately :
Yoo = (=) G =0.65%2.7 = 1.755 e’
Yo = (1=-n) G+ n.
= 17554035 = 2,105 g/ein’
Ex. 2.11.21 o B

A natural soil deposit has a bulk density of 1.88 g;/cm3 and
water content of 5 percent. Calculate the amount of water
required 1o be added to 1 cubic metre of soil 1o raise the
water content to 15 percent. Assume the voids ratio to
remain constant. What will then degree of saturation?
Assume G = 2.67.

Soln. :

Given :

-
n

1.88 gm/cm’ and W= 5 %

) Y 18 .
“ Yy T Tew=1+005 =179gm

Eardier, when W=5%

L
005 =

Taking one cubic metre of soil, V = (100) Yem’

W= Yv=179x10° gs.
» W= 005xW, =005x1.79x 10°
= 8.95x10‘gms.
w 3 2
=V o= 7‘:8.95)(]0 cm

Later, when W = 15%,

W

v

_ 6
WW—O.IS x1.79x 10

v 26.85x 10" cm® = 26.85 x 10°

Hence, additional water required to raise the water content
from 5% to 15%.

26.85% 10'-8.95x 10°

17.9% 10" cm’ = 179 Kiters.
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e 21172 asity of 40%. T spocl grovly
has & poros

A wi‘ M"\‘\' (\]

golid Is 2- 70 calculate :
(a) Void ratio
(b) Dry donsity
(¢) Unit woigh!
Soln. :
Given: ned0%= 0.4: Gm 210,
(x) Wehave,

n 0.4

c @ 'l":" n-—-—‘l 0 '0-667

6] 2.1x1 1.62

() Y, * TT’E’HO.(»M'

wG ey =1 cmj)
© €% S (Taing1, =1 ¥/

¢S 0.667x0.5

W o gt =012

Y, ® 1,62 (as before)

Y = ¥, (1+W)= 162X L1245 1.82 gmvem’

(G-cS!

Check: Y =Y, TTye

(2,70 + 0.667 x 0.5)
1+0,667

= 1.82

(d)  When the soil is fully saturated,
c = W 6
-

¢ 0667
AW s '6' --2?’—0- u (248

("]

T ™ 10 W)

w1625 128 = 2,02 pyiem’

Altemately, 9 -(}1_(|~n)w

e T

—————

waspm?

SHE-04) 4 1uy,

[NV RRIE T

;’“l/( ”,‘
£x, 2.11.20
Tha volumo ol n ¢l.|y samplo having o ity ,
v ‘ ll
ol 40 % ia 22.6 coy Yand its wot wolght |g 4340, my,”

",,,(1(,"uum! saturation of the sampla, if ; 215 ul(,,,w
W s
goln. ! Y r v e LT yen!

415
?v()

.

I +w = LT gfem’

(y 2,75

K[t
y, " Tan e

WG

g = T=0.4x2.75

1.26

= 0.874=874%.
l-.AM

— T ——

Ex. 2.11.24 )
The Inside wolght of an undisturbed soil sampla of yohyy,
60 e’ Is found to ba 100 gms on overdrying the weighy o ul
reduced to 82.5 gms. If the specific gravity is 2.7, What wery 19
tho water content and degree of saturation of unditutes ©

sample.
Soln. ; ‘
W, 100-85.5 I
— =
W = w, = 855 Ot C
W 100 $
l{ = -v' = ( =l.67 n.
= Ty =Teom <Mk
d
[
W, 855
o —d === 21425 gm/cm
77 W .
Gyw  _2IXL o5
¢ = '%'-“1.425 :
wG 0.17x2.7
S, = T¢ 70895
LA
= 0513=513% —
Ex. 2.11.25 e
a
A tully saturated sample of soil has volume 20cc pelom™®
htis 25 gM$:

35 gms. Atter drying in oven, its weig
A) % water content
B) Degree of saturation.

Soln. ;

//

lom o 1 AN ~n P
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W VS CWet werght) ! \'—.—:
Wy oo= o 25 ems Dy werght) W V.
Y. = 12¢ce
Tofind:w, S " .
Wo = 12gms
i) % water content V, = V.V,
W, - W, = 20-12=8cc
woE T X 100
Y4
~ V, = 8c¢cc
35-
= —=— x100
35 i)  Water content :
W, 2
Low o= 0% w = W, x 100 = xlOO
i)  Sample is fully saturated, hence volume of voids is equal s~ w o= 50%
to volume of water,
\' ii) Void ratio :
S = ‘.7" x 100
' .12
c = V, = 8
Y S = 100%
e = 15
vV, =V,
iii) Porosity :
Ex. 2.11.26 v
A tully saturated sample of soil has a volume of 20 cc and no= X '00"— x 100
weight 36 gms. After drying in the oven, its weight is
24.0 gms. With the help of phase diagram, determine : n = 60%
() Water content
. iv) De, f saturation :
(i) Void ratio ") Degreo o
() Porosity S = x 100 = l—z'x 100
(v) Degree of sat
(v) Saturated unit weight S = 100%
Soln. : T
v)  Saturated unit weight :
Tofind: w,c,n,S,y, Wa 36
Sl bt
- For fully saturated soil V, = V_
w, Ve = 18gm/lec
But v, = V. where v, = 1gmicc
e
w1
Bulk density: ¢ = Y- 1—99
F'E-P-lll-ZG:thxDiagr',m Y = 19gm/ec
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°
but I =
. W =
Also W=
s =

Geo Techment Engmot

ne ‘lleHlE S 4, Cial)

W \n\‘ i

N o - 1 6 vin/uc
" ALY 2 2 (‘\ X l
| + ¢ > Lo | 4 ()
0673

W _ A9
Tew VO T0w
18.75%
s.C. 5 X 0.675
G =0.1875 = 368
0744

L0 Physical Index Properties ol ool

pycnothod and reédzded observahdns belo

epecxf'c gravxty of sod 3 j-i :

1)Mass of pycnometer (gm) 652 | 652 | 652

W, f470) g
(Wi - '1)

G W W) (W - W)

_____ (950 - 652)
(030 - 652) - (1658 - 1476)

| 208
G = (298188

G = 2709
Determination 3
Given : W, = 652gm
W, = 933gm
W, = 1649gm

W, = 1470gm
W,-W

2) Mass of pycnometer + soil {gm) 918 | 950 | 933

3) Mass of pyc. + soil +

water (gm)| 1640|1658 | 1649

4) Mass of pyc. + water {gm) 1470(1470| 1470

Soln. :

Determination 1

Given: W, =
W, =
W, =
W, =

Specific gravity, G =

L G o=
Determination 2
Given: W, =

W, =

652 gm
918 gm
1640 gm
1470 gm
(W;-Wy)
W2 - W)= (W3- W)
(918 - 652)
(918 - 652) - (1640 - 1470)
266

(266 - 170]

277

652 gm

950 gm

G = TW;-W)—(Ws- W)

(953 — 652)
= (933-652)- (1649 — 1470)

R
-G = 28r-179)

- G = 275
277 +2.709 + 2.75

§ Rt Su R

s were- found.- from. sxﬂve nayss of socl

Coefficient of curvature is obtained by,

(Dy)* 037

G Diox Dy~ (0.18 X 1.07)

C, 0.711 ANS.

n

This indicates that soil sample is not a well graded soil.

coefﬁcienl of cmvature for sofl pamc!e ol S
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230 Physical Index Properties of Soil

Soln.:

Coetficient of curvature,

& & O _wasy
© T DixD (015 x20)
. C‘_ = 7.52

This indicates a uniformly graded sandy soil,

cAns.

Ex. 2.11.33 K6E]

A scil sample has ‘a porosity of 34% and specific gravity
2.68. Calculate its voids ratio and dry density.

Soln. :

Porosity n = 034

Specific gravity = 2.68

Ex. 21131 L&

Find costfiient of niformiy
G for a sol particie it Dy,

particle if Dy = 0,15

Coefiicient of uniformty,
- Do __2
G =D, =053

G 1333

It is sandy soil.

Cocfhicieat of curvature,
(D)

2

and co-efficont of ¢

R A

19’

AR
Waeg

RS 28 &40

= 0.75 mm and
Q}’\t?‘:,' \3"1 e W

.
s SRR

G = DoxDg ~0I5x2)

(m; - m)) (3010 - 900)

G e

Ay denty I K

Bulk dcnsul’y = =

v 1178

1.79 KN/m’

T Bulk dcnsitz_ L1
Dry density I+w ~ It
= 0.114 kN/m’

v Ans.

DS L]
urvature

o = 1 e ~1+052

Eton ey

(i) D,,=0.30 mm
(i) Dy=110mm
(i) Dgy=20mm

C = Dm=0-_' =6.67

DyoxDg - 03 x 20~ 202

160CC; W

Q
&
-]
<
"
n
w2
b

=
]

269.28 gm ; G

04
= Teo = 190 gnvice
2

w
1]
[
A

69.28
= 160 = 1683 gm/ce

<z <=

SO0 K% MR e

B

WH 4

SRR SRR R

Ll e

AR
b e
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7
I
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»

o
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IR
|

@) Semeed desty (¥, )

= Qs

D vodnSy & = _T;:I-O_@r’a“%
o _G'Y_l':"xl o 3
5 Dndastyly) = L. 71.008 - 0=

G+ehy, @7-099x1
3¢ ~ - (102

@) Sewraed demsity ¥, =

= 18 emim’

o> ey B e v e
e A e e e N e
: e : "*_ ?S';‘:\u. =

s
= -~

= i u. s, \: : VIVL_'“ -

ms:d A S eSS R T 8 _-—F

F185S of 190 gmron oven drying the mass is racced b 150 cC = = oaR
SR é; SIS = s

e e iy

-

~
R sy B N e S R T AT e e 0
T e S N S L e ke D

4\\ Soil s well
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£x. 2.11.80 TEYEE | Ex. 20042 TEVITT

Cr\?\‘lﬂ:;!ﬁ Cé’ﬂﬂxfﬁa‘n! of utormity and conthciont cltcdrendire 1 A siovd analyps ool wan o ontedd ing !V;A‘.;c;s:‘fm"; aned from
for 2 .;m; {;m’\s.;_‘_{m which Dy = 0.0019 rmm, Dy, » n,_ln,‘f,o f.\n-(.flc)» sy dalibmiion cumvg .“..":ll(;:'v‘m] _ahirarvations
m{n.DQEﬂ‘Q - o A ‘ ‘ ‘ tocorted, Catenfate co aficioof of cury ittiess e co etﬁc_h.-)nf

r»l W‘;'&My for following ¢ data, ‘ o
0 D502 i
1) 0 » 126 o ; <
‘(i?vfﬁ;%!,ﬁﬁmm e RO TRl ¢
Soln. :

Soln. :

. . =0 = 140 Y a0
Given: D _=00010 D <040 D <00

Cocfficient of untlormity

. = 2878=0257
" Dy =032 me. Dy = 125 mm. Dy = 109 mm

Coefficient of curvature . Coefficient of enrvatnre

ﬂ) " ' ([) ') !
PREAEE. - U .—@.‘B_ol__ =008 . . (1.25)
C = b »p, “0miowe "

Co = Praxbg “032x108

T D T ra——

= 244

Coefficient of uniformed

y=2kNm', w=18%, G=275, y,=?

ae? ex? s=?

(i) Dryunitwe:

y __u
V. = Tow =T+0I8

= 17.7966 KIN/m’

She B A B a8 G 7 A BRRINOC B e T BN S N O s R

(i) void ratio:

G-v 2.75 x 9.87 Cmas * Cana
c = V‘ -1= 17.1966 -1=0516 —

= 065-045

s Sy ¥

= L715

516%

(i) Porusity :

PEERCE ENIC PR e ST

3 0516

Tic “T+0516 = H03%

) Degree of saturation -

€5 = w-(G§

Tofind: w, e, n

0516 x5

= 018x275 :

For fully saturated soil V=V 2

s = 0959 W,

2 But w = 7 t
il L8 s 9299 v i
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o 1'1 83 n oS¢ .114 (mly

Where VUL
e
W, v,
Vv, =
W, = 10gms
V, = V=V,=25-10=15cc
Weight } Volume
P e o = b
W' E:10 grﬁn&i :

i
e ad3naecms 4753
L2 "'{ VX

(1) Water content

w
(i) Voids ratio

e
(iii) Porosity

n

Fig. P211.44

Wy
xlU)-— x 100 = 40%

<| =
n
Gls
"
(=2
S

X: O()-'lg 100=40%
Vxl -st =

?-33

Coettyorent ofyrformyny ¢

Soil is notundornily graded

Coefficient of curvatite ('{

il ;.»:fo xl 1epartios of Soll

i s e e it

D ';' 10
s 02
4
Py os _0¢
Doy % Dyn 0122 0.4

1.6

Specaf c. 'vgrawry teol was conductod,_
fera
pycnomntcr mo‘.hod and the recorded obs

Specific gravity, G

B‘élo’ﬁu?' Find the apecmc grawfy of soif,
1. | Mass of pycnometer 480 gm
dnhll S
2. | Mass of pycnometer + soil 726.8 gm
3. | Mass of pycnometer + soil + water 1667.6 gm |
4. | Mass of pycnometer + full of water 1512.5gm
Soln. :
Given : W, = 480gm
Wz = 7268 gm
W, = 1667.6 gm
W‘ = l512.5 gm
W2-W))

T (Wy-W) - (W3- W)

(726.8 - 480)

= (7268 - 480) - (1667.6 -

1512.5)

jor.a:s o D02
Dl 7 A0 dassi b 998 02 e
Soln. - %EF e 3 2 15 | 10
"fc""““’“"rf"’“;,‘-‘,
Wﬁ’n@n’}w = 3067 | R0 3130 3275 13005
Cocfﬁci;nt()funifonnily(c.)=? W 2500 | 2235 226 2‘ﬂ
Coefficient of curvature (C) =17
D = 0Zmm 0 |20 |15 |0
Dy, = 0.8mm
Dy = 2mm 3220 [ 31.30 | 375 ?»OEJ
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B )
_@“T Geo Technical Engineoring (MSBTE- Sem 4, Civil) 234 Physical Index Propertics of Soll
- : Soln. :
ry weight Waolngm < [ 2200 | 2300 | 2235 | 23.26 | 2144
eGSR T T T R =1 | Given: W =680, W,=72026, W,=75036, W, =727.25
Water contentIn %4, \ | 28.26 | 2857 | 2859 | 28.97 | 2865 & silfiesavituD Wi-W,
R ¢ iy apecthe gravity, G = (Wy— W) - (W, - W,)
rog R S S D Y I A
| | oo d 5 - 72026 - 680
! ] | T  (720.26 - 680) — (150.36 - 727.25)
.{30 :-NL\.,. o ..;].. TI :... .P
[N P s s NS I 40.26
O, 105 | B e T - —
g 1 G = W26)-@an =¥
,g o0 f» versift o o . B
M Sy Y e
B us|- et o B v i
3 ] AR e,
T ([hett fild dens
5 F 18 reata
(0] § 1015203 P 3540
Fig. P.2.11.47 : Number of blows

Please plot above on semilog graph paper and observe
corresponding value of 25 number of blows. That will give liquid

limit. Here it is near to 26%.

Find coefficient of curvature for soil particle.

1. coefficient of curvature for soil particle
2

Cocfficient ofcmvamm:C;(Dm)x(Dw)

. 1.78)°
Cocfficient of curvature = C_= 043 x (2-39)= 3.08

2. CoefTicient of uniformity

’_.‘lﬁ_g-;, -j- = s et
M 'ggp omeles- A

Given Data:

(i) Ficld density of sandy soil = 1800 kg/m’ = 1.8 gm/cc
(ii) Water content = 10%

(iii) Void ratio at loosest state = 0.75

(iv) Void ratio at densest t state = 0.47

Density index = I = e, - €] / [epn, — €]

Y4 = [‘z‘l'%m =1.64
G-v)
L [(nc)]
... use this equation for finding, ‘e’ natural
e = [M]—l
Y
= [lLi-z—ll]-l «-Assume, G = 2.67
¢ = 062
When soil is loosed state
e=e,, .. Hencel =0
le-c]

Dcnsityindcx=lo=[c e’

Deasity index =1, = 0.75-062] 0.13

(0.75-047) = 0.28 =046

Comment about the degree of compaction based on the value
of density index as the value density index = Iy = 046 lies in
between 0.35 to 0.62.Hence, the degree of compaction is medium

dense,
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H)r Geo Technical k. n(;mm nnq (M SBIE- Sem d ( wn,

E o R A T 2 ATTSEANL
‘.'-!,

£x. 2.11.51 RS 323} i

i/

L FS B

The dlny. ty of a ol 6 nmp}e is 2000 h)’n ard s watel
'comm! 18%.. Deiormme its dry. density, voulj ratio,
powmry and doqmo ol smmn\mn Assumo G L PT2,
Vw=10mm.‘,‘, s N T
Soln. :
y-—"(lmlp’m =2 pmiec. Yy = T w=18% =018
e=" G=27. n=N Y, =10WN/Mm’ = 1 gmicc, §=7
22
Yo = TamcTom T aass e
h_. 1x21
Also, Yo = c.-.;(,os,‘”
1
e —==-1= 5N 593
e 1695 1=0.593 e=0
3 0.593
n = TeemTeos -0
= 312 %
G-w = S-¢
s = G;w - 2.7!0513’:08'95

l_:}l’,

v

Physica ) inedox ¥ TOpe ties of Soi

2 e T e TR R T BT S T AR X
=g

Fx. 21153 Eu}
Calculate shtinkage b for a given soil samgle from the

foflowing data . ¢ : ; o
). Massc orrpu«mmlnorw 13gmn e

(u) 11ass of ccn’ swrvnm w~"f ‘ml w, n 4 3 gm 3
(m) Mas% o! ccmairw vmh dry sml w' 3 qm
(rv) vol. of wet s()tlv, 4 ‘

) Vol of ty 601 Pat vy 1t
Soin. :

Given :

Mass of empty container w; = 13gm

Mass of container with wet soil W, = 43 gm

Mass of container with dry soil wy=32.3 gm
Volof wetsolly, = 207em

Vol of dry soil pat v =103 em?

Find shrinkage limits Wg = ?
Mass of wet soil = M=w;—
= 43-13=30gm
Mass of dry soil = M=w;=W,

323-13=193gm
By formula Wy = [[(M=M) - (V- V)yw]/M,} x 100

0.01554 x 100

=
u

2
: ;
€« :
gw Given: W o= 1600,,W,= 1200 gm,
=TT -
MR i 1] Y, = 1350kg/m’ =135 gnvee,
10f -1+ - f __?;f Find: W=2¢=2G,=.n=?
Lay: L4 4§ i I P
: —J ’ i 17 -—1' T g-’ R : Y = E‘_@
(0.0) 10 20 20 40 50 60 ' ¢ VT3
Number of blows
Fig P.2.11.52 = 888.88cc
g oth 2 W
Liquid limt = 68% y = -‘-',‘;.--Elg;-‘:gg
‘,—-———"/’
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EOREE

Q

5 0

\ ¢ ' A
Now,y, = '“i\ . s .
130 " | 800
O Tew O = T
LS00
W o= === =00 1% . .
1.38 G, = 018 gnviee LaADS,
OR we know that,
122
W, = W W, = 1600~ 1200 = 300 g "=
W, N
W = ﬁxl(ﬁ:tﬁxm\ = 0.5495 x 100
W o= 0% A n = §95% . ARs
G-y, 2.50x 33.33
. - S0x3333
Usieg vy, = T3, Sor§,=S, = T35 =06829
250x 12
135 = =,¢ S =6829% w-Ans.
]
Chapter Ends
. 0oo

Ted R
-::i.aé.c}:s-. SRR i £ S

el
R

o ot o T

NS ) R
‘_Lﬂ‘<‘\.
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problems to determine coefficient of permea
seepage pressure, phrea

32  Shear failure of soil, field situation of shear failure,
resistance of soil — cohesion, intemal friction.
Equation for purely cohesive a
methods.

3.1 Definition of permeability, Darcy's law of permeability,

determination of coefficient of permeability by constan
bility. Seepage through earthe

tic line, flow lines, application of flow nel,

Mohr-coulomb failure theory, Stre
nd cohesion less soils. Direct shear tes!

coefficient of permeability, factors affecting permeability,

t head and falling head permeability tests, simple
n structures, seepage velocity,

(No numerical problems).

concept of shear strength of soil, components of shearing
ngth envelope, strength

and vane shear test —laboratory

@ Introduction

As soil is made up of separate particles, the voids or spaces

between them are interconpected and it can be viewed as a

complex network of imegular tubes. If the voids are larger and

flow of water is much less

even though almost all

more interconnected, the resistance to

than that offered by smaller voids. Thus,

soils arc pervious to walel, they cxhibit different degrees of

This gives rsc to the quantitative idea of

which is nothing but the degree of

perviousness.
permeability of soil,
PETViOuUsness. This is much important with respect to various

structures like dams, there foundations and its settlement.

SyHabus Topic : Definition of Permeability

3.1  Definition of Permeability

= (MSBTE - W-10, S-11, W-11, W-15, S-16,
W-16, 5-17)

16, 5:17);

permeability can be defined as the speed at

-~ Quantitatively,
which water flows through soil under unit head at unit

hydraulic gradient.
Voids
FIng £ :
Watﬂl'__’ 'Z b %
—) S ArL :
‘@.@ ,"@? ‘:@‘ —» Escape of water
EEEIOER
Particl
Fig. 3.1.1 : Permeability e
32  Theory of Permeability '

— Much of the important work for analysis of the phenomenon

of permeability was done by Darcy.
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?' Geo Technical Engineering (MSBTE Sem 4. Civi)

32

5

4]

Ceo Te

~  He proposed 3 moded where the hydisuhe srdent is the

main factor atfecting permeability.

Syllabus Topic: Darcy s law o! permmbnny

3.2.1

=

Darcy's Law of Permeability

> (MSBTE - $-08, S-09,W-09, S-10, W-10, S-12,
W-12, 5-13, S-14

0; Sr e Darcy‘s faw of permeabﬂzry

- The flow of water can be of two types. Laminar flow and
turbulent flow.

—  The flow through the pores of soil due to their small size is
almost laminar.

—  Assuming the flow to be laminar, Darcy’s law can be applied
to it. Darcy’s law states that for laminar flow the velocity of
flow, v is proportional to the hydravlic gradient i.

v o] or v=Ki
K - Constant of proportionality /
Darcy’s coefficient of permeability

—=  This equation is known as Darcy’s law. The constant of
proportionality is known as coefficient of permeability.

Syllabus Topic : Coefficient of Permeability

322 Coefficient of Permeability
> (MSBTE - 5-08, W-08, W-15, W-16)

e ,_‘m‘ -?25‘?
-#A_‘,,?"‘—ég;

—  Consider a soil mass as shown in Fig. 3.2.1. Let A be the
cross sectional area of the soil mass, and Jet L be the length.

= Let there be level difference of water Ah between the water

—~  The dhscharge theough the soil 1s given by, §

q = vA=KiA=constan
Vh
1 = L
Thus discharge is given by,
q = Axv
—  The cor
qg = kiA.
of simp
V = ki
- The
Where, q = discharge per - unit time velocit
A = total ¢/s are of soil mass soil
i = = =hydraulic gradient H - hisa
ie.m/
K = Darcy’s cocfficient of permeability
v = Veloaty of flour z
L = Length of soil sample
Ah = Differential head of water (b, - h,) 3

g‘m‘—.‘=§3—c=¢:¢r

TEora it
Definition Jﬁim e flo

AP TRSELE

@ Turbulent flow

Fig. 32.1(a) : Laminar flow

i~

levels at both sides of the soil mass, Then

PRk &R g

e
T
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Permenbl[;iy__ and She

@ Geo Technical Engineenng (’@?ﬁf: 2 C_';’_‘Q___,__:__g_._
o= S TR b

Fig. 3.2.1(b) : Turbulent flow

K %h" A = Constant.

The constant ‘K’ is known as the coefficient of permeability

or simply permeabibty.

- Thoocfﬁdcnlofpcmnbilityl(canbcdcﬁnedmthc
velocity of flow under a unit hydraulic gradient through a
soil.

—  Rtis a property of the soil. Its units are the same as velocity,

ie. m/s or co/s.

K =

-nl<

ar Strenath of Sgiy

T

L

I-A—{Lmanutmv
q = vA = Diacharge

Fig. 3.2.1(c) : Darcy’s experiment

Typical Values of Coefficient of
Permeability for Different Soils

—  As the coefficient cf permeability is the property of the soil, it

changes with the type of soil.

— Following Table 3.2.1 shows values of coefficient of

permeability for different soil types. It should be noted that if

a soil is compacted its coefficient of permeability wiy

change.

4.75 mm and above  |Greater than 102
2 |Clean gravel well graded |GW
4.75 mm and above 107210 107
3 [Clan sand poorly graded [Sp
4.75 mm 10 0.075 mm {103 1 5 x107*
h\‘———\_——‘\_
4 |Clean sang well graded  [SW
T il 2
5 4.75 mm t0 0.075 mm |5 5 107" to 10-3
=
Fine sand wih silt SM
6 0.2 mm 10 0.075 g 2x107% 10 10-3
Silts or sj —
Stlty sandy clays ML, MKy CL,
»CLL ML, s¢ 0.0 mm t0 0.075 yyy 5 6
T . xX10°%¢ 4
ys o010
CL.C1, ¢y
0.2 mm 10 0,75 mm i
| 107° or Jesser
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Permeabiity and Ehenr Szlrr ;0 of Sei
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=== —1

=1 . s Q I°oTe
r’,@t/’ l Geo Technical Engineenng (MSETE
Geo lechiel - 0 = =2 13
—__——-—;‘—’__..‘u—-'-*

s,.l..busToptc Fac.cr affecting Permeability

RS s S e

R

33  Factors Affecting Permeabiiity

=) (MSBTE - S-08, $-03, 510, $12,5-13, 5-14,
W-14, W-15, S-16, 3-17)

: O Stara and expL.m fac:ors a'iochng pcnm..abt :'y of sod v

Factors Affecting
Permeability

=4 1. Grain size

h=p{ 2. Properties of pora fluid

3 Temperature

=p{ 4. Void ratio

5. Stratification of soil

+

6. Entrapped air and organic

¥

7. Adsorbed water

!
=p{ 8. Dogree of saturation
i

9. Shape of particies

=1 10. Structure of soil mass

Fig. C3.1: Factors Affecting Permeability
Permeability depends on many factors. Following are the
main factors that affect permeability :
21

Grain size

~  Grain size of the soil, or the cffective size D,y is one of the

factors which affect permeabiliry,

Allen Hazen gave the refation
K o= 10000,

Ceefficient of permeatility in cmv's and D

Where, K =

is the effective grain size of the sol.

The permeability of coarse grained soil is more than that of

fine grained soil.

2. Properties of pore fhuid

Permeability is directly proportional to the unit weight of
pore fluid and inversely proportional to the viscosity of the
pore fluid.

3. Tempersature

Since viscosity of the pore fluid decreases with the
temperature, permeability iocreases with temperature, as unit
weight of the pore fuid docs not change much with change in
temperature.

4. Void atio

Increase in void ratio increases the area available for flow,
bence the parmeability increases for critical conditions.

¢

K e« 77—

l+e
o K =&
5.  Stratification of soil
Stratiﬁed. soils are those, which are formed by layer upon
layer of earth or dust deposited upon one another.

If the flow is parallel to the layers or stratification, the

permeability is maximtim while the flow in perpendicular

direction to the stratificaion occurs with minimum
bility.

This is shown in Fig. 3.3.1.
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EZX Geo Technical Engingenng (AZETE-Sem 4, C
i ._V" 4
i i
LI
Tl
-~
X LT \S
ez AT
Horizootsl strata
Few X,
Flow o e 7Vm
I /] st=a
Ky

Ky<K2

Yertical strata .
Fig. 33.1 : Stratified soil

<) 6. Entrapped air and organic impurities

OrganiCimpm'iticsandcncrappedairobsmmtbeﬂowand
oocfﬁcim(ofpcxma.bilityismduwdducmthcirprm

=) 7. Adsorbed water

—  Adsorbed water means a thin, microscopic film of water
surrounding individual soil graigs.
ms“misnolﬁeetomvcandhmo:md:mmeeffecﬁvc

pomspaocmdd)usdccmscsmccocfﬁdcmofpambiﬁty.

=) 8 Degree of saturation
Thee permeability of partally saturated soil is less than that

of fully saturated soil
=» 9. Shape of particles

Permeability is inversely proportiopal o the specific surface
c.g. the angular particles have more specific surface area as

compare to rounded particles.

) - i . ; . Ry

There fore the seid huving ancul porlicioy 15 e8s jemwadik
fRett acaple

than sol of rensdad puncles

=» 10. Strocture of sl mas

For same void ratie the permeatility s more for flocculant
structure 2s compare dispended struciure.

3.4 Determination of Permeability

Mainly, two Isboratory tesis are used to determine’ the
coefficicnt of permeability. Which test is suitable depends on
the type of soil.

Soils with Jow permeability and those with high permeability
require different tests.

—  This is discussed below :

Syllabus Topic : Determination of Coefficlent of
Permeability by Constant Head Tests

341 Determination of Coefficient of
Permeability by Constant Head
Permeability Test IS 2720 - Part 17,

1986

> (MSBTE - W-08, S-10, W-10,
W-12, S-12, W-13, W-14)

==
10—

It is based on measering the volume of water flowing through
2 soil sample of known cross sectional arca A and length L in

time t under a constant head h of water.

—  The arrangement is shown in Fig. 341
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I‘H t.m\u.nnmll naneenng (h"llll Sem 4, Ciwil)

W b A b b b 04 1 be v 4 o e

Constant kvel
7

;.:'—."——_r‘I\
» it

-

: o~
Manometers
—
n -
Vaciam c i
Y
Wie meshand =1 n o }
oravel fier TR L
ArcamA —"fl. l
iy e O

Perspex colt

Fig. 34.1 : Constant head permesbility test

= The soil sample is enclosed in a perspex cylindrical tube. A ]

pumber of manometer points are provided of the side of the
cylinder, These can be used in pairs.

= One such pair is shown in the Fig. 3.4.1.

= Waler is allowed to flow through the soil at a constant head
'h” as indicated by the level difference in manometer tubes.

= The quantity of water or volume of water V collected in time
! is measured, from which discharge q is calculated. The
coefficient of permeability is then calculated as,

9. _ VL
K » iA - AM

v 1
Where, q = T'—‘dischargcinm’ls

V = volume of water collected in m’ in time t sec.

A = cross sectional area of specimen in m',
b = level difference between the manometer tubes in m.

L = distance between manometer points in m.

L s T T —

Permeability and She ar Stiength of So

Vacoum s used at the start of the test 1o ensure that ol
entrapped air from sonl sample 1s removed keeping valves A

and B ¢losed

Then the valve C is closed. Yalve A is used to control the
flow so that a constant head flow is achicved as indicated by

constant level difference ‘h* between the manomeler tubes,

= This test can be used for highly pervious soils where falling
head test cannot be used due to very rapid fall in head, which

cannot be measured.

= This test cannot be used for soil with very little permeability
or highly impervious soils like clay as ratc of collection of
waler may be very Jow, sometimes even days, so that the rate
of evaporation may be higher,

— This will give wrong rcsults as much of the volume of

collected water will evaporate,

Syllabus Topic : Determination of Coefficient of
Permeability by Falling Head Permeability Tests

3.4.2 Falling Head Permeability Test :
IS 2720 - Part 17, 1986

> (MSBTE - W-09, 5-13, 516, S-18)
S T e ey

s p ﬂbyxstep Procedura"

e \R o '«i.:m;x

\v "-:_‘a.,; e S \*-x.; S 1

= Thistest is used to determine the permeability of fine-grained

soils with very low permeability,

= Due to low permeability, the collected water will evaporate

and will Jead to wrong results in constant head test. Hence,
this test is used.

The armangement is shown in Fig.3.4.2,

A cylinder containing the soil sample is placed on a base,
+ ie. & perforated disc, fitted with a fine gauze. The cylinder

has a rubber stopper at top in which a graduated stand pipe is
fitted.
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K Pormeability and :v?n‘\f stangth of ¢ ol
s ] . . “ g1 PPN Fo B 3 a
fiﬁ Geo Technical Eng:necnr_x_gﬂ(]yﬁ_?lﬂ_ em 4, Civil) kA M

e =

) ead and falling ooy
Glline the standpipe with de-nired | Ditferance between constant h
~ The teyt is conducted by Dihing the standpipe S '

method “
water. Itis allowed to flow through the soil sainple JENUNSIEI———E
i i i wha e 'lln head
- During the test, the water level in the stand pipe continuotsly (.mnlnnlhmd ] Falling
drops and the height of the water in stand pipe is measured at =
able  hine
several time intervals and it is then recorded, Any one pair of 1 It i suitable for coamse | 1. Tt is st !
measurements can be used to calculate the coetficient of grained soil, prained sorl

e

permeability from the following formula

2. Water level is in constant | 2. Water level in stand

K _IIL__ pad §
= Al -t )'0& h, head chamber is constant pipe falls,
by . .
Or K = 2303 ( ‘)logw h, throughout experiment. o
Where, = f c/s of stand pipe. , " o
2 area of cfs of stand pipe 3. CoefTicient of permeability | 3.  CoefTicient of
A = i A
area of soil sample is pearmeabillity ix

L = length of soil specimen. Kng'[""‘ K_z-;SLl.‘.l h,

and  h,h, = heights of water measured in the stand thA AL

e Uandil 4. Walcr collected through | 4. Water collected through
If t,~t, =tthen,

soil mass is more

l . I $0il mass is very less,
K = 2303 5% pog, —
h: ——p——g— e ———r—— -
Syllabus Toplc : Simple Problems to Detennlno
Severalpairs of resdings are wed i i S S Coetficient of Permeability,
4 -5 values gives the avera coeffici ili
ge " icient of permeability, 3.4.3 Simple Problems to Determine
: Coefficient of Permeability
- | Stand pi S A
] = " Exi34; [5s 3k a3 K} S
‘ 5 .g;a.:_m e T sq«* e
5 Ingh asampla 122
] s £0d 41 el in crosd-do tha waor ey, i
> biva of 335 m&m’*"""“*‘"m‘“&”“ S
5 ; :t“.“ £5 xtm“'*v from a '"“9'3.‘. °‘
8 | o % -Find the coomdsnx o
h’ - - o 3“;’ (%5 \_;-u"q.\ __ ABTH 3%
A- ' MR y iz.hy,‘,i Y o n.\""!_u ,“.?‘::. v',.é
Given ; —
vea a= ‘(0625)=0307cm
L-t=t=|5 Minutes = 15 %60 « 900 sec
METScm by =05 a7, . 50.3
K

= 2303 AL h
3 At logloT\t

K = 230, 207 x122 y 15
“4' X‘:XX) ’gll) 503)

K = 3_74K|O-Scw

\,

Scanned with CamScanner




e

'
]

C NTE. Cam 4 O 3 Yenmeability and Sheasr Streri
g : neering (MSBTE-Ceri 4, (,l-.l)_' - _-{E__“ e ,__A,_.___! LSl et kbl 4% -
= Soin. :
£x.3.4.2
Given s h, = 150 cm, hy = 150 - 75 =75 cm,

A 55;1 sample was tested in a constant head Leimeameter.

Diameter of sample was 4 om and length was 15 cm. Under

a head of 20 ¢m, discharge was found to be 75 cc in t, = 15min. = 900 sec.
10 minutes under a head of 20 cm. Find the coelficient of K = constant
; o by
permeability. A log b, * AL log h,
Soln. :
h 1 b
T2 2 ) —log# = l-log#
Given: A = x4 =1256cm, L=15cem, i 2 B
150 L 150
. Tann 1089 T h
¢ = 10 minutes = 10 60 = 600 sec, 1800 TE 75 7 900 7 Ry
‘Io 10, Iog"-s'g
V = T5cc=75em’,h=20cm, "+ 2°8s by
VL T5x15__ . 0° 15012 (121)
K = A = T2s6x20xe0" <10 o ‘°3(7S:?) log {'h,
- 1 (1) :
Ex 43 75) = (b,
A soll sample 8 cm in diameter and 14 cm long was tested in sox (I 12
e = x(_ 2
a variable head parmeameter. The initial head of water in the s 150 ¢
bwemwasSOctnandiidropped1mmugh20uninZOO h, = 103.06cm a
seconds. If diameter of burette is 7 th of diameter of soil %
N Ex. 345
sample, find the coefficient of permeabiiity.
Soin. A sample of soil is 10 cm high and 50 cm” in cross section -
. _a_‘_!_ d 1 area, Water flows through the soil under a constant head of :
Given: A=4=0.ﬁ,l..=l4c:m.dA=4==0.25, ; . :
00 cm. Water collected in 9 minutes is 460 cc. Calculate K. =
2 =4
4 _xx025 0042, t=20050c. = -1, Soln. : L
2, 4
Given: Q=460cm’, A=50cm?, L=10cm,
h, = S0cm h,=50-20=30cm
h=100cm, t=9 x60 =540 sec. :
h ;
K = za'—AI;—logm;L 2.
! K =
t ¢
a\ L h
D (A)""gmb, - —%60x10 %
. 450 ’ T 50x100x540 =
K = 2.3x0.049x-266!og—35 A &
K = L7x10 cm/sec. z
K = 175x10 cms. :
Ex. 3.4.6
Ex. 344

In a laling head test, head dropped from 150 cm to 75 cm in
30 min. what may be the head at 15 min?

t,= 30 min = M) x 60 = 1800 sec.

atn ¢ Lo

A soil sample was tested in a constant head permeameter.
The length of the sample was 20 cm. The diameter of the
permeameter used was 5 cm. Under a head of 40 cm, the
discharga was found to be 150 cc in 10 mts. Calculate the
coefficient of permeability.
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Soln. : Coefficient permezbil

L L QLL
K = l-:\."n

My 1 Yo

Where, Q = 150«
t = 10x60=¥)sec
T :_
A = 4(5) = 1963
L = 20cm
h = 40cm
LK = 150 1 "0
. = 500%19.63 " %0
~ K = 337x10 em/sec

Ex. 347

Asamp!eofsoilwcmlengmwastestedinava:iablehmd
permeameter. The initial head of water in the burette was
foundbbe%ananditwasobservedtodropmrough
12 cm in 900 sec. If the diameter of burette is 0.1 times of
that of the soil sample, then, caiculate the coefficient of

permeability.
Soln. :
Given: I=10cm, h, =36cm, h,=36-12=24cm,
t = 900 scc.
Lt D = diameter of soil sample
d = 01D
WA = fo’.m==§w._mf=o.m§o’

Coefficient of permeability is given by

al h
30355 logm[:l:l

K =
00150’ x 10
K = 2.303x logm[
4
~3
4 K = 45x10 cmss

———

Ex. 348 50L3

A sgil cample 10

v K

25 mu‘.. .. Ciameter J bureits i3

ooe‘ﬁaerﬁofbefr"eab

Soln.:

Given: 1 =
h, =
h, =
t =
D =
d =

C/S arca of burette, 2 =

C/S area of burette, A=

"

‘ ot =av 1 o P e
em m diarmetsr and 15 0 0N WES 125950
~etor, T1a ool hezd of walzr 5 U

burette was g9 cm and % dopped trough 25 om n

19 mm. Find @

15¢cm,

90 cm,
(90-25)=65cm.
25 x 60 = 1500 sec.,
10 cm,

19mm=19cm

2 2 2 _ 2
4d2-4(1.9) =2835cm

o

3

%(10)’:7354 cm’

But, cocfficient of permeability by falling head is,

2305

2835 x 15
2303 %7552 x 1500 1°810 [22]

1.175%x10” " ¢

= 115 scconds

= 400 mm

=200 x 10’ mm’
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i?'é Goo r(\»,(,:*._g__g[.g necring (MSBTE-Sem 4, Civil) 3. woo Permeability and Shear Strength of Soil
I = 250 mm (d) Turz of test = 100 minute
A = W0mm K=? (e) Fall ¢t head = 80 cn to 25 cm
Q L Soln. :
K = A)(h
. Given @ With usual notations
_ 20x10° 1 250
13 730007400 a = 053cm’
= 0.362 mm/scc. A = 78.5sz
L = 15cm
b i s e b s
h1 = 80-25=55cm
t = 100 min. = 6000 sec,
». Coefficient of permeability
Given : diameter of sample = 4 cm il
K = 2.303)(Ax xlogmG:')
length of sample,L = 14cm ‘
0.53x15
= 2303
constanthead.h = 25cm z *785 6000 leog,o (25)
Quantity of water,Q = 80cc
time period,t = 10 min = 600 sec.
c/s area of soil sample,
A = T4 = 1256 cm’
We have cocfficient of permeability given by
Q1L
K = t %2 %%
= X TazX = 594107 csec. D= MWem , L=15em b =45em
h, = 45-30=15cm
Ex. 3.4.11
t = 195sec. d=19¢
Calculate coefficient of permeability in the falling head test "
when following data is recorded. K =172
2
() Area of stand pipe = 0.53 cm? A = 542 'g'xlo2 = 1854 cm®
(b) Length of specimen = 15 cm
2 = nd=wix19' = 2835 cm’
(c) cfs area of soil sample = 78.5 cm?
a:L h
K = 3"'——'logm h,
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!hq p@in:gglgl%l’f‘ "'r!’?h“é*‘}'; g?'??'ﬁﬁ&"m 1?’0 !l'll;: {img :md
78500 In aions e L et et i i Lo
Soln, ;
t = 20mir
Q= 308 x 10" mm’ b= 870 mm
hy = 1.0Om:
L= 120 min AsT8.5cm’ 7850 mm’
hy = 040m
t = 270 seconds
Q 1 L D = 4cm
k = lexn
Ll 1% [ iSiem
270 T8.5 % 100 ~ 870
A = ':':'JMI
k = 001985 mm/sec
- Cocfficient of permeabilit
}kﬁﬁf&eﬁrﬁmuwm A i i . '“?,", ( pe Y
(57805 &m@ i %g" i )
b ea k = 23x3
W m"p-lnﬁ, PRk = 23X
mni d'po i cametor) A

m i neey Kol
! J .. L ’:-!‘ "
"’ tﬁ J‘I u-; -3{”-;):"». Niwws

.H’

f»""ﬂ L7 J. fv”.’émf ) ;‘z;? #’*fm
AL ,25 (cm »;«Tl;‘o{,dla} ctbr ?f = 23%x=

ﬁ/}?‘?‘&w i }t;","!”’gg"fk&iﬂ;h ,
- sﬂw’ e m i '*ékfa,
;p&bmm 2 'u :.,. " V‘
ir”o'ﬁ,(vt ’

= 1,093 x

¥ l P PR 75] ! i
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v s W

1S minutes = 15 X 60 = 900 =x.

-1, =
H, = S H=05-47=503a
b ¢ 2 2
a = zx&ﬁﬁ=&307m
o h
K = uusjgbg,,;;i
0307xx12 . 15
K = 2308 11 xo00 “£0503
K = 3683x107 cm's

ﬁ%ﬁ:"‘i&m
-asx o = %c'

=45cm.h,=2.5cm.l=12

Givea: D=10cm L=15cm b,
miowstes i.c. = 720 sec, d = 0.5 cm Find K in miday.

2

A (m)xd’=(ﬂ4)x|o’=7854an

|}

() x d* = (/4) x 0.5 = 0.196 e’

L
2357 1ogis /)

=
n

0.196 15

= 2.3.,8_“. 20 10810 145725

"
|

-

Noom 2OSNI0TT emvsen,

N o= 108X I(l“w(lllm) 0026 WAl oy

e vep——

A sol s rs;"u was tos !nd ln constant head pormoametor,
Diameter o{ samplu wag 1 cm longth was 15 em. Undar
constant md of 20 cm Drsdmrgo ms found to bo )'J co m

A w 3 ikmal g :-:."-

10 r..m‘ux Fmd cootficiont of‘ bormoabﬂny
Soln, :

Find coefficient of permeability = 7
Diameter of sample = 4 cm bence A = U4 (4)' = 12.56 cm’

Length of sample = 15 cm

Constanthead = 20cm
Quantity of discharge =75 o
Titme period = 10 minutes = 10 X 60 = 600 seconds
K = (Qux(I/A)x(Lh)
K = [75/600] x [1/12.56) x [15/20]
K = 0.125x0.0796x0.75
K = 7.46x10” cavsec.
Ex. 3.420
Apammu(A=3OOOmm‘.L=zoom) gave

dsd:argeolZSnihZOr_rimnesunderaconstantheadof
1 m. Determine the value of co-efficient of permeability.
Soin.:

A= 3000 mm’, Length of sample = 200 mm,
constant head = 1000 mm
Quaintly of discharge = 25 ml = 25 X 1000 =25000 mm’

Time period = 20 minutes = =20 x 1000 = 1200 seconds

MORONG)
K = [25x100011200]x[lr3000]x[20011000]

20.83 x 0.00033 X 0.20 = 0.0014 mmVsec.

]
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i34 Geo Technical Engineanng

£x.3.421

" e &)

A constznt head peaneameler Gves oooheigh

270 seconds under 2 censtant head < 1050 min Cetermine

coetficient of permesbilty in mvday,  the solt sampie wés
- . 2,

150 mm long and 78.50 cm’ in {ross seCtion area.

Soln.:

A=7850 cm’ = 7850 mm' , Length of sample = 150 mm

Constant head = 1050 mm, Quantity of discharge = 350 ml
= 350000 mm’, Time period = 270 second

Kk = (Gh)x(I/A)x (L)

_ (350x1000) 1 150
= 270 "(7850)"(1050

1293.29 x 0.000127 x 0.143

t = 270scconds

b = 1050mm =200 x 10’ mm’
L = 250mm

A = 7850mm K=?

_ Q1L
K = t Axb
350 x 10° 1 250

= T570 *785x100°1050

K = 0.0393 mm/scc.

Givens
L= 15%m. .“\:iﬁlm:, d=fmm, hy=75%m N
t= 15 min = Y0 ec.

To find:- k=7

a=xdxdi =1/ 4x08 =050

K =2.034x10" coo/s

Syllabus Topic : Seepage through Earthen
Structures

35 Seepage through Earthen

—  Secpage can be considered 2 two dimensional flow. Where
v:locityvuininbomborimmzlandvcrﬁmldimodons.

- Whereas Darcy’s equation considers one dimensional flow,
for analysis of secpage, Laplace’s equation is used.

According to Darcy’s equation the velocity of flow of water

through soil is,
v = Ki
And the discharge is,
q = VA

—  Here the velocity v is called the fictitious or superficial
velocity of flow, because the actual flow is through the arca

of voids and not through the entire cross sectional area.
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cEmar velosms

= The varous engizoering prebiems whereandy of spizse of

walier 1S reguired are -

| > (ussTE
Q Whatis soepage presies > (11, mity).

1. Where any embankment is construced oa 2 soil heviz g Jow
coefhicent of permeabibny.

™~

Derning construcsion of retainiog wall

3. During construction of carthen dam

- mmm‘&g'xﬁcmh&mﬁr
hﬁnd‘ﬁcm&%’emfmmﬁmk
5. Draining of water logged asricultural land. gatyFei,

4. Lesses from Imgation canzks.

6. Rate of settlement of stroctre. = Theeffoctive prossars 2o 1 secpage s givea by,

7. Safdyofh)dmﬁcmwm 0r = Lag+iy)

Syilabus Topic : Seepage Velocity I flow s ia direction of gavity i e dowmwands
o o, = Lr,-tv)

- lfﬂow'ninmd&udml.ts&ks@m‘m
flow ccaurs.

- Tbcwmn:umbymmmcxﬂm‘&%k
mmswm(&)mkhg\mt@; s

Po= by,

- N
e~
ofes s je i S e e

)
"

b
T b - hydranbic bead

-}
"

» = 1Ly, L-leagth over wiiich head fost

i - hydraulic gradient

b : g -
= Where A, is the area of voids across the cross section. g == ¥, = umt weight of water
v = vAY seepage force is given by,

' A
§ = P-A=IxLxy A
Since,
A - total ofs of soil mass
ALY ‘
A v The seepage force per unit voluroe is fiven by,
iLAy
Where, ll=P0l'DSit)’ f; = -ﬁ‘
5 = =L
v = nv.-(c+] XV' c = iv'

vt SBFITY
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¢hoveal Engineering (MSBTE-Ser 4, Cif)

poié Phreatic Lia} 2

353

~

Phreatic Line
> (MSBTE - $-09, W-11, 5-13, 514,
S-15.5-18, 5-17, W-17)

Q Define Fhreabclines (S%B,_W-H S—! S-15, S—ﬁ’)

Q. &s:uss bnof‘y equspoteﬁbal rmes and phreahc Enes
vmh neat ske?d\es. (5-12) :

Q. Deﬁne Phreatx. ﬁne wﬁh ketch: (W 13)

o befmepreanc l.ne. (s-u)

In carth retaining stroctures, the flow due to scepage will
cause the phreatic line.

All te points oo the phreatic line have equal secpage
pressure 2nd it can be taken as atmospheric pressure.
Fig 35.1 shows phreatic lines in different types of earth
dams.

Phreatic or sccpage line is the line within a dam section
below which there is positive hydrostatic pressure exists in
dz.mzndilisanmprcﬁcqnit.

15

i 2rma; xh'.*/ und St

e

~ylmba-, Topic : Flow Lines

o T v ST,

—

4

[

3.5 rlow Lines and Equipotemia! Lines

=? (MSBTE - 509, w.

Q. Define Flow hnea. Equofemeal hnes (509, W-11)

Q. Cifferentiate- be“wee'l phreabc hne and equ'pr tentia g
 fne. (w-w) ;

1. | Itis line within dam section | Equipotential lines are
below which there is | lines joining potnts of
positive bydrostatic | equal pressure  aleng
pressure. flow line.

N

Eath dam with sand e ard rock e

Fig. 35.1: Phreatic lines in earth dams

Equipotential lines are the lines joining points of equal
pressure along the flow lines. These can also be defined as
lines along which the points have equal head of water.

If piezometers or glass tubes are inserted along
equipotential line, water will rise to the same height in e
tubes.

Equipotential lines are always perpendicular to the flow lines:

3.6  Graphical Representation of

Seepage

Analysis of seepage phenomenon is simplified by vsios B¢
graphical solutions. One of the most used graphical tool in “Flo¥
Net”,

/

SO s a1 o

Scanned with CamScanner



o ee—
Wt
\

g (MSETE-Sem 4, Givii) 3-16
iaeeNG Lt T = = 7 3

Permaabiyy
s - ‘-;“;;,—,—_—;..:;.:;‘.:.‘:m‘*—‘-;:_;;;;:;;- o S CCTRY B0 Sl o reg
» Eﬂ@l.’- e e == ...__.-,.-..:.::-:::._:_._,‘- wooe "..i ri'_"}_t_l:‘ :Jf ?"f"'
?_,;;—-/"' e
et L nafew net, flow

\Jat

0es and eqing e
oa 810, W-10, ¥/-11, S-14, ‘Phpoter
L, 2

W-15, S-16,W-17) other at right angles,
L) e [ ]

al ey INErsed egchy

IS

| T (5«(3.5-;;:’5"”' i',’—?S,‘S-‘TS)" : 1\ 2. The quantity of watey flowing through each Now channel is
RPN I o 1 2 R the s2,
o e SRR e T
i el neat sketch of flow net. (57
D e L o

w

The drop of head, or the potenti

al drop between any two
Successive equipotential lines is the same,

4. The fickds are approximately squares,

5. The flow net is representative of the flow pattern and
dissipation of the hydraulic head see Fig 3.6.2.

T R e
T ‘3‘*"« 4@,‘: 2 R RO£@W§

) lines i flow

13 R -
soccessive ; —
section of 3 flow channcl between two st E 4
- Py Hustrated in g :
Wﬂmuaﬂeﬂaﬁcﬂm‘““ i._. Flow Ire
Flow Ane ’
AN = Constart '._
4= Conatart _;,
= Frow ke a=b
: Fig. 3.6.2 : Part of flow-2et illustrating characteristics :_
=5 —_— A n of Flow Net
=% = oyllabus Topic : Applicatio
& Syllabus Top :
363 Applications of Flow-ne! 1
- E IS S _,“
K N

Fig 36.1: I"lo-nd
‘362 Characteristics of Flow-net

3 MSBTE- S.09, W09, W-10, S-11, W-12, S-13, wing purposes .

£
15 used for follo <
W-13, S-15, W-15, 5-16, S-17, S-18) A flow pet chart is >
= (1) Determination of discharge-
>, 1 g (2) - tion Ofm" head.
3y Determination of pressure be>d
(
Determination of hydrautic g™
(0
‘ ity of sccpage
_ ing quantity ©
Folloving ar the characeriics of flow-net, which e useful (5) For calculativg ;
B St of o ety aog in calculations in solving secpage For stability of earthen 43

- e
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(1 Determbnation of s ge

Prom dacy's law,

K=t
"

Dischatge due seepnge
Where n, = number of Now channel
, number of potential drop

discharge due to seepage

K = cocfficient of pearmenbility

H = Head of water causing flow,

(2) Determination of total head

The total head at any point can be determined by considering

loss of head from one equipotential line to next equipotential
line i.e. H/ nyand is given by,

H = (H-n) Lnl;
n — number of equipotential drop
H, - total bead
(3) Determination of pressure head

The pressure at any point is given as the total head minus
clevation head. '

H, = H-(H)
H, = H+H,
H, - pressure head
H, = total head
H, - clevation head

(4) Determination of hydraulic gradient

The average hydraulic gradient for any flow ficld is given by,

e e 2o _,r‘

Fostornd i kv aht Bitardly e e sh
A

AV e il e ihe e Wb denph of fiedd

¢ Introduction
Shenr Torce is the Tore apglied wlong o garable) w a sinfae
of crosa-section, instesd of being spphied porgendicalar (o e
Croassection,
«  Shear strean |8 this force divided by the area on wilch it sty
And the capicity 1o withetand the raximim shear ste
wlihout occurrence of failure is the shear stength of e
inaterlal
= Faiture of soi) rarely occurs due 10 tension, as, if the vl s £
pulled from both directions, particles will separate and it will i
immedintely collapse, So that ensile load can hardly be it
applied to il {;
4.
= Due 10 compression, the particles become more and more "1
clonely packed, densification increases strength increase and 7
thus, compression failure of soil is alzo rare, “ i
= That leaves us with shear failure, which is the most commen B
&7
mode of failure for any soil. Hence in foundation design, in Jo
carth rond design, in carth dams, in retaining structures, in ‘
open canal design, in design of spillway apron shear strength
of s0il is important, %7
3.7  Theorles of Failure

different investigators. But the most common theory is the Mohr-

Various theorics about failure of soil are proposed by

3.71

Coulomb-Theory. '::
r.

Syllabus Toplc : Shear Fallure of Soll !

i

Shear Fallure of Soll

When there is load on a sil, shear stress with different
intensities will develop along different plancs. A pair of
planes perpendicular 1o cach other will be the planes with

maximum shear,
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If this maximum applied shear stress is more than the shear
strength, failure wall occur along onc of the two planes of
maximum shear,

An entire wedge of soil slides over another when shear failure

of soil occurs,

Syllabus Toplc : Field Situation of Shear Failure

3.7.2 Field Situation of Shear Failure
= (MSBTE - S-08, W-09, S-10, W-10, S-13, W-13,

LR &*i- i{‘?’m‘%‘ﬂ' )
!& f shea &
R v:" gain\ ;‘é\#‘**‘dg m.,:i *“f“&?\t{f’:‘\\eﬁg AT

Tbe field situations where shear failure can occur are given

below :

Upstream slope of carthen dam, especially during sudden
draw down.

¢}

(2) Earth behind retaining wall, especially “surcharge”,

(3) Under foundations along planes of maximum shear.
(4) Subgrades of road etc.

Syllabus Topic : Concept of Shear Strength of Soil
f—————— —_———— ——————————

3.8  Concept of Shear Strength of Soil

~> (MSBTE S-08, W-09, W-10, S-11, S-12,
W-12, S-16)

Pt WM»’;‘?

In most of the problems in soil mechanics such as those
concerning the foundations of structures, earthwork
engineering etc., the soil mass has to withstand shearing

stresses, which are unlike ip pature than the compressive

TR

vty 2nd Shear Strength of Soil
OV 0 501

Shearing stresses tend 1o displace pant of the soil mass
relative 1o rest of the soil mass. Shear strength of a soil is the

capacity of the soil to resiu sheanng stress.

It can be defined as the maximum value of shear stress that

can be mobilized within a soil mass.

If this valve is equallcd by the shear stress on any plane or
surface at a point, failure will occur in the soil because of
movement of a portion of the soil mass along that plane or

surface.

The soil is then said to bave failed in shear.

e

0. St e our teioe
L aig o b

r

—  The shearstrength depends upon :
1) Type of soil 2) Water content
3) Cohesion 4) Internal friction
5) Compaction,

————eee—y

Syllabus Topic : Co;;;onents of Shearing
Resistance of Soil — Cohesion, Internal Friction

3.9 Components of Shearing Resistance
of Soil - Cohesion and Internal
Friction

stresses.

9 (MSBTE w-oa,s-13)

The shearing resistance of soil can be viewed as composed of
two parts :

Components of Shearing
Reslstance of Soll

1. Cohesion

2. Intemal Iriction

3. Angle of Repose

Fig. C32 : Components of Shearing Resistance of Soil
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=} 1. Cohusivn

> (MSBTE - 5-09, W-11, 5-12)
fE.' Define Coheion (S0, WA, 8:12)" 00 . ]
e o . e am -—— -

The force of antraction between the soil particles is called the
cohesion. Cohesion  means  attraction  between similar

pamcies,

= The panicles of soil at contact points have bonds of attraction
with cach other. The sum total of these small forces of
araction will cause cohesion of soil.

In some soils this force of cohesion is more prominent. These
are called cohesive sojls, ¢.g clay and organic soil.

= In some soils, the force of cohesion is pegligible, These are
cailed cobesionless sojls ¢.g. sand, muram etc,
= 2 Internal friction
> (MSBTE- W-10,W-11,5-12)

Foiaee
T Tews A
e

fod el o (W0 W e

e Ve g AR R GR T el

When the particies move 2gainst one another, a force of

fricion comes into Play in the opposite direction of motion,

These small forces of friction resisting the motion of particles
2gainst one another add Up 10 give a force, which resists the

movcmcn!ofsoil.'lhisforceiscalledﬂneimmmlfﬁcﬁonof
soil.
= Soils having microscopic particles often haye zer0 o

negligible internal friction ©& clay, some soils haye
maxireum or compiete shear resistance due 10 intema) friction
€8 sand, murum e,

Shezr resistance of most of the soj

I8 is made Up parntly from
cohesion and partly from interna) friction,

3. Angle of Repose

Corresponding 1o failure are plotted
0 VR

1tis the angle mage by 50il mass wity inclined surface whep

it just stany sliding in down ward direction due 10 ey weight,

\‘_\J

Farmneatility and Shear o -
*I--zm_.....:.:.:;::-.,..:: RERL b l?‘:‘.‘” Slre: \iﬂl()f 30
Syliabus Topic : iMerr-Coulomb Failure Theor

hade o
Gar =T
—aza.

310 hiohr Coutomb Failurs Theory

__} (MSBTE . V‘/.OB, S-Qg. W-Og, W19 S.”

W-12,8-14,5-15, 5.4 W'”)'

Q. State’ the shear strength ‘equation “and dray, s?{em
1S g USRI T
) Cosol i else
() C- 950 (W08, W09)
Q: Sféféj Mohr-Coulomb’s” eq'i}atgqn;? Draw shear failyrs

Yy slippage of particle due
to shear stress,
= Shear stress at failure normally depends upon normal siresses
on the potential fajlure plane.
= According to Mohr soil failure is 2 function of normal stress
applied on the soj),
ie. L = f(o) ()
T, = shear stress
C =

normal stress
The shear Stress at failure js called as g
<+ Equation (1)) becomes,

T = s=f( o)

hear strength

shear strength,

A curve a5 shown is obtained when norma) and shear stress

Sawms ‘gx 5

R
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ificd Mohr's eauations sivd eave (he

demb Jater modified : | .

Coulom?

following cquation.

' ¢ = c+omd

. Thus Mohr envelope is replaced by strghy Line

[£3 7 TR

.- Szctomng

2 Tk S {4 = 24
Fig. 3.10.2 : Mohr. coulomb envelope
- chansaythatcisimcn:cpton;axismdﬁsangle made
" by envelope with o axis.
— The component ‘c’ of shear strength is called as cohesion
which is independent of normal stress which hold soil particle

B

3 Vst ey
S o
AL A
et

;“*gé%%h-a:

Y e

S5 (o) Fiketianless soil - -
Fig. 3.103 : Mohr-Coulomb theory

o2 Pe

nneabimty and Sy

e

ro
FRNLTC orcip, whe

e erears when Mohe circle touches failie !

[l . ! CHveh “, OF

ORE Con vy al o raxin i
1€l sy al armaki mam obhauin (6 5 wbich oo t
et ! LR

touches Mohr circle and when o and ¢ gives a cnical

combination failure occurs,

Incuse  where ¢

= 0 the graph stants from origin

and equation becomes.

“w
n

Otan §

~  Incase where $=0 i.c. friction less or fully cohesive soil the

line will be horizontal.

= Later it will be found that ¢ and ¢ depends upon number of

factor like water content drainage conditions and lesting

condition.

~  Thus terzaghi shows that the effective stress control the shear

strength and hence the equation gets modified

d+o tan ¢/

Effective cohesion intercept

ARN
"

Effective angle of shearing resistance

e
"

Effective stress

This above equation is called as Mohr. Coulomb equation for

shear strength of soil

Syllabus Topic : Strength Envelope

3.10.1 Strength Envelope

As soil is a complex material, it is very difficult to give 2

criterion of failure and also to define the planc of failure.
For a given value of Tand 0, 2 Mohr’s circle can be drawn

by finding the stress, O, and 0,,
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i o therany in Fig Va0 dda) brg o sers of voaty on the

v serd, differert Moba's circies aasn Ve diaan L

bowa o big V10D ALY

1 common Langent is drasn 1o all the Mok s cuches, g1l
reptesent the saloes of T a0 a fumction of o, s {xbie

Comdaion

~  This commaon tangent is known as the strenpth envelope of

the soil. See Fig. 3.10 4(b)

tangency, it will give the failure shear stress corresponding to

a particular normal stress.

~  The angle shown as 6, will give the angle of the failure planc.

7

—  There will be two mutually pcrpcndicuhl failure plancs.

: . f
: BTy =z

3 # é . P Lt L
.,ﬁ--,..ff:u AT e

(a) Mohr’s cirdc

e s
;..‘,(:',’,/%-; ?—?.4&“,.-7 e

iy k2 "f"’”f‘ o

ff e T
‘l)lk’ﬁ-:.i-f.r <
z

p Fahd:!'

SN TN
N N

B

2 Rt Sl S S N
wi s

. #5 5 Vrzl’-f’.w.ai'va’rr‘if‘»qu e
A T s dadiveti® S e 2 D

(b) S!rtnzlh envelope

i

&

STLONREEN:

-

RRROTIR

Fig 3.104 ; Strength Envelope

Further, if a perpendicular is drawn from the paint of

The study arwd rerewh dwoai Lo pasewtey v utud @ ¥

equziim are 111 the fundary ctal prope s of enl 26 11 ®am

awsuned by Coulond thewe patarmeiers deprnd upon gt

of factors

Such 2% water comer, Granaze (ondiions, their testing and
current practice is that to consider these as the mathematical
parameters which represents {ailure conditions for a paticulas
scil under given condition and that s why ¢ and § are 20w
called as cobesion intescept 2nd angle of shearing resistance.
This indicates the intercept and slope of failure envelope
respectively.
Thus cquation can be writien 2s 2

S = c+0tan¢

Where ¢ and & are the cohesion intercept and angle of
shearing resistance in terms of cffective stresses. this above
equation is called as Revised Mohr Columb’s equation. For
shear strength of soil.

Syllabus Topic : Strength Equation for Purely
Conesive and Cchesionless Soils

3.10.2 Strength Equation

-) (MSBTE -S-14)

R e

T o S % e .;

The strength equation for a soil gives the relation between 2

normal stress applied on a soil and the corresponding shear

stress at failure i.e. the shear strength of the soil.
As discussed carlier, the strength equation is,
1, = C+otné

Limitations ot Mohr coulomb theory

(1) The angle of failure plane found is not correct.
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Fa e ey sl as thew sone el fetation w heiween
peuaival i ahear atiesses ki e plane of B aecan

ok b e K v sl

W el s e 10t ol Termeiate prneiplo stiess,

I gives cved faihie envelape by Mralpht tine which may

AL give vt esilt

Purely Coheslive and Coheslonless
Solls

————————RE A S

At
(Y%

Defivition of purely cokesivn soils ¢ In some soils
sueh as clavi, organie clays, peaty ete, there is almost.

zero frictional veslatance behoeen the graing, These

" sm’lu mu«uih fl lnmly mh«'qiw ﬂnll-f .l 4P 0)

e g iy

Whatever shear stiength these solls possess is due 1o the

cohesion, This, for purely cohesive or frictionless soils,
1' a

And the graph will be as shown in Fig, 3,111,

-’) (MSBTE - W-08, 809, w 14, W-17)

\‘L “’ i\i‘ﬁ\\&im \‘:,: PR "u T\'ﬁ‘;}'";
A (D) Cohosl

u"'

oaa aool. o
A ‘\

' wl\:; 79“’".: I?é'
Drﬂnlllou uf éohealon( 5 oalh In‘&ome oiﬂgr

-n'i‘i Aok g
n »Iml dry ch'an sand,. lha cohesion
i s oy o el el

e ‘lg\ﬂi Lc ! 1: *
A und lu/ontwcrrr iafaricq} 0/ ,fﬁ‘[ i gp,:“ L
e AV )} ,;"w. va q’"‘ﬁal]é‘fl

-,\‘l \ti .
t jn!-f ?ﬁ*\tﬁuﬂg‘

!‘ re:
wless soiln. For co;x'm ws%fé; fé{: 0}3"@

o ildlisaialie
i ?;«%b ks
‘“"3’ 3"‘“‘ ‘i{{ .\-:g

). | In cohesionless soil there is no cohesion or atiraction between

indlividual particles,

T, = otnd

and the graph will be as shown in Fig. 3.11.2.

‘3‘9A0ﬂ xl:.1.¢ c‘c._;, %

TAYE e L
1”2,' o

There exists inter attracion,

In cobesionless soil the particles have small specific surface

b

In purely cohesive soil the specific surface of particles is large
because of their size and shape.

due 1o their size and shape.
Behaviour of particles is governed by mass or gravity forces.
3 R Behaviour of particles is governed by the surface force.
¢.g. saturated clays and silt.
n 3 A
Shoar Shear
Ghaar €
stross envolope Shoar envelopo
stross »
$=0
4 ox0
Nomnal slioan >
Normal giress
Fig. 3111
Fig. 3.11.2

R B Tt ‘L-a—i. REQ

-
‘-~
»
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3.12 ShearStreng_’z_s ] 'Ies ff:l?ﬁ_ilO!l

,.N( SBTE - sm WH)

G Enhst atleast two lnbor..tory tests to deteimine shear
'*,strgnglh of soil. (S-10, W-11)

Tan <t are available for determination of shear
Vanous tests are &

strength, either in the field or in the laboratory. These are discussed

below :

Sheer Strength
Determination

1. Direct Shear Test

" T —

2. Unconfined
Compression Test

3. Vane shear test

Fig. C3.3 : Shear Strength Determination

a—

—Syﬂabus Topic : Direct Shear Test - Laboratory
Methods

3.12.1 Laboratory Determination of Shear
Strength of Soil — Direct Shear Test :
IS 2720 - Part 39/sec 1-1977-
Reaffirmed 1987

4 (MSBTE S-09, W-10, S-11, w-12, W-14, w-17)

S S 2 S 1 +
P S e s s .. - S
aie the adyvantages of D
;,5;/
i '—*"‘ “"fY"»«A uv’z N

= This is the oldest shear test method in use and still most

common because of its simplicity. It is also known as shear

box test.

= The soil specimen is confined in a metal box that is split

horizontally.

"c

A pressure pad is placed on top and the entire hoy
X) ]

atrolley.

The upper half of the box is fixed 10 4 sup
proving ring and the lower half of the box

_. Fermeability arq Sheg
e N""-’:-"‘-T:

e il Mt

'f the specimen is fully or partially atuyes, 7 TR

rfop. » )

plates and porous stones are placed a1, row,,

o RN :

specimen for drainage. Tow g
If the specimen is dry, solid meta Plates are 1o, |
e

5 [r',ﬂ #q n

port lhmngh )
is Pusheq a,

constant rate of strain.

A vertical load is applied on the pressure Pad. At time
of
failure, shear stress is measured by the proving ring

Then the test is repeated for another sample of the same soil,
for a different vertical load on the pressure pad.

4-5 repetitions are made for 4-5 different normal loads,

By dividing normal load and corresponding shear load y
failure by the intemnal horizontal area of the shear box, the
normal and shear stress values can be obtained.

These values are plotted and a best fit straight line through
these poiats gives the strength envelope. From this C and §
can be determined.

The arrangement is shown in Fig. 3.12.1.

Normad lcad
Proving ring % = nat
= “h"// \ X Juzd e '/ i
l’/ .:[_' vvvs'avv Sheary
7 e — e < e —3 force
\“‘i“ A A

(a) Test arrangement

Best fit e

0]

T/

'('-‘C*Gmn‘

(b) Graph
Fig. 3.12.1 : Direct shear test

/
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the diree! chear tests the: mast C"llllfll)nl)' used tesg " ) e
Thuss If EMERIe MEEs g 4
H(\\\'{n;-' Jd\lzl”mggﬂ. wh 4

ithas fo

o Advaniagts PG
P (WSBTE - W-03, S-11, 513, W-13, 5115, 5.1 The .

Mra
AMpemeqy Hown iy

in this ¢;

2. 3172, The w1

State wéntagcs’of Direct Shear test. .
o,(wm S11,5:13, W-13, S-15, S- 18)

ase gy gy Mibe's ¢y,

AW :l”’l ',i Vi 1y ( 2,
(4 anouy .
1414 ‘
' 'A'I“',’ 1y 45 \.’fll n

l ’ 4
l
’”(“ mni It ’ ’
"tLlllJ on oy 1550 ey 10 !K ey a1 ns

test can b iy
. Ted is simple and fast. only for porely Cohesive g1, | o
. » Drainage is quick due to less thickness of sample,
@ Disadvantages [
"Q'

- (MSBTE - - W-09, S-11, S-13, W-13, S-15, S$-18) %] | :
oy NN T e A g T R T - f
e : \ 5 HER Pt i
-‘% A S L.,u!‘!v\%):s!‘%} -’ .1131' -.§:61 %Z. )g-v":i‘i,: 514‘_.‘::::{"‘ O .

1. Falure of soil specimen is always along a horizontal plane,
which may not be very realistic.

2. If any large soil particles or stones etc. are present at failure

plane, it will give wrong results.

3. Actual field condition is not simulated in the set up,

e —  —— ® ——— = Y— —— = T—— —  —— — —

4. Measurement of pore pressure is not possible.

3.122 Unconfined Compression Test : IS 2 S T 2 7
2720 Part 10 - 1973

-) (MSBTE -$-13)

|
|
|
I

€255 e o P'r?‘ﬂ u{!‘;‘ﬂ ‘.A“\" ST

df-*mfvnssgsargm o

This test is especially useful for homogenous cohesive clayey

soils. It cinnot be used for dry, non-cohesive, loose soils.

o tis test,  cylindrical soil specimen is fitted between two

Pates, with slight conical projections for firm grip on the

specimen, and 2 compressive axial stress is applied on it till it
fails,

Si .
t0ce the test s quick, water is not allowed to drain out from

the $pecimen, hence jt is an undrained test, (b) Mohr's circle |
Fig. 3.12.2: Unconfined compression test

T ——
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(2) B8 asedal ot Sommairns .
! MG Prason (odx e (v v wond

Y W vaid
\ Wik aniable for meatenng umconseindated, undraimed chenr

wreagth of Gourated (e

1) It is vsed to measure in s strength and very usetul for ficid

oSt

Syllsbus Topic : Vane Shear Test— Léboratorﬁ 7
Methods

3.12.3 Vane Shear Test : IS 2720
> (MSBTE - S-08, S-12, W-16)

L

~
TEATY
-

e Rt

- Thisisat:s&pr:fmeduhcnsbwsucngmofsoilinu:
andisurbed state is required.

- F«so:msoils.ilisva'ydiﬂﬁculuogctundismrbcdsample.

- !ntha!asc.ﬂxﬁddvzncs!uxcs(isvcryuscﬁxl.

— In dxis!cs!.ashaﬁ!owhidx4vancsmwcldcd is slowly
penctrazed in the ground (in an undisturbed large sample
brought to the laboratory) and by wroing the shaft slowly, the
torque required for failure of soil is measured.

At the time of failure, a cylindrical portion of soil is sheared
off from rest of the soil mass.
By using following formula, shear strength Ty can be found

out.
T

YW= T /H 4
7t

When the vanes penetrate well below the top surface of the

soil, or,

o bty and Shaar nethy of Sof
¥

v T

cddr o4
R\ "g,

When the vanes ge flnh with the top wirface of wonl

Where r, = sheat ctrength,
T = torgue applied,

fl = heightof vanes,

d = diameterof circle formed on

rotating vanes.

The arrangement is shown in Fig. 3.12.3.
Gear

bracket
Yn-WdW
Lead screw
nate Sicw mofion bevel ard
work
Gear bracket
damp sarew

O
N
i

Torgm sprng
=k ,4/”Mpamv
Nt /J/Mmpw'u
= HE //-Lgaﬂoﬂpiu
et Vane fodng saew

i
i

Fig. 3.124 : Vane shear test
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7.

Prenae two or three specimens of the sol sample of
fepare

dinensions of at least 325 mm diameter and 75 mm lengthin

specimen. (L/D rano 2 er 3)

Mount the specimen container with the specimen on the base
of the vane shear apparatus, If the specimen container is
closed at one cnd, it should be provided with a hole of about

| mm diameter at the bottom.

Gently lower the shear vanes into the specimen to their full
length without disturbing the soil specimen. The top of the
vanes should be atleast 10 mm below the top of the specimen.

Note the readings of the angle of twist.

Rotate the vanes at an uniform rate say 0.1% by suitable
operating the torque application handle until the specimen
fails.

Note the final reading of the angle of twist.

Find the value of blade height in cm.

Find the value of blade width in cm.

3.12.4 Plotiing Strength Envelope

In all the shear tests, plotting of strength cavelopes is done
with the help of Mohr’s circle. Two or more samples must be
tested for drawing the strength envelope.

Only in unconfined test, only one Mohr’s circle is drawn and

a horizontal tangent to it gives strength envelope.

In case of other tests, two or more Mohr's circles
corresponding to the results are drawn aid a best-fit common
tangent to these circles, gives the strength envelope. See Fig.
3.122(a) and 3.12.2 (b).

3.12.5 Determining Shear Strength

Parameters of Soil

The cohesion ‘C’ measured in N/mm? and the angle ¢ are

called the parameters of the shear strength Ty measured in

N/mm?,

from the graph

T¢=C+couané.
@ Advantages of Vane Shear Test

(1) It can used to determine sensitivity of soil.

non fissured fully saturated clay.

(3) Itis simple and quick.

S

As showm in Fug. 3121 (b} after plofting anv sest pecnlis

shear strength parameters C and 9 can e diectly measorcd

—  In case of direct and triaxial tests (triaxial test is not in the
syllabus), C and ¢ can be determined without plotting the

values simply by solving simultanecus equations generated

by putting different values of o and T; in the equation

(2) It is vsed for determination of underdrained shear strength of

3.13  Factors Affecting Shear Strength

(I) Plastic index

(2) Shape of particle (2) Clay content

(3} Pressure (3) Drainage condition
(4) Denscness (4) Pressure
(5) Moisture

3.13.1 For Cohesionless Soil

more will be the strength

(1) Gradation Exhibit greater strength incase of well
graded sand. '
(2) Shape Max. angular and sharp edge panicle

e —
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confina r'n'\“ah‘

s L

(N Presseie With

Gear srength ipcpeases

is densend yro i shear strength
(4) Denseness Aore is denseness more

(%) Moisture IFS and is saturated appaent coheaon
is destroyed.

3.13.2 For Cohesive Scil

Valve of ¢ decreases with increase
in plasticity index.

(1) Plasicity index

(2) Qlay content : As clay coatent increases angle of

shearing resistance decreases.
Less strength if drairage is not
propet.

(3) Drainage condition :

Shear strength of clay increases with

increase in confining strength.

(4) Pressure :

3.13.3 Drainage Conditions For Various
Shear Tests in Laboratory

1R ﬂ- %

S ‘-»-*~zz;§:;:w ===

Tbevuiousdnimgeoondiﬁonadoptcdfoﬁaﬁom shear test
in laboratory are
1) Unconsolidated undrained test.
2)  Consolidated undrained test.
3) Drzined test.

3.14 Examples

Ex. 3.14.1

in an unconfined compression test, the specimen has a
diameter of 5 cm. It fails at load of 105 N. Find the shear

strength of soil.
Soln.:
q, = Stessatfailure = _Eall%r;%qﬁ
n 2
Arca = Fx50° = 1963495 mm®
105 1
9, = 963495 = 00534 Nimm

q9 Ry
% <%= 00267 Nirmaes
1, = 00267 Nimny
Ex. 3.14.2 KEEY ~
In a shaar box test, tha loflowing cbservations we,, .
at the laiture of scif specimens 2
- 3 ———
R"orma!s.gssh'lmm _.1.0- 15 i 20 551
Shear stress Wmm>- | 09 | 1.15 %

Fmd C and ] ld the soﬂ Jis

Soln. :

Putting the first two values in the equation,

r, = C+omny
We get, 09 = C+lIxun¢ {1
and 1.I5 = C+15xta¢ -0

Subtracting Equation (1) from Equatica (2),

025 = 05twn¢
s tang = 0—6135=0.5
L6 = 2656
Putting in Equation (1),
09 = C+05
C = 09-05=04N/mm’

In the same way C and ¢ can be calculated for any other par
of values and then average can be taken.

Graphical solution

T e S Pt ToL ot

A~
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ical Ef "(‘..\\'t. M \-“SL‘JC'\.W"\ Civi ) a-et
ﬁVl (roTh ,"_ ,‘_‘...-— D S oA R A e T R SR S TR 5
= . o = 1)) N, The § l : 7
6y adopting ccale, say tem =02 N/mn®, The four points | Shear fosd iy 4
n)"“ =

) aoep Then a line 18 passed throngh them
o “,h pape
. ’ll'lj on the \f
[\}L\

KD
. anr Can id § can dnull\ be measured., e == e

()n ws ° e r———

Ex 3.143

Determin shear strength ot soil sample tested by a vane of

giameler 75 mm and height 75 mm. It torque applied is
30 Nm.
Soln. :

When it is not given whether the vanes are well below the

ground surface or not, it is assumed that they are and the formula.

Lop) i,nu 130 {150

lShf':u'sllre\'tin .‘Umm!(‘:) ()()”ln(m 0.036 100821004

T

T
"(T*?)

===

Fig.P.3.l4.4
3
T = 30Nm=30x10 N-
Here, m . (i) Cobesion(c)=0.02 N/mm’
d =175
mm i) Ang!cofslmnngmsxstancc $=22°
H = 75mm
3
30x 10
S A R A= e £
(75 x75 15 )
"z te
C 30
* T T ax281250

1, = 003395 N/mm'

Ex.3.14.4

In the direct shear test the following cbservations were made

%fmfmd"#*‘i"#ﬂ?"’ﬁ‘ 50 | 100 | 150 | 200 | 250 '2

. 110 | 130 | 150 | 170

Size of shear box 60 mm x 60 mm. Plot the failure envelope A
for the soil and find the value of angle of shearing resistance s’l"*"“ ), f
and cohesion. kg;an’ b1 4
Soln. : e S ;
i A

= Am 0_4....... AN _‘..i ._.J R S i

i ! i 1

Y LA N N T

HREEN T

= 1 4 os | 10 | 1is 20 | | |

I 1 L g i Y

2 t, l‘ l Normal stress (kglcmz)_ -__L_i‘
Normal stres )m (o). 028 |0.0420.056 | 0.069 AN N U0 VA N 1 DU N O O

Fig. P.3.145
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‘I” "“"‘*'”“ al Engines s (MEDTE-Sem A4, L)
Yoo N 1 Vi DAR
m S p Yo 04 YA
o = h.'\'ht"l'l;i:\‘l"\l‘l PR AR
L = t'u_l.\no
0ss = CAaDS0 Y= e 0208
¢ = 058-0206=0WIN/mm'
(@ Cobesion C =038 kefem'

(ii) Angle of shearing resistance § = .8

g pReE A S

e 3146 B
ey 3

»u{s i“' “n
o A ,“,?;

samplel v i

Parer bl ,'""':‘ te 3f Diranegin o S0l
bore 280700
|
i Iy q shaat oy taat, Follasaneg ohaarya et warn (=er it it
tha fadvta ot soil apeciment
Nr‘!m.ﬂl 6tross fgfem | 1O 1,80 j/'.f) [,,z’f’"
Sheatstress kofers | 0.0 | 115 142 | 170
Firel tha vatua of G and 8.
Soln. : Putting the first two valves in the eqnation,
t, » C¢ atn @
08 = Celxtand Ay
and 115 = Cel5xtand .(2)

Subtracting Equation (1) from Equation (2).-

- .-H*\ -
- : 035 = 05tnd
ig«y{la* -
wp.u--u“m- .-1( R 035
: f-\- .1\., > “M.@mh. . Loang = 05 =0.7
1‘ 3':..:\:_ r.\, ,Q;),q ; 3"“}*: T s n*wr:-'-:, 0
eEee ok 15
Soln. Putting in Equation (1).
Y, =¥, 0235-0.110 :
M = DTy = 04-ol =04167 08 = C+07
8-07= 0.1 N'mm'
¢ = ™ m C = 08-07= 0.1Nmm
- o 04167=2262% lnd\emwayCand#cmbcalculucdformyochcrpmr
of values and then average can be taken.
s = C+g,-tand
Graphical solution
| 0.11 = C+0.1x04167 . ) .
F By adop(mgascalc.saylcm=0.2Nlmm.Thcfour points
C = 0068 N/mm’- are plotted on the graph paper. Then a line is passed through them.

Fig. P.3.14.6

On this graph C and ¢ can directly be measured.

N TR PN et LB p AN
{i5; e eahe *f“ .
2. 5.l . '

e e REREITRE
LS5 200 a5 ",, 20%:

Fig. P. 3.14.7

l S
i i’ ‘Qf

ﬂ ...w‘“n T et m.
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SRAT S v S ~ Permaabitity and Shear Strongth of S
~ B R S T e R T X ,;_—.;_-._.‘:_.;;:A-,;.;__: ;:
R SR RIS $ 0y Soln
A sampe of ¢y sand varad i drae Yoy N NG
SR L NI RSN 0 dract shear test gives taiture (Tt = A8 -
2 2 7
T Shess of 100 AN at a normal shess of 200 kNS

‘ ‘ O ¢ (8157 = 4"

Dotermne the Lwof shoarstrongth 8= G + o, tan &
o ‘N‘

tan (—85 +';'):l.m 8= 11106

ok tana =
To case of dry sasd ke codesionless soil C = 0 Sample isunconfined 0, = 0
2 = 0+X0und o, = o,tan’ a+2Ctana
S otnd = ;(_;) 140 = 2Ctan 48

R 4
1}

asl
o (7)<mse

& Law of shear strength is,

£ .

s = g, +tn5° S L

Ex 3143 strength of sol s e i i s ; X

. . Soln. : q, = stressat failure =

Determine the shear strength of a sensitive dlay if a shear Area

vane 75 mm dameter x 115 mm gave maximum torque of Arcza A = §x50:=1963.495mmz 2

45 Nm. 110 2 '

- q = 1963.495 =0.056 N/mm =

Saln.: 3 =

I = %—:o.osa:o.ozs N/mm’

Jameeer, d = 75mm e _ _ 2

beghtofvame, H = 115mm _:

torgee, T = 45N.m=4500 N.mm :

We bave undrained shear steagth %

T 1

G = -TrH @

=" 54»%] <

- 00 _ 0,036 N/ 4

xxX7S 2 + 6 ;

= 036 kg/em’ B

Ex. 3.14.10

A cyfinder of sod fils under an axal vertical stress
140 KNm”, when it is laterally unconfined. The failure plane
extends on an angle of 48° with the horizontal. Calculate the
values of cohesion and the angle of intemal friction of the
sod.

A

=10
Ve

Fig. P.3.14.12
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E_:;_f_"tf_c A-t(,. i .*f rm,.::n_ CENnQ (MbbTE :—::,_-_‘A,.(.:j:l:-)f'-'" :i_:..jj
) Angle of sheaig resintance ¢ = 22°
Ypo¥ _68-38 .,
mos x:»t'— 10-2 =77
¢ = tan ' (m=tan” (04)=2180%
S = 21 %
1) Cohesion
$ = c+0,tan @
36 = c+2x04

If

purmeabibly 20

Qr\r'

s s

Chear S"“

B e R

I = i3
GO000__
¢, =" qis. 1
Ma@sy 2t (:1
400()0 3 40000_
= ‘5'5’2;’;'5'5‘231250
2
C" = 0]‘12 N/m-rn
T = 40N-mmthen
= 2
c, = 159107 Nimm

2.8 Nfmm’

Assuming anit of T = 40 N-mm or 40 N-m.

hear strength C

'here, Torque T

nameter of vane, d

]

T
H d
2%%s

m

40 N-m

Assu—'m.ng=40000N-mm

75 mm

=0.6283 N/mm?

Soin.:
Given : H=120mm, D=80mm, T=57,
Nm = 57000N-mm
Share strength C, =
nd ( > 5
- 57000
xgo? (120 80

2 v

)
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B"“?‘ ning Capacity oF Soil
‘ -+ and theory of earth pressure: Concept of b apacity, ulti "
¢ ac'uty an fo'o : 'P ' oz : oaring C'\pav_ny. ultimate bearing capacity, safe
city and allowa earing pressure, ntroduction to Terzaghi's analysis and assumptions m. d
f watef table On bearing capacity. ade,
42 Fedme for determination of bearing capacity - Plate load test and standard penetration test. Test
p,ooodUres as Per IS 1888 & 1S: 2131,
0 ition of earth pressure, active ea'rth pressure and passive earth pressura for no surcharge condition
coeficient of earth pressure, Rankine’s theory and assumptions made for non-cohesive Soils. ’
Importance
The most widespread use of soil is as a substratum. over
sich the foundation of a structure and thus ultimately the ’*IF‘—'FW""EI’O" design
ancture rests. The soil at that depth must be sirong enough 10 2 Consolidation and
sogpon tis catire Joad. The lood of foundations is mainly |__compaction of earth
compressive. But shear comes into play due to lateral forces on -){—3—;!;’1 and gravity da;;:
wil e -
The streagth for resisting the comprcssive stress is called the
bexing capacity of soil. 4. Retaining walls
8 Beari —
feaﬂng Capacity and its 5. Tunnels etc
—_'mportance S §
Fig. C4.1 : Bearing Capacity and its Importance
= (MSBTE - W-11) «» 1. Foundation design
y structure ultimately comes ©0n the

ng.Capacity of soil; (W-11); {%ﬁ‘i}ﬁ v

Bareed [T A
T BB A A

&5 R LG o S 1
K yar o <) Tads
ity 2it) s definei o8
.f:_t e 3 ’,;q‘; " ¥

caryy before i fally

it

P

2
Sin
b

£
|
E

The kng
Wwied )
r:h!°now§n g¢ of bearing capacity plays an ]
i B aSpects of ys an important role in
oy

civil engineering :

—  Thus the arc

—  Entire load of an
foundation. The foundation then transmits this load on the
soil in contact with the base of the foundation.
a of base of foundation in contact with the soil

ultimately decides the intensity of the load per unit arca. Any
soil has some fixed capacity of tolerating the intensity of load

it arca. This capacity

-
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Lo 1 . . 4 N
Yo foundation design, the ono ¢ e stradiige dows e

change but the area of hase of toendaiien requied, so tivel e

Joad intensity s dess than thii ihe ronl can toierate, van be
catculated. This is done aleng with a factor of safety. Thus,

bearing capacity is inportant in foundation design.

< 2. Consotidation and compaciion of earth

—  In many civil engineering situations, the properties of soil or
carth either change or are modified and enhanced. If the
properties change naturally, it is known as consolidation and
if we deliberately change and enhance the properties, it is

known as compaction.

—  In both cases, the density of soil changes. This change in
density leads to increase in the shear strength, decrease in
permeability and increase in the bearing capacity.

—  Thus, bearing capacity is important in determining various
factors 2nd parameters while undertaking the process of
compaction of cstimating the amount of consolidation and

the settlement of the structure which will occur in the
future. '

=) 3. Earthand gravity dams

—  Eanh dams arc entirely made up of soil and hence require
detailed knowledge of soil to be used for its construction as
well as the soil on which it will stand.

—  Farth dams are mainly of two types: homogencous and non-
homogeneous. in non-homogencous type, the core is made up
of highly compacted impervious soil. The compaction
involves the knowledge of bearing capacity.

—  Ip case of gravity dams, the uplift pressure below the dam
and the total Joad intensity of the dam coming over the soil in
contact vrith the foundation base necessitzte the knowledge of
bearing capacity of soil.

=) 4. Retaining walls

~  Retaining walls form a special area of soil mechanics, as the

design of retaining wall involves the mobilisation of soil

- SulL i

=% 5.

et amder Affereat condiiens of humtiey

Pt e nve, passive and peutsal cunthe ressurs cone
preiure.

There are lateral pressures whercas the teaning Capacily is
essentially a vestical COMPIESSIVE “IEss,

in the analysis of active. pessive or neuiral carin

pressures, the bearing czpacity is Gne¢ of the imponani faciors.

—  In Rankine's theory of cath pressures also, the beanng

capacity plays an important role.

Tunnpels, etc

Tunnels, road subgrades. sability of open cuts, docks and
harbour construction, in short 2il aspects of civil engineenng
where excavation of soil, safety and usc of soil as the vitimzte
substratum supporting the Joad arc required, bearing capacity
plays a very important role.

Syliabus Topic : Concept of Bearing Capacity

4.1.14 Concept of Bearing Capacity

The bearing capacity forms the main criteria in the design of
foundation by convention2l methods.

The stresses induced in the soil should be within limit.

The stresses are mainty shear stress and bearing stress of
compressive Stress.

Lateral movement of sail below the foundation and shear

failure can be one cause of failure.

_  The other criteria are excessive sctilement and uneven
settlement. Thus bearing capacity plays a very important role
in design of all types of foundaticos. ’

—  The bearing capacity is gualified in different values as given
below :

Syllabus Topic : Ultimate Bearing Capacity

412 Ultimate Bearing Capacity (a)

- (MSBTE - S-08, W-08, W-12, S-13, W-13, W-14,
W-15, S-16)

a.:'.ﬁ:g:’*

‘ "‘FDehne ummate bea uapacny

G

G (s—os, wm W12, ST W-13;) W14, W-

P X5 A hL A
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hevrdng  copuiify

af Uliiante

Masinunt anit preccure that ony soil o e

fican

without juptuse (n shear o withoot  excecsioe

rettlernent of the supporiod etructure (v cnlled the

Ultirente hearing eapacily of the soil.

i aleo called Ultimate beaving vatoe or Ultimste besring
pressitre. When only “beanng capaoty” e mentioned, 11 is

underatood 10 avan “oltimate beaning, capacity

f

”

’

Py e

|

Syltabus Topic : Safe Bearlng Cnpnclly

e g s

413 Safe Bearlng Capacity (q,)

? (MSBTE - W-08, W-09, W-10, 5-11, W-12, 513,
W-13, W-14, W-15, 5-18, 5-17)

i baarir’ig "'capadzy., , (wm, ,waa,,

e

l

4.4

;
-
y‘

:v

4
I/ ]
e e e
L LR S R

1",:._1 i

5 o od o 3 4 i i

PYSE ST A A
Rk AR BN R s

L Ty
SRR b 0

,/Nn} m, lr,v, 6 Bllgnaols b

w0 deinnd

i
XA A ¥
s Pk ar

M sk e g B p e &

Allaunble Bearing Prosetre or Hearing
Capacity (g,)
“¥ (ALBIE

-~

P’
. )

4,

W, 547)

I)qlum hﬂ’muMn blmﬂr»q cagmity, (693, y/(/)’ ;;. 17}

o

)fﬂll lll«m l)f /Lllmm://ht /,mu [”” [', rrLUrY ! ” /3

£

wil /am dw to slmm' Illplm.v /mr /s llwrr umyw:
>lfcttﬁ.mcnt(/l/wﬁmrulatl’an Y L B

it b gposs g

—

4.2

But whatever is the allowable beasing pressure for 2 wal, it js

A taken for design purposes,

To account for uncertainty and unknown factors, always a

rufficient factor of safety is vsed,

Theories about Bearing Capacity

-4-( frriig’s

S s s
Drf' mtum,‘of Sa['e‘ bea{'in e

uhimate bearing capacity
factor of safety

The safe bearing capacity is the value of bearing capacity

used in design of foundations.

It is obtained from the ultimate beasing capacity, by dividing
it by a suitable factor of safety. Since the estimation is very
complex, quite high factor of safety is vsed in foundation
design. The factor of safety is gcncnliy 3t05.

@ Safe bearing pressure
#_ﬁa;z:m. i

,r/
‘ ’f. 1..

ssive seitle"rﬁerf k’/’t)‘;e
1 1‘

Different theories are developed for the analysis of wil
behaviour at the time of failure due 1o the Joad coming
through the foundations.

Out of these, Terzaghi’s analysis is the most commonly used,
because it is simple, realistic and is found to give good results - .
and safe designs. This section deals with Terzaghi's analysis.

Syllabus Topic : Introduction to Terzaghi’s
Analysis

4.2.1

Terzaghi’s Analysis

e

When the footing sinks into svil, a triangular wedge abd
sinks in ground without any lateral movement due 1o the
friction between foundation bottom and soil. Thus wedge abd
acts as an integral part of foundation. It is designated as zooe
1, i.e. Zone of po shear.

Due to the sinking wedge abd, wedges bde and ade are
pushed out radially outwards at an angle §. These wedges
constitute the Zone of radial shear,

The wedges of zone Il rise up and due to these, the wedges
bef and seg are pushed out in the lateral direction. These
wedges form the zone IIl ie. Zone of linear shear. Sec

Fig. 421,
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=2 - inearing (MSBTE-Sem 4, Civil)
KT Geo Technica! En‘:-fbf‘_'_ﬂg_QL‘;B.IE,-:;;:.;::::.:,“_,
o 1 + bl
| v A SRS
i : r v. [ = Swcharpe
: Y
o ! l l D Foundng
fiaAR N
| Bl & 1 8 1
8 fas- 2 / ot Zone
(&%‘— 2 ! ooe m
ag Raszs i -
. sl
Sod *adve satace

Fig. 42.1: Terzaghi's theory

— At cquilibrium, the force causing the sinking or downward
movement and the force resisting this movement must
balance.

» g, = CNc+YDNg+05YgN,

Where, C = cohesion

Ne N‘. N, are the bearing capacity factors comresponding to
angle of friction.
For a square footing
q, = 12CNc.+yD Nq+0.4ya Nr
For a circular footing.
q, = 12CNc+yD N +03y, N,
. ——i
Syllabus Topic : Assumptions Made in Terzaghi's

Analysis

4.22 Assumptions Made in Terzaghi’s
Analysis

> (MSBTE - W-08, 5-09, W-09, S-10,W-10,
W-12, S-13, W-13, S-14, W-14,
W-15, S-17, W-17)

34

- —

4.3

Bos ;
‘;___:j_r"fln_(:npnr.m
"'*"\s.i_s"f"

W Following assumptions are made in
of Terzaghi's theory

i

¢ 3
-”Wlii(,,’

| The fooung has i large UB - ratio o hence
o

Wy

ditnenstonal or plane stran condition i envisageq

2. The base of the footing is rough.

3. ‘The base of the footing is Jaid at a shallow depth, i e Dag
. Dy

4. The shearing resistance of the soil between the Sutf. ‘

ace ang

the depth D is neglected. The footing is Considereq 4,
1

uniformn footing with surcharge y x D.

5. General shear failure is assumed to take place and gh, il

volume is unchanged prior to failure.

6. The shear strength of soil is govemed by Mohr-coulog,

cquation.
Effect of Different Factors on
Bearing Capacity

- (MSBTE - W-09, S-12, S-13, W-13,5-15, S-13)
oS TR AL TS @y Yok b SR

s affecting bearing cap

Various factors affect the bearing capacity. Out of these, te

presence of water table is an important factor. Terzaghi's equation
is modified for the cffect of water table. Other factors on which b

bearing capacity depends are :

Eftect of Different Factors on
Bearlng Capacity

=—p{ 1. Soil type

2. Grain size

3. Degree of compaction

4. Stratification of soil

5. Presence of water table

=P| 6. Physical features of

foundation

a) Type of foundation
b) Size and shape of foundations
c) Rigidity of the structure

Fig. C4.2 : Effect of Different Factors on Bearing Capacitt
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 pave different mechanisme of resisting
SR AT AR
Rl ,
piffl"""l them Mainly two types ot mechanisms
g on b : .

\ain
e Joad € N

: s sonl
i ~ copes on any st
A gvated when toad ¢
g ativd

e . .
’ o cohesion. Generally, any ordinary soil
«pal fcto
atemd

™i

Ow dopy . R combination of internal friction and
lh*l s e K
.{b‘:t “-s‘\'.
l“'ﬁtn \ -
S, cohe .
"8 is A is different for purely cobesive

Cong; the hearing capacity
'nm‘ . .
Ml" where intermal friction is zero, and for purely frictional
sl .
ke Play wy i axch s dry sand where cohesion is Zero.
\

1 hisclafmm“‘i‘ that the soil type and its values of

ned by Maly % cobesion ‘¢’ and internal friction or angle of internal friction
1" will play an important role in the bearing capacity.

- “The type of soil according 10 its mincral composition is also

———_  important. Organic soils have very little bearing capacity.

;‘13.\‘(-13,515'5. Laterite type soils bave medium bearing capacity. Soils

o dcrived from basalt granite, felspar, quartz ctc. have more

bearing capacity than laterite soils.

In graeral, soils obtained by weathering of igneous rocks

have mom beaing capacity than soils derived from

sfmeatary yocks.

eber 5SS 2 Grain size

- Gain size is not very important in cohesive soils. The most
important factor in the bearing capacity of a cohesive soil is
the cobesion of the soil

-

I case of soil with 2 combination of internal friction or 3

completcly non-cohesive and frictional soil, the bearing |°

eapacity generally decreases as the grain size increases.
T b0n-cobesive fine grained soils have more beariog
M’-Mmisismdways true. The real situation is
epeadeat on the prain size distribution.
A el which g ey graded will have more bearing capacity
even if it iy Coarse-grained in general aspects.

Vs, Degy

= ol compaction

The soj .
il can be compateq before the laying of foundation it.

Due - '
Y0 compaction the main cffect is the increase in density
20d
drainage of wage, from soi) voids,

E-Sem &, i) 4-5

e AT R e s Hearnir

R TRt e baidis d Cf‘i“’-’.’r"/\ I Se

"=

"h(‘ SEC
Csecondary eff, o inep
] effects of in TEARE 10 '?"ﬁ‘.ll‘. ang o O

Waler (“”'(’l 1S 1O ncrease ) ¢ s i 3wy ' ?
! fes e osnear Encti a Hoaet
S

increase the bear: .
the be mng ¢ 2pacity of the <ol

Thug
s more the amount of Compaction, more will be rhe

bearing capacity wpto the it of matimum dey deneiry

(MDD) which can be achieved for A particular soil

After MDD, additional compaction will not inereaee the

bearing capacity.
4.  Stratification of soil
In case of stratified soil, the direction of stratification is very

important. If the stratification is perpendicular to the direction
of load coming on the soil, the bearing capacity is maximum.
If the stratification is cxactly parallel to the load coming over
the soil, the bearing capacity is minimum.

For all other cases, the bearing capacity is intermediate. See

Fig 43.).

AR £AAN

< 2 28

- Foundabon
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In pencisl o
VPO Ty '_v;l]._.|,‘,:|,.. !'.!'_E' aonsntered bad foq

foundaten

e h‘.‘um;- coproty fon men gramilar soils decreases with the

presence of water table, Hipher the water table, beseer is the

bes P
. lﬂhf’ q( .q‘l “ ":,

In case of purely cohesive onls, bearing capacity is not much
affecred by the presence of absence of water table,

i ' Physical festures of foundation

Physical features of the foundation 10 be considered are as

follows :
=® (a) Type of foundation

Bearing capacity of soil for shallow foundations is less than
that of Seep foundations.

“» (b) Size and shape of foundations

— In pencral square or rectangular foundation gives more
bearing capacity than a circular foundation.

—  The beanng capacity increases with the width of footing on
sandy soils or granular soils. The bearing capacity also
increases with depth in grasular soils. In case of purcly
cohesive soils, width or depth do not have much effect of
bearing capacity.

> (c) Rigdity of the structure

More rigid structuses require stronger base for foundation.
Hence the more rigd structure, Jess will be the bearing
capacity of the soil.

Syllabus Topic : Effect of Water Table on Bearing

Capacity
4.3.1 Effect of Water Table on Bearing
Capacity
> (MSBTE - S-08, S-09, W-09, S-10, W-10, S-11,
5-12, W-12, 5-14, W-14, W-16, $-17)
‘.zi Explammm ',eggc‘ts of w;ﬂer Hable én l’a'eml . {cz{'” :' 'ty
72, of sl (509, W09, $10, 512, w-12; s-u,.ty‘u;
i 170 ,‘,;,:-::,i**fﬁ;“.*ﬂf,?%ﬁ?r‘f

Bedarirg Lagadity of Lol
y A T d - o SRS S G
it Al of ¢ oile o Deanndg cagacdy whdn |
!
Mater tabte m well Below [loundation basd
(1) Watar twhie s aboa fourdalion baso

?

(5023, V/-10) }

Q. Wit are tha ellertd of wator lable on bearvid 1
capatity of el 7(5-11) }

It was chacrsed that the rise of water table from below the
fonndaton resulted 10 a decrease in the bearing capacity in
granular sl becante of the decrease in effective unit weight

of unl due to the submerged condition.

~ If the water table reaches the ground level, rising from a
depth equal to or greater than the width of footing, then the

beanng capacity can be reduced by 50% or more.

- In case of purely cohesive soils, the bearing capacity is oot
affected to that extent by the presence of water table.
For cohesionless soils,
q = YDN+05y,N,
When water table rises upto base of footing,
q, = CN.+YDNg+05y_ N,

When water table is at the groued level,

u

q, wa+1“nN.+0.57u.N

1
AS Tap = 2V

The value of q, reduces by nearly half, when water table rises
upto the ground surface.

4.3.2 Methods of Improving Bearing
Capacity

> (MSBTE - W-11,5-12, W-13)

"Lh FE I T

0. Stlofaid axplain tho methods” o Improwing

,;;; b"a'fﬂg Capachy ol sod? ('?' 13 -.s“‘" b
Q. Mentnon method§ ol wnpfovmg b"ga‘rfgg’capacif)x

Yeet I8 S
£ (512, w-m) Bt BRI

‘The various methods adopted 1o improve bearing pressure

soil are
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N .M.n'!huéi o} Improving v
Bearing Capacity

'—h, 1. Compaction of sol

S —

2. Roplacement of poor soil

L—v 3. Drainage arrangement

=${ 4. By increasing depth and
width of foundation

~${ 5. By use of chemicals

J
1’{ Goo Tochnical Engineenng (ASBTE-Serm 4, Civil 47

o W e e et . bl s W4 rea el e 4 -

B g‘r‘:::r'f/; Cagacir; cf Seg

> (5 by e of chendcals

Phe vanous chemicals are oved 10 mabe sl denae. Thee vor
cither mixed with sonl ot by mjectir 2 them with sointion

these forms get ke structure and thus tingiroves beanmg

capacity e.g. Sedium sihicate, calcium chloride.
> (6) Grouting
If soil below foundation contains cracks, czvities or voids. it

is injected under pressure with cement grout. So as o form
soild mass thus increases the bearing capacity.

Field Methods for Determination of
Bearing Capacity

4.4

=p{ 6. Grouting

Fig. C4.3 : Methods of Improving Bearing Capacity

= (1) Compaction of soil

- By adopting various methods of compaction the open space
or gaps between soil gets reduced and thus are less liable to

displacement and thus increases density as well as shear

—~  Determination of bearing capacity in situ is more realistic aod
makes better practical sense.

—  Hence various ficld methods are devised which have to be

' used on the actual site where ultimately the foundation ad
the structure coming over it will be built. Below two field
methods are discussed :

strength of soil mass ultimately increases bearing capacity.
“» (2) Replacement of poor soil

=~ The poor soil is removed completely from the site and is
replaced by soil having good qualities and thus increases the
bearing capacity.

=?» (3) Drainage arrangement

=~ Water is key factor which affect the bearing capacity
therefore the areas where ground water table is high bearing
capacity can be increases by making power drainage
arangement.

=? (4) By increasing depth and width of foundation

= As we proceed in downward direction denseness increases

this result into increased bearing capacity along the depth.

= Similarly bearing capacity is directly proportional to width of
foundation. Greater the width more will the bearing capacity

as the bearing arca is more,

Syllabus Topic : Field Methods for Determination
of Bearing Capacity — Plate Load Test, Test
procedures as Per IS: 1838

4.4.1 Plate Load Test : Procedure as Per

IS : 1888

-> (MSBTE - S-08, W-08, S-09, W-10, S-11,W-11,
S-12, W-12, S-13, W-13, W-14,5-15,W-15,
W-16,5-17,W-17,5-18)

tch of

i et

——

- ey e
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CTION (i) Graph 10.%. T
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;»-v‘;" e . ,
o he done 18 selected. !
o Thewt where wesing is to be & |
‘ te '
A L ror width of the plate,
y Astpt jeast § times e diamete | |
' ( 4 foundation level, is QB =
.nduplothfdfpm" propo [ foreaid —
¢ of the .y '
3 Theplaiei sested firmly 8t the ccot 4 () Gravity loading
. el o4 Joad of 31 the cquipment pall and sockel, stecl
s, loading €01 jackets - 18 reconded before applying
the load increments
g A minimum seating Pressure of 70 zm/an is applied and
removed before starting the Joad test.
6, A minimum Joad is nppbcd to soil, in cumulative increment
upto Ikgem® of '5' of the estimated ulimate bearing
capacity, which ever is lower.
7. The sctement i observed after each load increment at 1,
225, 4, 625, 9, 16, 30 minutes and thereafter at hourly
intervals, and it s recorded @ Limitations of plate Joad test
§ The recording is stopped when the increase in settlement is The limitations of pIat€ Joad test A5 ©
only 0.02 mm.
9. The procedure is repeated after every increment in Joad.
10 T ) ’ 31, size eftect
" The obscrvations ase, ploned oo 2 log-log scale. The i o :
sentlement i ‘ ,
m:cm in mm is ploticd on X-axis and Joad in kg/m’ is 2 Time effect
ploticd o Y-a1is.
11, From this plot, th 4. Layer offect
' is plt, the ultimate bearing capacity | i dtes
shown in Fig. 4.4.] pochi i igmibed 1 Fig. C4.4: + Limitations of plate jos
. A.1(c). The plate Joad test setup is shown in
ig, 4.4 1(s), for gravity type of loading. The Joad i = 1. Sizeeffect Wy
can cither be sppli increment ‘ e (
pplied through gravit ; . ie P["“
of truss method. TY y method or by reaction The actual settlement M2y vary from
wd. The loading setu ) '
p for
method is shown in Fig, 4.4.) (b). reaction of truss pressure is applicd-
~ 2. Time effect i W
.o ot B¥
As duration of test is gmall it 40€° * P
— settlement with respect Jong tme: B ///’/
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. Field Methods for Determination
v T”c;;gw . Standard Penetration Test,

d”’"}gestpmedures as PerIS: 2131

standard Penetration Test : Procedure
asPerlS:21 3

=

2

- Thisis the most exteasively used peactrometer test in India
adnUSA

- The test employs split-spoon sampler, as shown in Fig. 4.4.2,
which coesists of 2 driving shoe, a split barrel of circular
cross section which is longimdinally split into two parts and 2
coupling.

1= 15:2131-1981 gives the standard procedure for camrying out

the test.

His meproduced below in beief

De borchole is advanced to the required depth and the

botom s cleaned.

m ‘
*Plit-5poon sampler, attached 1o standard drill rods of
"ured length is bowered jnto the borehale and rested at the

The gp); .
*Plit-spoon sampler is driven into the soil for a distance

of 450
S by blows of , drop hammer of 65 kg falling
Hally and freely o, beight of 750 mm. The number of

T A T T T A S I TR TS S I st

i _] T8¢ every 75 mm is recorded while

N
.

N shabhd S A MR A 4] |

daving the sampler. The number of Blows required for s
300 mm penctration 1< whided toecther ind recorded as N
value at that patticular depth of the barchole. The number of
blows required for the fiesst 150 mm penctiation, called the

seating dnve is disregarded.

The split spoon sampler is then withdrawn and the soil
sample in the split barrel is transported to the laboratory for
testing.

This procedure is carried out at various depths in the
borehole, usually, at every 0.75 m vertical interval.

The N values are corrected for

(a) Overburden pressurc and (b) Dilatancy of soil

And then the settlement corresponding to the particular N-
value and the width ‘B’ of proposed footing, is found out
from standard charts.

This scttlement value is then corrected as :

Settlement from charts
Correction factor

Actual settlement =

The comection factor is given by comrection factor
=0.5+0.5%Sl

Where Zy, is depth of water table measured from the base of
the footing and B is the width of the proposed footing. From
the scitlement, the bearing capacity is calculated.

All dimernsions in mm.
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4.5 Typlcal Value of Bearlng Capacity
from Building Code : IS : 1904

~» (MSBTE ~ S-10)

R ‘41‘-,_,,«. fod s b SR (i a5 h ik MY T a1
esa golll

: ‘ % Dita
i"fa.ﬁ&\ugh‘&;! ; i’%

Typical values of bearing capacity for different types of soils

are given below in Table 4.5.1.

Table 4.5.1 : Bearing capacity for varfous soils

50 p
5y u7,0’hrzi¢xnla Soih ’ ;’m
f";f' 85 muyr-« HT

1. Gravel, sand and | 43 Soft shale, hard | 45
or soft clay in
deep bed, dry.

gravel,  compact
and offering high
resistance 10
penetration  when
excavated by 1ools.

Medium  clay | 25
readily indented
with a thumb

2. Coarse sand, | 45
compact and dry.

nail,

{10 I\’l»"l'l‘,',"“ y.',-;"i.,.F

iy, Colestunlise Hoils Citieetyr anily
Mo,
Dencrlption e Dyese ription LI
' !
| Medinm v, | 24 Mot chiy ol |19
compact and dey sl tlny

freitires
indented with
strong, thumb
'iﬂ.'lill"

4, Pine sand, silt (dey | 19 Son clay | 10

lump easily indented  with
pulvarised by maoderate thumb
finger). pressure,

s — Y ———

5 Loose gravel or | 25 Very soft clay | 5

pand gravel vhich ¢an be
mixture, loose penetrated
coarse or tmedium several  inches
sand dry, with thumb,

6, Fine sand, loose | 10 1B.C. soil or other | 15
and dry. shrinkable/
cxpansive clay in

dry codition

(50% saturation).

Table 4.5.1(n) : Typhcal vulue of bearing capacity from building
code 1S 1904

Rock (hard) with of lamination and defect 330Vm
c.g. granite, trap

2. Laminated rock 165 Vm®

c.g. sand stonc limestone

3. Residual deposits of shattered and broken | 90 Vm'®
bedrock and hard shale.
4, Softrock 45 Um’

ey sy SR S s o P AR
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Geo Technkeal Engineering (MSBTE- Sem 4, Civil) 4-11

ot tus To"-.c Deiinilion of Eanh Precsure

St
S¥:

=¥ b

485 tarth Pressure

> (MSBTE - S-11,5-14, W-16, 5-18)

Q. What ais dvﬁerenl rypes of earth pressure ? (S-11 )
Q. Define Euﬂh pressure [S-IJ) s T Rk
Q. Define: Ezmhpremre atrest(w 16)

T

Q. Explain different

-of néat labelied sketthes. (S:76) -

= There are different types of eanth pressurcs in the lateral
direction acconding to the structure against which the soil is
retained and acconding to the equilibrium conditions.

- Thcscuc:Eanhplmsuma!rcst.activccanhpmssum,
passi\tcanhpm

Active vorth pressine

~» (MSBTE -S.03, W-08, $-10, W-10,3-11,'W-11,
S-12,W-13, W-14,5-15 W-16,5-17,W-17)

Q. Define Active earth pressure, 5
- (508, w-as 5-10 S-11, W-13, w-1s) R
'Q What |$Achve earth pressure. (W-m) g

0 Defme act:ve earth pressu'e with neat skotch
14 3-15 5—17 W-17)

Syllabus Topic : Active Earth Pressure and
Passive Earth Pressure for No Surcharge
Condition

4.6.1 Active Earth Pressure

> (MSBTE- su)

:“, < -__—1—-- AR P e S ey

: == = o Ty S
G Eqistand dein ypes of earth prassus.
Active Earth Pressure
a. Lateral earth pressure

b. Active earth pressure

c. Passive earth pressure

=1 d. Back fill

. Surcharge

Fig. C45:Activc£uth!‘r&ﬁre

2 1L

pnssurg.; o L’;’;ﬁ.;

LR

T
R

o

e

by

mr;ﬁf
(il e

X

Fig. 4.6.1(a)

- (© -Pm;sivemrtbpnssure

> (MSBTE - S-08, W-08, W-10,W-11,W-12,
W-13,W-14,5-15 W-16,5-17,W- -17)

3'

1 ?qk‘!fﬁn ¢
I

W

G

3

A

A\

':éiv

it
g
Ag

&
¥

i
5

2

i
il

" Fig.46 1(b)

= (d) Backfill

> (MSBTE S-10, W-11)
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(s d n,m:u’ us the

malertal retained by well vr supported

strurcture is called | hack fiil.

et i,

- (ReferFig. 4.6.2)

= (0 Surcharge
=» (MSBTE-5-10)

e S 8

5 ingidbm ' MMnM pIanc at devatxon ‘a 'top of

S

4,.11,

N

Fig. 4.6.2

& Co-efficient of Earth Pressure
2> (MSBTE W-15 w-1s)

T pressure (W“

S L

Syllabus Topic : Rankine's Theory and
Assumptions Made for Non-Cohesive Soils

4.6.2 Active Earth Pressure Rankine’s
Theory

-) (usans -S-12, W-12, 5-13 S-14,5-15,W-15 sw)

—_— !r"’f!r.r’f
TR R o

B 2 ¥t

#  Assumptions of the Rankine ”‘"m,

(1) The soil mass a8 e infinite, hormoge,

dr

cohesionless

The ground surface is plane which may t,. hor
AL

(2)

. . f\'
inclined.

The back of wali is vertical is smooth

3

(4) The wall yiclds about the base thus satisfies deform,
Aron

condition for plastic equilibrium.

(5) 'The soil element is in state of plastic equilibrium i ¢, o, %
.00 very,

of failure.

Active earth pressurc for non cohesive soil. The followiny
9

cases of cohesion less back fill are as follows,

Cases of cohesion less back fill

=31 1. Dry back fill with no surcharge

2. Submerged back fill

-

3. Back fill with uniform surcharge

Fig. C4.6 : Cases of cobesion less back fill
=> (1) Dry back fill with no surcharge

The pressure distribution on retaining wall due to back fill is

shown in Fig. 4.6.3.

The pressure distribution at base is,

Fig. 4.63

Where, k, = coefficient of active carth pressurc
1-sin¢
k I +sin¢
¥ - unitweight of soil.

¢ - angle of internal friction of soil.
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‘ \ sneeinag (MSATE-Sam &, Civil) 4-13 eanng Copacity of §
..\ “i\(“!\\‘ ‘\‘\hlll:‘I.l.“'“‘::l_'.]}'.lj--‘-‘:‘ \ SRt VT AN NN (e W v e P A PRI ALTAE R W e s et B3 :( i‘ .‘” ", : ':.'I .," ”,' *_’fjl'
\ N h pressun paper vl leneth of wall, S Bac G vt vindform suredo g
Al pPre ' '

O. Describe the elfect of uniform =urchiargy on active
eaith prassure of soil, (8:11)

\ | .

A acting at A3 abawe base o wall,

\ ) s“lqvgn\u‘(\d back &l
Yt

o
Sl )

¥l
i

11 the land debimd wall i saturated with

In wdmered hack R

B

\ | laeral pressore is having pressure te to,
{ o0 O

m Submerpad weight Y’ i [y :
3 B Faite i\
N, @ e S ety o il R
) fore at base of retaining wall will be *&{{‘{Z/ﬁ/ /{/ 07 i * 3 K‘ T
There N “y ‘\é‘i’ \-‘ i ‘.‘ r@;h , X ; 9
’ H ?‘.3" 'E?i&?%?&.@f&*;x{”u v
pose e W H4 % Fig. 4.6.6
\ Y’ = unit weight of submerge of soil.
If back fill is horizontal and carries a surcharge of uniform
Yy = unit weight of water. ) )
- ‘ intensity as per unit arca.
k = coefficient of active carth pressure.
& ' The pressure at base of retaining wall consist of pressure
Q2 A made of ;

(1) Unit weight of back fill and

(2) Pressure due to uniform surcharge

.. Pressure at basc_ofrcuining wall will be

w @y

P, = kyH+kq

k, - coefficient of active carth pressure.

e q - uniform surcharge inteasity.
=d pot 10 be considered in that case lateral pressure is given by,
4.6.3 Structures Subjected to Earth

E, =R Pressure in Field

¥ back fill is partially filled and if back fill is most to a depth =» (MSBTE - W-10,W-11)

T R R
%ﬂ&;@;wazi?\smﬂ.‘s:ﬁ;» t
3

i whero. activa and: pa

*below thea lateral pressure is given by,
Pl = h'7H|+KAY' Hi"’v HI

The main structures for which the consideration and analysis

of earth pressure of the lateral pressure is important arc as follows :
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Fig. C4.7 : Structnres Subjected to Earth Pressure in Fleld

“® 1. Retaining walls

Retaining walls are structures constructed for retaining soil of
open cuts when the depth of cut is more than that required for
stability of the slope ot the vertical side of the open cut,

= 2. Walls of basements

In principle, walls of basement arc the same as retaining

walls, as they retain the vertical earth cut against lateral

movement.

But the walls of basement have short length and these cannot

be made t-npcmidxl in section.

Hence buttress or bracing or keying is adopted in these walls

for resisting the carth pressure,

=» 3. Underground structurcs

Underground structures are surrounded by all sides on soil,
hence they experience lateral pressure.

It must be remembered that if wall retains soil of same type

on both sides, the effective force on the soil will be zero,

Only when carth is retained on one side of wall, the lateral
pressure comes into picture,

= 2

Breakwaters and sca walls

These structures, on their sea-ward side, absorb energy of the
sca waves and tides but on their leeward sides, the lateral

carth pressure is resisted by them.

1 [ uv](.|vw'/ln‘ 'ul

ol Fath s

Foateral poesue af o bty ot e by pese e by the et

B, they b testat the Tateead Tipdranlie peesaie

Mt for e statnlity of slope biowtedge of intermal sail

pressure amd (o effecton slope stubulity 19 1¢ autred

-» .

Tunned sldes and ceilings of tunnels

ik s one more situation where lateral earth pressure comes

Into pleture Indirectly,

The stability of open cnt and elrcular cut, the stresses and
forces nround a tunnel opening due to bateeal forces is a very

complex phenomenon and {t requires thorough knowledge of
carth pressure,

4.6.4 Difterenco between Actlive and Passive
Earth Pressuro

> (MSBTE - S-12)

"'""'TW ‘E,.O Ju‘w‘ - '-,i .,‘; h"‘ iy e ‘ﬁ;’,?#’#-éyfn-
K\m acliva nd{’ 'sah_ro . parth

l} f'fwg ;‘i?i“ 2 % 'i' ’ ‘ 1

i“ht‘ p*-p a¥ «U. ‘Mr ; F
et v L nidi AR e T dhetied
;’a";:,{w : ﬁﬁ3 éﬂ'!‘ 'hu,':’, { S i o9 ’.;& ”L",‘-’jg'é!_»
: .:'}i (i ‘ctfvetnrth - Pas th pressure’’
i SHaRE TR .nm] b : Lt Hopti Rt
"N I 1;.315:3 ﬂi”‘" ’ (;* it
'?u-;n.‘ yli g } nzjlﬁwg 1 ; by T
l. It is the lateral cnnh It is the lateral carth

pressure  against  the | pressure when the retaining

retaining structure when | structure is just on the point
the structure is just on | of moving towards the
the point of moving | backfill.

away from carth.

2. Here the structure tends | Here the structure tends to

to move away from the | move lowards the soil.

soil.

3. | Very little movement is | Relatively  much  larger

required to mobilize the | movement may be required

active pressure, to mobilize full passive

resistance.
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Correude o rivrahes of 2oive and passve exarth pressure

A& mnng

ohesoaiess sand with an angle of

Pavanve canth prosee

KY Hep H=(3« 2« 8)4 (0% §

bl =

r

WS AN /m’

L]

P

samat Atoe of 307 and un? weicht of 18 AT What wal

!

e B riansdos of achve and passve earth pressures d e
agter kvel oSS 0 M ground ved? Take saturated vt
weight of sand 2s 2 Wim'.

Soin

(2} Dry =il

Coefezat of xfive cxth peessare, orefficent of pasaive

cxrdh press
i-s=é
1+

1+s2d
1-s0d

K =

g:

1-aX  13sad
= T T 1-sa®

=3

1
= KyH=3 x1I8x8

H
-
i

SN/

o Py =
Passive carth pressure

K,1H=3x13x8

P'
p, = O2NMm’
(®) Sebmerged soil
Submerged tnit weight

T = Ye-Y,=22-10

LY = RN

Active carth pressure,

P, = K.T"*‘!.H=(‘%xl‘.'>d)+(10x8)

p, = 112kNm’

Ex. 182
A retaining wal 4 m high has a smocth veriical back. The
tack 53 has a horizontal surface in level with the top of the
wal. There is unfomnly distrbuted surcharge load of
35 KNim” intensity over the back F. The density of back fl is
18 kN /m’, s angle of shearing resistance is 30° and
cohesion is zero. Determine magnitude and point of
appSicasion of active pressure per metre length of the wall.
Soln. : ;

Cocfficent of active earth pressure

 l-soé 1-sa0 1
K = 15 " 1+5030 =3

Lateral pressure intensity due to surcharge is,

1
P kg =3x36

12KN /m’

=P

Lateral pressure inteasity due to backfill is,

= KJH:% x18x4

P2

’J’

L

e |

s ¥ A

T
4

o ria
= P ESEaEw 2
:5‘.2—,5:‘ S

:f"«.-- 3
KN 2 24 K 2 s
Fig. P. 4.62 : Pressure diagram

e
S

The resultant pressure per metre length of wall for surcharge

and backfill are shown by p, and p,.

Xh!H:%‘ X224 x4

[T

S pspxH=12x4 and p, =
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BTk ‘hnnd ( !vi)

Saia s PV

mwnm; (Ml

3:-

['/U (’co chhmcn! f nc'

e A8 N /m
p, = 44 AN fin o A8
!

eunre on wall 1%
wpltant pressure
Hence resulta

- vyt 45 ¢+ a8

p = O6AN/m

The resultant P acts as,

z / at base,
vz = PP, Moments at ba

4
(48x2) + 48 x‘i)

2= 96

& 7 = 167m above the base of wall.

v 7 oy s "i" ‘J"I"‘ ]

WA 3*&’ ?f“?iﬁi?'gﬁf ’»s:ﬁ}}f 4y j

%}gwr"{gﬁ{ﬁ“, ’ a5 jlf

'. 4 ] -ea g ,4‘ a 9

52 m“s%‘ﬁnnﬁf: e ied
ek R ey
of i 20, K and 18 k/m?, respeciively.; )

o ST e 4 ;. s i
B el e A et A O e hs Ll iR
AC of active_earth

%@% ?ak faob" m‘ Q s‘;"?}"ii"l /it
a! ,m_ﬂ A eaﬂhpfessm'e." Ji« .’v.[’,/‘;‘
Soln. :
S5cm
y
Fig. P.4.6.3
T = 20kNIm"¢=3O
Y = 18kN/n
. d=sine 1-05 o3
! I+sing = 1405 =75 =1/3
Tolallcﬁvcm!hpmsmubm.
P

s = K.Y] H‘ +k.‘72 }l'l +T. H)

= 1/3x20x2+l/3x18x3+ 10x3
= 6133kNIm

4“1 ‘”.’:'

b.¢r'¢1’d“’ LanfEasTY U"']l
= Yt
/

Soln, ¢ Heiny Ferenphins UL i T e
Hiyy

pectinpudar footing

", ””"‘.'/.,,,HH,M
~ ll‘)tl‘-tl*}t(/r';g,l)'l
b OAT 849, N
S AT g
0, « 202NN/

Net bearing capacity
Opo 5 Q=N 5A202 (2 49y T
d /)

= 396,14 kNho'

.7 i "!"""'r,
Ea?’ 4'85 W2 [ ém,.‘%

ﬂf v s et 4 is

omp % Ihél tom;ltfos of activy

’”’”{’”’{F} gm" g ,gw, A4

"Iﬂ v jark o,
o tard

A

S . : i | 'r
.md pseiy th ;,;m,,

]

wm’ M "‘fl f

onofao‘z{:i:wuraw{zowmw»

Soln. : Dry soll

Coefficient of active canth pressure

K I -sing 1-2in3) |
» F 1 +sing ~ 142in30 73

Active carth pressure

Lop, = k,yﬂa%xmznsb,l/;ﬂ

L P = 5328 kN/m

Cocfficient of passive carth pressure

| 4 5in30

1 4sin .
=1~ 4in30

= .
4 ] - sin¢

k

Passive earth pressure

P, = l:"{ﬂ=3><2013

’""rl,/f et

Ex. 45 BTN ; ..
ey R 5 W 1057
cafcuféfo iye eanf\ rcasmoiand paBSW" °a“h P

LM/":T" 1/,‘ puuatd "‘f" i lsod ‘M‘h an

Vs s .,,‘y CAT AN T Y

/ﬂ,sfl &, —w;vj
o1 308 ani Uil ot ol 17 KU

i

Soln. :

Cocfficient of active canh pressurc

1-sing 1~ sin 30 yp
K = T osing 1 +sin30

— o
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- 5l kN

o mll””"“"m
{

]‘t“’"c carth pmsmt

A retainineg o
SUppol a coyn
englo of she
betizontal. fing gy

Cocfficieat of active earth pressure
1-sing 1-sin30 1
K = T4sioé 1+sin30 ~ 3

Lateral pressure intensity due to sarcharge is,
= k.q=%x3.§=l.2 tm’

Latenl pressape intensity due to backfill is,

k= K.1H=% x18%x6=36Um"

: MWMWM Jength of wall for surcharge
Mbdﬁllmmb’hmpr

"

“h = pxH=12x6 and

]

]
Pk fxp,XH=% %X3.6X%6

>
i

= 72tm

= Pitp,=724108

= 18ym

T ey,

i Heanng ¢
P - BEsrmema . D CANNG Cho
eXx, ‘1.8_2 g i ;u; D ‘{' Hy of St

W with A SO v
‘ YN VBrieal haey

S10n !m-», bt o [ Ak of et

=23 UACIN ¢ Ui ) i

Uit weien

ainht

S1anca of 30°,Th

! t ;3 i
5?!11}{] fosi 14 %0 ardd
0 3urf

al active o 120 of the 401k iq

> pressy ) " i

the wall by ihe Ranking's theon *3Ure Paper fine., Metar of
- ory, !

Saln, ;

Given : Height of wal) = 4.00m

Y = |/ h = P =2 4 P =
= I ‘ KlJlm, ¢ = 30 S M at m rﬂ, k .f }'
LI *

k,=(1-sing)/ (1 50 0) = [1 - sin 30/ + sin 10]
=117 /B3R)=1n

Pu=(13)* 14 % 4.00 = 37,33 Kiv/ey?
Total active pressure P, unit length of wall

=1/231.33*8%1=149.33 kN

S

o L
POy

S o

Fig. P.4.68

EE T

e e

tapce:-is =

“ind the’ total active pressire P
Soln. :
Heightof wall = 8m
’ —-—
Unit weight (y) = 19kNAm’,¢=30°,P,=?

1 - sind _l-sin30
]+SiD° 'l+sin30

{]

K,
K = 03333

p, = KxyxH

2
03333%x 19x8= 50.66 KN/M

Total Active Pressnie Per meter length

—;-xP,Xh"’
R

—

=
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T, r O 4 3 - 5
2T Wy zt Tl z = T
i

Sploiglimwdanal stadghfismna
purely cobesiee 208 having O = 144 BN aod B ot

p M L 2 iz bez czpacty by
Ferzaghe’s analysss (N, and N, 372 5.7 2nd 1 respecTiely)

Scin,

weight = 17.7.500m’; cakada’s eis

-

Given: Y=17.7 K0, C= 12280/, 3 =14m

Dgh=D=45m N =57, N =1, N =0

Ultimaze bearing copacity is gveaby -

¢ 2l vnN
Qg = CN"Q\\‘EYB"‘

141 ', N =57.g=v.

c
D, = 177x45=79£S.N,=1.B=190a
N, =0
%

(44 xT)+T965x1+0

s 8
’ oA
i 2 !
.« P i
1 P ] 'y
1 L - ’,J
f b o ageen {2y 22PN 2
:‘ & o - o wy o8 2 -
o ool sl
v S P " - t e A o
§ o Mpwrhy £ 7 ety S 5 ]
n.S43 ’ P 44 ) 'y
P e R as
, S s it o8 3B 9T ety -
L ot f Y «J unld v A o
Py M T ows o it
Stad ezt presture 306 s e O TN

Scin. -

(i) leseamey of ative gronmare

v:V"YH

*

Coefhicient of carth pressare

-39

Actve czrth pressare

"
v
]

k‘YH:-;—x]ng:sIs}}
- p = S0SAKNm
l+sin0_l_2"i_:’9=3
= l-,h’-l-shw

Passive casth pressure

]

2 p, = kyH=3x19x8

456 KN/m’

d 14us®
g, = 03%
P, = 0367 18747 = 56376 VU=
{7) lmemuty of psiive prUST
P, = k-y-H

1+539%
1-s=¢

276
= 276x13x4%7
= 322i6XVm’

EURER
"

(G) Total active pressere pey umit kagth

o)
I\

2 %-k.-'!ﬂle
= 3x036x18x8T x1
P, = 2453
4) Line of achon the total pressure P, is acting 2t

HR =83 =29 m frombase.

ack of ht = 7.2 m supporis
1-18.5 kf/m3. and angla ol

of sol is horizontal. By Rankine's
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L 7 s T or o= Paten g Syrees 1 - G a4 S . ~ . o
F¥1 Gzo Techrcal Enginesnng {MSBTE-Sem 4, Civil) 3] Bearing Capacity ¢f Soil

Scin. :
Height of wall
Unit weight (y)

K

s
/.2m

18.2 kN/m’, $=27° P, =7

1 —sind 1-sin27
1+sing ~ 1 +4sin27

0.376

K,xyxH

Totai Active Pressrue Per meter length

It will act at H/3

|
= ;XPQXhXI

-

|
N | —

72

o

= 24m

x4927x72x1=17138 kN
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ilization of Soi)

5.1 Concept of compaction, purpose of com

and vibration and Suitability of various comp.

tyred roller, Rammer and Vibrator, difference between compaction and consolidation.

52 Concept of soil stabilization, necessity of soil stabilization, different methods of soil stabilization — Mechanical sci
stabilization, fime stabilization, cement stabilization, bitumen stabilization, fly-ash stabilization. California beanng

ratio, C.B.R. test, meaning of C.B.R. value.

53 Necessity of site investigation and sub-soil exploration, types of exploration, criteria for deciding the location an¢
number of test pits and bores. Field identification of soil — dry strength test, dilatancy test and toughness test.

paction, field situations where compaction is required, Standard prector
test - test procedure as per IS code, Compaction curve, optimum moisture content, maximum cry density, Zers

air voids fine, Modified proctor test, factors affecting compaction,
action equipments-smooth wheel roller, sheep foot roller, pneumasc

field methods of compaction — rolling, ramming

@ introduction

In case the bearing capacity is less than the required value at

2 site, there are two solutions. The first is to go at a greater Gepth
for foundation. This involves expenditure and change in design.
The other method is to improve the bearing capacity of soil by
vanious procedures. This chapter deals with the modification of soil
properties for better performance,

5.1

Compaction of Soilg

Syllabus Topic : Concept of compaction

5.1.1

Concept of Compaction

Tk R R R A iy
o ot S e 2 ety
2 .-:%4’:‘5?&%:#4%@@” o

This is the simplest method of increasing the performanc
ance

c . . . .

haractenistics, ¢specially bearing c2pacity of soil.

Lo this p icati
method, by the application of force of vibrations, the

soil particles
are more closely packed therchy increasing (he

density and hence bearing capacity of the soi|

Jensi
Compaction is also defined as the process where the¢ €

is increased by reducing air voids.
108 of

. i . . ‘r_\.JJl
It may involve modification of water conteit or ¢

soil or both.

o

RN

oy RE
The tixory of compaction was first developed Y

Proctor while building a dam in the USA.
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-ml gngineering { (MSBTE-Serm 4, Civil)

—, T

cites of compaction developed by him - were
Nt

The T
L enies of articles n Engincering News record
hul\li\hL‘(l 10 o senes

in 1933,

o

48 Toplc Purpose rot Compacﬁon

P S -

byl!ab

_—

n Ppurpose of Compaction

| 5.
| 5 (WSBTE-S08, W-08, 5:09, 510, W-10, W-11,
S165-17,-17)

"M\E-\l_.n)‘ ‘1 »..\.1\

0. State’ purpose of cor

Compaction of soil is undertaken for a number of purposes.
These are listed below ©

(I) To increase density and thercby shear strength and bearing
capacity of soil, this is required in the case of slope stability

improvement.

0] Todccr:asctbcpunrabilityofsoil.thisisroquimdforcarm

dams.

. (3) To reduce the settlement of stroctures after construction.

(4) To reduce danger of piping, this is required for scepage

control of carth dam.

(5) To increase resistance towards erosion of soil by rain and

other causes.

Syitabus Topic : Field Situations where
Compaction Is requlred

1 51.3  Fleld Situations Where Compaction Is
Required

<> (MSBTE - S-08, S-10, w-1o)
T

As already stated above gompaction is required in the

. '.;::\ following field situations :

—

e o LOTERCON 21 Satilzation of Soi

(D When sutficient b g COpACity i not available even ar s
greater depth,

(2)  When the soil i ttally cohesionless like dry sand,

(3) When the soil is highly pervious and 18 used in water
retaining stroctures.

(4) Ineconomical foundation design.

(5) Inrunncls, roads etc.

(6) In special soil types.

(7)  Under any situation where performance characteristics of soil

are to be improved economically,

The values of maximum dry density can be obtained from

following laboratory tests :

(a) Standard proctor’s compaction test.

(b) Modified proctor’s test.

Harvard miniature compaction test.

©

(d) The dietert test.

(¢) Abbot compaction test.

Jodhpur mini-compactor test.

®

(g) US.B.Rtest.

(h) ISlight compaction test.

(i) 1S heavy compaction test.

52  Standard Proctor Test

> (MSBTE - W-12)

Y A b3 'y N N 2 e
Rl st *&*"*ﬂ

; "?/“"“‘Aﬁ_é.:!&'“{? B
il (We12)
Ma‘w :s\.\

S50 o P4

‘standard proctor. festof s

When soil is compacted, it is generally compacted along with
adding water. Optimum water content gives maximum dry

density.
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= Water content less than optimam valee ot more tha cpnivem
valoe will _L'i\v: foss COIMPN ted density and cotagionily RS

Jry density

- To determine the optimum water content, the common test

vaed it the standand proctor test,

Syilabus Topic ‘Standard Proctor Test - Test
Procedure as per IS code

5.2.1 Standard Proctor Test Procedure as
Per IS Code : IS : 2720

=> (MSBTE - W-11, S-13, W-13, W-14, sna)

% b

The stepwise procedure of standard proctor test is given

below

@ Preparation of specimen

(1) Tzke 16 kg of air-dried sample passing through 20 mm IS
sieve.
(2) Apply water 10 bring water conteni 10 about 10 percent, less

than the estimated optimum water content.

(3) Keep the soil in an air Light tin for about 20 hours to ensure
thorough mixing of the water with the soil.

(4) Divide the sample in six equal parts.
@ Compaction test procedure
(1) Clean the mould and weigh it 10 nearest gram.

(2) Apply grcase to inside of mould, base plate and collar.

(3) Assemble the mould and base plate together on the floor.

P

Corn ,.u,!lon and Stablizanen of 5S¢

(1 fake one part of saimpie and fll the monld 1o 2 bavers ¢y
I8 blows to cach layer with the 2.6 kg hammer dreppng frem
VO mm

(8)  Scratch with spatnla each layer before putting in the next
layer,

(6)  Remove the collar and trim the compacted soil flush with the

top of mould with a straight edge.

(7) Weigh the mould with the soil 10 nearest gram. Extract the

soi) from mould with the extruder.
(8) Cut the soil sample in the middle and take representative
sample in an air tight container from middle of the cut

surface.
(9) Determine the water content.
(10) Calculate bulk density.

(11) Calculate dry density using bulk density and water content

values by using,

I A
Ya_H-w

(12) Repeat steps 4 to 11 by taking 2 to 3% more water than
preceding test.
(13) For all six samples, record the readings and plot moisture

content against dry density.

(14) Find out dry density comresponding to the maximum point of

the curve and corresponding moisture content.

This dry density is known as maximum dry density (MDD)
and the corresponding water content is known as the optimum

moisture content (OMC).

D A
T S e

§ griEs
ctw.;r”f:“:t

Scanned with CamScanner

T ..;_;,..\.-\:




82

A\
i | KM
SNt :
T o
| !
! Ginde Irnq‘h !
i } o tave s k
- of rarmmey
I an fmn ! \ RQW
i 35 ' weigh 281y
N )
' ! b =
—T j-L ~ 20
| | |
4 ' : 4 i
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| $
11 | |
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™ Uses of the Test -2.2: Graph for Proctor’s Test
1) To ubzin OMC and MDD of  givea soil sample. Syllabus Topic : | Maximum Dry Density
) To get selation between dry density and moisture content for 5.24 Maximum Dry Density
’ MSBTE - W-10, S-11)
8 soil sample > _ !
B G e
?)  To achieve controlled copaction of soil in the field. fre d,ete_'mmi‘, Y £
in in yatail, (S-11) =

Fig. 5.2.1 : Standard proctor test

MY anie g krown ag
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COMPACtion curve.
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e COmpaction fives the |

Compaction, "

itys

}"l[ ifry Wi
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This moisture content s
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known as “Optimum  Moisture

AF iy E S
as for each soil
‘."‘\‘,(“_Ek@gj-. I~w "

=1

Content™ or OMC. On the compaction curve for a soil, the

water content coresperding 1o mazimum dry density

mndicztes the OMC for that particular
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compection achieved for a guv
respondiing

@i a eptimum moisiure content the cori

densitv s a.iud as M MDD ___________‘_,__,___J

I

The crest of the compaction curve gives the value of

maximum dry density or MDD. For different soils, the MDD
will ditfer.
MDD for light and heavy compaction also differs. This dry

deasity gives a fair idea about the soil and the limit to which

it can be compacted.

If a perpendicular is drawn on X-axis from MDD value, it

will give the optimum moisturc conteat or OMC.

Syllabus Topic : Zero Air Voids Line

525 Zero Air Voids Line

- (MSBTE — W-08, W-10, S-12, W-13,
s-14 W-15, s-17)

2
G ’““"f“ 2987 M*;’f.-'wa:« b gl e

Q. Draw 18

(‘Cf"'p,. Aicn

. .
!l.r}?" /

7

| ensray applied in both the |

20

-

Line of
opiimums
”
£
Foane
4
© 18

-

o

E'.'»." 151‘
._.]‘ ‘rTrf

{ Dry unit weight, y'
3 I X
=

LS N BN
3 SR

Fig. 5.2.3 : Comp:

a) The compactive encrgy used f
1000 ml of soil or 595KJ/m3

b) In standard proctor test the weig

¢) In Standard Proctor test, 3 layer

filled in the mould.

d) The vertical drop of hammer

310 mm.

—
Syllabus Topic : Modifi

5.3  Medified Proctor
Part Vil

> (M€

ST s f“,v;,%

:Q;; Describe: and dszerenha%istz

e e e o i T LENR
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== : rd the theee facts WooW [ —
e - JJpast identical e pt the thiee factors, | W) Maosture (water) content = W = MIW: 100
i3 r, weight of hammer and the distance
NEFLS .
. gt bt il Given Data, W= 1077
% pich ¥ the hammer falls.
h W
‘b ", ) i Sy 7 «
4 fard and modified tests is given below . In calculation Wis taken as a fraction
(RH ‘ )
m)m";n“‘“ ‘L(',_“_ R ‘.'-'} LUl W o= 104 _’19_
4 TRl Y b v RPN B ¥ =70 =0.10
R BRI bhnd:md
e Feattife s Lyt e o W
N TR (i)  Wetdensity of soil =y, =_v_m
wet
2 You = 1.35gmcc ...(Given Data)
Weight of hammet- 26kg 4.89 kg (i) Dry density of soil
1
| _ Y,a:Y,,:l.SS
No. oﬂ,mmwhch@ollls 3 5 L I+w " 14w 14010
1
ﬁlkdmhcmm‘d' Yoy = 141 g/ce
/
+ | Vertical drop of hammer 310 mm 450 mm (iv) To draw 10% saturation line or 0% air voids line we use the
3 | Vertical
pefore striking the soil. equation.
= - Y, = —G—‘;v!"—
. . f G
. Mould size in both tests is, 1273 mm height and 1+
100 mm diameter cylindrical mould and pumber of blows
; y, = Unit weight of water = 1 gm/cc
given in 1£STS 1S 25.
= 1 ity of soil = 2.7
- Modified Proctor test gives 5 to 10% higher value of dry G Specified gravity of sot
density a0d 2 to 3% less OMC s compared to standard test W = Moisture content of the soil sample
mvidoddmbothtmtsa:cpaformedonthcsamcsoil. - ol
e S = Saturalion:lOO%:linﬁactionfonn
For cortain soil, the following data was obtained while
performing compaction test -
f8) Moisture content of sol sample in percentage = 10, 13. Where. ¢ - Perccntage saturation of soil sample and
16, 18, 20, 22 and 25. '
A = Percentage air voids in the soil sample.
b The corresponding wet density of soil sample in gm/cc =
1.55,1.90, 2.30, 2.16, 1.95 and 1.6 respectively. When air voids are zero We get saturation
) Spocitc gravityof given soil =2.7. S - 100-A=100-0=100%
Fi G.y, ___21xl
ind OMC and MDD for the soil and also plot the 100 % We get, Yy = l WG ° +0.lx2.’l
o +
saluration line and 80 % saturation line for the soil 5 l
Soln, :
. The detailed calculations for the soil sample po. I are T 1 gm/cc
Wn e Y
below step by step. Calculations for soil sample.

e
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CRT WAL e T Ma b iy e
WlAS TS

O Todiaw S0 X ¢
v v CNRION Yime o 20 % air vords Hie wa

e the equatiog

Gy,
Yo \ \,\.“;
AN
\\1\‘4\“ QO = ‘\l‘\ “’\(‘(‘ ‘:I"\“}_ ol ““l =) , 'f\\|‘|\

Yo ™ ounitweight of water = 1 i
W= moisture content for the soil sample

a 0101,

g
n

degree of saturation = 80 R

s = 0.80in fraction form,

.‘\“\\v 4 K VAR b
v‘i‘f}n ém\!& . ‘ \\: 3 ‘\\‘\“u«-- PR

b it sample, (S = A l‘f'-;* W
‘\AQ{S. “L\‘ v“\y*“'w 3 \‘\\‘\ %u_‘ I‘T Lxﬁ\i\ ’” * :‘ \:‘
=100 SRR RENRE RS

Where, S = percentage saturation of the soil sample
= degree of saturation,
and A = pereentage air voids in the soil sample

When voids are 20 % we get saturation
S = 100-A=100-20=80%
In calculations we uses in fraction form
i.c.s=80‘b=T8'§a’=0.80
G-Yy 2.7 x1

We get, Yo = : \_V_g= 0.10x2.7
+'S 1+ 0.8

Y4 2.02 gm/cc

Similarly the results for other soil samples are obtained.
To find OMC and MDD of the soil, the results obtained in
this example are plotted on a graph paper. On X-axis percentage

moisture (W) is plotted and Y-axis dry density (y dry) in gram/cc is

plotted for each soil sample.

Thus we obtain scven points on the graph representing seven

soil samples. These seven points are then joined by drawing a

|\I'I‘.‘:‘ l\ ‘l BN
' : A L

( n\v‘\.u h«‘n ark 1

A

VU

Yo vy h Civey Y

Wit eny LISERIALRIR!

)
sivienth ennve The hiphest e

i ‘i‘”'"i OMC e MDY vy the "rlli ARUETRIRIEE S

" W iAW
() Peroontine moesiiie |\|-\|In| on Noavin ot ey h (W)

p The conesponding diy density for exh sl ample 1

.
Calulated and plotted on Yeavis of the praph (1)

(‘") ”“‘\ we obtan wven |"“““ on ‘h( R"\‘\h "-l\"-\'n"“g wwen
wil samples.

(iv) 1 we join these points with amooth curve, we obtain the
required 100 % aturation line or 0 % air vouds line for the

piven soil.

(v) This line shows the relation between moisture coatent and dry
density of soil for a fixed saturation ie. s = 100 % or Air
voids = A =0 %,

Same procedure is adopted to get S0 % saturation line o¢ 20

G air voids line Graph shows all the three curves roquired.

R
R }"A*i:

,,“—\\

Sy \“\
™5

/7"9'

Bk *‘*w&mwﬁ‘: \.\;m »

Fig. P. 5.3.1 : Moisture and Dry Density Graph
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ihe following cbsenvatons were obteined using standard
proctor test on a soft sampia eoil

Jo - 7. - T - o
Bulk density P16 {195 215 {100 | 1.70

Water content (2) 20 {24 {26 |31 [

< <

Umg g'aph‘ determine maximum dry density and moisture

i

r

|

{

r
I-v..
|

L

)
o

; .

1

e

{
|
f

: i
MDD ! ]
e e
i i i
184 . SRR S S O A

Ory donsity (gmvce) —s
;; "
|

i ¢ i

I K 182022242628303234

S O

:8 i
fg i S - i

% water content —»

Fig. P.532

<
{16 | 195 180 [ 1.70

20 214 |26 [31 |34

13311571170 137 | 126

From the graph it can observed that optimum moisture
coatent,
w o= 2%
Muimmbulkdmsiryy:llsgmfcc
Heoce, maximum dry density y,’

Y, = ——_

lew ™

_215
Ifﬂbb

SY = 1706 gvee

Ex. 533580
The followsng are the resu’s of &ian

performed on a samp'e of sol.

’P‘"T—“ S E—
Water content (%) 5 0 j15 |20

vraraton of Soqd

<ard compaction tost

Bu!kdens&y lgmiec) § 177 | 138

213

optrnun wa er Qpn‘ent and n.snamum drydensﬁ -

Soln. :

Dry donsity (gnvce)

Fig.P.533

Sample calculation

10 )15

L7?

1.98]2.10§2

<
—
o
-—
(=g
)
—
¥

168 (18 [1.82

b7 5

sq«x-e
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Using graph,
s ' : . - - LIS 1 G i T e _‘.:‘— T i

- T ——— e
201 -~ . L i =
: o dosnffim

-
v

184 i 3 ' 1§
-~ - e - 4 4
e P i P iy

Dry denaity (grmvee)

1820&2425?33’)&34&&@

e e .,

% walsr content —a

Frg. P.532

w = 264

e 2 e e s S S

T R

T R e VL S FSUNRGET = o RO T g gy vy

- "
T g .. _.
ey
r a N
Tt rils
-

WO e Iw

oyt oF whapd

""‘*“‘n*\a‘. :ﬂ 4 tw\ o m*

L.

'S

Mmmfm

e e I

-
e

ol
iﬁi

13
13
A num.-—..m.pw«. ”

nm.-*w“—mﬂ et
;r
o e e Lt

e,\-‘ % “@‘(’T \,\.'.l'\}"& {"Y ‘\wm-(hs 8

opu-qm m‘u cmtmt amd 9'3 ruﬁt‘m\
Soln. ;-

S S Y N
£ / :
z‘ ? .; 3 . - 3
] i
:_Sn-q..!-.-.._..k.... L S - & M .
22}y :
« » “
]
.k
L]

Dry density (gmvcc)

. .\ [}

e
-

5 w0 2N

r
'
|
(™)
!
I
=

—— . Wt S

1 i 1 Watmcm&ﬁl(‘%) ‘
Fig. P. S22
Sample cakulation
V.77 L7
b I&—"— Tt
{L\]
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Determine ONG and LS5

Sota..: e, ey B
[~ 3 5151208

s fresfan 22 RS
Bulk dencl & L 1 e ]
IS Sy
; 25 30
e N 1w s |30 &

‘.‘l‘)amrt(\: Rt ] I S
B e - §3{ 172|138
Y 1.7 132 1.8
Drvdensily - 1.65 -

Fig. P.534

W = 20%

Maximem butk density 7 =22

: . Y 22
Maximumdry densityf, = T.°0 = 20
) l+(m)
= 1.83 gm/cc

Water confent 4 (%) | S 10 s .
" }
o i e i b S it — ——— l 5 |
Bulk dmﬁl)‘ ‘ 1.6 182 | 199 .
Lo 3 ~ a— , V.
m._,:;mg;:y _ 1524 1 1655 | 1.652 | j <y, | .
L - Y ""‘*—L_ i
1.6 ==
Yy = = 1.524
| +m

From graph it can be observed that optimum moisture COnteny

10 %

w =
Maximum buck density 1.82 gm/cc
. Minimum dry density

L
Yo = 1+w 1401

1.655 gm/cc

Ex.5.35

The following are the results of standard compaction test

performed on a sample of soil. Find OMC and MDD by
plotting Graph.

Cre Al "

" Water content -

511015 | 20| 25

1821190 | 184|178

Ex. 5.3.6
The following cbservations were made using S.P.T. on st

185 | 21

10 16

r—"'"_'/
205
195 | 2.1 22 28
- //1
SSNERRE s |*
PR A AT ]0 ‘6 Q :,——/
— e —
X
2w
177 | 182 1.80 !
-
—/
L
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.5 0 15.~a25 335 =

Smm
Fig. P.83$
,‘a-@ = !Qm‘c
M‘ = 1§%
i &y S
I S S
UW T lew 20
l+(100)

I;ti:usTopic : Factors Affecting Compaction

. Factors Affecting Compaction

9 (MSBTE - W-08, S-09, W-09, W-10, S-11, W-11,

S$-12, W-12, W-13, S-15, 5-17)

-

e e e

Aon Com )
~ - o, ’u\ ‘|_,..'_::‘

=

=T

LAt

—Emoe

P oFasta o
‘ N ""(h"\(,'\:

Feotlon
A g
-

——

T,

—

3 Water contong

4 Mm!mrp_g ‘

Fig C3.1: Factors Affecting Compaction

L Type of Soil

For the same compactive cffort, a2 wel| graded coarse grained
soil can be compacted 1o highet MDD than 3 uniformly
graded soil. As the grain size decreases the OMC values gocs
on increasing and the MDD values gocs on decreasing,

2 Amount of compaction

If the compactive effort is increased, MDD increases and
OMC decreases. But the increase in MDD is not lincar with
increase in coergy.

3. Water content

As is evident, if water content goes on increasing the
maximum density of compacted soil goes on increasing upto
a certain water coatent. If water content is further increased,

the density goes on decreasing.

=» 4 Admixtures

Various admixtures like lime, calcium chloride, aggregates in
various proportions etc. arc used to improve the compactica

propertics of soil. Lime can increase the dry density by about

5to 10%.
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Fieid Metheods of Com ipaction

3 (MSBTE -W-i0, $-12, W-12,5-13, W-13, W-17)

——

Q. What are the varicus field methods of compacting

qandy soil ? Explain about any one. (W-:O)

Q: ::nhst fcur methods of compact:on and menﬂon four,

_.'O. vta.e vanous ‘refd comcachon me:hods. (§-1§)

WA

—  Ficld compaction is carried out by various equipments. These
equipments  basically use three different procedures or

methods of compaction. 5
—  These methods are @ Rolling, tamping or ramming and

vibraiion.

Fleld Methods of Compaction I

l: 1. Rolling

>

2. Ramming or
Tamping

p———

]

e

3. Vibration

Fig C5.2 : Field Methods ‘of Compaction

5.5.1 Rolling

> (MSBTE - W-1 5)

In this method, rollers of different types pass over the soil and

due to their heavy weight, the compaction takes place.

(A gy yoid ; i 1
Stabilizabon ot Soi ¢

. Montion the suitability of the following method o

t compaclion : (i) Ramming (i) Tarping (W-15)

—  This method is very slow. In 'this method tampers of sammers
are used to give repeated blows to the soil to compactit.

—  Watering may be done during ramming.

5.5.3 Vibration

— In this method the soil is vibrated by equipment known as

vibrators.

—  Due to vibration, the soil particles are rearranged and more

dense packing is possible. This increases the MDD of soil.

Syllabus Topic : Suitability of Various Compaction
Equipments — Smooth Wheel Roller, Sheep Foot
Roller, Pneumatic Tyred Roller, Rammer and
Vibrator

5.5.4 Suitability of Various Compacticn
Equipment

- (MSBTE - S-08, W-11,5-12, S-13, W-13,
s-14, S-16, 5-17, S-18)

For rolling, following equipments arc used :
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Y Sna Tochoies! Broiaasio BT Qo ‘Wi : .
S wea o < :'.’;\““lt‘;\! z\?b?-‘ ‘\. §~\1|.x 4, Chit) 812 Compachion ang Statulization of Sol
S e o T W W A VR L S W R SRR AR T e s 4k vy ....,,,.,..._:‘,,N
o Moeck of fron or stone abount o & by s attached 1o g
i{ Touinmants veed tor roihing y wooden .
|
] 1. S0 wheeted robers = The taper is iled for about 0.3 1 amd dropped on the soil
[ -
- B to be compacted. A mechanical rammer 1 operated by
\j 2 Fregmane’ i
‘f rddet tvrend rotters compressed air or gasoline power, v is much heavier, about
— 30 ta S0 kg, Rammi i s consi e :
3 Shoon foot rotors 30 to SO kg. Ramming equipment's consists of three types:
: —— diopping  weight type, internal combustion type and
L& 4 Rammers .
preumatic type, Rammers o tampers are used 10 compact the
v S VRaRY soil.
Fig (53 : Fquipments used for Rolling Suitabitity: Suitable for all types of soil.
= 1. Smeoth wheded rollers > 5 Vibrator
These have two rear wheeds and one large drum in front. The | _ The vibrating cquipment, mounted on screeds, plates or
weight is 10 % 16 ©os and they are suitable for coarse- rollers are of two Types:
grained cobesonkess soiks.
: 3) Dropping weight type and
i Pocumatic / rubber tyred rollers

b) Pulsating hydraulic type.
These have 9 10 11 tyres on two axdes tn staggered fashion,

These are suitable for both cobesive and besive soil. = By giving vibration to Soil, soil particles are packed together

and compaction of soil is achieved.
3> 3 Sbeep foot rollers

= Suitability: Suitable for compactin F ils. with
These roflers have a drum of diameter 0.9 to 1.8 m. This g pacting grenular soils. with no

. fines in layer up to 1 m thickness.
drum has projections of 23 cm length. These projections are
called sheep-feet. The contact area of each foot is 35 to 90 Syllabus Topic : California Bearing Ratio

cm’”. The weight is between 2 10 15 tons.

5.6 California Bearing Ratio (CBR)

These are suitsble only for fine-grained cohesive soils. Best
> (MSBTE - S-08, S-10, W-10, S-13,

suited for compaction of the core of sn earth dam. W-14, S-15, W-15, S-18)

Y ES D J_.‘\ R

har,

For amming power rammers are used. These are suitable
whe: e sccess is difficult for rollers.

Vibration equipment consists of vibratory plates of 0.5 to 4.5 ‘
R U TRy e T AR e
m coverage and 90 kg weight vibrating at 1600 cycles per ?ﬁ%’éﬁéﬁ;j’@ﬁ ni bi
. S g A R AR RIS R
; . e prained soils | LIt 1o 1the TOtiD oF Shal forte. por
musute. Vibratory plates are suitsble for coarse grained soils ge;gfg,.,}‘. ﬁiﬂ%"&iﬁ‘”‘f
Rt :

R I T
DA
“}.

with less cohesion. ‘u*-‘f"%‘ﬁ"ﬁ*‘?’ S Sty R

335 ¢ of 1.2 o mm/minule to that

3 i A ¥

< 4 Rammers ina

= Rammers or tampers are mainly two types, hand operated and
mechanical mmmer. A hand operated rammer consists of a | =  The ratio is usually determined for penetration of 2.5 mm and

S mm
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56,1 CBRTedt

2 W.13, W-14, 519
—) m' p1e -8 ll,tﬁ,zl?,V.!-w',“\N.l.‘cj‘rTH_ | )

Q. What Is COR vatue 7 Draw G 1211 teat setup and NAMG

p,w-‘ (511, W-13)
Q. leah G 1est on ool (8-12)

Q. Emlah dmry'mnaum of cnn ol ¢ rM (W f?)
applramn of

’.‘)

i 7 4w ", ("
& %

it of K, Ay

o. Ezplah CBH u-',t wrth g,hmm Stata is
cun fost, (W 14) (S»ilj)

The test is performed in 3 steps. The stepwise procedure 18

given below and Fig, 5.6.1 shows the apparatus.

The stepwise procedure
for CBR Test

=1 1. Prepanng a representative sample

2. Preparation of test specimen

3. Penetration test

Fig. C54: The stepwise procedure for CBR Test

Prowuvy v . )

o0l Ginl gurm .~
o at s nrrand ;
i/ A Dinl goirys bx
l., — wo putmdsatin
r1 1raasiseirent
Phuregyes L) ren Qa\ Such
rl N weighs ,
' ‘. 4 [
| i
: z //? I
.’ taEg |l
l 11
‘ /
i Al
1/’

Filtef pagat ..

N
——— T3 —y

: B S SRR

x|
i

'

-4-§--.~-_.

Fig. 5.6.1 : CBR test

e

)

)

H [Pejorene ’ j
sy e iy b ¢ fiuid 1y
[he senl passang Gronih 7 112 855 sirve bs spsesd T

speesimen
Weigh the pratisi felai Bon 19 1 by vwve cnd o

Take an equal amomnt of wnl paesing 19 e 1

e by
retained on 475 mm 15 s1eve. A thas 10 e w4 paseny
through 19 mm 15 sieve in wries A0 make wn Wiina, 1,
€T uUs a ",’;}f’_‘/;"ﬂx.“"

ratesial larger than 19 wan. This g

il sample. You shonld have a5 ¥y of this vangle.

[ F 2T
f
1
; l 5 4 i
CHY i aqﬂz 7
17 : 7
i l |
p . .
Mosd ~ || l }
I | ” !
~Ji i z g"
s -
f @ 148 2 — !l
| i j
( -n»‘l’nav }
2 ,
- it MYPSAAN X ‘
.. I S 0 58 ‘
-t /],{r//////zzml 11////////{:/ IZZA B, y
4 V- et
Sate Jaon
10 men Sk

Fiz 56.2: CBR test
2. Preparation of specimen

The specimen can be prepared a1 field density or mzsimum
dry density for preparation a specimen zt MDD. It is

necessary 10 know the MDD and corresponding OMC of te
s0il sample. The procedure given here is for prepasation 3

semoulded specimen by dynamic compaction using light

F & W o

compaction method :

Take the exact calculated mass of soil from the representative
sample, required 10 prepase specimen at MDD and add e
calculated quantity of wates 1o bring the sample to OMC. Mux
it thoroughly, If the sample is found to contain appreciablé
smount of clay, it is better 10 keep mixed with waler 10
mature 18 10 24 hours. This wil) ensure uniform diﬂfit"“‘im

of water throughout the soil nrass.
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aal FOWTT D i
» (‘,!\1".".-" e
& nOT ,{2‘* a2
Y Gb/-’ ey Make three vaunl pans,
% ypefore G
4 » e Nl
ottt
! g pohe pclh-r;:u‘tl hase plate and Keep a
‘ nee G
the ) nace T o
130
flﬂ" r \}\_ud d]\\
or (M
ﬂltcti‘"“(

i and apply thin layer of ol on inside
monti and )
the ﬂ“f'ly

weigh *
& mov

¢ it tasier o remove the soil from

) ak

o This will @

[bc mﬂu“

mould with the collar on the base plate.
dﬁ |

) Cla?

art of the mixed soil in the mould and compact by

1) onc P
i iformly using the rammer. Distribute the

s 56 blows um

uniformly OV the cros
yers giving 56 blows to cach layer. Use a

ss-section. Similarly compact

Hlows
i two more la
pechanical rammer if available.

ﬁmve the extension collar. Trim carefully the compacted
-] -
i kvel with top of the mould. The compacted soil should

ot protrode by more than 5 mm above the top of the mould.

1) Pach any hole developed dunng trimming the top surface of

il Use small size material for that.

3) Remove the mould and weigh it with the specimen: This will

belpin calculating the bulk and dry density of the specimen-

0) Remove the spacer disc. Place a filter paper of the perforated

base phate. Invert the mould and clamp it on the base plate

vith compacted soil surface in contact with the filter paper-

3. Penetration test

) Kup the mould on the Joading machine. Place the annular

B¢ weight on top of the soil.

'y ing the Joading machine manually, br{ng the piston

e surface of the soil. The piston should be seated under 2

d o4 kg. This establishes full contact between the surface

e “0 and the piston.

) N
0w
Place he additional surcharge weights oves the annular
“eight,

e e e AR R,

(5

&)

(6)

(8)

®

(1

)

)

Co

i f_'.'""i"l i N and Siabizonan o
A ko ekl ~_;.- OTVOT 08
Adjust the pluneer of «
Justthe plunger of the EDEC e s upine i
' IMEne Bonetratiom « !
the piton over 4 ngid surluce. Prefeshy ¢
eranty on o

will of tin
mould. Setit o zer0

S . 11} ¢
¢t the other dial Eauge measuning the Joad also t rero

Adjust the loading machine 10 give the rate of penetration of

1.25 mm / minute ang then start it

Record the Joad dial zauge reading at the penetration of 0.0,

0.5,1.0,15,2.0,25,4.0,5.0,7.5 and 10.0 mm.

When the penetration reaches 12.5 mm stop the machine. If

the maximum load occurs before the penctration of 12.5 mm,

record the load and penetration.

Raise the piston by manual operation and remove the mould.

(10) Repeat the penctration test as check test on the reverse side

of the specimen.
) Collect three samples of about 50 gm- Each in moisture cans,
from the top 30 mm layer of the specimen and determine the
mean moisture content.

Precautions during experiment

ive sample for the
taken to take representative
Care should be

test.
lar surcharge weight should be kept on the specimen
nu

- oes touch the sides of the

e of pencmn'on i

Y

R. Value

ia

o k?
i

: Meanlng of C.B.

BR Value
o| w'11o

3 (MSBTE- 5 W-16)

w_12. 5_13, 5‘15. .

,

‘P‘:ﬁ'y M ‘
'..3 w
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CBR test o8 wsetul anoa aumber of Held tvavons. T

sigmficance of CBR testas piven helow s

PR

@ De, m:. ijon of C BR CRBR is defined as thr ratio of
the test load to the standard load, expressed as
percentage for given penetration of the plunger.

CBR test is considered to be one of the most commonly used

and widely accepted tests.

The CBR value shall be reported correct to the first decimal
place.

(1) The CBR test can be used for the analysis of existing
pavements, layer by layer in respect of their strength and load
carrying capacity.

(2) CBR test also helps in identifying the cause of failure of load

pavements.

(3) The CBR values are usually calculated for penctration of 2.5

Quilahus Topic . Difference befween Compa
:-'l ',:‘rz'ol"iavon

chion

Diftereince betwesn Compaction
and Consolidation
-} (MSBTE - W-08, 5-09, W-09, $-10, W-10, 511,
w-11.8-12, W-12,S-13,5-14,'W-14,

§-15, 17, W-17,5-13)

Q Dlﬂerenhato bntween compacnon =~nd con,ofdahon, :

5(309 10 11 12 9, wca,ag 19, 11, 12 5-15 3-15

.o\iour poms (5-14 w—14 s—17‘s—1s)

~  The gradual compression of a saturated soil under a steady
Joad by expulsion of water from the porcs is called
consolidation. Consolidation and compaction rmust be clearly
distinguished.

—  Following is the difference between consolidation and

mm and 5 mm. compaction :
(4) Generally, the CBR values at 2.5 mm penctration will be
grcatcrt]’zanthala!5mmpcncuationandinsuchcascme
= . 1. | Instant compression of soil Gradual compression
former is to be taken as the CBR values for design purposes. . .
under dynamic load is under a steady load 1s
(5) If the CBR values comrcsponding to a penetration of 5 mm called compaction. called consolidation.
exceed that for 2.5 mm, the test is repeated. 2. | Takes  place  before Takes place after buildiog
building of structure. of structure.
(6) If identical results follow. the CBR value corresponding to
3. | Fast process Very slow process.
S mm penetration shall be taken for design purpose.
4. | Carried out for improving | Occurs naturally due to
Table 5.6.1 : Standard Joad used in CBR test soil property. load of structure. Does
Gy ’»%?""""&i‘s‘?{ﬁf* ' not improve soil property.
o
;ﬂ;;’ly(k;g;é % 5 | Seitlement is prevented Settlement takes  place
i Z‘%" Py &
due to compaction. due to consolidation.
1370 il
6. | Artificial process. Natural process.
5.0 mm 105 2055
1. Pore water pressure not | Pore water pressure very
7.5 mm 134 2630 )
— very iportant. important. |
10.0 mm 162 3180 . L
8. | Does not go o©on Goes on indefinitely.
125 mi 183 3600 indefinitely.
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5.8 Seil Sta n,nzat:o-z

- (MSBTE - S-08, W-08, W-09, 5-12, W-13, W-14}

: e

Q. Defina soil stabilization.

5 1.’, _({(,sr,p;{;iicﬂ znd Stabilization of Soil

Q. Slate necessiy cf sail stawlization (any four points).
(5-93, W-0S}

Q. State any three peints of necessity of 5ol statilization.

(W-14) -

(%8 W—OB W—GQ W-13, W- 14)

Q. tate dmerent objecnves ofso:l Sfabllloafi(‘n {S-12)

The term soil

7, le'm.'xon of sod sfubdz_afwn :

BSRTSn tt T o ¥ i

settlement tan be ta.ka: hs ‘u'n:etable Sol%is ks

Thus the term soil stabilization mcans improving the
engineering performance of soil by anificial means. The
process of compaction studied in the previous part of this
chapter is one such means.

Syilabus Topic : Concept of Soil Stabilization

5.8.1 Concept of Soil Stabilization
% (MSBTE - 5-10)

In soil stabilization, different methods are used to alier and
improve the properties of a soil so that engineering
performance can be improved.

These methods mainly fall into three caregories :
(1) Methods not using any admixtures.

(2) Metbods using admixtures.

= Many soils in natural state are very weak against shear Joadd.

Due to this their bearing capacity is also low, thus shear

capacity is also low.

~  The shear strength and bearing capacity can be improved by

soil stabilization. Thus, the necessity of soil stabilization can

be stated as :

(1) To increase shear strength.

(2) To improve the stability of slopes.

(3) To reduce construction cost by use of locally available
material.

(4) For improving soil performance under heavy moving
and impact loads in conditions such as sub-grade of
roads, run ways in air ports etc.

(5) To increase strength agaimst displacement and
deformation.

(6) To increase density of soil.

(7) To reduce permeability e.g. core of earth dam.

(8) To reduce settlement of structures,

(3) A combination of (1) and (2).

Drainage of soil to remove excess water and compaction are
examples of first category. Addition of lime, cement elc. are

Syllabus Topic : Different methods of Soil
Stabilization — Mechanical Soil Stabilization, Lime
Stabilization, Cement Stabilization, Bitumen
Stabilization, Fly-ash Stablhzauon

examples of sccond category addition of missing fraction of 5.9

soil and then compacting is the example of the third category.

Difterent #Methods of Soil
Stabilization

Syllabus Toplc : Necessity of Soil Stabilization

5.8.2 Necessity of Soil Stabilization

"> (MSBTE - S-08, W-08, S-03, W-09, S-11, W-11,
S$-13, W-13, S-14, W-16, S-17, W-17, S-18)

=> (MSBTE - S-08, W-08, 5-09, W-09, 5-10, W-11,
W-13, W-14)
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Vanous methods of soil stabilization are in use from ancient

tmes, Some of the important methods are discussed below ¢

Ditterent Methods of
Soll Stablilzation

-Vh Mechanical stabitization ]
: | 2. Soil-lima stabihzation J

]

4. Soil-bitumen stabikzation ]

— 1) Sand bitumen

— 2) Soil bitumen

— 3) Watsrproot mechanical
Stabilization

"~ 4) Oiled arth

5. Complex stabilization
with more than one stabilizer
N |6. Stabilization by heating ]
-hL?, Stabilization by grouting l

8. Stabilization by freezing 1

i-iliStabulizaﬁon by chemicals l

Fig. C5.5 : Different Methods of Soil Stabilization

e) 3. Soil-coment stabilization

5.9.1 Mechanical Soil Stabilization

> (MSBTE - $-15)

.,'3’,';‘&:&’* t'.\'::}:g% I ST R &f“h‘.:c,w- ¥
Y - g ks AN e 1S
1 Q& Explain mechanical Soi stﬁbll‘rza\lori‘(S-TS) R

Mechanical soil stabilization means  stabilization  without

adding any chemicals or admixtures.

SR

D R P e

I volves addition o Mo i g TR

Oy notbe peguiped IET

mechameal incans as dise . oy

A we have seenin the i .
‘ ey ;1|||:‘. ey of %

li iy 0

. ' " " I
particle size distibution ciyve ey

cinlomly o
y ’l.ll’“’ “”‘I
graded soils are poor bases {or Compacting .y
& Thuy ”llpn

the grade of soil hy adding missing

A lnm\ lr{n,
. . . c
compaction is most desirable.

Somctimes, some undesirable constituents in goi) ke
Pockery

of loose soil, calcium deposits, salt pans, et m
+ GG iy

be

removed before applying compaction,

For good compaction, the following requirements

should be
satisfied :

For bases and sub-grades

Liquid limit w, S25%

Plasticity index 1, S 6

For surfaces

Liquid limit w S35%

Plasticity index Ip between 4 and S,

Compaction is very important in mechanical stabilization. It
is already discussed in detail in earlier sections. However, i

is bricfly revised here.

There are three methods of doing compaction in the ficld :

Rolling, ramming or tamping and vibration.
Rolling equipments are of the following types :
(1) Smooth wheeled rollers

(2) Pocumatic rollers

(3)  Sheep - foot rollers.

Ramming equipments are of the following types :
(1) Dropping weight type

(2) Pneumatic
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nrernal combustion engne iype

The vibraling cquipnx nteae of following tapes

(1) Dropping wergit type

() FPulsating hydraulic type.

& Procedure of Mecheanical Stabilization

Following steps may be adopted to obiain a stabilized road by

mechanical soil stabilization method.

(i) Samples of locally available materials are collected, they are
mixed in different proportions with different proportions with
different moisture contents and several trial mixes of soil and
aggregate are prepared. The dry density and strength of these
trial mixes are found and any onc best suitable trial mix is

- adopted for field work. This work is called as designing of
mix proportions.

The required materials are collected and stacked along the

(W)
sides of the proposed road. These materials are collected in

required quantities according to proposed proportions of
matuiak.Machinayormanuallabourcanbcuscdfor
excavation, haulage and mixing etc. depending on the type
and size of the work. Rollers arc used for compaction of the
mixed material in thickness of 15 cm.

(i) The sub grade is preparcd to required shape and size.
The designed proportions of materials are mixed. Water is

L (iv)
| added according to requirements. If excess moisiu

re 1s

present in the aggregates and soil then they are allowed to dry

in sun before mixing.

Wet mix of soil and aggregates is spread to the desired grade

and thickpess. It is then compacted by rollers. Rolling is

started from the edges and is continued till ihe desired
compaction is achieved.

Field control tests are performed before, during and just after
ity and moisture content.

(vi)
compaction to find out dry dens
Modification if required is dose in the field.

5t
» 18

b pilzation of Soil

S L =S

Il
I¢

Vpaction an

i stabrlizod

(vin) When the compacted over handens on diging, the
road s opened to trefix

st stabilization

Advantages of mnechanics

(n

Basic propertics are retained

Econosnical

2)

(3) Simple to carry out

(4) Rapid, construction can be immediately started

Causes considerable improvement in soil properties.

5)
Disadvantages of mechanical stabilization

(1) Effective only upto a certain exient.

(2) Not suitable for all soil types.

(3) Requires special equiprent.

Factors atfecting stabilize and strength of
mechanical stabilization

The various factors affecting station and strength  of
mechanical stabilization are :
(1 Grading of materials.
(2) Compaction of materials.

(3) Presence of salts.

(4) Properties of soil and aggregate.
592 Lime Stabilization
-) (MSBTE -W-12, w-13)

This type of mbilfuﬁon is especially effective in case of
plastic clays. Slaked lime (CaOH) is found very effective in
such soils. This method is generally used for stabilizing road
bases and subgrades.

Lime is either used alone or in combination with fly ash,

bitumen or cement.
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The aotion of Vo conaists of two e cliisie

(M) W has comenting action and binds thie soil pasticles

topether

(2)  The nanure of advorbed moisture layer over the particles
changes decreasing the plasticity index and therchy

increasing strength,

¥ Procedure of Soll-Lime Stabilization
The steps adopted for soil-lime stabilization are listed below.

(1) Scveral trial mixcs are prepared and the amount of lire water
and compaction required to get best soil-lime stabilization is
determined. This can be called as mix design for soil-lime
stabilization.

(i) The surface is cleaned, excavated and sub-grade is prepared

to required shape and sizc.

(iii) Soil to be stabilized is pulverised and mixed with lime and

watcr at required quantities.

(iv) Keep the mix for twenty four hours for pre-conditioning it.
Remix the soil and add more lime and water if required.
Additive like pozzolana, fly ash, surkhi eic., may be added in

required amount and the whole thing is mixed properly.

(v) The mix spread on subgrade to desired gradient and thickness

and the proper compaction is carried out.

(vi) After compaction, moist curing is donc and the mix is

protected from drying out.

(vii) Wearing course is then appiicd above the soil-lime stabilized

surface to withstand wearing.

(viii) Field control tests are performed 1o determine optimum
moisture content and maximum dry density before and after

compaction.

‘ /
119 Pl pist Tieny pot e €450

sz of Lo

Advantsge:
(1) Cheay
() Eary aviilubshivy of higee
() Eapertanpervssion 1 not seeded

Factors affecting soll lime statnheation the variems Jactors

atfecting soil lime stabilizanon ase

(1) Type of soil

(2) Lime content

(3) Amount of compaction

(4) Curing

(5) Additives

@r DIWnW

(1) No drastic alterations in propertics.

(2) Suitable only for plastic clays.
5.9.3 Cement Stabilization

=> (MSBTE - S-10, S-15)

G Y SR 3 s PR i A AT T
SRS 7 Al I

~  The soil stabilized with cement is known as soil cement

stabilization.

—  The cement action is the result of chemical reaction of the
cement with silicon present in soil during the process of
hydmiion. This happens in non-cohesive and coarse-grained

soils.

- Very few parnticles for cement bond in case of fine grained

cohesive soil.

—  Almost all inorganic soils can be stabilized by this method.
Black cotton soil is an exception. Organic matter and sodium
sulphni:. if present in soil, causes difficulties for cement

.

stabilization.
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THhe sppronimate amowestt seadal foe Biiferem tpes of walk

Qe S ldd
S T lX%
S ¢ el
Can TN

I e sk coment waker mamee is muied oroughly a beter,
soul coment is odtainad, Miviag must e diovntinvad, when
Sydadoe St

The soeagd s anguirad due o hywdratica reactioa and bence
curing by Laeping moist should be dooe at keast for 7 days

Sooe admettures may also be usad ia cement stallizadnon, o
rduce coesumpoon of coment of 1o enhance stabilization.

For cliys and soils cootaining orpanic marter, hme and
calnun crboasr is wsad aloag with cement. Sodum
Sxbonar, sodrum sulphate and fly ash are abo usad with
ceoent for vanous difforent siksatioos.

The comstruction procedure for cement stalilization coasists
of following strps

Shaping subgrade and scarifying the soil
Pulvenzing the sl

Adfing and mixiog the coment and adimixtures if roquired

Adding and mining correct amount of watey,

A Uy o LR 618 PR Rt

(Y Pk
11! Ung

(8 Akbng B woitse

There amv thive methodt b varty st thews ope fahions
(1) M pine meihad

I Diaveling plant wethoed

(V) Stationary plant methad

W procedure of Soll-Cement Stabiitzation

Following steps may be adopted b obtain a stabalizad road by

o boement stabilization,

(O A namder of mal mives are preparsd and testad and
compaction requine o pet best soiboement stabulizabon 1s
determinad, This may be calkad as mav dexign for soal cement
stabihzation,

() The o swiface it cheanad, excavated and wbgrade s
prepared to required shape and size,

(i) The soil to be stabilizad it palvenised and dry maxed wath
oement,

(iv) Water is added and the mix of soil, cement amd water
wmixed property.

(v) The mix is spread on subgrade to desired, grade, thickness
and camber and it is compactand 10 required grade and camber.

(v) Cure the compacted layer properly. Moist cuning is Jooe
cither by preventing the moisture to escape o by covennyg

with maist sl

(vit) Join the old work with mew woek, This shoul b made

carefully because old soil-cement is britte and the eddpes may

get severly damaged.

(vii) Pyovide a wearing surface above this to protect e base

counse from ahrasion,
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W Advantagen

i e

(1) DAt Bt e apthy

() Very welul tor v ot amd e Lol o

.

(0 Peranent wolition

@ Diradvantages
(1) Notueful for clays, organic solly and expanive wilk,
() Couly,

(3) Complicated provedure,

@ Factors affecting soll cement atablllzation.

The various factors that's affect soil cement stabilization are

as follows

(1) Type of Sail. (2) Quantity of Cement,

(3) Mixing of Ingredient, () Compaction,

(5) Cunng. (6) Addition,
5.9.4 Bitumen Stablilization
> (MSBTE - W-10)

O G L e
PR -xN‘.\gu}

- For pavement construction this method is the best.
= Tar and asphalt is used in this method.

= These are bituminous materials with very high viscosity and
for proper mixing with soil, the viscosity is decreased by

heating, emulsifying or by cut back process.

=  When these bituminous materials are added, they impart
cohesion and reduce water absorption. Thus either the
binding action or water proofing action or both are

responsible for increased strength,

= Bitumen stabilization is classified in following types :

*» (1) Sand bitumen

= When cohesionless soil like sand from beach, nver or duncs
is mixed with bitumen, it forms sand bitumen. Main action of

bitumen is to bind the particles together. Sand should be free

oo Yechi qz ngines nn-hM LN AL R4 R .,

‘1 TITTERT I
e A L LT
l',II
h“”"““ Y ahe ity H‘l vil‘l"\-\llu W g
R S R B N I [ LALRT
Mot iy asphialt - Yo bl
Cothah Ao 10
Fombadons < 3o 0%
Sometimes hydrated T 1o 2% 46 e 4y o

"““Ihm

These percentages are on the hasiy of ey weip)y o nand

=» (2)  Soll bltwmen

In this type, the main tanction oF bitumen is 10 e, e Vit

abxorption and making soll waterproof 1o preserye iy fatury)

cohesive strength,

“» (3) Waterproof mechanienl stabillzation

This Is done by adding a xmall amount of bitumen, 110 ) 4

to already mechanically stabilized soll to make it waterproof

> (4) Olled earth

Stow and medium curing road olls are spread on the ground
surface 1o make it impervions to water and also 1o increase

the anbraston resistance,

@ procedure of Soll-bitumen Stabllization

“The steps  adopted 1o stabilize soil by soil bitunxn

stabilization are listed below @

(i) Mix design of soil-bitumen mix is carried out and the evact
quantity of soil, bitumen, water and compaction required for

best soil-bitumen stabilization is determined.

(i) ‘The road surface is prepared to required shape and size.

(iif) Soil Is pulverised, mixed with water and then it is mired with

cut back or emulsion bitumen,

R caed M
(iv) The mix is spread on the sub-grade and N"‘P""““

10 cm layers to desired grade and camber.

. ! wearing
(v)  Curing of the compacted layer is done and a suitable

surface is provided on top of it.
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»  aavantages of bitumen stabilization
> S ¥

0 Ve sl for roady, aub pesdos and waten Proof structures,
3 Durable tor yoan.
3)  Ohesper than sml- cement.
~ Disadvantages of bitumen stabifization
1) Effcnve for only some soul types.
) Natuseful for foundatioa.
3) Waxr ;vmoﬁng rather than strength enhancement is achieved.
. Pators affecting soil bitumen stabilization. The various
ctors affecting soil bitumea stabilization are as follows :
1) Typeofsoil
27) AmountQuantity of bitumen.
3) Mixng.
Compaction.
(5) Curmg.

(6) Addtion.
5.9.5 Fly ash Stabilization

~  Flyash is 2 waste material formed due to combustion of
mincral coal. It possesses a difficulty for disposal.

~  When used in soil stabilization its action is twofold.
1) It forms filler or pozzolana material.
2) i hydrates forming cement like gel.

—  Flyashby itself is rarcly used in soil stabilization.

—  Rather it is used in combination with other methods as an

admixture to enhance stabilization.

B s e
i

e e e B

{ I)Hl";i:l'l',u vt Stanibization of Soil
Advintages -
(O Fea tendly s e fpe b recye g of ty o b
(D Simple
() Cheap.

(4)  Rapid.

@ Disndvantages
(1) Cement be used as standalone methed

(2) Enhancement is not substantial,

Syllabus Topic : Site Investigation and Sub-Soil
Exploration

5.10 Necessity and Importance

<» (MSBTE - W-10, S-17, W-17)
& \5" iii‘ o @rm ,?.,{z?,ﬂ.‘ Waz/h’ f,,‘ —/ ;,.‘ 1.1' { 4
GJ & s iauon 7 (W- o,‘_w,

”% i ;i":?;%?-., ;:m
,_; g A, m%s,g‘jy; ‘&Lm»?':.:.‘
}.;:ia’ !S-"!} Pt )\":m ":i. "\x(l‘r:' %{Ef

’ﬁ 1‘-'- "u ) 'ﬂu
b4 ¥ .. W, v K
k't%

N"'-\ V’:r"u G

ialo riocoasity of soil oxploration. (w-m”.'z;

@ |ptroduction

When any construction activity is to be started, the
foundation design requires knowledge of conditions under the
ground level to requires this we carry out site investigation and
subsoil exploration at the beginning of any construction project of

work.

_  Site investigation and subsoil exploration can be considered

as bases on which the foundation design rests.

—  The soil exploration is technical investigation by which the

necessary information regarding various soil propertics are
obtained which helps in designing safe and economical

construction is called soil cxploration.

- The purpose of soil exploration is to find out the nature and

dimension of underlying soils. It also tells whether soil is

gravel, Sand clay silt etc. It also helps in indicating depth and

thickness of soil lager.

T e A
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Gyllebus Topic | Necosaity of Gite e s ntion
and Sub-C ol Bxplotion
5.10,1  Necessity of Site Investigationa il
Subuoll Fxplorations

«» (MERTE - 508, WOR, 507 W10,
51, We11,5.142, 5-17)

Q. State e necantity of eite investigation,
(508, 509, W-11)

Q, WI\M .'ma the objectives of cub soil explotation 7

L (W-08) ;v
Sy ¥ ‘ ) R
¥ (3 v ’ w.* A

Wy S ms & Py r.t
\ % AR r . 7
¢ ¢ A

O "‘tnto thn rmcm my of mm lxwo tnmlk'm and suby-s0il

ycploratlon w- m s-m pés - Mg i
’* Z & PAR LN Sy !-:""" :
0 W}tyg;olinvy.hgabon is nncau.ary?(.y") 34 il
f.:--ﬁ ¥ f( l"'{"".-m‘l' _'.4:“. ’\*u,
nooofalrylot sita i;vcstfgatoon and omloun any,-
‘,,.»5 ,Q”‘ s‘r.i"l .t,,.(:¢- y.";,};?z,w /
£8%: 12) i'cﬂ"*’*‘ ;hs,.n A (“ q‘-“\‘d‘ . ngh _,55.

Site investigations and subsoil explorations are necessary for

followings purpose :

Necessity of Site Investigation
and Subscil Exploration

=p4 1. TO determine bearing capacity
for foundation design

2. To know stratification

3. For seepage control

-
e
=41 4. For treating problem soils
-

5. For finding index propertios

6. For enhancing properties by

- compaction and stabilization
Fig. C5.6 : Necessity of Site Investigation and Subsol
Exploration

> 1. To determine bearing capacity for foundation design

= This is the most preliminary purpose of soil investigation.

Bearing capacity goes on incrcasing with depth in most soils,
As we go deeper and deeper, we encounter soil with more

and more bearing strength.

e ! § Gtk stionms of
b2 el DU "
he ryh fed oy a i ulat drastone '
1.t { 4 g,% it P
fie availadds  (hus, e bBegring gk (0 M estienated 4t a
‘_,," slag b peh euf thea of con ¥ acte al)/ teeie ’,/ WAty

spare sopitab be, of abech plate load teid B8 an ampostant oo

Fhis beaning cof wily 14 wrh A carg fen ‘,L: arere non, that
after deteririning beanag capaity 3 Wigh fartor of safety of 3

1o 8 is still apphied fo that value

In view of all thit, the site investigations ars yery impeortant
for detecmining the bearing capacity of 101l

2. To know stratification

Soil comains different layers or strata below the surface,
These strata are arranged in different ways. The strata may be
continuous, displaced by 3 crack or fault, at different angles,

wepanated by a dyke amanged in the form of folds ctc.

The arrangement of strata below the ground level is called
stratification. Many properties of the soil like permeability or
bearing capacity depend oa the orientation and pature of the

stratification.

When we take borcholes a the foundation level, or when we
dig bore holes or test-pits, this arrangement is clearly visible
by the side of the bore holes or test-pits.

By taking numerous bore holes, a geological map of the
underground strata can be prepased. This will give a complete
idea of the stratification of soil. Thus, investigations cnable us

to find the hiddea features below the ground level.

3.  For secpage control

Secepage is another complex phenomenon in soil mechanics.
Scepage is especially important in case of canth dams and
weirs and aprons on permeable foundations.

Soil which has same permeability in y direction, ic. in
gravitational direction, and in X direction, ie. direction
perpendicular to gravity is called isotropic soil. Soul which

has different coefficients of perineability K| and K| is called

anisotropic soil,
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= The St v oalind Bhe Quinckl s cvatiRion, Whan wake soeps
hmugh tand 2ad comes R the sfaon, e haad with whieh it
Qoenes out of Bhe sface 1s caliad the exit gradient,

= Due 2 dape worease B out gralient, more thaa the critkal
erabent, ofivtve submopad weight of saad may heoname
Foro oo 1 vpuand Rvve of socpage. Thurs the sand cowes b
Be srface coadisaondy and appears 1 hail, This condition is
calld Be gadk sand conditon and if it ovours ekow
foemdanons, R will de dangerous.

= The other problem sul i known as the bk cottoa sail, The
sal is at weal ia beaning capacity, mor it is excessively
permeable,

= The prodem ia Mack coton soil is the dispropovtionate
volame change which occurs upoa change in molsture

content.

This sanl swedls 1o 2 very high degree, even upto double the
onpnal wvolime upoa being saturated with moisture and
shrinks cqually larpely when it Joses the moisture,

It may become even upto half its saturated volume when
dricd complerely. Due to this property, the foundations
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v At bk Fonneations o Bk coiton soil
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TN IR, A% Vel ket o peoblem sadly s

N etovied R sake foumbationg,

"L B faling index properties

= Bl propertion of sail wean bavde properties sich ax bulk
dasity, spweitie pravity, vald ratio, ponity, water content,
depree OF satiation Ry These properties come into play aml
Akt the  oher  wate complen properties sch  as
pormeability,  shoar  atrength  cougeessibility,  beanng
CApAItY et

= Hawe tnken properties form the important basie step of
investiation. Most of the index properties are determined in
the Taboratory, but someties fiekd tests are also deemad to
e tmgutant,

= Re colkcting the samples for determination of indey
Popeitics, the site investigation and the subsoil exploration i
thus fouand to be revessary,

*# & For enhancing properties by compaction and
stabilization

= Conpaction is actually the  simplest method  of  saal
stalilization, The term stabilization is geoerally usad when
compaction is cahanced by some other methad o when it is

cnhanoad by akling some substance as an adimixture,

= Inany case, be it compaction or stabilization, the properties
of saill swch as Maximum Dry Density (MDD), Optimum
Moisture  Content  (OMCY,  permeability
characteristics ete, must be determined 1o a fine degree.

drainage

= Doing such an investigation will achieve much desired effects
to a larpe extent within the least expense,

= Bven the decision of whether to go for compaction or not,
whether simple compaction or stabilization is required ete,
depend o mvestigations of soil and subsoil camied out in
detatls o a neticulous degree of perfection,
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511 Types of Exploration

< (MSBTE -&10)

T

Q S ate Bnd's xp!am mﬁbnef :ha iypes of exploratlon >
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The subsoil explorations are generally carried out in tw9

stages : General or preliminary exploration and detailed
exploration.
Types of Exploration
1. General Exploration

2. Detailed Exploration

Fig. C5.7 : Types of Exploration
5.11.1 General Exploration

General or preliminary exploration consists of :

1. Geological study of the site and site reconnaissance.

2. Study of local topography, qxisting excavations, cuttings, and
drainage patterns.

3. Study of other natural features like streams, lakes, hills etc.

4. Location of High Flood Level marks,

5. Depth and composition of soil strata.

Types of foundation will be selected depending upon the
properties of soil.

5.11.2 Detailed Exploration

Detailed exploration follows the general exploration. It consists of -

1. Determining pature, thickness and sequence of various
subsoil strata,

2. Position of ground water table.

3. Index properties of different layers.

4.

Taking samples to the laboratory obtained from various depth

below the ground level, with a view to conduct all the 1esys,

SRS n g Wt o,
5 Ce nﬂl'(llll" many P kil testy which will Five fig

information.
6. Shear strength,
7. Permeability.
8. Compressibility

9.  Density.

5.12 Methods of Exploration

—ﬂ—\g
> (MSBTE - W-08, 11, W1y,

S-12, W-12, S-13, W13)
—-‘\‘

e P G o
, hodsofsqd in
; 2 4 L5 Sysler b
a;,_fm_,,,
aﬁg‘i‘

There are mainly two procedures for exploration. These are

open excavation and boring.

Methods of Exploration

1. Open Excavation

2, Boring

1. Augur boring

2. Wash boring

3. Percussion boring

4. Rotary boring
Fig. CS.8 : Methods of Exploration

5.12.1 Open Excavation

Open excavation is also called trial pit. Generally, a square of
rectangular trial pit is dug, and by measuring the thickness of
various layers on the open face of the pit, fairly well ided

about subsurface geology can be formed.

Soil excavated from trial pits is taken to the laboratory o
lesting. The location and number of trial pits is determined &

Nmui‘mmnn Size is generally 1 mx 1 m o less.

Scanned with CamScanner




W
—
- A
N
lo+}
-
"

!
7
“
o

S-14)

L aguctorng (SR ST

it ‘|é£3qi"g ;..Ktcri;fr.g ard cdvancing g
A - ‘&éﬁ ﬁ""rl

the open surfoce is Anosen o

.

o X

Mwm&f&mxmdndsofhaing:
" l_ A‘g' i g

sag by a0 augur is carried out by hokding it vertically and
-ngkﬁ)“‘ﬁkusmmm

Dee to the sharp edges, soil is cut and enters the annular
wwuwmshape_riscsnpasﬂnmgmadmu

- s deph he sugar i Beought v a0 cleoed,and
then 2giin inserted in the borchole. Fig. 5.12.1 shows two

(a) Helical Angur (b) Post hole Augur

Fig. 5.12.1 : Augur boring
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Fig. {122 Wash baring

The shurry flowing out ¢an be analyzed for soil strata,

Chage in e of progress and  change in  shury

charcteristics indicates change of stratum
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As the pwacles from difterent depihe may  reman n

. o iede of ey 1 0f Timated tportanee. Thas ancludes coady o .
suspension, analysis of sturry s o T Al : fogreal ot and soil maps,

. toposheets, aciial ‘,'l‘-f-f“:'i inhs, hydrolop e .
After unking and cicaning the borrhoie, appropenate samplers I ' yuiGiogical den Moo records

"”“‘ hikh\}\’ ot Kt‘iinllk achy Il) Aaned s It v T oot
must be used to coliect samples trom ditferent depths. ’ tlable reconds.,

5.12.5 Test Pits
The lower end of the dnll rod fitted with a sharp cutting edge

or diamond hit cuts the soil. The cut il gets mixed with |~ Trial pits, open shafts, quarnes and tonnels and considered to
watcr and the slurry floats up. give a reliable information of soil profiie. The spot is dircctly

3 Percussion boring accessible for visual examination, ficld testing and sampling.
A test pit usually has the size of 1.2mx1L2m
Percussion boring is carried out by repeated blows of a heavy

bit or chisel inside a casing pipe. ~ The depth of open excavation is limited, however, to about 6

m in clays. In non-cohesive soils, excavation below ground
The borchole is usually kept dry except for a limited quantity ]
water table becomes very expensive, hence depth of open test
of water used to form the shurry of pulverized material. .
pits is restricted to less than 3 m.

The pulverized shury is bailed out using a bailer or sand ' ] )

—  Foundation trenches often serve as trial pits. Freshly

pump. A casing pipe is necessary only when the sides of o
_ excavated roadway cuts also serve similar purposes.

borehole are likely to cave in.

—  Field density tests, plate load tests and collection of sample
This is the only method suitable for drilling boreholes in . .
for routine laboratory testing are done in the test pits.
gravelly or bouldery strata.

Syllabus Topic : Criteria for Deciding the Location

? 4. Rotary boring and Number of Test Pits and Bores

In this method, boring is effected i i ; idi i
s ring is ¢ by cutting action of a 5.13 Criteria for DECldlng the Locaticn

rotating bit which is kept in firm contact with the soil. and Number of Trial Pits and Bore -

. . Holes IS 1892 - 1979
- This method is also used to deepen boreholes already done by
other methods. => (MSBTE - S-08, W-09, W-10, S-12, $-13, W-15)
5.12.3 Field Visit . T oo :

— A Feld visit to an on the spot study is must for zny site in
estimation the expericoced engineer 100 ks for or to
pographic features, vegetation, streams, water levels in open

well 12kes and rivers.

—  Performance of the neighbouring structures (cracks in the

buildings, underscouring of foundations), rock exposures,

flood marks, vibration sources etc. Such a visit coupled with | —  The purpose of soil exploration as discussed earlicr, is to

inspection of a few test pits, is all that may be necessary as provide the designer with complete data about subsoil strata

the site exploration for small unimportant project. at the site.
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s the focation and number Of wial pivs and borings <hould
be such as o reveal anynajor changes in thickness, depth or

propenties of differen layers in and aronnd the site,
e numbes and spacing of bore holes depends upon :

1. Extent of site

~

Ul‘.ﬂ(unm:y of strata
3. Nature of structure and loading

4. Geological study of the arca.

Number of Bores

> (MSBTE -w-1z)

1S 1892 - 1979 gives guidelines as follows : Site area about

0.4 hectares, onc bore hole or trial pit at center and one at

each comer of plot.

For smaller and less important buildings, even one trial pit or
bore hole at the centre of plot is deemed to be sufficient,

For larger areas, it may be useful to perform sounding tests or
cope penetration tests at a spacing of 50 m to 100 m by
dividing the area in a grid pattem. Thereafier, the number of
bore holes or trial pits can be specified.

Spacing of boring

27 ivvestigation for shallow and deop fou

> (MSBTE sm)

T Sy ’n ST ;’-.57(&‘1« %

The spacing of borings should be such that

For compact building sites covering an area of about 0.4
hectare, one bore hole or pit in each comer and one in centre

may be adequate.

For smaller and less important building, even one bore hole

Or test pit in center may suffice.

e,
el

R R L RS o 4l SIS A NS 43

( oredinstir, .
taspmaction and SAabdizaton o Skt

O ey i i s

Potgwer amvzs sy b divided i 4 prid paltecn and cose

penetiation sty b petformed st every 1knn, On dais sstes, is

sy bee “Ooespacing O road sites, the spacing along centse

line may be about HAm
Depth of horing

Exploration should be carried out to a depth up 10 which the
increase in pressure due 10 structural loading is likely (o cause

scttlement or sheer failure.
Depth of boring depending :

(i) Type of structure

(ii) Weight of structure

(iii) Size and shape of structure
(iv) Disposition of loaded area

(v) Soil profile 2nd its propertics.

5.14 Soil Samples

Soil samples, in general, can be classified in two categories,

namely, disturbed samples and undisturbed samples.

5.14.1 Disturbed Soil Samples

= (MSBTE - S-08, S-09, W-09, S-10,
S-11, W-11,W-13)

¥ ?ﬁ"*ﬁ

Sei

These are samples where the natural soil structure gess
modified or destroyed during the process of sampling. With
suitable  precautions the natural moisture content and

proportion of mineral constituents can be preserved.

These are called representative samples even if they are

disturbed.
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- Though 3t gets drtmbed  the

’ antatns of the soil and these
composition and the mineral contams of the s

determine the ey

disturbed sample can e nsed to
e icity charactensiic
propeities of soil such as gram e, plasticity charactensii

and specific gravity.
5.14.2 Undisturbed Samples

= (MSBTE - $-08, 5-09, W-09, S-10, S-11,
W-11, W-13)

DACKON ang oy
— f'"'”lhlﬂilf;'w .
e S o1

- —

HOR {e5ig o $ir
it

N2 riva:
grai

coils. {W-15)

Q. Stats field identification tests on ¢ N gy
, ; “heain g,

one. (S-16) - e b

— These are samples where the original soil structure is

preserved and the material properties have not undergone any

altcration or modification.

Such samples are practically impossible to obtain as the act of
cutting the sample will alter the stress conditions and the soil
structure. For all practical purposcs an undisturbed sample is
considered as one in which the material has undergone very
lile change and it is still suitable for all laboratory tests

including shear strength and consolidation tests,

Syllabus Topic : Field Identification of Soil — Dry
Strength Test, Dilatancy Test and Toughness Test

5.15  Field Identification of Soil

> (MSBTE - W-08, 509, W-09, S-10, W-10, W-13,
5-15, W-15, S-16)

——————

Field Identitication of Sojj

1.Dry Strength Test )

r—f

NI

3. Toughness Test

P

>
=p1 2. Dilatancy Test

=1 4. Other Identification Test

Fig. C5.9: Field ldentification of Soil

— Many times, laboratory tests are neither feasible nor

practicable.

— At such instances, if a name tag can be put 10 a soil, 2
knowledgeable soil engineer will be able to gain much data
from simply identifying the soil type.

~  Field tests and field identification is thus a great tool in sail

engineering. Following important field tests are discussed
here. .

All the tests are for fine grained soils. The soil is sieved on

site through 425 micron sieve and the fraction passing
through is taken for the tests.

5.15.1 Dry Strength Test

The prepared sample is completely dried in sun or by 3

drying. Tts strength is tested by breaking lump betweeP

~ S AT
e Tl e

o Rests
A

st Gl S B
and, is: considerably inlie!
I A R

ion content of the sotlz=
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‘ : east wlered, it s said to have
7 mple can pe castly powdered,

! acth i considerable finger pressure is requied
- . re! .

iy _‘ur o
61

pesk O

200 ol be Po\\'(‘rt‘t

jump. it has mediom dry strength and if the

j by fingers at all, it has a high dry

cength 19 characteristic of highly plastic clays. Typical
pry S

rganic silts have very Jess dry strength.

1

iy fine ands and suts have the same low dry strength, but
o b Jistnguished from ecach other by their feel during
‘,,nkring of the dried sample.

prystreagth test is also known as crushing resistance test.

152 Dilatancy Test
: >  (MSBTE - W-10, W-13, W-14)

- Trisis another simple test for fine fractions of soils.

- Dby means reaction to shaking. About Scc soil sample
is!inlﬂcnqughwalaisaddcdtoncarlysamrﬂcit.

= The patof soil is placed in théopcn palm of the hand and
staken borizoptally by striking vigorously against the other
band severa) times. The pat is then squeezed between the

fingers.

The appearance and disappearance of water with shaking and
Squcezing is called a positive reaction. This reaction is called
Quick if water appears and disappears rapidly, slow if water
Hpcars and disappears slowly and no reaction if water
wadition does not appear to change.
The type of reaction is observed and recorded. Inorganic silts

$how a quick reaction where as clays show no reaction or

slow reaction.

MU IMUAWHIE G I WP TRWIT&IANIME T R2T WiV

The time requited to diy the smmple i indicative af s
plasticiy, Further, the moistare content is reduced by lling

and re-rolling the soil into a thread of 3 mm diameter uil it

reaches the plastic linit,

7 Definition of Toughneas ;. The revistance to’
i ’r_r_zp_:il_lvli(i'{(x_tbj.)lgk(i{: limit is g:ulh‘(l the totighness. ?

—  After the thread crumbles, the pieces are lumped together and
the slight kneading action is continued until the lump also

crumbles.

~ If the Jump can still be moulded slightly drier than plastic
limit and if high pressurc is required to roll the thread
between the palms of the hand, the soil is said to have high

toughness.

—  Mecdium toughness is indicated by a medium thread and a
lump formed of the threads slightly below the plastic limit
will crumble while low toughness is indicated by a weak
thread that breaks easily and cannot be lumped together when
drier than plastic limit.

5.15.4 Other Identification Test

—  If adry or slightly moist lump of soil when cut or rubbed with
considerable pressure with a knife blade produces a shiny
surface, high plasticity is indicated dull surface indicate silt or

clay of low plasticity.

- Wet gives greasy feel and docs not wash off quickly where as
slit will wash away easily. If dry, in a soil suspension in water
of about 10 cm depth sand will settle with in half a minute
and most of siit in about 5 to 60 min whereas clay size remain
in suspension for atlcast several hours for several dons

516 Emplrical Correlation between Soil
Properties and SPT Values

—  The valves of SPT are important as they have a direct

5153 Toughness Test

The soil sample used in dilatency test is dried by working and

correlation with soil properties.
~  These comrclations are only empirical and arc not

mathematically derived but they give very good results.

moulding ll it reaches the consistency of putty.

=
]
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Ceo Tachnical Engineering (MSRTE-Sem 4, Civi) 5-31

roblowing two tables show the empincst comelation betaeen
SPT values and soil properties for coliestoniess and cohesive

ails o

Table 5.16.1 : Cohesioniess soils

N-b;alné e ¢ Rclativedem:iiy{%) Descripiion

<4 25-30 0
27-132 15

Very loose

Loose

3-10

30-35 65

10-30

Medium

30-50

35-40

85

Dense

>50

38-43

100

Very dense

Tuble 5.16.2: Cohesive il
Unconfined cornpressive

strength (kg/aia?)

Compaction and Ozbdizanon of 5ol

}
Condistency |

<0.25

Very soft

0.25 - 0.50

Soft

0.50-1.00

Medium

8-16

1.00-2.00

Stff

16-12

2.00-4.00

Very stiff

>32

>4.00

Bard
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