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AR S TRACT

hen soil is used as construction naterial, the
important property required is the shear strength for particulaw
condltion of the soil in field, The conventional method of
determining tho shear strength 1s by tri-axial testing which
1s qulite tedious and time taking. Hence 1t would be worthwhile
if the shear strength can be determined indirectly from correla-
tions with simple properties of soil like plasticity character-
1stics. The obvious advantage will be that those tests done
for the classification of solil for the project, can be utillsed
for estimating the shear sirength readily. Iiore over correla-
tions of shear strength p;ram@ﬁers C and £ with the plasticity
characteristics help us in understanding the basic behaviour of
the soil.

In the present investication attempts have been made
to correlate the apparenﬁ shear strength parameters C and g
(quick test) of coheslve solls with their plasticity character-
istics,

Fifty solls from Horth India have bsen collected from
different sources. Their O.l,c., liquid lini% and plastic limit
have been determined by the usual standard methods,

Then the soils were compacted at 0..i.C, at standard
Proctor's, At 0.if.C,, undrained (Quick) tests have heen
-performed in triaxial machinc and their erpysrent cohesion C and
ancle of internal friction @ heve been ob’~inod, Then these C
‘and @, have been correlated with llguid limlt, plrstic 1limit
and plasticity index by statlistlical analysis,
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0f the above trlals, the best correlatlions on the basis
of statlstical analysis of cata, seems to ve the correlations
of C and @ with liquid and plastic linits combined,

womograms have also been developed for the above
correlations for easy prediction of C and g from plasticity

characteristics of the soil.
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I, I . TRODUCTI OHN

The strength charactericstics of compacted cohesive
£Soils have become of major lmportance in recent ycars, as the
activitles in the construction of earth structures such as
enbankments for rallway and highways and earivh dams have
‘increased, For satisfactory and economical design of these
structures, the knowledge of the behaviour of compacted solls
in shear is essential,

The purpose of the present investigation is to
correlate the shear strength Eharacteristics of compacted solls
with some fundamental soil properties which can be easily,
economically and quickly detarmined, The conventional method
of determining the shear strength of soils 1s by direct shear
or by triaxial testing which are in general costly and time
consuming and require a well-squlped laboratory. Several
attempts have been made to determine the strength characteristics
of soll by simpler methods such as vane shear tost, cone
penetrati-n test etc, The aim of the present investigation is
to develop simple aeconomlic and qulck method of determining,
the vaiues of apparent eohesion and anrle of internal friction,
without performing trlaxial test for which adequate laboratory
faclilities are required, and also to help in understandihg tﬁe
étrength behaviour of solls with respoct to thelr plrsticity

/

characteristics,

The liﬁuid llmlit, plastle limit and plasticity index
are roegarded asfimportant engineering properties of cohesive
soils, lioreover these tests are invariably performed for the

clessificati n of soil in all important projects. In thig
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investigation attempts have becen made to develop correlations
between the quick or undrained shear strength parameters i.e,
'C' anC ¥', for cohesive soils coipacted at C...C to standard
Proctor's density; with the plasticlty characteristics of the
same soils wiz, the liquid limit, the plastic limit and the
plasticlity index. Fifty soll sam les obtalned from the
different parts of U.,t., have been tested to obtain the results,
Seven correlations have been developed on the basis of the
statistical analysis in which 'C!' and 'Z' have becn correlated
with the liquid limit plastic 1imit and plasticity index, The
statistical tests revealed that the correlation of 'C' and

‘gt with liquid and plastic 1imit; combined are the best

corrglations for the plasticity ranges of the solls tested,
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11, A0VIs) OF LITSRATUGE

Shear Strangih of $3ils.

In 1773 Coulomd (31)* surrested an omrirical law for the

shear strength charactaeristics of a soll wiich could be represen-

ted by the equation
S=C+0 tan g

wherce in the modern nomoncleiture

S denotes shear strength

C dcnotes apparent cohesion.

g~ denotes total pressure normal to the shoar plane and
# denotas apparent angle of shearing resistance,

In the above equaticn, 'C' and '4' are empirical
constants, the value of which for any glven soil, depend upon
tho conditions under vhich the soil is stressaed; whether the
g3l 1is allowcd to drain durlng sheari.g procaess or othorwise.

In a more fundancnial forw, first .ut forward by
ivorslev (31) in 1937, cculonb's equation 1s rewritten as :

8 =Co+ (U~ u) tan gy
wherce Cg denotes true cohesion
#g denotes tmue angle of internal friction
and (0"~ u) denotem effective stress normal %o the shear plane,
The cohesion and internal friction will $n general

depend upon the void ratio of the soil at the Instant of fallure.

* Figures in parentheses refer to the Bibliography given
on page 77,
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Thereafter many modifications (13) in the effective stress
law were proposed by Terzaghl, Hishop and Eldin (1950),
Skempton (1954), Jenning and Xnight (1957), Lanbo and whitman
(1959) and various other investigators, for different conditlons
of volds of the soil mass,

Whether or not this view of the physics, of shear
strength is wholly acceptable, the Goulomb-Hvorslev equation
has been confirmed experimentally, and it still forms the
basis of the fundamental considerations of shear strength of
the soll.

The measurement of 'Cg! and'ﬁe‘ is however, a mat-er
of some difficulty in many solls, lioreover, an analysis of
stabllity based on these basic properties is likely %to be
rather elaborate in practical use, though ultimately such
analysis will be carried out 1ln engine-ring. 3But at present

time the usual method of procedure is (31):-

(1) To determine the values of C and Z in Coulomb's squation

under a definite conditions of water content change during
shear, namely no water content change (Undrained Test) or

full water content change (Drained Test). _

(i1) To use these values of C and # as if they denoted the
cohesion and internal friction of the soil: where practical
conditions approximate to zero water content change the

undrained test parameters are used with respect to total
stresses: where practical conditions approximate o full water
content change, the drained test paramsters afe used with

respect to effective stresses: where practical conditions
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cannot be even approximately represented by elther drained
or undrained test, both tests should be made and approximats
strength deduced from a knowledge of the degres of
consolidation under field conditions,

vThis procedure is seml-empérical : its Justifia
cation must be judged by the following three criteria:-
(a) Simplicity.
(b) Reliability in practice.
,(c) Small errors as compared with a more rigorous analysis

based on C, and ¢ and knowledrs of pore pressure, W,

Factors Affecting Strength of Compacted Soils

1. Bhysical Factors:-
The physical component of the shear strength of

soil is customarily attributed to frictional resistance
and interlocking betuoen particles. The interlocking-is
further divided (Rosenquist) into t'o parts:
(a) A large scale interlocking bstueen particles which
necessitates appreciable movemonts of particles normal to
the shear plane accompnied by volumetric expansion in
order that fallure might occur,
(b) A small scale interlocking due to particle surface
roughness, necéssiating only smrll movements normal %o
the shear plane in order that f-ilure might occur,
Although classed as a physical factor, even the
resistance due to friction mar be rgrarded to some extent'
as a physico-chemical effaect, "ha nagnitude of friction
and interlocking effaects in a soll are dependent on more

fundamental factors,; reflected by soll composition. The
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nature of minerals present and their surface character..
istics will determine tho uagnitude of true friction, Since
particle size, shape, size distribution and packing are
functions of the composition, the wvolumetric expanslon 1s
dependent on composition. It is further affected by
orientation of particles, which depend, in additlon to

the nature of particles pregsent, on the history of the soil,
the’ambiant condition and the void ratio,

2 - Physico-Chemical Factorg:-

A gecond component of soil strength is primarily |
attnibuted to physico-chemical conditions in the soill and
is referped to as 'Cohesion', Coheslon in a soil is taken
to mean th-t part of the soil strength that is present
independently of any applied pressures, elther mechanical
or capillary, and would remain though not necessarily
permanently, if all applied pressures were removed., Cohesion
is a bonding of particles with in séil mass by physilco- .
chemical mechanism of inter-atomic, intermolecular or
interparticle nature,

The cohesion presant in tha soil may be attributed
to Interparticle attractive forcaes that resist relative
displacements of clay particles having larger surface to
mass ratio., Although the precise nature of cohesion and
the mechanism by which it 1s developed have not yet been
clarﬁfied, it seems to be generally agreed that it is a
function of the net interparticle forces, These in turn
are determined by the resultanf effects of the variables

in the soll-water-alr-electro-lyte system as outlined below:



(a) Total Interparticle Attractive Forceg:- 'icheals and *

iosengvist (11) are o7 tho opinlon that Vander Talls' forces
o7 attraction are of a masnitude nmore than aderuate to account
for cohesion in clays. Othér possible interparticle attractive
force mechanisms such as Coulombic attraction between negative
surfaces and positive edges and particle-catlon-particle linkages
have been suggested.
(b) Intervarticle Repulsive Forces:- Interparticle repulsive
forcas arise from the interaction of double layers surrounding
adjacent particles. The double layer theory as presentsd by
Verway and Overbeck and Bolt (11), shuows thrt an increase in
dielectric constant of tho pore fluld or a decrease in electrolyte
concentration, lon-valance or tenpecrature should lead to
~increased repuléive forces. In addition Lambe points out that
an increase in size of hydrated ion in double layer, pH, or
anion adsorptiony will also lead to decreased repulsive forces,
(c) Uater:- The role of water in clay cohesion has been discussed
by iiichaela (11) It is argued that cohasion occurs in spite of
rather than because of prosence of vater, OSrontaneous adhesion
of particles will occur if they are brought into sufficiently
close proximity. Water 1is however strongly attracted to clay
surfaces by any or all of:the several ticchanisms as outlined
by Low and Lovell (11) Ifjappears, “herofore, that its role
s that of a filler separaﬁing particles and resisting close
- gpproach, Thus a lesser:adﬁasive bond 1ls formed than would
exist if water 1s removed I{rom clay.

Since the shear plene im clay will pass through the water

batween particles, the characteristics of the water in the force



fields between clay particlaos :uwst also o coasidered, This
water 1s known to posses prageriies dilfl reat from tioseofl
norurl water,

(8) External Forces and Stress !.dstory:- Externally applioed

effective compressive forces undoubtedly influence the develop-

rnent of cohesivo bonds, since thoy help to ‘det~rmine the

perticle orientati m and spacing, and thereby affect the inter-
narticle attractlve and repulsive forcaes, Since such compression
is not a reversible _henomanon in normal clay soils, tho particle
spacing under a condition of decresasing external forec s will
depend on the previous stress application and thus on stress
history of the soil

(6) Chemical Factors:- Cohesion is also atiributed due to

interparticle cementation. "~ ost soils are nown to contain
neasurable amounts of frec iron, aluminum oxide and carbonates,
Thase compunds may act as cencntiag agents at points of inter-
partlele contact,

3 - Influences of ,.oulding Water Content ond | .ethuds of
Compaction:-

In'order, for the double layer aro-nd the clay particles
to dovelop fully, it is necessary that thore be su”flclent water
prosent in the soil and thercfore interparticle repulsion is
aflecteds The amoumit of water present durlng compaction will
also aflect the structural arrangement of the¢ soll mass and the
strength.

Similarly methods of coiipaction will affect the structural
arrangement of particles in the soil mass dependiig upon the

annunt of shear strains induced during coupaction,
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Plasticlty Characteristics of Solls.
Plasticity 1s one of the major characterlistic of the

cohesive solls, In 1911, Swedish Sclentist, A, Atterberg
published his results on the investlgations of the plasticity
of fine-grained solls, He found that plasticity 1s a two
dimensional property which can be best defined by the upper
and lower limits of plastic range, namely liquld and plastic
limits respectively. The tests due to Atterberg, orginally
developed for agricultural work, have won wide acceptance in
the field of soil engineering. He suggested two simple tests to
determine these limits, But, later on, it was found difficult
to achieve reproducible Qalues of these limits by Atterbefg's
methods of test,

In 1932, A, Casagrends modified the procedure for
determining‘the liquid limit by developing a new device which
gave the same values of liquid limit for the soll as obtained
by Atterberg's methods. Since then liquid limit test has
become a standard test. The plastic limit test is the same as
suggested by istterberg except that the threads are now rolled
to 1/8" dia.

Definitions of limits:-

The liquid limit (W;) of the soil 1s the molsture content
at which the soll is prgctically liquid but posses a certain
small amount of shear strength (25 gms/Sq.cm), this arbitrarily
chosen strength being presumably tﬁe smallest value that 1s
feasible to measure by a standard procedure, *ccording to the

standard liquid limit device developed by A, Casagrende,
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liquid limit is defined as the molsture content at which
25 blous will Just close a groove of standard dimensions for
half an inch length which is cut in by a standard grooving tool,
Thoe plastic limlt is the smallest value of the molsturec

content at which a soil is plastic, It 1s obtalned by rolling
out samples at slowly decreasing molsture content untill that
moisture content is reached at which the soil thread l/ét in
dla. just begins to crumble.

The plastieilty index (Ip) which gives the range of
moisture content with in which the soil is plastic, is the
dirference between 1iguid and plastic limits,

Factors on which plasticity Characteristics of Soil depend.
The plasticity characteristics in general depend on the

type of soll and the amount of clay and organic matter present
in the soll. Grim (6), Norton (7), Johnson (8) and Scott Blair
(9) indicated that plasticity of soils is affocted by -

(1) Clay minerals.

(2) Non-mineral composition,

(3) Elactrolyte contant, amount and kind of exchangeble bases
and soluble salts,

(4) Organie matter content.

(5) liiscellaneovus textural characteristics such as shape of
grains ete., '

- But for detalled study we shall consider separately the
factors on which the liquid limit, the plastic limit and the
plasticity index of -the soil depend,

Liguid Limit:-
Liguid limit depends on the proportions of élay fractions

in the soil directly.
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The type of clay present a so affects the liquid linmit,
Finer and flatter, the grains of clay, the greater will “e the
surface area and hisher amount of water will be reguired <toe
coat the grains. The llould limit of such clawvs wvlll therefors
be high.

The presence of organlec matter, 1In general, increases
the liguld linmit of the soil, The liquid limit of the organic
soll is significantly reduced by over drying since most of
orzanic matter is oxidised.

Plastic 1imit:-

Davidson and Sheeler (10) have pointed out that by
increasing the clay content, the plastic liult of the soll
decreases, The activensss o the clay also affects the
plastic 1limit, the clay which 1s more active will have higher
plastic limit, | _

When organic matter is present in the soil, the plartic
1limit is comparatively increased.
Plasticlty Indox:-

Plasticity index balne the numerical differencé of
1iquid limit and plastic 1limit, represents the range over wh ch
the soll mass is plastic, It is more or less independent of
type of clay minerals present in the soil, The amount of
clay mineral affects the plasticlty index. Increasing amount
of clay proportion in soil, increases plasticity index as

pointed out by Davidson (10).

Organic matter does not have much effect on the value of
plasticity index, as the liauld and plastic limits both

increase nearly in the same proportio-,
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Barlier Attemnts,

e L

Rosenqvist (14) has pointed out in his discussion in
the 4th International Conference on Soll Lochanicé and
Foundation Fngineering; that the 1lilould 1limit ol the soil depends
solely upon the followlng three factors.

(1) The amount and nature of the minerals,
(2) The degree of the electrochemical saturation and
(8) Polarizabilitv of the adsorbed ions.

The shear strength of the soil depends upon factors (1),
(2), (3) - the same factors as are ilnfluencing the liquid limit,
but also upon the stregs condition and stress history, the
water content and the dlagenitic cementation betwesn the
minorals. This shows that there exists a close correlation
between the plasticlity characteristics and the shear strength
at some standard water content (0..1.C. in the present investi-
gat on), of the soll, and this formed the basis of the present
investigatlion,

Bjerrum and Simons (12) have also shown that theré axists
and approximate tendency of the angle of shearing resistance
(with respect to effective stresses) to follow a straight line
correlation with the plasticity index, on the results of few
solls that they have tested.

Present InvRstig-tion and 1ts Significancs,.

" In the present investigation the undrained (Quick) .ests |
have becn performed on 50 soils compacted at .....C, with
standard Proctor's energy - conforming to most of the cases
usually met in the field, “haelr plasticity characteristics
have also been dotermined., Attempts h' ve been nnde to

correlate the undrained siren;th paramciers C and g with tho
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plasticity characteristics of soils,

Corrdlatioa of one property with another has two dlstinct
advaiitages., First, it helps to understand tho fundamental
propertioes clearly and secondly if ons property 1s knoun,
the other may be predicted with the help of correlation,
avoiding difficult =nd time consuming testing of soll, both
in laboratory and in the fleld, and giving morc information
in the field economically and expediently,

The soils studied include clays, Silts and also a
few sandy clays,

The problems of tha field likely to utllise the
reosults of thls investigaticn are foundation of structures,
embankmoents and earthen dams provided that consolidation
during construction 1s necgligible, and design of walls, and
cuttingss where factor of safety is recuired for conditions
during or immediately after construction, The stabillty
analysis 1s carried out with respsct o total stresses and

with apparent shear strength parameters C and 2,
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111, EXPERI S5 TAL STUDY

et —

Genaoral .,

The apparent cohesion (C) and apparent angle of internal
friction (4) for each soil have been determinod by performing
undrained (Quick) tests on a minimum of three samples of each
soll at diff rent cell pressures in the triaxial testing
machine. The soil is compactad at 0.7.C, in the mould with
Proctor's standard energy (3ritish Standard) (3) and then
tha samples are extruded from the mould, Glycerine has been
used for applying different cell pressures, British Standard
(3) methods have becn used for determining 0,1.C,, liquid
1imit and plastic limit of each soil.

Efforts have been made to study various soils which
could be classified In different groups of Casagrende's
plasticity chart, to sover a wide range of plasticity
characte 1stics,

Soil Studied.

Fifty soils have boon tested. In Fig. Ho, 1, thev are
plotted on the plasticity chart (V; v/s I,). These solls
include soils of each group of Casagredde's plasticity chart
as follows:i-

(1) Inorganic clays of low piasticity...............6
(11) Inorganic clays of m-dium plasticityeeeeccoses. 20
(1i1) Inorganic clays of high pPlasticitVeeesseesescseeed
(iv) Inorganic silts of 1ow Plasticlty seeeeeceesess.ollil
(v) Inorganic silts of mediwn plasticlty or organic silts..O
(vi)Inorganic silts of high plasticity or organic clays....4

(vil) Sancs 1ith Cloy COMBC 15 eseneereascooonnonesoans

[¢
sec o000 e
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O goil Molersing to crouy 'eilis of 1o plasticity!
wrs available,
All soils bvalong to the peologlcel raeglon known as
Indogangetic Flane of India,
is number of soils obtained were limited, seven soils
were preparaed by mixiag two or more types of soils to obtain

internediate plasticity characteristics,
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Preparation of Soils

About 15 1lbs. of each soil was taken, After breaking 1%
into pieces, the soil was driod iIn an oven at a teuperature of
105O to 110 CO, for 24 hours. The dried soil was further
broken by wooden hammer and sieved with U.S. Sieve o, 4 for
subsequent experiments.

Detormination of plasticity Characteristics.
About 200 gms. of drled soll passing US,. Siove o, 40

(I,8.5. .lo. 40) is taken., The Dritish Standard procedure
deseribed in H.. .5,0, (3) wn.ch 1s also adopted by 1.8.5. is
used for- the determination of 1iquid limit and plastic 1limit
for each soll., The flow curve for each soll has been drawn as
shown in Fig, los. 22 to 26 of ’fppendix A, The apparatus used

i1s shown in Photo .jo. 1.

- Determination of 0, C.

Standard Froctor's test as descrinhed v Lun (2) 1s used

vith She followl A wndilican rwi-

(1) do hewe Lnifmrmity'and to avoid tiv a'ror Jdue to persor:ld
foehore, by e aAacTie o Dot s U o uefd s byt
SPo%e Tou. 26 In this apperatus uniforily distributed blows
wére applied by a rammer weighing 5,5 1lbs, Tho fall of ranmmer
was kept 12",

(©) The base pl-te was lapt fixed o Uho opia ains and only
mould was removod and %then piacad on the other base plate for
trimning of £ the soil and then welzhaed with it. Yhis was dGone

o)

Sy ov A odingtnert of bLase plole I or every observation,
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devica,

mit

Photo o, 1 - Liquid 1i

Tachiontenl

nY
.

.'j.

st



For every soll e noist ro content v/¢ Goy Jore oy oo
oL Lo WAl L LoD T g T 0y e X of Appendlx A, and

N T T

eiioCe With maximum dry density was obtained,

Ereparat:on of Sauples rox teiat.ro Sees” .

.
e -

200 gms of dried s»il was taveh wllceh hed woavi osl hiean
(&3 )

CcoVlad Lo ooy Lo e i SOUD o1 L T B rJau

antry of the nmoisture frow the atmc-prere, Calculated anount

of water to gilve 0.{.C. plus 0.8, aadi%ional nidat of tinter

wog adtad o countaerach Ioan ol ety 8 T ot e and
compaction., In all the casen Yo ~ofgliro ¢ ~"ep® of ile
Loddnd ﬁl’i&"i Lo thas o Tete SN - TR S A T .

Jvteotwin e content very well agreed with the calculated one,
the error not exceeding + 0.3 of moigure cuant, 1In sono
¢ ooag vhero e 100 7avaaeo ves found greater than 0.G%, the

testing was rapeated., ATL co cckiv ol e soll e to.

] R Ra Tk

Q00 W noull o Bl o7 Ll s.Lana e when out by

means of the samgler showun in ilhoto 'm. <. Twran 5o oo of

()

L. Aia eter uoro oblIed o 0 2 et G M Ter 0L ir @ Tert

inside the molst membranc by means of membra-e siretcher (

Fhoto o, 4) and lept fow test! v 7. rliads 1e’ilva

(2¢] K .S e P L
Bt N 1 N oy
£ . Wil .—Al 44 ,.é‘,_..’,!- I \.‘...I..C.

Photo No. 3 showm the general arrangement of the apparatus,
For each soil, a uinimu: of thres sa: las 1.% dla. and B 'n
length have been tested and each sample under different cell

o logoxtan 3 used oz

.

pressure, varyin; "-,oa 0 Yo G0 s

apolying conliadn - yressure Yo avold lealage. Vaccwa punmp

wns used to evacunte the sijcariie i Ghe mell onlelll, Ao

[

“«

SO i w0 S, are ot ereh end of the shuwle, were



(<c)

o R -
LT s

“TR) AXIAL SHEAR'
“TESTING MACHINE

]

Lot -

YO0 T 3 e Dol o, t
<LaTee Testiig | selnd i
B ~achine vith Bi !
pore pressure rncasuring device shép's
| L ]
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Photo ¥

S 5o TTu, 6 - Cloaga uy viow 0l Sie 551l Cas le
0o irial machine,
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placed to avoid any draincre o~ chance ir moisture content,
1tho rato of strai. vas Tept CAM,0 L, trar outse Due to soro
defects in the strailn controlling unit, some times the fluctu-
ations in the rate of strain ues found as mueh as 20,, 2Zut as
pointed out by lowel (1) Lhat so Jar w1 T S oollca
“wowowa el the variation in the rote of strain or loadine

in an undrained tests are ol 11Htke cowoqun e, &4 cowlior-

- )

WUL0 TN oL Vs ol oy us'lp el o (UL) Slueite
Jrt T L Lhea s 00w n Yeet carrded v f
tipes Lieler o L owie claver than standard rate, do not
arrount to more than about 5" or in extreme case 10 percent,

The Loh®'s envelop 1s drawa Jor each soil apsroxinately
Soneit, Y Voo ¢l ¢ av gs shovwn in Fig. o, 39 to 56 of
Appendix A. Slhampton and "1shdip(8l) have pointeéd out that

2anonl 5070 et e niedty gaaceted coodlition (as the

present case 1s), the .onr onvelop is s .’ _hily cwrved, Hut

10 e ST ag LIl oYt n SANLT @ DERVIC unGer

investigation, Thercolole i 24l ¢asls wrstl Jruul L straighv

Loomw ey T s S s G o tesy 800l e e colhosicn oné
F1LETCL w0 Gl SUAMTL T e T Y Ut e P,

R L Y o . iac wlso Leen
pacstuece T, mris of Biship's pore pressure measurtng devic~

5 oshown with the triaxial machine in Photo ‘o, .. For thess
solls liohr envelop for effactive stresses have heen drawn and

true values of coheslioy and :mzle >f internal frictlons have

been obtalned, /
2hoto .'o¢ 5 shomeg  "2se u; view of the triaxial cell

wit.. slycerine and failed sar 1y inside 4t, 1'hotos .o, G and
7 shus few ty.lcal faiiurcs of soil san.les,

s+ + e ——
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TABLE NO, 1
EXPERILENTAL BRBSULTIS

Soll Num- ’Liquid—Limit'Plastic -Limit'Plasticitj-'Dry-Dansity‘ Optimum- "Cohesion  ‘Angla of !

ber. 4 % ' Index. v 1bs/Cft. ‘loisture ' psi, '"Intarnel ¢t

: : : ; :Congtg;ent : ‘Fr%g;:;ggsin:

1 L} 1 13 s 1 ¥ t

[ N - R S T S - - R -

] $ t t 1 1 1 3
1 59,0 28,0 31,0 106.4 17.5 24,0 14,5
2 50,0 26,3 23,7 105.4 18,5 16,0 215
3 62,0 29,4 32,6 99,8 22,0 28,0 8,0
4 41.5 25,3 16,2 107.3 18,0 20,0 24,0
5 43,0 25.8 17.2 105.3 18,25 15.0 25,0
6 61.0 33,3 27.7 99,5 21, 5 21,0 18,0
7 52,2 30,7 21.5 105.8 12.0 24,0 14,0
8 60.3 33.4 26.9 98,8 20.0 27.0 14,0
9 36.7 22,9 13.8 106.4 17.25 17.0 27.0
10 16.8 15.4 1.4 119.4 10.0 8,0 37.0
11 44,5 26,4 18.1 104,.5 19.5 16.0 31.0
12 57.8 30,0 27.8 101.9 21,75 22,0 15.0
13 20,0 18.2 . 1.8 110.9 11, 3 12,0 28,0
14 45,8 25,0 20,8 108.5 17, 0 18.0 21.5
15 34.1 25.1 9,0 106.0 13, 5 17.5 30,0
16 12,2 15.6 3,2 118.8 11.5 8.0 35,0
17 32,8 23,4 9,4 109.3 15,5 13,0 33,0
18 21.5 7.1 4.4 118,3 12.0 12.5 30.0
19 44,3 25.8 18.5 106.4 19.7 17.0 16,0
20 48,2 26.4 21,8 102,15 21,0 22,0 20.0
21 40.8 28,2 12.6 100, 3 20,75 14.0 28.0

22 18.5 15.7 2 .8 118.0 11.25 7.0 33,0
23 52,0 30.2 21,3 103,3 21, § 17,5 1500
24 45,0 28,7 16,3 99.2 23,25 18,5 15.0
25 48,9 26.8 22,1 104,.6 20,25 21,0 20,0
26 41.8 25.¢ 15.9 103.7 18,75 15.0 25,0
27 53.1 27.5 25.6 101.15 22,25 20,5 13.0
28 44,6 27.1 ©17.5 102.8 21, 0 16.5 14,0
29 37.7 27.2 10.5 106.75 16,75 14,0 28,0
30 . 30.6 20,4 10,2 12, 8 13,75 16,0 32,0
31 56.0 28,9 27.1 100.0 23, 5 21,0 15,0
32 41.C . 25,5 15.4 . 107.2 17,75 14.0 32,0
33 41,3 gs,s 15,5 107 .0 17. 0 17.0 27.0
34 51.1 g0 21.7 102.9 21, 0 19,0 24,0
a5 154 12,0 2,5 113.4 13, 0 7,0 35,5
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TABLE 40,2

Results of 5 Solls tested ﬁith pore pressure measurements.

S1. o, 'Soil No,' True Cohesion Cg in psi.'True angle of internal
! ! * friction g

! ! ! in deprees,
1. 34 ‘ 21.0 23.0
2., 37, 17.5 25,0
3. 38 14.0 , 17.0
4, 39 ‘ 13.0 24,5

5. 40 15.5 ‘ 30.0
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IV, TRAILS OF CORRELATTION

-Genearal.
The fifty soils investigated_have bean found to posses

the ranges for apparent Cohesion (c¢) and angle of internal
friction (#) at 0.1.C., liquid limit, Plastlc 1imit, Plasticity
Index, 0.M.C. and dry density at Proctoer's Standard Compaction
energy, as indicated in the table below:-

TABLE NO,3

The minimum and maximum values of observed soil

properties.
. 1 k] L
S1l. No. : Property : Hinimum Valge : Maximum Value

1l C in psi. 7.0 28,0
2 # in degrees | 8.0 37.0
3 Wy (%) | 15.4 62,0
4 Wp (%) 12.9 33,3
5 I, &) 1.4 32,6
6 Dry density in

lbs./cft, 97. 0 120,15
7 0.i.Co (%) 10, O 25,25

Refering to Fig. No. 1, 1t can bs soen that the soils
cover a falrly wige i range of plastlecity characteristics., The
correlations of/C and g with different plasticity characteristies
obtained on tpé basis of these soils, may be expected to be
more or less épplicable to all solls in the above ranges.,

Thdlfollowing;correlations have been tried,

1, C with W

2, C with I,

‘3, C with Wy and W

\
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4, Qg with vy

5., f with Ip .
6, @ with Wy gnd Yp

7. £ with V3 in parts

Be Loglo ﬂ with Wl

TABLE NO, 4
Required data for Statlstical analysis.

§) ]

81, lio. EQuantity E Value ESl. No.: Quantity : Value
1 Zec 825,1000 B I 14,6820
2 T o 146057100 16 T x W .34784.,1700
3 T 16,5020 17 ¥CxI, 13623,9500
4 Zzg 1246 ,0000 18 ZCx W, 21160,2200
5 z ,62 33626.0000 19 Egxvu, 45354,3500
6 7 24,9200 20 Tg xI, 15926.6500
7 Z W 1966,7000 21 E g x W, 29427,7000
3 s 84842 ,3300 22 EWyx 't 512188800
9 iy 39,3340 23 Gc 4,4406

10 z wg 1232 6000 24 ‘6; 7.1773
11 ), 31636,0200 25 O 12.2345
12 ‘ﬁp 24,6520 26 °§ 4 ,9998
13 Z1, 734.1000 27 o £.,0772
14 5 1; 14040,1900 08 W 50

W,B., - Above data were obtained from Table No, 10 to 19 of
Appendix B and Appendix C,
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Correlation of C with

The plot betwesn cohesion and liquid 1limit is shown
in Fig. No. 2, The following trial is made to correlate C
with ', by straight line law, the equation expressing the
relationship is assumed of the form -

C' = a + by
The object 1s to get the best slope and bast intercept,
which is obtained by generally éccepted criterian of 'least
squires'. The required data are given in Table No, 4,

The additive (a) and the multiplying (b) constants
of the straight line relation are obtained by solving the
following two normal equations, based on the method of least
squares. |

ZC = aJl + bEW
and TCxW = af¥W + b BUf

' By solving the above two equations for 'a' and 'bt ,

we get : .
2
B (gWy) (2C W) - (=vy) (£0)
2 - 2 2
(Z W) - N (=vy)
i 2
&) (Fcxn) . (EC) (2v1)
N N
or,a =
(=W,) (ZW) - 2\’3%
TN
— - 2
(Wi) (zcwy) - (C ) (2w )
or a =

o 2
(T ) (zZw) - =W
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60_— —23
- 122
55—
- {2/
50:_ —{20
: TIQ
a5
18
— 17
40— |
LIQUID LIMIT L 16 COHESION
W % - - ] CIN 51
350
s
C u
30} i
B
| /3
25+
=
201
L o
/5 L—— —19
£le- NO. 3 NOMOGRAM FOR CALCULATING

COHESION FROM LIQUID LIMIT OF
' THE SO/L
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(2¢) (23)

2C. 1 -
and b = ) _
zwer 2 (i-‘ 3 5 v(if"yl)
"
PRI - (T) (=m)
vy - () (v )

On substitution of mrerical valves fro teble o, 4,
T pob

(39.334) (34784.,17) -~ (16,502) (34842,33)

o
11

(39.334) (196G,70) - (84842,33)

= 4,250

and b = 34784 - (16,502 1966 470

o 34842 ,33) - (39.334) (106G.70
= 0,3113

Therefore the equation of correlation is
C' = 4,258 + 0,31113 7
For various observations the values of C are obtained
from the above relation and are shbwn in Table Nc. 8,
The nomogram of corielntlion is siown i: Fig. To, 3,
The method of draviag nouogran is exyl:ained in Appendix Dy.
Product loment Cogre;gt;og Coefficlent:-
The degres of co#relation meagsured by so called product
moment corralation romfeicient, which 1s expressed as :
. _ % ZEl) (w- W)
(‘G ) (6T)
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The numerlcal value of r cannot exceed +1 or be less
than -1. The value of r equal to il represents that there
exists a perfect functlonal relationship between two variables,
When value of r is zero 1%t signifies that there 1s no relation-
ship at all between the two varlables, Other intersediate
value of r indicates that there is no strict functional
relationship between two varilables, but there is a trend,

The product moment correlation can be written as :
1 Coll] = CoT
3 b3 1 1

T =
(%) (@)
On substitution of the various values from table No. 4,
we get
gézgga;z - (16.502) (39.334)
T =

4,4406 x 12,2345

it

0.8558

Now for the test of the significance of the product
moment correlation coefficilent r, the minimum significant
value 6f T 19'0.361 for 48 degrees of freedom, The above
-alue of r obtained is highly significant and this reveals
that there exists a very good correlation between cohesion (c)
and the 1iquid 1limit of the sdil. The positive sign of r
indicates that cohesion inereases as liquid limit increases,
Standard Error of Estimate:-

The regression line gives only the 'best estimate' of
the value of quéntity in question, The degree of uncertainity
in this estimate is calculated by so called standard error of

astimate and 1s expressed as i-
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Sc - O-c. Ml - I‘2

= 4,4296 /T - (0.88658)°
= 2,303 psil.

Throritically for normal dlstribution of quantities
at least in 95% of the cases, the actual value will be within
plus or minus two standard errors of the estimated value
given by the regression equation, Almost without exception,
the actual value will be found to depart from the estimated
value by not more than three standard errors, In Fig, No, 2,
the lines plotted parallel to regression line at distances
equal to twice the standard error on either side, indicate
that all 50 points out of 50 tie within the limits, Thus
we are definitely correct in making the claim that actual
values of C will lie within + 2x2,303 = + 8,606 psi. in atleast
957 cases, from the estimated values givon by the regression |
equation of C, in thq}specified range.
Suppose forJegample we want to estimate the value of
C for a soll with 1igiid limit Vy = 40%
Then we haﬁ@ :
C' & 4.25é + 0,3113 x 40
| = 16,71 psi.

Since the standard error of estimate is 2.303 psi., we
ghould expect that for all soils with the liquid limit of 40% ,
at least 957 would show that cohesion C will be between 12,104
psi., and 21.316 psl, we should almost be certain that wvalue of
C will 9OT be less than 9,801 psi. and ¥OT more than 23,619
psil. for all soils taested under these conditions,.
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The correlation equation thus obtained can only be
applied within the limits of observed values. Ve cannot claim
for the equation to hold good outside the limits of experimental
values, Hence it can be cancluded that from the equation
obtained the value of cohesion can be obtained for soils having
1iquid 1limit between 15.4% and 62%,

Correlation of C with Ip

The plot between cohesion and plasticity Index shows
a tendency towards a stralght line relation as shown in Fig. No.
4, And so trial 1s made to correlate cohesion with plasticity
Index by equation of the form :-
C' = g +.b Ip
In this case

(G (Tem) - @ (1)
(T,) (T1,) - T1ip
TCJI, -~ (C, (€1, )
and b = d P

TIE - () (T1p)

By substlituting the numerical values in the above

equations from Table No, 4, we get :

a 90,7066
b = 0,4628
Therefore the equation of correlation is
¢ = 9,7066 + 0.4628 I,
For various observations C! is obtalned and shown in

Table No, 8,
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The nomogram of correlation is given in Fig, No, 5, It
can be used to calculate‘cohesion from plasticity index of soil
directly.,

The product moment correlation coefficient is obtained

from thoe relation
%? LC..Ip - CI

p
r =
(0g) (6 )
Substituting the various values and solving, we' get:
r = 0,8401

Which reveals that relation obtaincd is fairly good
positive correlation,
The standard error of estimate in this case
2
8§ = 0 J1-r
2
= 4,4496 [1 - (0.8401)

= 2,41 psi.,
From Fig. No., 4, 1t can be seen that 1005 values lie
within plus or minus 2 x 2.,41 = 4.82 psl., from the estimated
values of cohesion., Therefore we can be sure in 95% the

maximun variation wi;l'not exceed 4,82 psi,

Correlation of C with Wy and Wy

Figures No, 2 and 4 indicatec that there exists a fair
degree of straight line relation between cohesion and liquid
limit and plasticity index which 1s the difference between
liquid and plastic limits, sepafately. Thorefore it is
considered worthwhile to develop the correlation of C with Wy
and '\’fp .
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Assuming that C 1s best related with Wy and ?p by a
partial r-egression equation of the type.
(¢ wC) = ¢ (% -7 ) +a (W - W)
Where ¢ and d are partial regression coefficlents, The
constant 'e' denotes, by how much C depends on Wy witﬁ Wy
remaining constant, Likewlise, if W; remains constant, the
 amount by which C i1s dependent on Wp 1s represented by the
coafficlent d, The two unknowns ¢ and 4 ars found by framing
and solving the two simultaneous equations as shown in the
following steps,
(1) Rewriting the partial regression equation in the form :
Z(c-C) c. ZMWy ~ W + dT (W - T)

p
or 2C -Z2¢C c Zwl—czﬂl + dzwp-diﬂp

3 sy Y3
or C- Z°% cEW ~e3 +dXw, -ay P
N N

...'...(i)
(2) Hultiplying the equation (i) by W, throughout, we get the

following eguation :-

X ) W
ZC.WI - Z(T) (Wl) =C[EW1" Z(il )(?!155

+a [swpa 'Z(SI%“ ) Wy )]
2
5C. 3 2 (W)

=c|> Uy =
T RAA B

+ 4 [iwp. -

or 2CW, -

jiwp.ﬁgwl

!

Inserting the{sign ( correited sum of quantities )

which 1is explained'and calculated in Appendix E, , we get :

»m’ ¢ 0 ¢
fz_co v"l = c (z\"l) +d (2“'10 ‘\?p )oooooooooo(ii)
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(3) Next by multiplying the equation No. (i) by Wy, throughout
f

and inserting 2. , we get :-

4 ] _ /m . ‘2

2 C-“"yp = C (Z“lo ‘p) + d (‘Z\‘Ip ) coooonon-o-oooo.(iii)

(4) Inserting the numerical values from Table ifo. 5, we get :-
2329,69 7484 ,15¢ + 2735.80 4
and 8192.86 2735.,80 ¢ + 1738,07 4

]

i

by solving the above equations
c = 0.,3270
d = - 0,0430 b
(5) Substituting the &alues of ¢ and 4@ in the regression
cquation, we get i~ ﬁ
(¢ -T) =0.827 (1 -Ty) - 0.0430 (W - T )
Substituting the values of T , ¥} and ﬁp from Table No.
4, we gat the requ;fed f@gression egquation t-
c' = 4,70+ 0.3270 %1 - 0,030 iy
This is final equati n which may be used in predicting
thn cohesion C fron ﬁhe'daﬁa of liquid 1imit and plastic limit
for the soil, The values of C obtained from the eguatio. and
their comparison With tﬁe actual observed values 1s shoun in
Table o, 8, | [
The nomogram of correlation is shown in Fig. Yo, 6.
i

The nethod of drawing and nsing nomogran is explained in

Apnendix Do, / T
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" ABSLE 110.5

Correlated Sums.

L Y 1 (l

- .

S1l. No, ' Quantity ! Value ' 81, ilo.,! Muantity Value,
] 1 1 H

/ o [}

1 Do 989.51 6 TC  2320.69
¢ D v

2 P 2575.68 7 zC .':.'p 810,86
¢ 2 ¢

3 Ty 7484 .15 e T40 -3415 .81

4 'zx.% 1738,07 9 T4, -1288.69

]
5 Z M 2735.3C

Tultinle Correlation Coeflficient

~Since the values predictod from “he »nr igl rogression
equation, while approximating actual values differ some what
from them, we shall find a cbrrelation coofficient between actual
and predicted values. Such a correlation coefficient called a
| multiple correlation coefficients,

The multiplé correlation coeff%cient R is given by
' —— 1'!.,
Zgﬁg - (c) (C)

¢ 2 ¢ 12
iC p 3¢
[{( o)« N)}

. Substituting the various numerical values, we get :-

R =

R = 0.,8616

The standard error of estimate
2

Sc 0. T=-R

= 4,4496 x 0,505 = 2,258 psi.

Whenever we make a prediction, therefore we shall be

correct O5 times out of 100 if we say that the actual value of



L4k )

cohesion will be within 2 x 2,258 = 4,516 psi, elther sides of
the value arrived by using the partial regression equation,
Correlation of @ with W
The plot between the angle of internal friction @ at
OolisCo and 1liquid 1limit shows a tendency towards a stralght line
as shown in Fig. No. 7. So trlal 1s made to correlate them by
a straight line of the type - |
g = a+ bW

-~ > | 2
In this case (T ) (Sguy ) - @ ) (¥ )

a =
(T (=W ) - =u°
| gy - (B) (Zwp)

and b =
Z w2 - (W) (Zwy)

By substituting the various vslues in the sbove
squation from Table No. 4, ve get t-

a = 44,1336
and b =5 «0,4884

Th'erefore the egquation of correlation 1is

g = 44,1336 - 004881.}. Uy

Fpr various observations @ 1s obtained and is shown
in Table No. 9,

The nomogram of correlation is given in Fig. No. 8, It
can be used to calculate @ from liquid limit of the soll directly.

The product moment correlation coefficient is glven

by the relation.l _
N Z M."l - E.‘Jl

%2



(44)

(M) LIV/T7 TINOIT Sin () NOLDIISA TYNIFUNI SO FTTNY L ON 2]/

(B LWIT CINOIT

€2 ;.ﬂm . .J.w s . st._.. o . s o8 sz ..oz S

T

N

(@) SFFYIION NO/LDIYA TYNYIINI FO FTINV

|
ﬁ

e —
i .
o~ IN/T FUYWILST LSTT

e

oc

{

_ H
| |

FULOWILS T SO SYONYT
TXVONVVLS FNO L SULIW/T7 7OXUINOI

‘ L ! ﬁ - - —— M'I ——— - ”l’ gﬁgw




(45)

[$)8
~N

S
N I L B L B

55

50

45

LIQUID LiMIT

WL %o
35

Jo

25

20

T
|

5

frrrrTrrrTvrrr e T T e T T T T T T

I I U D T B B

1 J
X

Illl’llll
¥

26

Lo ]

27

28

|

!

129

i

%
3/

32
33
34
35

36

ANGLE OF INTERNAL FRICTION
IN DEGREES ¢

16 NO- 8 _NOMOGRAM FOR CALCULATING THE ANGLE OF

INTERNAL FRICTION FROM LIQUID LIMIT OF

THE S0OIL.




(46)

Substituting the values from Table lo. 4, we get :-

r = «0,8320

which reveals that relation obtained is fairly good
negative correlation, i.e., as 1liquid limit increases the value of
£ decreases,

The standard srror of estimate is given by the

relation
2
S = 6- l=-r
2 f 2
= 7.1773 /1 - ( -0.8320)
0
= 3,98

Theoretically for normal distribution of values 65%
values should be covered at the deviation of an standard error i.e,
30980. From Fig, No, 7 1t can be seen that 74% cases are covered
at one standard error, and 100% cases will be covered at two
standard error. Thus we can be sure that in 959 cases the
actual values of g will not differ from the calculated value by
more than 7.96 degrees.

Correlation of @ with Ip

The plot between the angle of internal friction g at
0.li,C. and plasticlty lndex shows a tendency towards a straight
line as shown in Fig, lo. 9, Therefore trial is made to correlate
them bX‘a strai%ht line law <" .the type -

; g = a + b Ip

—

(I,) (ZL.1,) - (F) (Z1,)

Here a

T 2
(I,) (F1) - (212)
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zp1, - (%) (Z1,)

———

2
1,2 - (L) (31))

By substituting various values in the above equations

from Table Lo. 4, we get

and

Table No,

It can be

a = 35,5737
b = -0.7256
Therefore the equati-n of correlation is :-
]
p
For various observations @ 1is obtainod and is shown in

9.

J| = 35.5737 - 0.7256 1

The nomogram of correlation is given in Fig, No. 10.

directly used to calculate # from the plasticity index

of the soll.

by the equation

The product monent correlation coefficient is given

or

L 541, - BT

p
r = —
o . 7
( p ) o )
Substituting the values fron Table ..o, .y We get :-
r = =0,8166

which reveals that relation obtained is fairly good

negative correlation 1.e. plasticity index increases g

decreasas.,

S¢

The stand~rd arror of estimate is given by the relation:

q; J 1- r’

2
7.1773 f1 = ( =0,8166 )
4,1436

i




As shown in Fig. No., 9, in 96% cases the actual values
of # 1ie wlthin plus or minus 8,2872 degrees from the estimated
values given by the regression equation, Therefore we can~be
sure that in 95% cases the maximun variation will not exceed two
standard error, And almost for 100% case the variation in any
value will not exceed three standard error of estimate,

Corrélation of # with Vj and Wy

Figure% No., 7 and 9 indicate that there 1s a straight line
trond of # with ¥ and Ip separ=ztely, where as Ip 1s self the
difference between W, and W,. Therefore trial to correlate yii
with Wl and Wp is nade,

Assuming the following regression equation -
' houd —
(B-2)= c (W - ) +4d(vW-¥u,)

| The partial regression coefficients ¢ and 4 are
determined from the following two equations,
:EI W = ('ZIW 2 + 4 ( EJW Wy )
ﬁo'l = ¢ l ) vlo -ip
4 . { / 2
and X, W, = c (EML. U ) + 4 (Ewp”)

Substituting nﬁmerical values from Table Ho, 5, we get :-
C = «0g4365
-0,0543

i

and d

And therefore the partlal regrassion equation is

(B -f ) = -0.4365 (W -1 ) -0.0543 (W, - T, )
Substituting the numerican values of £ , Wl and W, from
Tah. e No.'4, we get the final partial resressio: equation -

B = 43.428 - 0,4365 W = 0.0547 Tp
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§
From the avlove equation # can be calculated from liquid

and plastic limit of the soil, For comparison the observed and
the calculated values of @ are shown in Table i». O.

The nomogram of correlation is given in Fig. No, 11,
which can be used to calculate 4 from the observed values of
liquid and plastic limits of the soil. The method of drawing
and using the nomogram is explained in Appendix Do,

lultiple cor—alatior coef?icient is given,by :-
LFg.p - (B)(FY

Jf{<%ff> (EE Y

Substituting the numerical values

R =

R = 0.0233

The standard erzor of estimate 1s given by
sg = 0g T .

7.1773 [T ( 6.833)

= 3,07

In 95% of the cases the actual value ol @ will 1lie within
plus or minus 2 x 3,97 = 7.940 from the estimated value given
by the regression equation,

Correlation of LogIg with VWp

The plot between the logarlithim to the base 10 of the
angle of internal friction # and the liguid limit Wy in ordinary
scale shous :a tendency towards a straight line as shown in Flg.
No. 12, Pherefore trial is made to correlate thom by a straight
_ line on semilog scale of the type -

Log ﬂ' = a+ by
In this case t -
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( ;:'1 ) {Z [( Lo%ﬂ ) (1 )]} - ( Lo%ﬂ?v (E'?)

a pd
() () - T
)3 {LOE gonf - (Tog #) (£v;)
and b = 0 -

T - (W) (Zuy)

By substituting the v:rious mumericahl values in the
above equations, we get :-
| a = 1,7554
and b = «0,00062

Therefo?e equatio. of correlation is

Logyo £+ = 1,7654 - 0,009G2 i)

For various observations @ is obtained and is shown in
Table o, 9.

The product moment correlation coefficiont is given by :-
L % Log.g. W ) - ( Togg ) (W )
( o~ ) (0]

log #
1Q

l}]

- 0,80C2

Which rev als that th. relation obtalnnd is fairly
good negative correlation i.r. an liquid 24n’% LreTaases Loz 2
decransas, 0

The standard arror of estimate is given by

2
310§0¢ o q°g10 2

2
= 041460 [1 - ( -0.80627)
=  0,08637
In 95% of the cases the difference in Log of F to

the base 10, will not be more than two standard error of log ﬂ i.e,

2 X 0,08637 = 0,1727 from the calculated value of 1o§ A from the
regression equation, 0
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Correlation of @ with V7 in parts.

From the plot between angle of internal friction £ and
liquid 1limit Wy as shown in Fig. No. 13, 1t is clear that 1t
will be more accurate to fit a straight line between llquid
1imit 155 to 307 and another straight 1line between liquid limit
307 to 62%., This is probably due to marked difference in clay
content of the soils below liquid limit of 30%,

Let the equation of the straight line below liquid 1imit
305 1s of the type

2 = a + bW,

Here only those soils be considered whose liquid limit
below 30%, but their liquid linit be represented by adding one
additional suffix 1 i.e, by Wy, and g by ﬂi.

Therefore

- - 2
(W ) (AN ) - () (2oWqq )

- 3
(¥3) (Zvpp) - 20y

T ANy - (F) (Svup)
and b

1]

Swm - (T3 (Tw)

By substituting the various numerical values from
Table No. 64 we have :-
a = 46,5830
b = -0.7109

Therefore the eouation, of correlation is
1

A

46,5830 - 0,7109 "y
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The product moment cor 'elation coefficient is given by the
relation :-
LIam - BT
T = A
By - 011
- 00595

it

Which reveals that there exists a straight line correla-
tion but not so good, due to smaller number of observations and
larger scattering. As the no. of observation in this region is
only 11, the equation cannot be relied for the estimati-n of @
evaen for this region. |

Standard error of estimate ls given by :-

e = TR ST 5
4,37115 [1 - (-0.598)
= 3,5134"

owever the standard error is smaller in comparison to
the previously derived single stralght line equation, therefore
for this region the values of £ caleculated from this equ-tion
are liable to be subjected to lesser amount of error,
Now let the equation of straight ling between liquid
1imit so;fé'to 62% 1s
£n = a+ bWy
Here only those soils will be considered whose liquid
limit is above 30%, let their liquid limit be represented by an
additional suffix h l.e. Wy by Win and @ by @,.

In this case 5
(Mp ) (e vy ) - (B ) (Suqn)

— 2
(T ) (T, ) = (Ewp)

and,
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Zgan - (B (Zwp)

b =
T - (Tap) (vgp)
Substituting the various numerical values from Table Ko. 6,
32 get :- |
a = 53,1922
and b = «0.6777

Therefore the equation of correlatlion is
!
n = 53,12 - 0,6777
The product moment correlation coefficlent is given by
%, PneTin - Pn . Tin

%n * 9Ih
= =0,3517

r -

Which reveals that relation obtained is fairly good,
negative correlation i1.e. as 1iquid 1imit increases value of
# docreases.

The standard error o. estimate is given by :-

Sgn = Ogn J1- (-0.85T7)°

= 2,89

The standard error of estimate in this case is less than
that from a singlé straight line equation derived earlier,
Therefore for calculating @ for soils having liquid limit
greater than 30% this formula will given more accurate results.

From both above equations the values of @ have been
calculated and for comparison with observed values have been
shown in Table No. 9, This can be scen that these calculated
values are mor; close to the observed values than that calculated
from single straight line equation to cover the vhole range

derived earlier,
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From Fig. Yo. 13 it can be seen that 100% points 1lie inside
the two standard errors of estimate for the respective region.,
Thus we can be-sure that for 95/ cases tha error will not

excead the two respective standard errors of estimate,

YA DISCUSSION 0: CORAELATIONS OBTAIIZD,
| The following are the equations of correlation obtained
for C :- 4
1, C! = 4,258 + 0,3113 Uy
2. é = D,7066 + 0,462 Ip
3. C‘ = 4,70 + 0,3270 '3 - 0,0430 Wp
and for § -
4, é = 44,1336 - 0,4884 Wy
5. ﬂ: = 35.5737 - 0,7256 I,
6. £ = 43,428 - 0,1365 Wy = 0.0543 W,
7. Log # = 1,7554 - 0.00962 W

10 1
and also for soils with
Wy = 15% to 304 |
8 ﬂ' = 46,5830 - 0,7109 Wy
and with Wy = 305 to 62

]
9. ﬂ = 5301922 - 006?7'7 Wl

The valuss of standard orrors and coofficients of

correlations for various equatiols are :-
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Bauation [l0. Standard krror Correl-tion Coaefflclent.

1 " ,303 pai. 0.8558
2 2,410 psi. C.8401
3 2.25¢ ysi. 0.8¢16
4 3,08° -0.832

5 4,1436° 0.8166
G 3:97f 0. 033
7 t Log / =U.U;687 ~0.806

£ 3.5134 0,595

o A -0.8517

v~ o -

- ——

llence in order of accu: ncy for cohesion equation - 3
is th~ best and then equation--1 and -2 follow, Table No, 8
gives the observed as well as calculated values of C from
different relations for all 50 soils. '

For g in order of accuracy equation - 6 1s the best and
then equations -4, -5 and -7 follow, However equations -8 and
-9 are mo.e accurate for their specified regions, but due to
smaller number of observations comparatively they cannot be
relied. Equation No., 9 can be used in 1ts spscified region.

If both the cases 1t has‘besn observed that equations -3
and -6 glve better results comparatively, probably because in
both these equations, both the 1iquid and plastic limits of
the soll have been considered. Both the observed amd calculated

values of C and @ from equations -3 and -6 respectively have
been plotted in Fig, Vo, 14 and 15,
The standard error of estimate in equation -3 is 2,258

psi. and so its double is 4,516 psi. and the mean wvalue of C is
16,502 psi.
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So present error is :i-
= 42516 = 07.4]
16,502

This error is plotted on either -ide of the 45°

1ine in Fif. 0. 14. Out of 50 points 49 1ie inside the limits
1.0, 935 of cases. Hence we can expect a maximum of 27.4%
error in 955 casas,

Similarly standard error of estimate in equation -6
is 3,97 and so 1ts double is 7.94 degreds, and the msan value

of § is 24,92 degrees. So present error is

= __z_g___%___,_ = 51 . 853
24,02

This error is plotted on either side of the 450
1ine in Fis, 7o, 15, Out ol 50 points 48 1lie inslide these
1imits. ilence we can expect a maximua of 31.87% error in
057 cases,

The best equation for calculoting cohecsion is :-

1

C = 4,70 + 0,3270 Wy = 0.0430 ¥,

In the above equation giving different numerical values
to one varlable, the relation between the other two varliables
have been plotted.

Fig. llo, 16 shows lines of constant C on the Vi - W,
chart., |

Fig. No, 17 shows change of C with 1iquid limit for
constant values of plastic limit.

Fige. 10, 18 shows change of C with plastic linit fom
constant values of liquid limit. Thls indlcates that rate
of change of C 1s more with change of liquld limit than the

corresponding change in pl stic limit,
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Similarly bes: equation for g is
ﬂ' = 43,428 « 0,43€5 V7 - 0,0543 Wp
Giving different nmumerical values to one variable in the
above equation the relation between the other two have been plotted.
Fig. Ho. 19 shows change of @ wuith plastic limit for
constant values of liquid limit, This indicates that g decreases
with the increase in liquld and plastic liMits.
Fig. No, 20 shows lines of consﬁant 2 on Wy - Wp chart,
Fig, No, 21 shows change of @ with liquid limit for
constant wvalues of plastic limit.
DISCUSSION OF ARESULTS.,

. The standard error of estimate 1In various equations 1is for
observed values by one operator and we have assumed no standard
deviation in observation due to operational techniques., Mr,
Agarwal (29) has pointed out that standard deviation for plastic
limit walues of soils by ten operators is 1.32% moisture contant,
But no such experiments seem to have been done for liquid limit,
C and @, in view of the above factors the correlations developed

are expected to give reliable values of C and Z,
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T ABLK 0,8

Comparison of obgsrved valuss of apparent. cohesion and its

calculated value from the various developed relations,

10bsorved' Calculated values of C in psi. from its relation with

'valug of!' o« - v e w e o 0 e e e o e e ke .- - e .-
Soil'C in psi. iquid limit ' Liquid limit ' tlastieity Index.
o,! and plastic ' '
R
2 3 4 5
1 24,0 22,69 22,7 26,05
2 1640 19,82 19.9 . 20.65
3 28.0 23,71 23,6 24, 8
4 200 17,18 17,2 17, 2
5 1540 17 .64 .7 17,65
6 210 23,2 23,3 22, 5
7 24,0 20,45 20,6 19.65
8  27.0 22,98 23,1 22,15
9 17.0  15.71 | 15,7 16,08
10 8.0 9,53 9.5 | 10.34
11 16,0 18,11 18,1 18,07
12 22,0 22,31 22,3 | 22, 6
13 12,0 1046 10,5 10,53
14 18.0 18,69 18.6 12,33
15  17.5 14,77 14.9 13.86
16 8,0 10,18 10.1 11.17
17 13.0 14,42 14.5 14,05
18 12,5 11,00 11.0 11,74
19 17,0 18,08 18,1 18,26
20 22,0 19,33 19,3 | 19,76
21 14,0 16,73 17.0 15.54
22 7.0 10.07 10.0 10.99

Contd,



Table ilo, 8 (Contd.)

(71)

1 2 3 5
23 17.5 19,40 20,5 19,78
24  18.5 18,18 18,3 17.25
25 21,0 19.54 19,5 10,92
26 15.0 17.25 17.3 17,05
27 20,5 20,36 20,1 21.53
28 16.5 18,15 18.2 17,8
20 14,0  15.89 16,0 14,55
30 16,0 13.83 13,8 14,42
31 21,0 20.77 21,7 22,25
32 14,0 17.01 17,0 16,83
33 17.0 17,10 17.1 16.87
3¢ 19.0 20,15 20,2 19,75
35 7.0 9,18 9.1 10.85
36 13.0 16,38 1645 1604
37  16.0 15,49 15,8 12,43
38 13,0 14,40 13,5 12,80
39 12.0 13,07 13,0 13.86
40 13,5 10,39 10,3 11,69
41  18.0 14,78 14,9 13,95
42 17.0 14,73 14,7 14,94
43 17.0 15.62 15,9 13,35
44 16,0 11.84 13.8 12.34
45 13,6 14,26 14,3 14,33
46 15,0 17,67 18,7 . 16,6
47 14,5 14,53 16,5 17,1
48 16.5 16,38 16,8 14,42
40 17.5 16.29 16,2 17.35
0 iels 12.42 2.4 13,58




Comparison of observed values of apparent angle of internal

TABLEK

NoO,9

(72)

friction g and its calculated value from the various developed

relations,
T0bserved va-'Clhlculated values nf  in degrees from its relation
Sotl*'lues of F o o v e e e e e s -uWlth L L L L e e e e e e e e a
:in degrees. :Liquid-'Liquid-'Liquid-'Liquid- 'Plastieity-
NO-' JLimit &'limit, 'limit  'limit( ' Index
\ Plastic- '(Log re-in parts) !
e g - limit.,_ '_ _ _ ,:;ation); - - - ~: _______ .
g 2 ; 3 ¢ 4 ¢ 9 + [ B i
1l 14,5 16.15 15.33 15.0 13,19 13,07
2 21,5 20,17 20.73 18,8 19,29 18,37
3 8,40 14,77  13.88 14,5 11,19 11.81
4 24,0 23,94 23.88 22 .3 25,07 23,30
5 25,0 23,16 23,13 21.5 24,04 23,07
6 18.0 15.00 14.38 14 .8 11.89 15.47
7 14,0 18.98 18,68 17.9 17.79 19,97
8 14,0 15,30 14,73 15,0 12,39 16,07
9 27,0 26,19 26,23 25,0 28,35 25,56
10 37 .0 35.26 35,93 39,0 34,60 34 .55
11 31,0 22,57 22,38 21,0 23,04 22 .42
12 15,0 16.57 15.88 16,0 13,99 15,37
13 28,0 35,71 34,37 38,8 32,40 4,54
14 21,5 22,95 21,73 20,0 22,04 20 .47
15 30,0 27 .21 27 .48 26,5 29,69 29,03
16 35.0 34,37 34,96 37.7 33,00 33.25
17 33.0 27.84 28,13 27 .2 30,99 28,74
18 30,0 33,11 33,63 35.5 31,30 32,37
19 16.0 22,69 22053 21,0 23,19 22,15
20 20,0 20,96 20,58 19,0 20,56 192,73
21 28,0 24,08 24,23 22,6 25,54 26,42
22 33.0 34,50 35,10 38.0 . 33,40 33.53
23 16,0 19,09 18,73 17.8 17,97 12,72
|24 15,0 22,23 20,4 22,69 23,72

Contd;



Table No, 9 (Contd,)

(73)

2 3 4 5 6 7
25 20,0 20,63 20.20 19.0  19.39 19.52
26  25.0 23,78 23,71 22,0 24,84 24,02
27  13.0 18,76 18.23 17.5  17.14 16,97
28 14.0 22,49 22,35 21.0 22,89 22,70
29 28,0 25,52 25,73 24,2 27,64 27,93
30 32,0 28.99 20,00 29,0 32,45 28,16
31 15.0 17,41 16.83 16,3 15,19 15.87
32 32,0 24,14 24,13 22,6 25,39 24,37
33 27,0 24,00 23,98 22,2 25,21 24,32
84 24,0 19,53 19,15 18.0 18,56 19.87
35  35.5 36,01 36.63 40.5 35,60 33.75
36 30,0 24,76 24,93 23.2  26.54 26,64
37 25.0 25,54 26,03 24,8 28,04 31.29
38 20.0 29.27 20.68 29.6 25,60 30.56
39 30,0 30,13  30.41 . 30.5 26,70 29,03
40  30.5 34,14 38,01 37.0 32,80 32,45
41 31.0 27,19 27,61 26,5 30,00 28.89
42 34,0 © 27,56 20,73 26.9  30.39 27 .27
43 28.5 28,55 25,88 24,5 27,91 29,83
44 32,0 3197 32,36 33,5 20,50 30.63

45 20.5 28,17 /2841 27.9  31.34 28,31
46 26,0 24,65 24,54 23,0 26,19 24,73
47 2645 25,06 24,98 = 23,5 26,60 23,87
48 22,0 25,25 24,48 23,0 25,94 28,16
49 29,0 25,54 25,43 24,0  27.24 23,57
50 32,0 31,07 381.38 32,0 28,10 20,47
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VI. CONCLUSIONS
Out of nine correlations developed, following are
recomnended for use in order of preference:-
For apparent Cohesion C -
{

1. C = 407O+003270 ‘Tl“OQMSOWp oooooo'ooooooooo(a)

!
2. C 4.258"'003113cho'loovloooouooouooo.'oooo00(1)

For apparent angle of internal friction f:-
| 43,428 - 0,4365 W = 0,0543 Wieuueeransaresss(6)
44,1336 = 0,4884 W oeveeressossssscsesvonesee(d)
For the soils having liquid limit between 30% to 62%,

SR
‘&\ =
1] H

better results can be obtainad from the following squatlon
ﬂ' = 53:1922 = 06777 Wieoseseessossevesrsssessess(9)
Since the study was limited to only fifty solls, a wide
range of soils could not be covered. The equations are effective
for the soils having liquid limit from 15.4% to 62% and the
plastic limit from 12.9% %o 33,3%. The applicability of the
equations may not hold out side these ranges,

As the pore pressure measurements were limited to only
five soils, no comment can be made with certainity for the true
values of C and #. However on the basis of five soils tested,
1t 1s observed that there 1s increase in true cohesion of the
gsoil from apparent cohesion, due to shifting of Mohr's circles
towards the origing and there 1s decrense in the true angle of
internal friction from apparent 4, though comparatively of small
magnitude,

These correlations were obtained from the soils of Indo-
Gangetlc Plain (U.P.). The correlations can therefore be applied
to the soils of this geologlcal region,
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The author is of the opinion that, if such equations
are developed for solls of each geologlical region, satisfactory

results may be obtained,




Vii.
(1)

(2)

$3)

(4)

(5)

(6)

\Niwys

SCOPE FOR FURTHER STUDY

The triaxial tects can be verformed on compacted soils with
pore water and pore air pressure measurements,; and true
cohesion and angle of internal friction can be obtained
which can be correlated with plasticity characteristics of
the soils.

Tests can be made on the solls for modified Proctor's
compaction, So correlation can\be developed for finding C
and # in that case, from plasticity characteristies of the
soils.

The maximum dry density could also be correlated with C and
g for particular conditions.

The cohesion can be obtained for completely saturated case
of compacted ¢lays which can be corrglated with plasticlty
characteristies. Quick saturation can be obtained by means
of recently developad back pressure technlque.

The standard deviations for various plasticity characteris;
tics tests can he obtained, by collecting the test results
for the same soil by different Opefators. This will help

in testing the effectiveness of correlations.

Correlations of plasticlty characteristics may be found
with important fundamental property such as permeability,
and also with emperical soil properties as C.B,R., bearing
capacity, modulus of subgrade reacti~-n etec, Such correla-
tions will help in understanding the soil behaviour and will
give different soill properties by one or two simple tests.
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APPENDIX A

TABLE NO,10 (80)
Sumsof ¥y and ‘.‘!12
S011 ! W : w2 osemytcow Wy

¥o. ! ' . v, t b
1 59,0 3481,00 26 41.8 1747 .24
2 50.0 2500 ,00 27 53,1 2819.61
3 62,0 3844 ,00 28 44,6 . 1989.16
4 41,5 172225 29 37.7 1421.29
5 43,0 1849,00 30 30.6 936,36
6 61,0 3721,00 31 56,0 13136,00
7 52,2 2724.,84 32 41.0 1681.00
8  60.3 363609 33 41.3 170569
9 36,7 1346,89 34 5l.l 2611.21
10 16.8 282.24 35 15.4 237,16
11 24.5 1980.25 36 30.4 1552 .36
12 57.8 3340,84 37 37.1 176,41
13 20,0 400,00 38 . 29,6 876,16
14 45.8 2097,64 30 28.1 789,61
15 3.1 1162,81 0  19.4 376,36
16 18,8 353,44 a1 34,1 1162,81
17 32.8 1075 .84 42. 33,6 1128,96
18 21,5 462,25 a3 37,3 1391.29
19 44,3 1962 ,49 a4 24,1 580,81
20 48,2 .  2323,24 a5 32,2 1036.84
21  40.8 1664 .64 46 39.9 1592,01
22 18,5 342,25 47 39.2 1536.64
23 52.0 2704.,00 48 40.2 1616.04
24 45,0 2025,00 49 38,3 1466,89
25 48,9 2391.21 50 __ 26,1 681,21
166,70 8484233
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TABLE 50,11

2
« i A
Suns of “'p and Yp

1 ! ]

sofl Wo. ! Ty E ) iSotl o, ! W, 1 WP
1 28,0 784,00 26 25,9  670.81
2 26,3 691,69 27 27.5  756.25
3 29.4 864,36 28 27.1 734,41
4 25,3 640,09 29 27,2 739.84
5 25,8 665 .64 30 20.4 416,16
6 33.3 1108.89 31 28,9 835,21
7 30.7 942 ,49 32 25.6 655,36
8 33,4 1115.56 33 25,8 665 ,64
9 22,9 524,41 34 29,4 864,36
10 15,4 237,16 35 12,9 166.41
11 26,4 696,96 36 27.1 734,41
12 30,0 900,00 37 31.2 073 44
13 18.2 331.24 38 22,7 515,29
14 25,0 625,00 39 19,1 364.81
15 25,1 630,01 40 15,1 228,01
16 15.6 243,36 41 24,9 620,01
17 23,4 547,56 42 22,2 492,84
18 17.1 202,41 43 20,4 864,36
19 25,8 665,64 44 17.3 299,29
20 26.4 696.96 a5 22,2  4%,.84
21 28,2 798,24 46 25,0  625.00
22 15,7 246,49 47 23,1 533,61
23 30,2 012,04 48 30,0 900,00
24 28,7 823,69 49 21.8  475.24
25 26.8 718,24 50 17,7 313,29

155260 51636.00




TABLE

N 0, 13

Suns of Ip and 1

(83)

1

soil fo.! T I tsofl o, I 1.7
1 31.0 2G1.,00 26 15,9 252 .81
2 23,7 561.69 o7 25.6 655.36
3 32.6 106,76 o0 17.5 306.25
2 16.2 60 44 20 1C.5 110.25
5 17.2 205,84 30 10.2 104,04
6 27 .7 767.29 31 27.1 734,41
7 21,5 462,25 32 15,4 237,16
8 26,9 723,61 33 15.5 240,25
o 13.8 190.44 34 21,7 470,39

10 1.4 1.96° 35 2.5 6.25
11 18.1 327.61 - 36 12.3 151.29
12 27.3 772 .34 37 5.9 34.81
13 1.8 3.24 . 28 6.9 47,61
14 20.3 432 .64 39 2.0 81,00
15 9.0 21.00 40 4,3 12.49
16 3.2 10,24 41 9.2 84,64
17 9.4 £3.36 42 11.4 129,96
18 4.4 19,36 43 7.9 62 .41
19 18.5 342,25 44 6.8 46,24
20 21.8 475,24 45 10.0 100,00
21 12.6 158,76 46 14.9 222,01
22 2.8 7.84 a7 16.1 259,21
23 21.8 475,24 48 10.2 104,04
24 16.3 265,69 . 49 16.5 272,25
25 22,1 483,41 50 8.4 70,56

: 734,10  14040.19




TABLE

¥ 0, 14

Sums of C and C?

(84)

1

2

Soil Yo.! C C ' Soil Yo, C c
1 24,0 576400 26 15,0 225,00
2 16.0 256,00 27 20,5 420,25
3 28,0 784,00 28 16,5 272 .25
4 20,0 400,00 29 14.0 196.00
5 15.0 225,00 30 16.0 256,00
6 21.0 441,00 31 21.0 441 .00
7 24,0 576,00 32 14,0 196,00
8 27,0 729,00 33 17,0 289,00
9 17.0 289,00 34 19.0 361.00

10 8.0 64,70 35 7.0 49,00
11 16,0 256,00 6 13,0 169,00
12 22,0 454,00 37 16.0 256.00
13 12.0 144,00 38 13,0 169.00
14 18.0 324,00 39 12.0 144,00
15 17.5 306.25 40 13,5 182,25
16 8,0 64,00 a1 12.0 324,0C
17 13,0 169.00 42 17.0 289.00
13 12,5 156.25 43 17.0 . 280,00
19 17.0 289,00 44 16.0 256,00
20 22,0 484 .00 45 13.6 184,06
21 14,0 196,00 46 5.0 225,00
22 7.0 49,00 A7 14,5 210 .25
23 17.5 306.25 43 16,5 272 .25
24 18.5 342 .25 49 17.5 306.25
25 21,0 441,00 50 16.5_ 272,25
825,10 14605 .71




I ABLE o Q

R3]

Sunisof @ and ﬂ2

(85)

Soil “o.!  f & ' Soid o' A ﬂz

1 14.5 210,05 g 25,0 625,00
2 21.5 462,25 27 13,0 169,00
3 8.0 64,00 20 14,0 196,00
4 24,0 576,00 0 28,0 794,00
5 25.0 .00 30 32,0 1024.00
6 15.0 324,00 31 15,0 225,00
7 14.0 196,00 32 32.0 1024.,00
8 14,0 19C,00 33 27,0 729,00
9 27,0 720,00 34 24,0 576.00
10 37.0 1360.,00 35 35,5 1260425
11 31.0 061,00 36 3C.0 900,00
12 15.0 25,00 7 25,0 625,00
13 20,0 84,00 30 20.0 400,00
11 21.5 467,25 30 30.0 900 .00
15 30.0 90C .00 40 30.5 930.25
16 35.0 1225,00 - 41 31.0 961 .00
17 33.0 102700 42 34.0 1156,00
18 30,0 900,00 43 98,5 812,25
19 16,0 256,00 44 32.0 1024,00
20 20,0 400,00 45 29,5 870.25
21 28.0 784,00 46 26.0 676,00
29 33,0 1082,00 a7 26.5 702,25
23 16,0 250,00 48 27,0 484,00
04 15.0 225,00 49 20,0 841,00
o5 20,0 400,00 50 32,0 1024,00
T54c.0 33626,00




TABLE

i 0,16

Sun of C x wl

(86)

1

Soilt' C : Bl
,r 1

U
C X \il

i 1

"Soil!

C

W 1

CxWV

"0 . ! ' ot ! 1
1 24,0 59,0 1416,00 26  15.0 41.8 627,00
2 16,0 50.0 800,00 27 20,5 53.1 108855
3 28,0 62.0 1736,00 28  16.5 44,6 735,90
4 20,0 41,5 830,00 29 14,0 37.7 527,80
5  15.0 43.0 645,00 30 18,0 30.6 489,60
6 21,0 61,0 1281,00 31 21,0 5640 1176,00
7 24,0 52,2  1252,80 32 14,0 41,0 574,00
8  27.0 60,3 1628,10 33  17.0 41.8 702,10
9  17.0 36.7 623,90 3¢ 19,0 5L.1 970,20
10 8.0 16.8 134,40 35 7.0 15.4 107,80
11 16.0 44,5 712,00 36 13,0 39.4 512,20
12 22,0 57,8 127,60 87 16,0 97,1 593,60
13 12,0 20,0 240,00 33 13,0 29,6 384,80
14 10,0 45,8 924,40 39 12,0 28,1 337,20
16 17.5 34,1 59G.75 40  13.5 10.4 261,90
16 8,0 18,8 150,40 41 18,0 34,1 613.80
17 13,0 32.3 426,40 42 17.0 33.6 571,20
18 12,5 21,5 268,75 43  17.0 37.3 634,10
19 17.0 44,3 753,10 44  16.0 24,1 385,60
20 22,0 48.2  1060,40 45 13,6 32,2 437,92
21 14,0 40.8 571,20 46  15.0 39.9 | 598,50
22 7.0 18,5  120.50 47 14,5 30,2 568,40
23 17.5 52.0 010,00 48  16.5 40,2 663.30
24 12,5 45,0 832,00 40  17.5 33.3 670,25
25 21,0 48.0  1026,90 50  16.5 26.1 430.65

34784 ,17




IABLE

Sum of C x Ip

(€7)

Soil! 'Soll’

I»Io.: c Ip C x Ip : 1‘100: C Ip Cx1I
1 24,0 31.0 744,00 26 15,0 15.9 238,80
2 16.0 23,7 379.20 27 20,5 25,6 524,80
3 28,0 32,6 912,80 28 16,5 17.5 288,75
4 20,0 16,2 324,00 290 14,0 10,5  147.00
5 15,0 17 .2 258,00 30 16,0  10.2 163,20
6 21,0 27.7 561,70 31 21,0 27,1 569,10
7 24,0 2105 516,00 32 14,0 15.4 215,60
8 27,0 26,9 726,30 33 17.0 15.5 263,50
9 17,0 13.8 234,60 34 19,0 21.7 412,30

10 2.0 1.4 11.20 35 7.0 2.5 17,50

11 16.0 18.1 289,60 36 13.0 12.3 159,90

12 22,0 27.8 611,60 37 16.0 5.9 91,40

13 12,0 1.8 21,60 38 13,0 6.9 89,70

14 18,0 20.8 374,40 39 12.0 9.0 108,00

15 17.5 9.0 157 .50 40  13.5 4,3 58.05

16 8.0 342 25,60 41  18.0 9,2 165,60

17 13.0 0.4 122,20 42 17,0  1l.4 193,80

18 12,5 4.4 55,00 43 17,0 7.8 134,30

19  17.0 18.5 314,50 44 16,0 6.8 108,80

20 . 22,0 21,8 479.60 45 13.6  10.0 136,00

21 14,0 12,6 176440 46 15,0 14,9 223,50

22 7.0 2.8 19,60 47 14,5 16,1 233,45

23 17.5  21.8 381,50 48 16,5 10,2  168.30

24 18,5 16.3 301,55 .48 17.5  16.5  288.75

25 21,0 22,1 464,10 50  16.5 8.4 _ 138,60

13623,95




(88)
TABLE X 0,18

Sum of g x ™y

1 1 Bl [ 1 t 1
sggﬂ 2 : Wy : g x :S%:& : J) : Y : g x
1 14,5 59,0 855 450 26 25,0 41,8 1045,00
2 21.5 50.0 1075,00 27  13.0 53,1 690,30
3 8,0 62,0 496,00 28 14,0 44.6 624,40
4 24,0 41,5 996,00 29  28.0  37.7° 1055.60
5 25,0 43,0 1075.00 30 32,0 30,6 @ 979.20
6 18.0 61.0 1098,00 31  15.0 56,0 840,00
7 14,0 52 ,2 730,80 32 32,0 41,0 1312,00
8 14,0 60.3 844,20 - 33 27,0 41,3 1115,10
9 27,0 36.7 990,90 3¢ 24,0 51,1 1226,40
10 37.0 16.8 621.60 35 35,5 15.4 546,70
11 31.0 44,5 1379.50 36  30.0 39.4 1182,00
12 15.0 57.8 867 .00 37 25,00 37,1 @ 927.50
13 28,0 20.0 560 .00 38 20,0 22,6 592,00
14 21.5 45,8 984,70 39 30,0 28,1 843,00
15 30,0 34,1 1023,00 40  30.5 1%4 591,70
16 35,0 18,8 658,00 41  31.0 34,1 1057.10
17 33,0 32,8 1082 ,40 42 34,0 33,6 1142,40
18 30,0 21,5 645,00 43 28,5 37,3 1063,05
19 16,0 44,3 708,80 44 32,0 24,1 771,20
20 2040 48,2 964,00 45 29,5 32,2 949,90
21 28,0 40.8  1142.40 46 26,0  39.9 1037.40
22 33,0 18,5 610,50 47 26,5 39,2 1038,80
23 16,0 52,0 832,00 48 22,0 40,2 884,40
24 15,0 45,0 675,00 49 29,0 38,3 1110.,70
25 20,0 48,9 978,00 50 32,0 26,1 _ 835,20

45354 ,35

— >




T AB3L U

0,19

Sum of @ x Iy

(89)

T 1 [ f ]

s;?g:i' Ji] Ip : gz Iy :SQ.:L);: | : I g x I
1 14.5 31,0 440,50 2¢ 25,0 15.° 307,50
2 215 23,7 500,458 27 13. 27,7 332,8C
3 8.0 82,6 260,80 28 14,0 17.5 245,00
4 24,0 16.2 307 .20 20 20.0 10,5 204,00
5 25,0 17.2 430,00 30 32,0 10.7 326,40
G 15,0  27.7 408 50 3L 16.0 27.1 40€.,50
7 14,0 21.9 301,00 32 R0 15.4 402 ,8C
g  14.0 26.9 376,60 33 27.0 15.5 418,50
9 27,0 13,8 372,460, 34 24,0 21,7 520,80

10 37.0 1.4 51430 35 85,17 2.5 80,75

11 31,0 12,1 561,19 3¢ 30,0 12,2 367,00

12 15.0 27.8 417,00 37 25.0 5.0 147.50

13 20.0 1.0 5t .40 3% 20,0, G.O 13£.,00

14 2LJ5 20.0 247 20 30 20,0 9.0 270,00

15 2.0 0.0 270,00 40 30,5 4.3 131,15

16 35,0 3.2 :112.00 41 31,0 9.2 285,20

17 33,0 9.4 /310,20 /2 34,0 114 307 .60
o 30,0 4.4 132,00 A3 23,0 s 228,18

18 10.0 18.5 206.00 44 3.0 6.2 217.60

20  20.C 21.2  436.00 45 20.5 10.0  295.00

21 20,0 12.3 952,50 4G 26,0 14,0 387,40

22 33.0 2.8 R 40 47 26,5 16,1 42¢,65

23 10.00 21,0 348 ,0 43 22,0 10.2 224,40

24 15,0 16.3 244,50 49 20,0 16,5 472,50

2% 20,0 22,1 472,00 70 52,0 €4 __268.00

S aIaRS
J_e‘n‘:\.J‘DC




(20)

TABLE 0,20

1 ]2
Sums of C and C

. V i ¥ T

c ¢'?  vgosat ¢ c'?
t 't 0.t '

22,69 514.8361 26  17.25 297.5625
2 10,82 32,8324 27 20,08 428 ,0744
3 23,71 562.1641 28  18.15 329,4225
4 17.18 205,1524 290 15,80 252,4921
5 17 .64 311.1696 30  13.83 101.2620
¢ 3,21 530.,7041 31 0.7 431,3929
7 20 445 41€.2025 32 17.01 . 280,3401
a 02,08 52£.0804 33 17,10 202 ,4100
15.71 246,8041 34 20,15 406,0225
0.53 90.3209 35 0,18 84,2774
.11 327.0721 36 16.38 26T 3044
2,01 AC77061 37 15.49 239.9401
10,46 109.4116 38 14,40 207 43600
18,60 345,9600 39 13,07 170.0249
10,77 217.1520 40  10.39 107.,9521
10.15 103.6324 41 14.78 218,4484
14,42 207.0364 42 14,73 216.9729
11,00 121.0000 43  15.G2 243,0844
.00 326.0864 44 11.54 140,1856
10,33 373.6489 45  14.26 203,3476
16,73 279.8020. 46  17.67 312,2280
1C.07 101.4049 47  14.53. 211.1209
17,40 37C.3600 48 . 16.39 26( ,3044
10,18 ' 330.514 4 ;3 16,20 265,3641
10,564 301.8116 50 " 1542564

22,86 TA530 . 5054

i



TABLE

N 0,21

1 10
Suns of # and g

(o1)

i : 5 T : 5
Soil' # 2 Soil' g P
Hoat Ho,!
1 16,15  260.8225 26 23,78 565,4884
2 20,17  406.8289 27 18,76 351,9576
3 14,77 217.04290 28 22,49 505,8001
4 93,04  573,5236 20 25,5 651,2704
5 23,16  536.,3856 30 28,99 840,4201
6 15,00  225,0000 31 17.41 303,1081
? 18.98  360.2404 32 24,14 582 ,7396
8 15,30  234,0900 33 24,00 576.,0000
9 26,19  685,9161 34 19,53 381.4200
10 35.26 1743.2676 35 36,01 1206.,7201
1 92,57 - 509,4040 36 24,76 613.0576
12 16.57  274,5649 37 25,54 652,2016
13 33,71  1136,3641 38 29,27 856.,5329
14 22,95 526,7025 30 30,13 907.8169
15 27.21°  740,3841 40 34,14 1165.5396
16 34,37  1181.2969 41 27,19 739.,2961
17 27.84  775,0656 42 27.56 750 ,5536
13 33,11  1096,2721 43 | 25,55 652,0025
19 22,69 514,8361 44 f_ 31.97 1022 ,0809
20 20.9 439,216 45  * 28.17 74,5489
21 24,08 579.8464 46/ ”\zé;§5 607.6225
P2 34,50  1190.2500 47 25,06 628,0036
23 19,09 364,4281 43 25.25 637 .5625
24 22,23  404,1729 49 25,54 652 ,2916
25 20,63 425 ,5960 50 __31.07 65,3449
547,91 32700, 0067




ITABLE

N Q.22

1
Sumof C x C

Soil! C C Cx¢C Toll! C c ' ¢x¢C
Ho,! ' ot
1 24,0 22,69 544,560 26 15,0 17,25 208,750
2 16.0 19.82 317.120 27 20,5 20.88 498,040
3 28.0  23.71  663.880 28  16.5 18.15 209,475
4 20,0  17.18 343,600 29 14,0 15.89 222,460
5 15,0  17.64 264,600 30 16,0 13.83 221,280
6 21.0 23.21 437,410 31 21.0 20,77 4360170
7 24,0 20,45 490,300 32 14,0 17,01 238,140
8 27,0 22,98 620,460 33 17.0 17.10 290,700
9 17.0  15.71  267.070 34 19.0 20,15 382.850
10 8.0 9.53 76,240 35 7.0 0,18 64,260
11 16,0 18,11 289,76 36 13.0 16.38 212,30
12 22,0 22,31 480,820 37  16.0 15,49 248,340
13 12.0  10.46 125,520 38 13.0 14,40 187,200
14 18.0 18,60 334,300 39 12,0 13.07 156.840
15 17,5 1477 258,475 40 18,5 10,39 140.265
16 8,0 10,18 81,440 41 18,0 14.78 266,040
17 13.0 14,42 187,460 £ 17.0 14.73 250.410
18 12.5 11,00 137,500 43 17.0 15,62 265,540
19 17.0 © 18,08 307,360 44 16,0 11.84 189,440
20 22,0 10,33 425,260 45 13,6 14,26 193,036
21 14,0 16,73 234,220 46 15,0 17.67 265,050
22 7.0 10.07 70,490 47 14,5 14,53 210,685
23 17.5 19,40 339,500 48  16.5 16,38 270,270
24 18.5 18,18 336,330 49 17,5 16.29 285,075
25 21,0 19,54  410.340 50 16,5 12,42_ 204,930




(93)
TABLE ¥0,2

e

t
Swaof g x /¥

{ ! [] 1

gt gxp sl gt gt pxp

! lo,!

W 0 N o ;W

A \° S A% S o B AV el el =~ L I~
O NS T S S - RS T N SR N B B B

T3

16,15 234,175 26  25.0 23,78 594,500
20,17 433,655 27 13,0 18.76 243,880
14,77 118,160 28 14.0 22,49 014,860
93,04 574,760 20 28,0 25,52 714,560
23,16 579.000 30  32.0 28,99 927.680
15,00 270,000 31 15,0 17.41 261,150
18,92 265,720 32 32.0 24,14 772,480
15,30 214,200 33 27,0 24,00 648,000
26,19 707,130 34 24,0 19.53 570,720

35,26 1304,620 35 36.5 36,01 1278,355

22,57 699,670 36 30,0 24,76 742,800
16,57 248,550 37 25,0 25,54 638,500
33,71 943,880 38 20,0 20,27 585,400
22,95 493,425 30 30,0 30,13 903,000
27,21 16,300 40 30,5 34,14 1041.270
34,37  1202.950 41 31,0 27,19 842,890
27.84 918,720 42 34,0 27,56 937,040
32,11 993,300 43 28,5 25,55 728,175
22,60 363,040 44 32,0 81.07 1023,040
20.96 419,200 45 29,5 28,17 831,015
24,08 674.240 46  26.0 24,65 640,900

34,50 1138,500 47 26,5 25,06 664,090

19.09 305,440 48 22,0 25,25 555,500
22,23 333,450 49 20,0 25,54 740,660
20,063 412,600 50 2.0 31,07 994,240

32765,230




I ABLE

G, 24

(04)

2

Suns of Loglo # and ( Loglo Z)

—

1 1 1} i 1 1

Sgi:;: J) ! Log, ./ ! (Logloj!!)ﬁ ! ng‘;{: J ! LO%O}Z; (Logmﬁ)2
1 14,5 1.161 1.347021 26  25.0 1.397 1.951609
2 21,5 1.332 1.774224 27  13.0 1,113 1,238760
3 8.0 0,903 0.815409 28 14,0 1,146 1.313316
4 24,0 1,380 1,904400 29 28,0 1,447 2.093809
5 25,0 1.397 1.051609 30 32,0 1,505 2,265025
6 18.0 1.255 1.575025 31 15,0 1.176 1.382976
7 14.0 1.46 1.313316 32 37,0 1,505 2.265025
8 14.0 1.146 1.313316 33 27.0 1.431 2.047761
9 27.0 1.431 2.047761 34 24,0 1,380 1.904400
10 37.0 1.563 2,458624 35 85,5 1.550 2.402500
11 31.0 1.491 2.223081 36 30.0 1.477 2.191529
12 15.0 1.176 1.302076 37 25, 1,307 1.951609
18 28,0 1.447 2,003800 32 20,0 1.301 1.672601
14 21.5 1,332 1.774224 39 30,0 1,477 2,1°1529
15 30.0 1,477 2,181520 40 30,5 1.484 2,202256
16 35,0 1.544 ?.303036 41 31,0 1.491 2.223081
17 23,0 1,518 2,304324 42 34,0 1,531 2,343961
18 30.0 1,477 2,181529° 43 20,5 1,454 2,114116
19 16.0 1.204 1.440616 . 44 32,0 1.505 2,265025
20 20.0 1.301  1.692601 45 20,6 1,470 2,160900
21 20,0 1.447  2,093809 ' 46 26,0 1,415 2,002225
22 33.0 1.518 2.304324 | 47 26,5 1,423 2,024929
93 16.0 1.204 1.449616 & '48 22,0 1,342 1,800964
24 15.0 1,176 1.382076 1 40 20,0 1,462 2,137444
25 2040 1,301 1,602601 50 32,0 __1.505 _2.265025

G716 ©F ,504940




TABLE ¥ 0,25

Sum of Logypf x W1

t t 1 L 1

1 1
] t wr | i i . LR A | w
Soil Logloﬁ ] : Logloﬂ x W ‘'Soil Logloﬂ ! Vil'Logloﬂ x Wy

e PR ' No,!

1,161 59,0 68,499 26 1,397 41,& 358.3946

1
2 1,332 50,0 66 4600 27  1.113 53,1 59,1003
3 0.003  62.0 55,006 28  1.146 44.6 51,0236
4 1,380  41.5 57.270 . 20 1.447 87.7 54,5519
5 1.397 43,0 60,071 30 1.505 30.6 46.0530
6  1.255  GL.0 76,555 31 1,176 56.0 65,8560
7 1,46  52.2 50,8212 32 1.505 41.0 61.7050
8 1,46  60.3 69,1038 33 1.431 41.3 59,1003
9 1,431  36.7 52,5177 34 1.380 51.1 70.5184
10 1.568  16.8 26,3424 35  1.550 15.4 23,8700
11 1.401 44,5 66,3405 36 1.477 30.4 58,1038
12 1,176 57.53 67,9725 37 307 37.1 5L.0267
13 1.47 20,0 20,040 38 1.301 29.6 3¢ ,5096
14 1,33 45.0 61,0056 30 1.477 20,1 41,5037
15 .77 34,1 50,3657 ‘0 14404 10,4 20,700C
16 1.54¢  18.8 20,0272 41  1.491 34,1 50,8431
17 1.518  32.8 49,7904 42 1,531 33,6 51,4416
18 1.477  21.5 31,7555 43 1,454 37,3 54,2342
19 1,204 44,3 53,3372 44 1,505 24,1 36,2705
20 1,301 48,2 62,7082 45  1.470 32,2 47.3340
21 147  40.3 50,0376 46 1.415 39,9 56,4585
22 1.518  18.5 28,0830 47 1,423 39.2 55,7816
23 1,204 52,0 62,6080 48 1,342 40.2 53,0484
24 1,176 54,0 52,920 49 1,462 38,3 55,0046
25 1,301 48,9 63.6189 50  1.505 26.1_ 39,2805

2630,8708




MO OF BLOWS NO OF BLOWS NO- OF BLOWS NO - OF BLOWS

NO-OF BLOWS

50 : 1 |

- =k ]

30'-—“‘ T - 4 ) ¢ )
—— e e e

20—

8+ t

lo |
95—5*? - l 58

59 0 e @ 62

MOISTURE CONTENT (¢ %)

50—
40—
30 i
25—t —- a4 ==
20 — o .
(5 ——p— - -
i n 4 )
MOISTURE CO/W”E/VT P
et L Rt Lol
= ! : ‘ : — 4
Bo— ¢ e | * | . -
5 — — ——— T == — ' —_—————

i ! ' S : a ~_5 !
oL T e
‘ , + -+ M 4 - *j : T e ey
. ; : T
/00 . ' ' | I\ _ T
9% 39 4 412 B Ry e Jg 417 73 —4;
MOISTURE CONTENT Yo -

i , j | - I -
/0 - : —
9g 5*6 5]7 518 5L 610 oJ/ on 6{5 s 85 E
MO/STURE CONTENT % '

iﬁr | | o R

30 -

H_ 35 36 37 38
MOISTURE CONTENT o
F/é/VOZZ f/_OW gzg\_/;;g




Bl

J . I | TR W
45 4 45 46 47 48 49 S0 S5/ 52 53 54
MOISTURE CONTENT b

MO/STUEE (0/1/7'[/1/7%

50 — - I
i

MOISTURE CONTENT 7"
Lle NO.25 FLOW CURVES




NO- OF BLOWS NO-OF BLOWS NO-OF BLOWS

NO- OF BLOWS

NO- OF BLOWS

947.‘ 42 23 414 45 4]5 J?, 28 4’9 50 .si/ o>
MOISTURE CONTENT %o

e L I e e .
MOISTURE CONTENT %

0 \\ B D I et
30 N T R o e - ¢_f~.£__v+__~

-+ - — T ——

o . X N . o —_ R
KT /7 /8 s o z}/ 2z 23 .;J'""‘ZI;‘ —7&

9
MOISTURE CONTENT o
50 " g - = . - . . e
e e I N R e e ==
Ot e - . ‘ U B
o I
20— e =
/5t~
Pe——f— t -4 ] 1 -y T
948 7 48 49 $0 5 52 53 54 ;5 56 7

MOISTURE CONTENT P

16— ) _
’%Lo‘" 4 42 43 44 ds Js 417 48 49 so B
MOISTURE CONTENT T
/-/6“/\/(7-,2_4_ FLOW CURVES




50{_‘ l | ' ' ' - ] | i I
g | 2
B0 ey ¢

25 —— ———— - e mn e b —— e =

N e

N

Q.

E/Ou'dl l + 1 t t l X .
95536 37 38 39 40 4 42 43 g 7

MOISTURE CONTENT Db :
I I e R T e e

49 80 T 5/ 52 53 547 55 3& 57 38 39 6o

S0 | l ! |
g,qg!__—\Q\‘lb\'\r\ 1 o

.
s
2/5§- - ! | ; !
R /o: - ’ ' I ' L
ok 3 32 5 b 4 42 4
MOISTURE CONTENT %

50 e o [ - e R e
gz;o}: | 1 { j : - l : \‘\1 57—4
Qeo— -+ NC T S
VNG TR
l‘Gzo} | | \@\ ; - - —;h\%q'
Y e b
37 | BN

10}~ - e e e e

927"“2‘18"'**2‘_;0_“3/ TTEZTT3E T “314’"'* 3536 7 36

MOISTURE CONTENT %

50 e e s
S S R

30 e i Sy
N2 IS S U H
\ 20 e -

Q ! LN ‘
Q5 — / ~’ . ; | ;
! ‘ * ) 1 - )
/oL | l l I~ | | | 1 l F\ |
28 27 28 29 303/ 32 33 34 35 34 37
MO/STURE CONTEN 7%

£Fl6 VNO.2E FLOW CURVES




50

OWS
Bne 3

NO- OFN B
S

&

0 R .
9 [;"7 B9 2 2/ 22 33 24 5 2 27 zé
MOISTURE CONTENT Fp

S B
V\4 T | —42 |
Soop—— - - ! |

5 — e —— > — =
EZO——»~+ et T .T 7-43—4
P o T
Q |
el _ .- . '

9§o‘ 5 FH ‘ 4 ds e 35 .atg 20 40 j;

MO/S?(/A’E CONTENT Po

s0 - - -

i I T N R I S
0 : 46
5 I S N s g
§20—- - S .L,_f_g_i
Y | |
le—-——»-—— ———— ES 4 ]
g, |

(-, S S e ——— ]

I35 3T7 ’ ”}B -3 ]Lo ‘“’47 4Tz i! 44 5 " dE

MOISTURE CONTENT %

50 - - —
2 I I 1 T | 47
3% e
N 25
m20
'Y
gxs
2

34 35 36 5z s b 4 4 Ja 4335

25 5 27 zg 3 3£ 72 32 34 35
M0/57'U/?£ CONTENT Do
FI6MO28 FLOW CURVIES




(101)

DRY DENSITY-LbS.[CU-AL.

DRY DENSITY - LbS-[CU

109 -
(A A B |
/07: T - & /—_ —ﬁ
_ | ;
' . |
[E—
05t - — !
103 : R
| i/
’ |
1 ‘
(00, 2o {Y —_
N z
s?'r—-————»% e T o e - —i
|

jolf - -

{00

98t - —-

4| —

92

MOISTURE CONTENT %,

90
/3

[}
1
!
1

L D S

/5 77 T T8 F 7 4 =)
MOISTURE CONTENT o
FIG-NO. 2T _MOISTURE DENSITY (URYES




(102)

|

of]

+ <
©~
s I o :

1795 NGO ¥FS S97 ALISNIT AXT

98

2

MOISTURE CONTENT %,

A
|
24

!
|

\,I\
|
|
!

MOISTURE CONTENT %

Lo,

74

P

F16-NO.28 MOISTURE DENS/T Y CURVES

4

7] I
/2

| 1 | .
S I S ) s

~

LT7T7S DG DTS SFT7 ALISNIT AT




(103)

ol

78

LIFFA IHGID YIS ST7 ALISNFT AT

MOISTURE CONTENT

18— -

-

L77S

/8 V4

/4

MOISTURE CONTENT %,
FI6. NOBMOISTURE _DENSITY CURVE

/2

l

10

e d 4 ~

—~ —_— —~

HEG22 XIS ST7 ALISNIC AT




(104)

MOISTURE CONTENT %

—— + - S SOOI . .m
N
BN
N
S
N
— - . X
| 3
V]
y
i R
| - %
N
| 3
J B
m
; _ &
w #/// |
e e 3 t s

LIS OG0 YIS

"SPT7 ALISNVTCT AYCT

£16 - NO30 MOISTURE DENS/TY CURVES




. _1a08)

174
109-

[
'
i
{
!

.
~

)

kLMnN.M DN D XIS SFT ALISNIFCT AT

/2

99
0

73

MOIST URE CONTENT %
FIG-NO3I MOLSTURE DENSITY CORVES

2

V4

MOISTURE CONTENT Po

8

//9‘

/18

G- -
2 -

LTITL DGO XIS ST 7 ALISNTT AT

74

4

/osg




MSTURE CONTENT %

|

LT TS 2/GND YIS ST7 AL/ SNFT LT

S97 ALISNIFG AT

LIFA 2E7D YT

0

8

MOISTURE CONTENT %
L6 VO3B MOISTURE DENSITY CURVE

/4




(108)

_2

|

3 _
S

3 %

3 .

v} V

o «

N |
N

% i w ) !

N e "

i ' .

] . _

{ _ !

—m 4 e - vI.Lw. _ - - — JIJM

_ “

m “ |

~ { _ l N S ba

/W : M 3 3 3 » &

LTS DIV FS STFT7 ALISNTFT AT LTI /D H TS ST 7 \«.,N\MS\MQ‘ AT

MOISTURE CONTENT %

NE DENS/T Y CURVES

(9/5‘/ "Z/f

G NO34 M.




(109)

_ 9
\.&
_— 0
Yo
N
_ o B
3
Q
oy
— .AOM W
— R
8
« Y
|||n i
& “ \
/.
_ ¢
et e - e o - _w,.(‘ e e e is.l;lllll.\Lm ~ i — N — e °
Y N A S N ¥ N 3 3 8 8

LTS NEVD YF STT7 AL/ISNIT AXT , LITFS DIV XIS STT AL/SNIT AK&T

24

22

. MOISTURE CONTENT Po
FIG NO-35 MOLSTURE DENSITY CURVES

20

!,
/8

/8

u

9



ORY DENS/ITY LLS. FPER CUBIC FEET

DORY DENS/ITY LES PER CUBIC FEELT

“3 1 I : ! ! 1 7

102 t t * ; t -

P77 R —

98 .

96 _— -t

) | —
'92/:4 /8 /8 2o 22 | 24 26 28

MOISTURE CONTENT D

Moo= ' | f t b T
g - - -
2 — - —_—
no- —
- — -
106 -
P 2 | & /5l Zo 22 >

MOISTURE CONTENT
FIGNO.36 MOISTURE DENSTY CURVES




(111)

- m—r——

MOISTURE CONTENT %

N ﬂa o

Q
I |

.
4 y

LITS WGP T ST7 AL/ISNTT AT

i
Y]

26

22

20

MO/STURE CONTENT Fo
AN ZT MAISTURE DENSITY CURVES

I
-3




(122)

71 ST ! (\]
: PN ~
oY Y
fr—— lTﬁ # .,..| + - — - ¢ llllM
\ » \\ .
S
| \ \ N
—— e i e — o mm—— s — .1l.ll.\|\1ka —— 2
R
\ 7 :
_ - - \ P . ) ~ 11....”.
[ 2 :
rd

. \ .

/ / -

{ / .
—_— - - N ~ - + -— il,@

o ) .

| |

—— e =% e NG e -
",
N . “

o~ - ~ . _ ) e @ . .'.ﬁ.

* ¥ 8 3 N N )

LIS NGO Z STT7 AL/ISNFCT AXT

MUSTLRE CONTEN 7 F

(SR

pemn - < - —— —_——
|
4
~ .
Sl A - -
3 ~ QS
N & N N

Vg
1

wy
v N
Y |
“%M ﬁ
N
K
3N
S
¥y
N\
NI
MM ;
5
N
-—% %/
|
]




(113)

SAHEARVG RESISTANCE AP S /-

SHEARING RESISTANCE £S5/

SHEARING RESISTANCE LS5/

|

‘[ [
i

|
|
oL b | souMOL
: (=24 PS/
¢ i /4'50 l
: ‘ (
4 e — T.,_ﬁ_ﬁ P |
| | |
A D A
l | |
SR S NN T RS I BN S i
0 0 &0 20 /60 200 24 280
AFFLIED NORMAL STRESS -~ 5./
/zq’- ' ‘ _1 - .- e
:' | ]
Y
[ | =165/
| b-215°
i
do+ - J'r- S
. !
o
!
|

R 4. Ll
40 80

S LT /160"
AFFLIED NORMAL STRESS-FP-S./

i
, |

S A
2007 T 246 280

/ZOI— - '—;—— - T - A—TA— -T - - — l - -
: | | |
! . H

] S T _#__ L. SoLnvo3 ]
: , , | C:=28PS5/
' , ¢ - 60

40 - i e e e

0 . | |
(4] 40 ao 20 /60 200 240 280

AFFLIED NORMNAL STRESS - P-S-/

[1G-MO.39 MOHRS RUPTURE LDIAGRAMS




(114)

SHEARING RES/ISTANCE LS/

SHEARING RES/ISTANCE A-S-/

SHEARING RESISTANCE P-S-/

(20—~ = = - ,
] l
40| SO NO-4
C=20P5/
@ 24°
40
0 . ~ i
o0 40 &o 720 /60 200 240 280
APPLIED NORMAL STRESS-PS/
R e e I
,:;/////{__,__m“ﬁ SO/L NO-5
| ¢ /5PS
| O o
|
0 40 go 720 /60 200 240 250
APPLIED NORMAL STRESS-PS/
wf"““““””r““‘““*]”““T"‘ l
| a g I
. i | i
fol— - 1 - i i L L SOILNO-6
| s N B
- @-/8°
Y — . — (
| !
, I
%5 6 T T T80 T TTpo ',%o © b0 240 7 280

ARPLIED NORAAL STRLSS- S/
FI6NO40 MOHR'S RUPTLRE DIAGRAMS




(115)

SHEARING RES/ISTANCE P-S-/

SHEARNG RES/STANCE £-S-/

SHEARING RES/STANCE 2-S-/

[0~ e e

e T e «»-_T_” -
Bol— 1 ( S — SOUL AMO-7 |
C=24 PS5/
// ¢ = /4 °
4or_, - - < . —
o ) e J> i ]\ | _
o 40 & 720 760 200 240 250
APFLIED NORMAL STRESS -PS/
(20— — — - - ¢ e
80, et e J, e = - Y AU 50/4 A/o 8
L C=27PS5/
/ o o
%6 0 3 750 765 200 240 280
AFFLIED NORMAL STRESS-PS/
20 - = / - ‘
ol | / S0 MO ]
Cc=/7RP5/
A 727
40 \ : \\
o l\
0 90 80 /20 76 200 240 280

APFLIED NORMAL STRESS-PS-/

F1G-NO-4 MOHR'S _RUPTURE DIAGRAMS




(116)

|

SHEARNG RES/STANCE ~-S-/

SHEARARING RESISTANCE LS/

SHEARING RES/STANCE 2.5/

26 -

!
gl SO/ILNO-fo
C: 8PS/
@=37°
0 . - A da - —
o 40 &0 /20 7o 200 240 280
| APPL 1ED NORMAL STRESS-PS/
(20—
w | / g ’ T
P I B / 4] soumon
C= /6PS./
‘/‘—\4\ ¢ - 3/0
\\ .- \ —1 .. -
o 407 Vg0 2o sio soo 20 280
APFLIED NORMAL STRESS- RS-/
ro, - - - 1 w—l -
80 SOl NO-12
P c=22PS/
/ ¢: /5°
40 < _
O N )
o 40 8o 720 750 200 270 250

AFFLIED NORMAL STRESS -P-S/

£16. NOAZ MOHR'S RULTLRE DUAGRAMS




\LlLr)

SHEARNG RESIS 7ANCE 2.5/

SHEARING RES/STAANCE LS/

SHEARING RESISTANCE +£2S-/

e e e T -

, ’ " SHL AD. /3 _}

. P=28° ‘

\

| T |

| ! 3

- : ; |
/80 200 240 zgla

APPLED NORMAL STRESS-PS-/

o
SOl NO./#
= BPS/
@ =2/°

!

- . = ——

T &0 /}o'" "/al’a"" 200 2?0“*“‘2"5’0
AFALIED NORAMAL STRLSS-PS./

7/ S——

B e i B R R
a0l - e = e . SO0 NS
' > | C= 175 PS5/
@ - 30°
- N BN S
‘ |
:
i
7] i l S _ :
g F0 Ko 20 /60 200 L0 ;@v

APFLIED NORAIAL STRESS-PS/

(16 NO 43 MOHRS RUFTURE DAGKRAMS




SAHERRNG RES/STANCE £S5/ SHEQRING RESISTHANCE £S5/

SHEARING RESISTANCLE L5/

NS
S

| |
. sou wvo-/8
!

3

- -

__ , C=8LS/
‘\\ WL - @=35

o
. L

Bo 20 /760 loo z}ta 280
CAFPPLIFD NORMAL STKESS-PSY/

3

o
S

120 - - - . .-
I ‘: | ‘ ! i Rk
: | | |
go f . sou o7
. | e 3PS/
| i - p=33°
e BUCKLING
40 : + ! I
1 \ |
| | |
| | | |
) ) 0 | S S
&0 20 760 . Loo 240 SRO0
APPLIED NORMAL STRESS -5/
/"T B | ! | 1 T
1 i
So- . son Mo
_ | C=/25/RS/
. A 30°
40 - , R e 1‘ - - R
; | { { I
' | | |
| C | | :
0 | [0 ]
o 40 &0 220 180 200 220 280

APPLIED NMORMAL STRESS-P.5/
16 NO-44 /MO///P S RUP7URLE DAGKAMS




(119)

SHEARNG RES/S7ANMCE £S5/

SHEARIN G RES/S TANCE P.S/

SHEAR/NG RES/STANCE LS./

40

(20— -

go

40

" — e _; :

i

90

90

. . S0/L NOH9
C=/7P5/
@:r5°
o - 120 /:I'sa - 200 2Lo 280
APPLIED NORMAL STRESS-PS/ B
T ‘|’ ] ‘l ‘“—'!
. | \
T sotM20
Cc=22P5/
¢ = 20°
, | .

so ' o ' Jso 2éa T 2}0' éo
APPLIED NORMAL STHESS-PS./ .

2

/20.__._.., e e e e T ,-._]__.—]
_ |
SO NO-2/
C:= 1¢¥PS/
¢ =26°
. : |
i \ 1 I
T80 20 760 200 240 280

APPLIED NORMAL STRESS-PS5/

[I6 NO-45 MOHRS RUPTURE DIAGKAMS




¥

VSHEA,?//VG RES/S7ANCE L5/

A\
RS (N W .

&0 20 /60 T 200

SOIL NO-22
C = 7PS/
@=33°

240

APLLIED NORMAL STRESS-PS /

280

N /20__ - .’A.
w: y
|
y |
% fO——— L L L S0/IL MO-2 3
w — o
N ) : /&
Q [ i ] ; ?
9 40 Jf - _— -
% : i
N ;
% i
X
v oo o
B0 720 /60 200 240 280

APPLIED NORMAL STRESS-Po/

O— e 1 - - g — g ‘

; T
e A O ;
Y o——— g SOL M2
Q C=185PS/ |
=59 |

é} : / | @ /5 |
40 - L I - R B ’
s LT | |
& ; {
] ' i
\ | {
" 0 A A A T | 1 ‘ ’
0o 40 &0 120 /80 200 240 280

APPLIED NORMAL STRESS-P.S./
(16 MO-46 MOHRS RUPTURE LUGKRAMS




\ i g

§

‘.

|

|
—
1

~N
r)
q
N
2 .
Go—-- 1 ] L L | soU NO2S
I\ . | . .
) @ =20
Y
&
Y I T
2
&
N
N
")
8o’ 2O o T ZpoT T 290 280
AFFLIED NORMAL ST7T8£85-PS./

N |
qQ
Y
¢ -
NG / | son mvo.2s
t{; : C=/5PS5./
\ @ = 25°
Q .
9 ]
N |
¥
X
$
5 |

o ' 40 = g0 /20 Bo 200 T 240 280

AFLLIELD NORBAL S7.5L5S OS5/
N /201~ : e S
9
Q
N
%80__ ] U (U S — SOUNO-27
\Z C:205pPS/
L - = g

Q , \,// ¢ &
g 400 - | — AN,_"_Z::_,.____,W_._ —
N
§
A
N
©Wol A, 1 - L

0 40 T S o T T o T T Zoo 240 280

APPLIED A@?MAA STRESS -5/
FIGNO47 MOHR'S RUPTURE DIAGRAMS




\Lig)

/20 — S
| I r'

N !

2 |

Q ;

§ 8o — ; I S AU S

l% /

4]

3

A

y

v o4 0 80 2o p)

l ':
|

s i

L sou Mo-28

C=/6-5 P57
@ 14°

200 240 ‘280

AFPLIED NORMAL STRESS-R.S./

Ro— - -~

[ U S —

SAHEARING RES/ISTANCE 2S5 -/

R 7 A

e

el SO/ NO29

N
200 240 50

C= /4 PS5/
9= 28°

et s s+ o ]

ARPLIED NORMAL STRESS -5/

RO—~- -1

-
o

4

SHEARING RES/ISTANCE £-S-/

0 -

o 40 &0 ' 2o /180
APFPLIED NORMAL STRLSS- PSS/

-

RE-10Y VX7,
C: /6P S/
¢-32°

16 NOLE MOHR'S RUPTURE DIAGCRAMS

200 240 $ (7]




SHEARNGE RES/STINCE 2.5/

SHEAR/NG RES/STANCE ~S-/

SHEARING RES/ISTANMCE #-S-/

1

|
SV Y X

* =P8/
¢:/5°

SO/ NO-32
C=/2PS/
@-32°

@0 T N B B B

: ' ' = /7PS5/
| ; g=27°
f—— R s B
. . |
o L B R R o S
o Lo 120 /80 200 290 280

APPLIED NORMAL STRESS-PS/
L16 NO-49 MOHR'S RUPTURE DIAGRAMS




(124)

SHEARNG RESISTANCE £-S-/

SHEARNG RES/STANCE PS5/

SHEARNG RES/ISTANCE £S5/

2

APLLIED NMORMAL STRESS- PS.)

120+ : { - - —[
/
| | / | sounNo34
, C/9P5/
s i
}150 200 240 280

.
2 | L SO/ M3
T e
o | @-25°
,/ t l B
2N
1N |
> 5o TR T sy TT2d0 240 280
EFFECTIVE NORMAL STRESS-PS/
120 -
’ 1
0 SO MO- 35
C=7P.5.7
/ #3555
40 - i T

P 0 B>

)

APFLIED NORMAL STRESS- £S5/

T 2oo

|

——
240

FI6-NO 50 MOHR'S RUPTURE DIAGKAMS

|
280




SHEARING RES/STHANCE LS/

SHEARNG RES/STANCE P-S-/

SHEARING RES/ISTANCE -5/

120

(20— -

oO—

| T
l
San NO-36
C=/3 PS5/
@-30°
. |
Bo 120 /80 200 240 280
APRLIED NORMAL STRESS- LS./
] T ] B
| |
i | . SO NO-37
. | C=16-P5/
| g 25°
‘ ! |
] . b
\ - ; |
A L
200 LH0 850
APELIED WORMAL STRESS-PS./
T T
j _ . i
4
: : ; . SO MO-BT7
| C:17525/
’ » 7':?//5 ¢:250 |
20 /80 200 240 280

LFFECTIVE NORMAL STRESS-PS/
L16-MO-5] MOHRS RUPTURE DAGRAMS




SHEARING RESIS TINCE £-5./ SHEARNG RES/STAMCE £.S-/

SHEARING RES/STANCE A~-S-/

/20—

0

] .
&0 120

/60

NORMAL STRESS- PS5/

T 200

SoU NO-38*
C= /3 PS/
¢ = 20°

TRUE C=r4pPs/
p=17°

T 240 280

9o

e

I

| sou MO39

|

¢ = 36°

/60 2

AFPLIED NORNMAL STRESS- PS5/

00 240 2

L0

T T |
80— ,__—_l-.- N S ¥ ! S50/L MO-39
L ! |
| | C=/3P5/
| TRUE
¢:2¢45°

P | \\\\
idIATR IR

<o 80 20 60 00 = 14] 28Q

EFFECTIVE NORMAL STRESS - PS5/
LFIG-NO-52 MOHRS RUPT UL DIUGKIYS




AW Wty o5

SHEARING RESISTAMCE L5/

SHEARING Rf.slbm/\l([_ P.s./

SHEARING RESISTANCE p.5./

/12 ; - - . _ —
T < T
| ' |

sl f ) T SOIL NO-40
| C:13.5Ps/

¢:305°

|

A &0 Cge T 6o 0 T 240 zgo
APPLIEO NORMAL STRESS-PS/

U, .w.m_‘[“__j

- SOl NO.40

C:/55PS/
¢:30°

TRUE

0 96 ' g T no 160

EFFECTIVE NORMAL STRESS-P.S./

/20[— — - ‘]’ - T - ]"'-——- - ‘I’ T ey
3 !
‘ e |
§0r— . - . . A __ L + SOIL NO- 4/
' ! C:/8P5/ ,
I d . 3/0 .
40— .. . . S Lo\ ‘W-ﬁw,T-H
oL_.. . . B . ! ,
0 q0 &0 120 /60 200 240 280

CAPPLIED NORMAL STRESS-P-5(
(16 NO 53 MOHR'S RUPTURE DIAGKRAMS




SIHEARING RESISTANCE FP-S/ SHEARING RES/STANCE £PS-(

SHEARING RESISTANCE F£S-f

- —

120

2a

(20

\dfatu g

. SO/ NO-42
L L I7PS
¢-34°

40

40 8o 720 /& 200 © 240 gy
ARFLIED NORMAL STRESS- P- S/
T L ! B
—T SO/L MO -#3
. C:/7P-S/
¢:285°
B
40" T T 4o o /60 260 246 T 3go
APPLIELD NORMAL STRESS-PS/
I , ] S
e SOIL NO94
. C2/6PSY
L g-32°
t
I
l
40 ‘80 20 /60 2(‘90 240 260

APALIED NORMAL STRESS-PS/

(16 NO-SF MOHR'S RUPTURE DIAGKAMS

——



o~
N
NS
9

S
R

SHEARING RESIS TANCE Ps-/
ES

S
S_

o
Or—-— —

. SOU M 25
C=B6PS/
. P=235°

|

40 o /20 /éo 200 240 280
APPLIED NORMAL STHRESS-P.S-/

_SQUNO. 4 |
C:= /5557
P-26°

T ———— ——— +

i

] — i
40 &0 /20 /80 200 240 280

AFFLIEO NORMAL STRESS -~ S/

. SO/L NMO-47
C:= /45 P57
P=265° ’

|

<0 &o /20" /60 200 240 280
AFPPLIED VORMAL STRESS -PS./

16 NO.55 MOHR'S RUTURE DVAGRAMS




(130)

SHEARNG RESISTANCE £S5/ SHEARING RES/STANCE RS-/

SHEARING RESISTIANCE £~S/

1

1
‘ | :
g0l — ). A | sou NO-48

| | | |

L (/85 PSY
L @e22°
PZ 7, ) R, — — — -4
4 1 ‘w} +
‘ [
o' N . N J . J
o 40 &0 120 /60 Poo 240 280

i

/20!——--4

80— -

4

IZOi-—‘ WA‘T._F..-. I — T L. e | R .
| ; | | T !T

APFLIEO NORMAL STRESS-PS-/

.

. | SO MO-49
: /75 PS
i @ = 29°

I

| R

. 80IL NO-50

C/65PS5/
¢ - 32°

SO A
|
t

| | -
| |

0|
o

40 &0 /20 /80 200 240 zgfo
APPLIEDO NORMAL STRESS-PS-/

£16. NO.58 MOHR'S RUPTURE IAGKAMS




(131)

APPKITIDIX C
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APPE.IDIX Dy

¥omogram for finding cohesion from liquld limit -
The equation of correlation is L
¢ = 4,258 + 0,3113 V1
The range of liquid limit 1s 157 to &2%

15%

(L F?r Wl

C = 4,258 + 0.3113 x 15
= §.9275 psi.
(2) For W, = 60%
¢ = 4.258 + 0.3113 x 60

= 22,936 psi.
Plotting these valuos corrospondingly, and_then deviding
the scales linearly {since the equation is linear), we get the

required nomogram.

APPEHDIX Do

Yomogram for finding cohesion C from liquid 1imit and
plactic limits of the soil.
(1) The souation of correlation is :-

C = 4,7 + 0.,3270 Wl - 0,043 Wp

1. Range of 1liquid limit from 15.4% to 629 |
i1, Range of plastic 1limit from 12.97 to 33,3%
(2) Reducing the equation to the form

X 4+ Y + 2 =0

We got :-
X = 0.3270 ¥y
1
= b (C - 407)

Z = ~ 0,043 Wp
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(3) Taking the actual length of nomogram on paper' = 18 cns,
Let 1, m, and n be the scale factors for V;, C and
up respectively.
18 = 1 x 0,327 (62 - 15.4)
.or 1= 1,181

and 18 N X 00043 (33.3 - ]209)

or n = ~20,51°

. 1xn = 1081, % 20,519
and m “i-%gﬁ 1.181 - 20,51
= - 1 . 2 52

This gives scale factor for cohesion.
(4) Let a and b be distances of cohesion line from liquid
and plastic 1imlt lines respectively.

So % = 1 = 1,13 - —0,0578
n 20,5190

1

also a + b = 8,5 ¢ens,
a = ~-0.,51 cms.
and b = 2,01 cns,
Therefore C exis will be left of Uj and W, lines.
(5) The value of cohesion at base line 1s obtained for the
lowest values of liquid and plastic limits, |
C‘ = 4,7 + 0,327 x 18.4 - 0,043
= 9.18 psi.
After plotting this wvalue, other values are plotted as
scale factor is known,
The method of determining cohesion from this nomogram is
- mark the points on the nomogram for the given W, and Wp values
of soil on respective V; and Wp lines, joln these two points
by a straight line, the point at which it cuts the C line is

the raquired wvalus of C,
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APPBDIX Dy

“omogran for finding £ from the liquld and plastic limits
of the soil,
(1) T?e equation of correlation is :-
§ = 43,428 - 0.4365 Y - 0,0543 T,
3. Range of liquid 1limit from 15.45 %o G5,
ii. Range of plastic limit from 12.9° to 33.37.
(2). Reducing the equatisn to the form :-

X+Y+2 =0

Ve get :-
X = «0,4365 1
!
Y = -(f -43.,42¢)
—_ AN T
Z = -0.0613 ",

(3) Taking actual length of nomogram on paper = 18 ems,
Let 1, m and n be scale factors for "y, ﬂe and Yp respectively
18 = =1 X 0.4365 (G'=15.4)
or 1 = -0.8849 | |

-n X0.0543 (33.3 - 12.0)

and 18 =
or n = =16,2454 _
and m = - -+XN = 0.84
1 +n

This gives scale factor for £
(4) Let a and b be distances’ of f 1iko fron liquid and plastic

|

1limit lines respectively,

So .: - l‘- = 0005/:
b n _
Let a+ b = 10 ems,
b = 0127 cris.

and = = 0,514 cno.
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Therefore J axis will be between ¥y and Wy lines.
(5) The valusc of @ at base 1line 1s obtained from the lowest
values of liquid and plastic linmlts,
§ =  43.420 -0.4365 x 15.4 -0.0543 x 12.0
= 36,006 degrees.,
After plotting this walue other values are plotted as the

scale factor is known,
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= TC - c.2c¢

=  14605,71 - 16.502 x 825,10
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Substituting the values from Table o, 4, we get :-

T = =0,8320

which reveals that relation obtained is fairly good
negative correlation, i1.e. as liquild limit lncreases the value of
# decreases,

The standard error of estimate is given by the
relation |

JT_-" r?

7 1773 /1 - (-0 8320)
3.98O

i

54

i

it

Theoretically for normal distribution of values 65%
values should be coversed at the deviation of an standard error i.e.
3,980. From Fig, No, 7 1t can be seen that 74% cases are coveraed
at one standard error, and 100% cases will be covered at two
standard error, Thus we can be sure that in 95% cases the
actual values of @ will not differ from the calculated value by
more than 7.96 degrees,

Correlatlon of # with Iy

The plot between the angle of internal friction g at
0.li,C, and plasticlty index shows a tendency towards a straight
line as shown in Fig, No. 2, Therefore trial is made to correlate
them by a straight line law of the type -
ﬂ' = _a + b Ip | .

(I,) (Zp. 1) - (f) (Z1;)

Here a

T 2
(I,) () - (212)
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Correlation of @ with W7 in parts.

From the plot between angle of internal friction @ and
liquid limit W; as shown in Fig. No., 13, 1t 1s clear that 1t
will be more accurate to fit a stralght lins between liquid
1imit 15% to 307 and another straight line between liquid limit
307 to 62%. This is probably Gue to marked difference in clay
content of the soils below liquid 1imit of 30%.

Let tho equation of the straight line below liquid 1limit
303 1s of the type

,@l = a + b'ﬁ'v’ll

Here only those soils be considered whose liquid limit
below 30%, but their liquid linit be represented by adding one
additional stiffix 1 i.e. by W13 and 4 by 4.

Therefore

—_ - 2
(Vi1 ) (Z QM) - (f) (2 Wyq )

- 2
(M) (X3 ) - X9y

TNy, - () (Zup )

o
1l

and

5w - (W1 ) (Ewaa )

By substitﬁting tho various numerical values from
Table No, 64 we have :-
a = 46,5830
b = -0.7109
Therefore the eountion, of correlation 1is

]
A = 46,5830 » 0,7109 "
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Additional data required for statistleal analysis in parts.
) 1 ] () 1
81, No. ' Quantity ! Value : Sl. No. ' Quantity : Value
1 $ t
1. )3 ﬂ% 343,00 11, z ;f, 22720,50
2, g 10905.50 12, #, 23,1538
3. A 31.1818 13, ¥ W%h 1728.,40
4, T Uy 238,000 14, 2 "1 79460 ,34
2 .
5. VW 538149 15, Vi 44,318
6. Uy 21,6636 16, 2 (fp.W1y)  38079.45
7. Z (fh JNiyy)  7274.90 17. Gy 6,817
8 . O;?l 4 03715 18 » Uih 8 0566
9, vE 5,469 19, 5 11
10. 2, 903.00 20. i 39
TABLE HNOQ,7
[] 2 1 ¥ 2 ] !
SOil NO . ﬂl ' ﬁl : wll : ‘Rll f pl oWll t Remal‘ks .
10 . 37.0 1369.00 16.8 282,24 621,60 The corres-
ponding values
13 28,0 784,00 20,0 400,00 560,00 for the soils
‘ having 1liquid
16 35.0 1225,00 18,8 353.44 658,00 limit greater
| . than 303 have
18 30,0 900,00 21,5 . 462,25 645,00 heen obtained
by substrac-
22 33,0 1089.00 18.5 342.25 610,50 ting these
' sums from the
35 35,5 1260,2 - 15.4 237,16 546,71 total sums.
38 20,0 400,00 29.6 876,16 592,00
39 30,0 900,00 28,1 789,61 843,00
40 80,5 030,25  10.4 376,36 591,70
44 32,0  1024,00 24,1 530,81 771,20
50 32.0  _1024,00 26,1 . _0681.21 835,20
11 343.0 10905.50 38,3 538L.,49 7274,90



TABLR® I C.1%
Sumsof Wy and ’.jfp
]

Soll Fo. : "p ng ;Soil o, ! ‘.-‘!p sz
1 28,0 784,00 26 25,9 670.81
2 26.3 691,69 27 27.5 756,25
3 29,4 864,36 28 27.1 734,41
4 25,3 640,09 29 27 42 739.84
5 25,8 665,64 30 20,4 416,16
6 33.3 1108.89 31 28,9 835,21
7 30,7 M2 ,49 32 25.6 655,36
8 33.4 1115,56 33 25,8 665 .64
9 22,9 524,41 34 29,4 864,36

10 15.4 237,16 35 12,9 166.41
11 26,4 696,96 36 27,1 734,41
12 30.0 900,00 37 31.2 973.44
13 18,2 331.24 38 22,7 515.29
14 25,0 625,00 39 19,1 364.81
15 25.1 630.01 40 15.1 228,01
16 15.6 243,36 41 24,9 620,01
17 23.4 547 .56 42 22,2 492 .84
18 17.1 292,41 43 29.4 864 .36
19 25.8 665,64 44 17.3 299.29
20 26.4 696,96 45 22,2  4%2.84
21 28.2 708024 46 25,0 625,00
22 1547 246,49 47 23,1 533,61
23 30,2 912,04 48 30.0 900,00
24 2847 823,69 49 21.8 475,24
25 26.8 718 .24 50 313.29

el
1232,60 31636.02




TABLE

N 0. 12

Sun of W ox ‘.‘Ip

(c2)

t

]

[ [ ? 1
ﬁ 2{'1: oty W x :sc gil: LT Yy x
¥ ] 1 1 ] t t

1 59,0 28.0  1652,00 26 41.8  25.9 1082 ,62
2 50,0 26,3  1315,00 27 53,1  27.5 1460.25
3 62.0 29.4  1822.80 28 44,6  27.1 1208.66
4 41,5 25,3  1049,95 29 37,7 27.2 1025.44
5 43,0 25.8  1109.40 30 30.6 20.4 624,24

6 61.0 33,3  2031.30 31  56.0  28.9 1618.40
7 52,2 30,7  1602.54 32 40,0  25.6 1049.,60
8 60.3 33,4  2014,02 33 41.3  25.8 1065 .54
9 36,7 22,0 840,43 34 51,1 29.4 1502 .34
10 16.8 15.4 258,72 35 15.4  12.9 192,66
11 44,5 26,4  1174.80 36 39,4 27,1 1067,74
12 57.8 80,0  1734.00 37 37.1  581.2 1157.52
13 20,0 18.2 364.00 38 20.6  22.7 671,92
14 45.8 25.0  1145.00 39 28,1  19.1 536.71
15 34,1 25.1 855,91 40 19,4 15,1 202,94
16 18.8 15.6 293,28 41  34.1 24,9 248,89
17 32.8 23.4 767 .58 42 33.6 22,2 745,92
18 21.5 17.1 367,65 43 37.3 20.4 1096.62
19 44,3 25.8  1142.%4 44 24,1  17.3 416,93
20 48,2 26.4  1272.84 45 3,2 22,2 714 .84
21 40,8 28,2  1150.56 46  39.9 25,0 997 .50
22  18.5 15.7 200,45 - 47 39.2  23.1 005 .52
23 52,0 30,2  1570,40 48 40,2 30,0 1206,00
24 45,0 20,7  1201.50 49 38,3 21,8 834 ,94
25 48,9 26.8  1310.52 50 26.1  17.7 461,97

5121&,.88
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