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K P S T R A C T 

"'hen soil is used as construction material, the 

important property required is the shear strength for particulav 

condition of the soil in field. The conventional method of 

determining tho shear strength is by tri-axial testing nhich 

is quite tedious and time taking. Henco it would be vorthwhile 

if the shear strength can be determined indirectly from correla-

tions ith simple properties of soil like plasticity character-

istics. The obvious advantage rill be that those tests done 

for the classification of soil for the project, can be utilised 

for estimating the shear strength readily, Lore over correla-

tions of shear strength parameters C and 0 vdth the plasticity 

characteristics help us in understanding the basic behaviour of 

the soil. 

In the present investi,ation attempts have been made 

to correlate the apparent shear strength parameters C and fd 

(quick test) of cohesive soils %iith their plasticity character-

istics, 

Fifty soils from North India have been collected from 

different sources, Their 0.L.c., liquid limit and plastic limit 

have been determined by the usual standard methods. 

Then the soils vere compacted at O.L.C. at standard 

Proctor's. At 0..C 4, undrained (quick) torts have been 

performed in triaxial machine aid their c a s.rent cohesion C and 

angle of internal friction p hive been oh :- ".nod, Then these C 

and 10, have been correlated :fith liquid limit, pl^;=tic liepit 

and plasticity index by statistical analysis. 
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Of the above trials, the best correlations on the basis 

of statistical analysis of c:ata, seorais to -)e the correlations 

of C and 0 with liquid and plastic limits combined. 
::omograms have also been developed for the above 

correlations for easy prediction of C and 0 from plasticity 
characteristics of the soil. 
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I. 	 I :: T R O D E' S T I Q 

The strength characteristics of compacted cohesive 

,coils have become of major importance in recent years, as the 

activities in the construction of earth structures such as 

embankments for railt~ay and highvrays and earth dams have 

'increased. For satisfactory and economical design of these 

structures, the knoiledge of the behaviour of compacted soils 

in shear is essential. 

The purpose of the present investigation is to 

correlate the shear strength characteristics of compacted soils 

with some fundamental soil properties v hick can be easily, 

economically and quickly determined. The conventional method 

of determining the shear strength of soils is by direct shear 

or by triaxial testing wh`.ch are in gezieral costly and time 

consuming and require a well-equiped laboratory. Several 

attempts have been made to deteriine the strength characteristics 

of soil by simpler methods such as vane shear test, cone 

penetration test etc. The aim of the present investigation is 

to develop simple economic and quick method of determining, 

the values of apparent cohesion and an le of internal friction, 

Without performing triaxial test for tfhich adequate laboratory 

facilities are required, and also to help in understanding the 

strength behaviour of soils with respect to their pl^sticity 

characteristics. 

The liquid limit, plastic limit and plasticity index 

are regarded as- important engineering properties of cohesive 

soils. ioreopgr these tests are invariably performed for the 

classificati - n of soil in all important projects, In this 
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investigation attempts have been made to devolop correlations 

between the quick or undrained shear strength parameters i.e. 

'C' anC 0',  for cohesive soils compacted at C.L:.0 to standard 

Proctor's density; with the plasticity characteristics of the 

same soils viz. the liquid limit, the plastic limit and the 

plasticity index. Fifty soil sam los obtai'iod fror the 

different parts of U. r. have been tested to obtain the results. 

Seven correlations have been developed on the basis of the 

statistical analysis in which 'C' and '1S' have been correlated 

with the liquid limit, plastic limit and plasticity index. The 

statistical tests revealed that the correlation of 'C' and 

vaith liquid and plastic limit; combined are the best 

correlations for the plasticity ranz,os of the soils tested. 
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11. 	AM i. OF LITtATti.0 

Sher Stringt,4 ofC3i1s. 

In 1773 Coulomb (31)* su.:estod an orirical law for the 

shear strength charactoristie Of a so°_1 tia'i .ch could be re ~rosen-

cod by the equation : 

S = C +07  tan 0 

vhhcro in the modern nomoncl''cure : 

S denotes shear strength 

C denotes apparent cohesion. 

I" denotes total pressure nor ?a1 to the shear plane and 

0 denotes apparent angle of ;;hearing resistance. 

In the above equate, 'C' and '} 1 are empirical 

constants, the value of which for any given soil, depend upon 

the conditions under tn'13.c the soli is stressed; whether the 

c.- , 1 is allo'tvod to drain during shoari,.g process or otherwise. 

In a more fundanonn;,a'. form, first ut forvard by 

'ivorslov (31) in 1937, cculonb's equation is revaritt©n as 

S = Co + (U-- u) tan Oe 

iahore Ce denotes true cohesion 

$e denotes true angle of internal friction 

and (0- u) denotes effective stress normal to the shear plane. 

The cohesion and internal friction will to general 

depend upon the void ratio of the soil at the instant of failure. 

* 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 Terzaghi, :bishop and Eldin (1950), 

Skempton (1954) , 'Yenning and Knight (1957) , Larzbo and Whitman 

(1959) and various other investigators, for different conditions 

of voids of the soil mass. 

Whether or not this view of the physics, of shear 

strength is wholly acceptable, the 0oulomb-Hvorslev equation 

has been confirmed experimentrlly, and it still forms the 

basis of the fundamental considerations of shear strength of 

the soil. 

The measurement of ' Ce' and øe'  is however, a mater 

of some difficulty in many soils. Moreover, an analysis of 

stability based on these basic properties is likely to be 

rather elaborate in practical use, though ultimately such 

analysis will be carried out in engine-4ring. But at present 

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

(1) To determine the vilues of C and 0 in Coulomb's equation 
under a definite conditions of water content change during 

shear, namely no water content change (Undrained Test) or 

full water content change (Drained Test). 

(ii) To use these values of C and , as if they denoted the 

cohesion and internal friction of the soil: where practice. 

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 parameters afe used with 

respect to effective stresses: where practical conditions 
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cannot be even approximately represented by either drained 

or undrained test, both tests should be made and approximate 

strength deduced from a knowledge of the deg.ee of 

consolidation under field conditions. 

This procedure Is semi-emperical : its justifi-

cation must be judged by the following three criteria:-

a(a) Simplicity. 

(b) Reliability in practice. 

(c) Small errors as compared tiiith a more rigorous analysis 

based on C. and Øe  and knowled .e of pore pressure, U., 

Factors Affecting Strengh of Co acted Soils 

1.  flysicaJ. Factors:—. 
The physical component of the shear strength of 

soil is customarily attributed to frictional resistance 

and interlocking bott:oon particlos . The interlocking is 

further divided (Rpsenquist) into t-.:o parts: 

(a) A large scale interlocking betreen particles whj ch 

necessitates appreciable rnovema:-its of particles normal to 

the shear plane accompnied by volumetric expansion in 

order that failure might occur. 

(b) A small scale interlocking due to particle surface 

roughness, necossiating only smell movements normal to 

the shear plane in order that f.1lure might occur. 

Although classed as a physical factor, even the 

resistance due to friction ma,• be ro'arded to some extent 

as a physico-chemical effect. ?'o magnitude of friction 

and interlocking effects in a soil are dependent on more 

fundamental factors, reflected by soil composition. The 
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nature of minerals present and their surface character-. 

istics dill determine the magnitude of true fricti-in, Since 

particle size, shape, size distribution and packing are 

functions of the composition, the volumetric expansion is 

dependent on composition. It is further affected by 

orientation of particles, vihich depend, in addition to 

the nature of particles present, on the history of the soil ?  

the ambient condition and the void ratio, 

2 Phy„sico-Chemica Facto ,s:- 
A second component of soil strength is primarily 

attributed to physico-chemical conditions in the soil and 

is ref erzed to as Cohesion', Cohesion in a soil is taken 

to mean tht part of the soil strength that is present 

independently of any applied pressures, either mechanical 

or capillary, and would remain though not necessarily 

permanently, if all applied pressures were removed. Cohesion 

is a bonding of particles with in soil mass by physico-

chemical mec',anism of inter-atomic, intermolecular or 

interparticle nature. 

The cohesion present in the soil may be attributed 

to interparticle attractive forces 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 is developed have not yet been 

clan fied, it seems to be generally agreed that it is a 

function of the net interparticle forces. These in turn 

are determined by the resultant effects of the variables 

in the soil-water-air-eloctro-lyte system as outlined below: 



(a) ichoals and 

;osengvist (11) are o ' the opinion that Vander '''ails' forces 

of attraction are of a manitude more than adcruate to account 

for cohesion in clays. Other possible interparticle attractive 

force mechanisms such as Coulorihic attraction between negative 

surfaces and positive edges and particle-cation-particle linkages 

have been suggested. 

(b) Internarticle Re Live Forces:- Interparticle repulsive 

forces arise from the interaction of double layers surrounding 

adjacent particles. The double layer theory as presented by 

Verway and Overbeck and Dolt (ii), sh.;ws thrt an increase in 

dielectric constant of the pore fluid or a decrease in electrolyte 

concentration, ion-valence or to:perature should lead to 

increased repulsive forces. In addition Lambe points out that 

an increase in size of hydrated ion in double layer, pH, or 

anion adsorption, will also lead to decreased repulsive forces, 

(c) "cater:-  The role of water in clay cohesion has been discussed 

by .ichaela (11) It is argued that cohesion occurs in spite of 

rather than because of presence of eater. C 'ontaneous adhesion 

of particles will occur if they are brought into sufficiently 

close proximity. Water i however strongly attracted to clay 

surfaces by any or all of - the several uochanisriis as outlined 

by Low and Lovell (11) It appears, therofore, that its role 

is that of a filler separating particles and resisting close 

approach. Thus a lesser adhesive bond is formed than would 

exist if water is removed from clay. 

Since the shear plane in clay will pass through the water 

between particles, the characteristics of the water in the force 



fields bet eon clay particlos :ust also o co.~sidnyed. This 
:- :.ter is isnot'n to posses pr.a o ties d22 rent frog-, tL ose of 

7os r.~~.l t,later.  

(d) External Forces a d "'tress .stow:- Externally applied 

effective compressive forces undoubtedly influo'ce the develop-

ment of co'iesivo bonds, since t'icy help to 'det-rm_ ue the 

)- r t ele orlentatl 'n ad slpael. -,i^, and thereby affect the inter-

particle attractive and repulsive 'o'cos. Since suc~i compression 

is not a reversible _ henomanon in normal clay soils, the particle 

spacing under a conditio.i of deeroasiiib external fort s vill 

depend on the previous stress application and thus on stress 

history of the soil 

(o) Chemical Factors:- Cohesion is also attributed due to 

intorpart i cle cementation. ' ost soils are ',noun to contain 

noasura'ble amounts of free iron, aluminum oxide and carbonates. 

Thoso compunds may act as cot:ionti ig agents at poiYits of inter-

particle contact. 

3 - Influences of ouldinf, Vlatcr Content rnd :.atlhuds of 

In order, for the double layer aro"•ne the clay particles 

to develop fully, it is necessary that tbcro br su"'icient water 

present in the soil and therefore .nterparticlo repulsion is 

affected. The amol t of orator present during compaction will 

also affect the structural arrangement of the soil mass and the 

strength. 

Similarly methods of compaction will affect the structural 

arrangement of particles in the soil mass dopendi, iC upon the 

amount of shear strains induced during coi:ipaction. 
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P,.astic tv Characteristics of Soils. 

Plasticity is one of the rlajor characteristic of the 

cohesive soils. In 1911, Swedish Scientist, A. Atterberg 

published his results on the investigations of the plasticity 

of fine-grained soils. He found that plasticity is a two 

dimensional property which can be best defined by the upper 

and lover limits of plastic range 9  namely liquid and plastic 

limits respectively. The tests due to Atterberg, orginally 

developed for agricultural corky  have won wide acceptance in 

the field of soil engineering, He suggested two simple tests to 

determine these limits. But, later one  it was found difficult 

to achieve reproducible values of these .limits by Atterberg's 

methods of test. 

In 1932, A. Casagrende modified the procedure for 

determining the liquid limit by developing a new device which 

gave the same values of liquid limit for the soil 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 Atterberg except that the threads are now rolled 

to 1,/S dia. 

Defiz i iors of limits :- 
The 	

- 

The liquid limit (W1) of the soil is the moisture content 
at which the soil is practically liquid but posses a certain 

small amount of shear strength (25 gms/Sq.cm), this arbitrarily 

chosen strength being presumably the smallest value that is 

feasible to measure by a standard procedure. "ecording to the 

standard liquid limit device developed by A. Casagrende, 
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liquid limit is defined as the moisture content at which 

25 blows will just close a groove of standard dimensions for 

half an Inch length which is cut in by a standard grooving tool, 

The plastic limit is the smallest value of the moisture 

content at which a soil is plastic. It is obtained by rolling 

out samples at slowly decreasing moisture content until), that 

moisture content is reached at which the soil thread )J8 in 

dia. just begins to crumble. 

The plasticity index (Ip) which gives the range of 

moisture content with in which the soil is plastic, is the 

difference between liquid and plastic limits. 

Fatos on Which p.tjcItyC1iarteristjcs of So de en . 

The plasticity characteristics in general depend on the 

type of soil and the amount of clay and organic matter present 

in the soil. Grim (6), Norton (7), Johnson (8) and Scott Blair 

(9) indicated that plasticity of soils is affected by 

(1) Clay minerals. 

(2) Non-mineral composition. 

(3) Electrolyte content, amount and kind of exchangeble bases 
and soluble salts. 

(4) Organic matter content. 

(5) L.~iscellaneuus textural characteristics such as shape of 
grains eta. 

But for detailed study we shall consider separately the 

factors on which the liquid limit, the plastic limit and the 

plasticity index of the soil depend. 

Liquid Limit: - 

Liquid limit depends on the proportions of clay fractions 

in the soil directly. 



The type of clay present a_ so affects the liquid licit. 

Finer and flatter, the grains of clay, the create- oil) 'e tie 

surface area and higher a count of water fill be required 'toA 

coat the grains. The linuid limit or such clays "ill therefore 

be high. 

The presence of organic matter, in general, increases 

the liquid limit of the soil. The liquid limit of the organic 

soil is significantly reduced by over drying since most of 

organic matter is oxtdised. 

stjc limit:- 

Davidson and Sheeler (10) have pointed out that by 

increasing the clay content, the plastic limit of the soil 

decreases. The activeness a:' the clay also affects the 

plastic limit, the clay hich is more active will have higher 

plastic limit. 

When organic matter is present in the soil, the plastic 

limit is comparatively increased. 

PIastic tv Index:- 

Plasticity index bei,ic' the numerical difference erence of 

liquid limit and plastic limit, represents the range over vh eh 

the soil 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 plasticity 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 liquid and plastic limits both 

increase nearly in the same proportio.,. 



(1.2) 

Earl.er A t'orLpts, 

Rosenavist (14) has pointed out in his discussion in 

the 4th International Conference on Soil :.ochan. cs and 

Foundation Engineering; that the liquid limit of the soil depends 

solely upon the following three factors. 

(1) The amount and nature of the minerals. 

(2) The degree of the electrochemical saturation and 

(3) Polarizabilitv of the adsorbed ions. 
The shear strength of the soil depends upon factors (1) , 

(2) , (3) - the same factors as are influencing the liquid limit, 

but also upon the stress condition and stress history, the 

water content and the diagenitic cementation betwe n the 

minerals. This shows that there exists a close correlation 

between the plasticity characteristics and the shear strength 
at some standard water content (0.:..C. in the present investi-

gat on) , of the soil, and this formed the basis of the present 
investigation. 

Bjorrum and Simons (12) have also siiuvvn that there exists 

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 

soils that they have tested. 

Present Tnvestjg Lion and Its Sigr~ifa cater ce. 
In the present investigation the undrained (Quick) .'ests 

have been performed on 50 soils compacted at •...C. with 

standard Proctor's energy - conforming to most of the cases 
usually met in the field. `choir plasticity characteristics 

have also been dotcrminc~d. Attempts h ve boon made to 

co-relate the undrained stron ;th parameters C and f0 with the 
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plash? city characteristics of soils. 

Corr latio.a of one property with another has to distinct 

advantages. First, it helps to unders Lind the fundamental 

properties clearly and secondly if ons property is knoun, 

the other may be predicted with the help of correlation, 

avoiding difficult and time consuming testing of soil, both 

in laboratory and in the field, and giving rnor© information 

in the field economically and expediently. 

The soils studied include clays., Silts and also a 

few sandy clays. 

The problems of the field likely to utilise the 

results of this investigation are foundation of structures, 

embankments and earthen dams provided that consolidation 

during construction is negligible, and design o.f walls, and 

cuttings; where factor of safety is required for conditions 

during or immediately after construction. The stability 

analysis is carried out iait'. ros sect to total stresses and 

with apparent shear strength parameters C and ,0. 
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III. 	EXP 	Z .'- T AL STUDY 

G en©V a],.  e 

The apparent cohesion (C) and apparent angle of internal 

friction (J) for each soil have been deterainod by performing 

undrained (Quick) tests on. a minimum of throe samples of each 

soil at diff , rent cell pressures in the triaxial testing 

mac'.iirie. The soil is compactbd at 0.:'.0 0  in the mould -with 

Proctor's standard energy (3ritish Standard) (3) and then 

tho samples are extruded from the mould. Glycerine has been 

used for applying different cell pressures. British Standard 

(3) methods have been used for determining 0;;..C,, liquid 

limit and plastic limit of each soil. 

Efforts have been mode to study various soils which 

could be classified in different groups of Casagrende's 

plasticity chart, to cover a vide range of plasticity, 

characto istics. 

Soil Studied. 

Fifty soils have boon tested. In Fig, No. 19  they are 

plotted on the plasticity chart (1.71  v/s Ip ). These soils 

include soils of each group 01' Casagreiide's plasticity chart 

as follovs:- 

(i) Inorganic clays of love plasticity ...............G 

(ii) Inorganic clays of m ,dium plasticity,,,..,..... .20 

(iii) Inorganic clays of high plasticity,..,, ...., . .. . .6 
(iv) Inorganic silts of low plasticity ...............Tail 

(v) Inorganic silts of medium plasticity or organic silts..9 

(vi)Inorganic silts of high plasticity or organic clays .. , .4 

	

(vii) Snncs 111it'i ciny cottei'/..... .. . . .... e . . O D . . .. 	Y . . . i. .5 
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o 	 '  lcr r;  o 	 1.e j lto Of 1'ri plasticity ' 

available. 

All soils :oolong to t'ie [;eologic<l region known as 

Indogangetic Plano of IndL . 
is numbc'r of soils obtained were limited , seven soils 

r,ei e prepared by ►aix3_ 	trio or more typos of soils to ohta~n 

intermediate plasticity characteristics. 

A 
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?remotion  oojis 
About 15 lbs. of each soil as tr'.cen. Af ter breaking it 

into pieces, the soil vas driod in an oven at a teriperature of 

105 to 110 C°, for 24 hours. The dried soil as further 
bro -len by wooden hammer and sieved ith U.S. Sieve No. 4 for 
subsequent ex )erir~ients. 

Deterraination of plastic~tty Characteristics. 
About 200 gins. of dried soil passig U.S. Sieve ::o. 40 

(I.S.S. :Io. 40) is taken. The .iTiritish Standard procedure 
described in Ii..S.U. (3) wh,ch is also adopted by I.S.S. is 
used fore the determination of liquid limit and plastic limit 
for each soil. The flow curve for each soil has been drawn as 
shown in Fig. I:os. 22 to 26 of P.ppondix r.. The apparatus used 
is shown in Photo o. 1. 

Detormiiiation of 0,: 
Standard Proctor's test as desc j.'ied 'y L~:.'ao (,2) is used 

4 Twl Uh 	he Io:lo~i.. 	 ) 1✓  v - 

(1) 'io 'wve t.ii fcrrJ-ti an3 to avoid ti , u M—.,or due to perso-- - r.1 

S ~C Off: 	_1 	..) 	(: 	~3L ~ 	 .. ..')__ 	r;..; 	ELF 	r 

uU 	2. In this apparatus uniforu ly distributed blows 

were applied by a rarnmer e:if=;hing 5.5 lbs. The fall of ranger 

VJaS kept 12" • 

(2) T ie base "i l. to o ,,ins ikoy;,t fixedd o:a '",io a ,) . a atiis and only 

mould was ren ovod and then placcca on 1-0ho other base plate for 
trimrlirug off, the soil and t bez. vJoi-hod vltli ..t. T`11.s vvs done 

cI _d'i, s' ran t of Lase ;,:1 , I-c r or every observation. 
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F2 

Photo ITo. 1 - Liquid limit device. 

I 	• 2 - 	c1:iLc:-'1 C : 	c 



(19) 

	

For every soil t e rot re co)itcit'ti vl-, C:'.';% h^;",.. .uf L. 	 ? 

` ,, 	, . ., .' 	: • 	. • 	rf Appendix h and 

C.,::.C. with maximum dry density v:as obtained. 

Prot arat' 	of Saas  

	

200 gms of dried soil .?as ta'o'i .:1.: c' h d 	.3l: 

nntry of the moisture from the atmc -pp' ere • Calculated amount 

of water to give 0.• .0 . plus O.B,J aud•4 on .1 n invc of , , te° 

'j ;td c d iii.) c:..JU. 1. te :.i. .C° ' 	 ... 	, and 

compaction. In all t !e case;; ':' o 	s'' 	c 	' r v'• of -%,1'c~ 

. content very -well agreed v;itb the calculated one 

the error not exceeding + 0.3;j of nlsu c co 	 :~ . In sn o 

. nu 	ro v' 	'z(J t*''s found Creitor than 0.S s tho 

testing vas ripen ued. Ai t r a :.~ct '..a ~2 	n 	e to 
tn 	;:.i1 o , , 	s 	r ten out by 

means of the sam ler shown in i'?:ato 'n. t 	~'~ °,~~ ,~ Y  '' ;. 

to di 	 ,. 	 , 	 tit 	C' ice t 

inside the moist membrane by means of manbra-,e stretcher 
Photo iTo. 4) and '_:et ,fo 	u st 1., 	ul'^a !,.• i 	• 

Photo i~ro. 3 shown the Cone 'al arrangement of the apparatus. 

For each so-:t , a ninl miir: of tj1:bet sa, 	 l" " rTh'.a. ;, 16 ,' 

length., have been tested and each sample under different call 

pressure, v T'SJi i1:. 	 0 MO 30 i Ji U 	~~. 0(1.....1.1 
..
•.i : sod  

a;)jlyin,; co i2 i:' i r assure to avoid leal~aga. Vaccuwa pump 

'.)fs used to evc?clle ti 	.,'C3'_._-i8 .~ t.. 	,ra ^n- 	:' C'~ ~.`• 	2v—) 

L. x ,.: `~ 	o. 	t r,r cn end of the s ,;::t ale, were 



- 	--------- 	-.------------------ 	 - ----r ' 

3 	CCt±YiO ,:ith i3lshthp's 
pore Pressure rcasuring device s  

Ol 

(bc) 
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Photo "o. 4 Sample Extrude', orThne Strotcho rtc 

 le 
.:d-al  machi nc, 
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placed to avoid an.;r drair 1. e o' thane ir r;ioisture content. 

lha rate of strar. LNs 'Mpt L.1'1,' :., 	ot;t. Dt:C to soro 

defects in the strain controllin , unit, some times the fluctu-

eti ons in the rate of strain 's found as much as 20;.). Dut as 

pointed ou4 In,- .to:~:e? 	(1) vhaU so .'a: ,.:, 	1 	'ia', 	).r~  

s~C the variation in the rote of strain or loa.d~n- 

in an undraanoca tests ac o:" 11 -~ tlo c :~.,^ .^ c i, .i  

	

 

II;' 	 3 ) v..L 	 cua'rri' 	r i 

	

r_ vL 	er than standard rate, do not 

amount to more than about 5" or in extreme case 10 percent. 

The Lob 's envelop is dr::i "or eae'i s01.1 a 	 o t.a c1Y 
,c ~. L' !e t'o e. c: n: as shov;n in Fig. Ito. 39 to 56 of 

Appendix A. 01-ampton 	and 'A-&,ip(31) have poi.nteG out that 

:,>: ,., s .` .' 	}.<. 	+ + 	s 	e J ca: rdi ti oi: (as the 

present, case is), the ..ohr onvolop is 	..11~1:' c1l.'4nd, '1t.t 

3 u ill? 	1'' 	, f..` 	_.?.i~ 	J.~r 	 ;~ j~. C?.` t.l a C 1.IYiGer 

investigati~)n. 	.,. 1C3VcZo- c.' _., ~,:..L '~ 	l~ 	a'  1 	1 	r4 S ~7 	1, 	1, ~.. , 	S •li.- r 3 . , ~,; 1 4 

., 	•.,~ 	~~ 	: 	.. i: -. ~r , 	,u . X1i 	r 	,c. 	~. 	 c'ta.' tc 	i nd 

	

.ii 	L':..  

of Biship's pore pressure measux to devic^ 

own with the trig ial machine in Photo o, .. For these 

soils :lohr envelop for effective stresses have been drawn and 

true values of cohosip anc 1 to 3f internal frictions have 

been obtained. 

2hoto "o. 5 sio 	. c''.ose u,i view of tio triaxial cell 

.•lycerino and, fajled 	sat: _ '_u inido it. 	l hotos ::o. 6 and 

7 shu:, few t`' i c4 .I aiiures of soU.l 	srui +lies. 



Pho° o. a ,Jo. 6 - Typical } :odcs pK failure of Sar.,-, T es 7 

Pl hot-) pro. 7 - Typicr 1 mocL3,s of fai:.uro of Sa►:Ip1os II 



TABLE N0„1 

LJLPERILENTAL R E S U L T S 

Soil Num-'Liquid-Limit'Plastic -Limit'Plasticity -'Dry-Density Optimum- 'Cohesion Aug].a of 	{ 
bar. ' 	% ' 	% ' Index. ' lbs/Cft. '2:oisture  ' ' 'Content ' 'Friction in' 

1 1 s s 	, t D trees 
I 1 1 f 1 1 1 

1 r t t r + r 

1 5900 28,0 3100 106.4 17.5 24,0 11.5 

2 5000 26,3 23.7 105.4 1805 16.0 21.5 

3 62.0 29.4 3206 99.8 22.0 28.0 8.0 

4 41.5 2503 1602 107.3 1800 20.0 24.0 

5 43.0 25,8 17.2 105.3 18,25 155,0 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 19.0 24.0 ?•^.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 1.5,0 

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 18,2 15.6 3 ,2 118,8 11.5 8.0 3f,0 

17 32,8 23.4 9.4 109,3 15.5 13.0 33.0 

18 21.5 17.1 4,4 118.3 72.0 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 2200 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 21,8 103.3 21. 5 17.5  
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 25.2 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 3. 6,75 14.0 28.0 

3^ 30.6 20.4 10,2 112. 8 13.75 15.0 32.0 

31 56.0 ?8,9 27.1 100.0 23, 5 21,0 15.0 

32 41.0 25.5 15,4 107.2 17.75 14.0 32.0 

33 41.3 ??5,8 15..E 107.0 17. 0 17.0 27.0 

34 51.1 29.4 21.7 102.9 21, 0 19.0 24,0 

35 15,4 12.0 2.5 113.4 13, 0 7.0 35,5 
-------------*-----------_ - _---_ ---.-.--_ __- - 	- Cnn6: 
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TABLE +0,2 

Results of 5 Sofls tested with -pore pressure measurements. 

Si. 	Igo. 'Soil No. rue Cohesion Ct in psi. rue angle of Internal ' friction Jet 
in cerees.  

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 OFC 0 RR E L„ As T I O _N, 

General , 

The fifty soils investigated have been found to posses 

the ranges for apparent Cohesion (c) and angle of internal 

friction (0) at O.I:i,C., liquid limit 9 Plastic limit, Plasticity 

Index, O.N.C. and dry density at Proctoor's Standard Compaction 

energy, as indicated in the table below:- 

TABLE N0„3 

The minimum and maximum values of observed soil 
properties. 

Si. No. 	' Property 	' i,ainimum Value ' Maximum Value 
S 	 f 	 , 

1 C in psi. 7.0 28.0 

2 0 in degrees 8.0 37.0 

3 ril 	(5) 15.4 62,0 

4 V'Jp 	(5) 12.9 3303 

5 ID 	(5) 104 32,6 

6 Dry density; in 
lbs ./cf t . ,: 97. 0 120,15 

7 0 .l`l.i .0 o 	(5), 10. 0 25.25 

Refering to Fig. No. 19 it can be seen that the soils 

cover a fairly vi ei range of plasticity characteristics. 	The 
correlations of 	and , 	with different plasticity characteristics 
obtained on the basis of these soils, may be expected to be 

more or less ,applicable to all soils in the above ranges. 

Thq following correlations have been tried. 
1 C with Wl 
2 ,. C with Ip 

,'3, C with Vil a .d '~7p 
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4, 	fb with x'11 

5. J6 with Ip 

6. ø with Wl 

7. J with VI1 in parts 

8. Log10 0 with \l 

TABLE N0,4 

Reuired da_ta fox Statistical analysis. 

Si, Ito. 'Quantity ' 	Value 'S1, No.' 	Quantity ' 	Value 
< 1 < 

1 Z G 825,1000 is ip 14,6820 

2 Ec2 14605.7100 16 c x 711 	- 34784.1700 

3 16.5020 17 Z C x Ip 13623.9500 

4 1246 .0000 18 1 c x ",p 21160,2200 

5 
2 

~! 33626 • 0000 19 x ''1 45354.3500 

6 24.9200 20 X f 	x Ip 15926.6500 

7 E- 1111 1966.7000 21 FØ x t'?p 29427.7000 

8 84842.3300 22 Wpx '.','i 51218.8800 

9 Mti1 39.3340 23 07 4.4406 

10 ti 1232.6000 24 ¶ 7.1773 

11 ~"~p 31636.0200 25 12.2345 

12 Wp 24.6520 26 p 4.9998 

13 g :Ip 734.1000 27 c 8.0772 

14 ~, IP' 14040.1900 28 N 50 

N.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 V 

The plot betueon cohesion and liquid limit is shown 

in Fig. No, 2. The following trial is made to correlate C 

with V11 by straight line law, the equation expressing the 

relationship is assumed of the. form 
C = a + b;;1 

The object is to get the best slope and best intercept, 

which is obtained by generally accepted 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. 

~C=a.N+bI.ti'W1 

and 	C x 	= a~- °dl + b 

By solving the above two equations for 'a' and 'b' 

we get 

(3) ( C.w1) - ( V1) ( C) 
a 	--  

(tWi)2 	- N (7.?'i) 

i) 	 C J  J3) 	(7-C ~~y: ) 
N 	 it 

or,a = 

N 

(Wl) (Z C .dl) 	- t C j ( .wl ) 
or a = 	._... 	 ~..__~..._. 

('.Jl ) ( 'll) 	- 	Vil 

. 
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(Y-C ) 	. l) - 
and 	b - 

1. Z 

N 

FC •<<1 	- 	( c ) (L+'11 ) 

On substitute )n of nt'r er-L cal va?.sins fry table ::o. L. , 

?'! rat 

(35),334) (34784.17) - (16.502) (34342.33) 
a 	- 

(3.334) (i0'FG.?0) - (34342.33) 

a .25C, 

and 	b 	_ 	r- 	- 	U.n 0v4 	.- PP 
34042,33 - 39.334 106v.70 

= 0.3113 

Therefore the equation of correlation is 

C = 4.252 + 0.31113 

For various obsorvat ons the va1L.ps of C are obtained 

f1 on the above relation and are shown in Table N , 8. 

The nomogram of correlation is s;iovrn in FiL . No. 3. 

The nothod of draviag noraoI.ai.z is exi .snod in Appendix Dl. 

Pro t Moment Correlation Coeffie ent:- ~r.r.rrrr  

The degree of correlation measured by so called product 

moment correlation nn^f;0icient,which is expressed as 

1 2 (c-). (Wi - ~'1z ) 
r 	= 	 ,..1

(, Q) (~ ) 
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The numerical value of r cannot exceed +1 or be less 

than -1. The value of r equal to ii represents that there 

exists a perfect functional relationship between two variables, 

When value of r is zero it signifies that there is no relation-

ship at all between the two variables, Other interdediate 

value of r indicates that there is no strict functional 

relationship between two variables, but there is a trends 

The product moment correlation can be written as : 

r 	 -U,1 

On substitution of the various values from table No. 4, 

we get 
34;784„x.7 	- 	(160502 ) (39.334) 

50 
r 	= 	4,4406 x 12,2345 

= 0.8558 
Now for the test of the significance of the product 

moment correlation coefficient r 9  the minimum significant 

value of r is 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 liquid limit of the soil. The positive sign of r 

indicates that cohesion increases as liquid limit increases. 

Standard Error of_ Estim e:- 

The regression line gives only the 'best estimate' of 

the value of quantity in question. The degree of uncertainity 

in this estimate is calculated by so called standard error of 

estimate and is expressed as R- 
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Sc  = o l_r2  

= 	4,4496 jr •• 008558)2  
= 2.303 psi. 

Thr oritically for normal distribution 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 = + 40606 psi. in atleast 

95, cases, from the e0tiinated values givon by the regression 

equation of C, in the specified range. 

Suppose for example we want to estimate the value of 

C for a soil with liquid limit W1 = 40% 

Then we havf : 

C 	4.258 + 0.3113 x 40 

= 16.71 psi. 
Since the standard error of estimate is 2.303 psi., we 

ohould expect that for all soils with the liquid limit of 40% 9  

at least 95% would shave that cohesion C will be between 12.104 

psi. and 21.316 psi, we should almost be certain that value of 

C will 30T be less than 9.801 psi, and NOT more than 23.619 

psi, for all soils tested under these conditions. 
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The correlation equation thus obtained can only be 

applied within the limits of observed values. Ie cannot claim 

for the equation to hold good outside the limits of experimental 

values. Hence it can be concluded that from the equation 

obtained the value of cohesion can be obtained for soils having 

liquid limit between 15.4; and 62L 

Correlation of C r1th Ip  

The plot bet^Keen cohesion and plasticity Index shows 

a tendency towards a straight line relation as shown in Fig. No. 

4. And so trial is made to correlate cohesion with plasticity 

Index by equation of the form :- 

C  = 	+ b Ip  

In this case 

	

1p  ) ( i C.Ip ) - (C ) ( 	Ip2 ) a 
(p ) (YIP  ) - 7- Ip 

and 	b 	= 
	C.Ip 	- ( 	) ( 7- Ip  ) 

	

Ip 	- (z ) (lip ) 

By substituting the numerical values in the above 

equations from Table No. 4, vie get : 

a 	= 	9,7065 

b 	= 	004628 

Thp'efore the equation of correlation is 

C = 9,1066 	+ 0.4628 Ip  

For various observations C' is obtained and shown in 

Table No. 8a 
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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 the relation 

N 

r 	= 

(0) (ç) 

Substituting the various values and solving, we get: 

r = 0.8401 

Which reve 1s that relation obtained is fairly good 

positive correlat_Lon. 

The standard error of estimate in this case 

Sc  = 07  
4,4496 1 - 0,8401)2  

a.41 psi. 

From Fig. No. 4, it can be seen that 100 values lie 

within plus or minus 2 x 2.41 = 4.82 psi. from the estimated 

values of cohesion. Therefore we can be sure in 95c the 

maximum variation will not exceed 4.82 psi, 

Correlation of C 'with W1 and t'dp  

Figures No. 2 and 4 indicate that there exists a fair 
degree of straight line relation between cohesion and liquid 

limit and plasticity index which is the difference between 

liquid and plastic limits, separately. Thorefore it is 

considered worthwhile to develop the correlation of C with Wl 
and 
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Assuming that C is best related with W1 and Z'i'p by a 

partial ''egression equation of the type. 

(C - C ) 	= c (a1 - ~ 1 ) 	+ d (wp . Wp ) 

Vlhere c and d are partial regression coefficients. The 

constant 'c' denotes, by how much C depends on Wl withINp 

remaining constant. Likewise, if W remains constant, the 

amount by 'which C is dependent on V1p is represented by the 

coefficient d. The two unknowns c and d are found by framing 

and solving the two simultaneous equations as shown in the 
following steps. 

(1) Rewriting the partial regression equation in the form : 

I(C - c) =c.' (W] . 	+d.'~(';rp -frp ) 
or 	C- C =o '41 -c \i- 	+  

	

al 	 IN or 	C - 	N 	= c 7 I'll . c . 	+ d F- V~f p - dL rp 

	

TJ 	 h 
. .. . . . . (i ) 

(2) T:Iultiplyring the equation (i) by i 'throughout, we get the 
following equation : - 

2 ~R 

+ d E 	.'i - 	
N 
	) (Wl )] 

2 
2 

= c> Wi 
- 	 I 

~ I't~p . ~ .I'al 
+ d ~ Vp 17, - 

N 

or I C,W , - 

 

Inserting the sign  ( corrected sum of quantities ) 

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

.0 

'i 	C 	( 	lr') 	+ 	jV. 	'r 
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(3) Next by multiplying the equation No. (i) by W throughout 

and inserting I , tie get : - 
'i C.'lp 	= c (z"::1. ;p) + d (I,V1p2) .............. (iii) 

(4) Inserting the numerical values from Table i o. 5, we get :- 
2329.69 = 7484.15c + 2735.80 d 

and 	819.86 = 2735.80 c + 1738.07 d 

by solving the above equations 

c = 0.3270 

d = .-0.0430 

(5) 	Substituting the, values of c and d in the regression 

equation, we get :-
i 

	

( C 	) = 0.327 (ii_) - 0.0430 (~'~ p - 'p ) 

Substituting the values of C 9 Fl and `"gip from Table No. 
4 s ive get the required iegrossion equation !- 

	

C 	= 	4.7 + 0.3270 '.`:1 - 0.01'.30 

This is final e'qua i n -w}ich may be used in predicting 
t'vv cohesion C from the data of liquid limit and plastic limit 
for the soil. The values of C obt-~ .nec1 from the equatio,. and 
their comparison with the actual observed values is sI ovin in 
Table No. 8. 

The nomogram of correlation is shown in Fig. No, 6. 
The method of drawing and sing nomogram is explained in 
Ap))ondix D. 

a 
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¶. ALE I'0„ 5 

Correlated Sums. 

Si, No. 
I 	 I 

° 	Quantity 	' 
I 

Value 
1 

° 	Si. 	I1,o.1 
° 	 : 

Quantity 
1 

' 	Value. 
! 

'2 1 C 980.01 6 . C.W1 2329.69 

2 A 25?5.68 7 '~ C .':'p 819,86 
2 r 

3 ' 7484115 9 2,.'':1 -3415 .81 

4 ~1: ~ 1738.07 0 p -1288,69 

5 "; l . "p 2735.3G 

r'ultinlo Co r '.olf^t5.on Coc~~° is ort 
Since the values pl9rcctoc fror1 'a',r .> . ial x, o ress on 

equation, chile approximating actual values differ some that 

from them, tie shall find a correlation coefficient between actual 

and predicted values. Such a correlation coefficient called a 

multiple correlation coefficients. 

The multiple correlation coefficient R is given by 

~C C 	- (C) (C') R _ 	N 
c 	°2 

'aC 	C 
( N ) ( N ) 

Substituting the various numerical values, we get :-

R - 0,8616 

The standard error of estimate 

S0 	- 

= 4,4496 x 0.5075 = 2.258 psi. 

Whenever we make a prediction, therefore we shall be 

correct 95 times out of 100 if sae say that the actual value of 



14.kJJ 

cohesion vill be vithin 2 x 2258 = 40516 psi0 either sides of 
the value arrived by using the partial regression equation. 

Correlgtion of 0 ulth Lj 

The plot betieen the angle of internal friction 0 at 

0,.0 . and liquid limit shov,s a tendency towards a straight line 
as shown in Fig. No. 7. So trial is made to correlate them by 

a straight line of the type 
t 

0 = a + b .W1 

In this case 	 2 (ti't1) ( 	•W1) 	) ( wl ) 

a = 

( I) ( 	V1, ) 	- 	12 

and b - 

Wit 	(l ) (Z I'll ) 

By substituting the various values in the above 

equation from Table No. 4$ we get :-
a = 44.1336 

and 	b s -0,4884 

Therefore the equation of correlation is 

.0 = 44.1336 - 0,4884 "1l 

For various observations 	is obtained and is shown 

in Table No, 9. 

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

The product moment correlation coefficient is given 

by the relation. 

N 	~.
1:; 
	l 

r = 

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

r = -0.8320 

which reveals that relation obtained is fairly good 

negative correlation, i.e. as liquid limit increases the value of 

A decreases. 

The standard error of estimate is given by the 

relation 

= 	1 - r2 	2 
7.1773 fi-( -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. 

3,930. From Fig, No. 7 it 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 95% cases the 

actual values of 0 tivilL not differ from the calculated value by 
more than 7.96 degrees. 

Correl&tion of g with Ip 

The plot between the angle of internal friction 0 at 

O.L.C. and plasticity index shows a tendency towards a straight 

line as shown in Fig. llo. 9. Therefore trial is made to correlate 

them by a straight line law c' the type - 

1 	=a + bIp 

Here 	a 	- 
	( Ip ) ( Z L Ip ) - (r) (~ Ip ) 

( Ip ) ( Z Ip ) - ( 	I 	) 
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z fd .Ip 	- 	() (Z Ip ) 
and 	b 	= 

Ip2 - (Ip ) (~ Ip ) 
By substituting various values in the above equations 

from Table No. 4, we get 

a = 3505737 

and 	b 	-0.7256 

Therefore the equation of cor'elaton is :.. 
= 	35.5737 - 0.7256 Ip 

For various observations A is obtained and is shown in 

Table No. 9 . 
The nomogram of correlation is given in Fig. No. 10. 

It can be directly used to calculate 0 from the plasticity index 
of the soil. 

The product moment correlation coefficient is given 

by the equation ..f T 
p 

r = 

() . ( z ) 
Substituting the values froi Table .:o. 	., we get :- 
r = -0.8166 

which reveals that relation obtained is fairly good 

negative correlation i.e. plasticity index increases 0 

decreases. 
The stare -rri error of estimate is given by the relation: 
5~C 	- ç 	i - r2 

= 7.1773 J1 - -08166 )2 
= 4,143E 



As shown in Fig. No, 9, in 96o cases the actual values 

of ,ø lie within plus or minus 802872 degrees from the estimated 

values given by the regression equation. Therefore we can be 

sure that in 95 % cases the maximum 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. 

Corrblation of 0 with VIl and alp 

Figures No. 7 and 9 indicate that there is a straight line 

trend of 0 with x'11 and Ip separately, where as Ip is self the 

difference between Ill and W. Therefore trial to correlate 

with Val and Wp is made. 

A.ssuming the following regression equation - 

r 	 _ 	 _ 

( 10- 	) = c ( TAN' l - N1 l ) + d ( ! p - ter p ) 

The parts.al regression coefficients c and d are 

determined from the following two equations, 

'  2  ' 0 .Vii 	_ c (.1 Vil ) + d (E t,,Z . p 

and 	Ø. Wp = c (~ '.ii . Wp ) + d (E ~~p2 ) 

Substituting numerical values from Table No. 5, we get :-

C = -Ov4365 

and  d = -0.0543 

And therefore the partial regression equation is 

( 10 - % ) _ -0.1-365 ( '1 	'1 ) -0.0543 ( VIP - tdp ~l 
Substituting the nunerican values of f6 , ,111 and t"dp from 

Tab., o No. 4, we get the final partial reuresslo L. equation - 
 = 43,428 - 0.4365 '..1 - 0.0542 '1p 
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From the aovo equation f~ can be calculated from liquid 
and plzstic limit of the soil. For comparison the observed and 

the calculated values of ,D aro shown in Table + ). 9. 

The nor ogram of correlation is given in Fig. No. 11~ 
which can be used to calculate , from the observed values of 

liquid and plastic limits of the soil. The method of drawing 

and using the nomogram is explained in Appendix D2. 

T.lultiple cor -~a1atio7, coefficient is given,by :- 
r 

= 	/((ø (EI) 
) 

Substituting tho numerical values 

R 	- 	0."33' 
The standard error of estimate is given by 

-1: 

- 7.1773 ji -0.833 ) 

= 3.070 

In 95% of the cases the actual value o 0 will lie within 

plus or minus 2 v 3.07 = 7.940 from the estimated value given 

by the regression equation. 
Correlation of Log 0 with V,'l 

10 

The plot between the logarithim to the base 10 of the 

angle of intornal friction 0 and the liquid limit Wl in ordinary 

scale shows °a tendency towards a straight line as shown in Fig. 
No. 12. Therefore trial is made to correlate thorn by a straight 

line on sgmnilog scale of the type - 
Log fo 	- a+ b1 
Irri this case : - 
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(l ) 	(Lof ) (:11 )} - (Loco 	T. • 
a =  -- 

{ 1 ) (' 'i) 	- F 

and  b 

 { Lo 0,Ø;.111 	- (Lo!) ('~ 

- (`;1 ) ( 	) 

By substituting the v• rious numerical values in the 

above equations, we get :- 

a = 1.7554 

and  b  = -0.00962 

Therefore equatio.i of correlation is 

Log10 ø + = 1.7554 - 0.00962 'Jl 

For various observations O is obtained and is shown in 

Table -, o. 9. 

The product moment correlation coefficient is given by :- 

Log 	:11 ) - (Logl ) 	(y l ) r =  

10 

- 0.8062 

V hlchh rev als that th. relation obtained is fairly 

goof negative correlation 1.r'.  ) :; 1iquic? ~.; ' :.cruasos Lc ,t; ø 
10 

t33Cr S35. 

The standard error of estimate is given by 

S1o10 	_ 	log10 ,o 1 - r. 

= 0.1460 1 - { _0.8062_)2    

= 0.08637 

In 95J of the cases the difference in Log of 0 to 

the base 10, v1ill not be more than two standard error of log JO i.e. 

2 x 0.0863? = 0.1727 from the calculated value of 10 O, from the 
regression equation. 
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Correlation of , -ith "'I in parts. 

From the plot between angle of internal friction 0 and 

liquid limit 'd, as shown in Fig. No. 13, it is clear that it 
will be more accurate to fit a straight line between liquid 

limit 15 to 30j and another straight line between liquid limit 

30, to 62. This is probably due to marked difference in clay 

content of the soils below liquid limit of 30/10 

Let the equation of the straight line below liquid limit 

30 ' is of the type 

10,= 	a + bW11 

Here only those soils be considered whose liquid limit 

below 3O, but their liquid lir:lit be represented by adding one 

additional suffix 1 i.e.  by 4711 and 0 by X11. 
Therefore 

2 
( rill ) (~0 .Wit ) - (i ) ( 1711 ) 

a 	= 	 2 
( 11 ) 	( 	1"11 ) - z ~1]. 

j6.ZVll 	(10i ) 	( 	'11 ) 
and b - 

2 	(ail ) ( ' Vili ) 

By substituting the various numerical values from 

Table No. 6, we have :- 
a 	= 	46,5C30 

b 	= 	-0.7100 

Therefore the eeuation, of correlation is 
- 	46583O - 0.7109 ?"l 
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The product moment correlation coefficient is given by the 

relation :-- 

r - 	ø)-ii 	• 
0 io Oh 

- - 0,595 
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 0 

ovon for this region. 

Standard error of estimate is given by :- 
Sal 	- 	 l 

2 
- 	4.3715 	1 - 	-0.599) 

3.51340 
However the standard error is smaller in comparison to 

the previously derived single straight line equation, therefore 

for this region the values of 0 calculated from this equ-tion 

are liable to be subjected to lesser amount of error. 

Now let the equation of straight line between liquid 

limit 30 to 62% is 

a + b Wlh 
Here only those soils will be considered whose liquid 

limit is above 30$9 let their liquid limit be represented by an 

additional suffix h i.e.  WJ1 by Wlh and by Øh• 
In this case 

2 
( yIlh) (ZØ. V lh ) - (c) C Z '~lh 

a 	= _ 	 2 
T'lh) ( 1' ih ) - ( 	lh ) 

and, 
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• Oh • ,:lh 	M (7h) ( Z 
b 	= 

1.4lh - (:tlh ) (~"lh 

vie 
	Substituting the various numerical values from Table No. 69 

vie get :- 

a = 53.1922 

and 	b = -0,6777 

Therefore the equ-ition of correlation is 

Ph 	= 53.1922 - 0.6777 ,'11 

The product moment correlation coefficient is given by 

r 	- 	
h 	h• t'lh ' Jh •'71h 

-0.8517 

Which reveals that relation obtained is fairly good, 

negative correlation i.e. as liquid limit increases value of 

,6 decreases, 

The standard error of estimate is given by :- 

S~h  h J 1 - •0.851?)2 

= 	2.So0 

The standard error of estimate in this case is less than 

that from a single straight line equation derived earlier. 

Therefore for calculating y for soils .having liquid limit 

greater than 30% this formula vill given more accurate results. 

From both above equations the values of J have been 

calculated and for comparison with observed values have been 

shown in Table No. 9, This can be soon that these calculated 

values are more close to the observed values than that calculated 

from single straight line equation to cover the tiihole range 

derived earlier, 
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From Fig. No. 13 it can be seen that 100,°of points lie inside 

the tv o standard errors of estimate for the respective region. 
Thus -re can be •sure that for 95;a' cases the error vvi11, not 
exceed the tvio respective standard errors of estimate. 

PISCUSSI0N 0:1 COItELATION3 OBTAIN . 

The following are the equations of correlation obtained 
for C 

1.  C 	- 4.258 + 0,3113 111  

2.  C 	-- 9.7066 + 0.4628 Ip 

3.  C 	= 4.70 + 0.3270 '. 	- 0.0430 ti p 

and for 

4.  44.1336 - O,484 W1 

5.  1 	= 35.5?37 - 0.7256 IP 

6.  0 	= 43.428 - 0.4365 	11 - 0.0543 . p 

7.  Log 0 = 1.7554 - 0.00962 W 
10 

0 

and also for soils with 

!1=15 to 30 

8. 10 = 46.5830 - 0.7109 WYl 

and with ~~ 1 = 30 .) to 62; . 
1 

9. 10 	= 53.1922 - 0.6777 V11 

The values of standard errors and coefficients of 
correlations for various equations are 
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!'gin' -?Uon 703 

1 
2 

3 
4 

Standard ',rror 
`) .33 3 

0./10 pssi. 
2.258 yjsi . 
30%  r 

Cor,olf.tion Co©ffic ant. 

0.8558 

0.0401 

0.8116 

-0.832 

5 	 4.143Gc  

G 	 3 . ciY7 

r1 	 Lo 0/ =G.0L1637 

E 	 3.51340  
r 

-0.31GG 

0. 33 

-0.806 

-0.595 

-0,8517 

'once in order of accu: r cy for cohesion equation - 3 

is th- best and then equation -i and -2 follow. Table No, 8 

gives the observed as well as calculated values of C from 

different relations for all 50 soils. 

For jo in order of accuracy equation - 6 is 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 its specified region. 

Ii both the cases it has been observed that equations -3 

and -6 give better results comparatively, probably because in 

both these equations, both the liquid and plastic limits of 

the soil have been considered. Both the observed amd calculated 

values of C and f6 from equations -3 and -6 respectively have 
been plotted in Fig. No. 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 rican value of C is 

16.502 psi. 
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So present error is :- 
_ 	= 274 

16.502 

This error is plotted on either j-ide of the 450 

line i Fir. :;o. 14 . Out of 50 points 49 lie inside the limits 

i.e, 93 ° of cases. Hence vve can expect a maximum of 27.4% 

error in 95 cases. 

Similarly standard error of estimate in equation -6 

is 3.97 and so its double is 7.94 degrees, and the mean value 

of f is 24.02 degrees. So present error is 
~'7  

= 	.,.7 0 D4  
24.92 

This error is plotted on either side of the 450 

line in Fig. To. 15. Out of 50 points 48 lie inside these 

limits . ,fence we can expect a maximum of 31.8;' error in 
95;a cases, 

Tho best equation for calcul^tang cohesion is :-
I 
C = 	4.70 + 0.3270 71 - 0.0430 I 

In the above equation giving different numerical values 

to one variable, the relation betcaeen the other to variables 

have been plotted. 

Fig. 'To. 16 shoves lines of constant C on the ti'+l - ~1'p 

chart. 

Fig. Igo. 17 shoes change of C with liquid limit for 

constant values of plastic limit. 

Fig. '4o, 18 shows change of C 1vith plastic limit fom 

constant values of liquid limit. This indicates that rate 

of change of C is more with change of liquid limit than the 

corresponding change in pl stic limit. 
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Similarly bes':. equation for A is 

- 	43428 .- O4365 V1 - 0.0543 W 

Giving different numerical values to one variable in the 

above equation the »elatirn between the other two have been plotted. 

Fig. No. 19 shows change of f6 .pith plastic limit for 

constant values of liquid limit, This indicates that f0 decreases 

with the increase in liquid and plastic limits. 

Fig. No. 20 shows lines of constant ,O on Wl - V1p chart, 

Fig. IJo. 21 shows change of 10  vith liquid limit for 

constant values of plastic limit. 

DISCUSSION: OF r,ESULTS  ., 

The standard error of estimate in various equations is for 

observed values by one operator and re have assumed no standard 

deviation in observation due to operational techniques. Mr, 

Agarwal (29) has pointed out that standard deviation for plastic 

limit values of soils by ten operators is 1032,°14 moisture content. 

But no such experiments seem to have been done for liquid limit, 

C and A, in view of the above factors the correlations developed 

are expected to give reliable values of C and 10, 
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TABLE N0,8 
Comparison of obs-rved values of apparent. cohesion and its 

calculated value from the various developed relations, 
psi. from its relation  ith Obsorved' Calculated value of C in 

'value of - - - - - - - - - - - - - - - - - - - - - - - - - - 
Soil'C in psi. iquid licit ' Liquid limit  '  Ilasticity Index. 

a.~ and plastic ' 
*limit.  

...) 2 3 ` 5 

1 24,0 22.69 22,7 20.05 

2 16.0 19482 19.9 20,65 

3 28.0 23071 23.6 24, 8 

4 2000 17018 17.2 170 2 

.5 15.0 17.64 17.7 17.65 

6 21,0 23,21 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 9053 905 10.34 

11 16.0 18.11 18,1 18.07 

12 22,0 22.31 22.3 22, 6 

13 12.0 10.46 10.5 10.53 

14 18.0 18.68 18.6 19.33 

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 
Contdo 
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Tab1c o„ 8 (Contd~ 
I 

' 	2 	t .3 	' 4 	' 5 I 

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 19.92 

26 15.0 17.25 17.3 17.05 

27 20,5 20.36 20,1 21.53 

28 16.5 18015 18.2 17.8 

29 14.0 15.89 16.0 14.55 

30 1610 13.33 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 

34 19.0 20.15 20.2 19075 

35 7.0. 9.18 9.1 10.35 

36 13.0 16,38 16.5 15.4 

37 16.0 15.49 15.8 12.43 

38 1310 14,40 13,5 12.89 

39 12.0 13.07 13.0 1$,86 

40 13,5 10.39 10.3 11,60 

41 18.0 14.78 14, 13„95 

42 17.0 14,73 14.7 14.94 

43 17.0 15.62 15.6 13.35 
44 16.0 11,84 13.E 12.84 

45 13,6 .14,26 14.3 14.33 

46 15.0 17.67 16.7 16,6 

47 14.5 14,53 1G.5 17.1 
48 16.5 16.38 16.3 14,42 
40 17.5 16.29 16,2 17.35  

12.42 2.4 13.58 
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TABLE N0 9_ 

Comparison of observed values of apparent angle of internal 
friction A and its calculated value from the various developed 

relations. 

'Observed va- CLculateti values of 	in degrees from its relation 
Soil' lues off - - _. - - r- - w - - jitfh - - - - - - - - - - - - - 

'in degrees. 'Li quid-'Liquid -'Liquid-'Liquid- 'Plasticity- 
No• limit &'limit. 'limit 	'limit( ' 	Index 

'Plastic- '(Log re-in parts) ' ' 'limit. '1ation)' - - -2- - -, 3 	-, - -4- - I 	r 	- - 6  

1 14.5 16.15 15.33 15.0 13.19 13.07 

2 2105 20,17 20.73 18,8 19.29 18.37 

3 8,0 14,77 13,88 1405 11019 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 26023 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 24.37 38,8 32.40 34.54 

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 2100 23.19 22,15 

20 20,0 .20.96 20,58 19,0 20,56 19.73 

21 28,0 24,08 24 023 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 17097 19.72 

124 1500 22,23 22,018 20,4 22 069 23.?2 
Contd, 
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Table No. 9 (Contd.) 

1' 2 
► 

► 3 	' 
I  

4 	' 5 
► 
► 6 	' 7 

I t 	 ► ► ► ► 

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 29.00 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 

24 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 29.68 29.6 25.60 30.56 

39 30.0 30.13 30.41 30.5 26.70 29.03 

40 30.5 34.14 3801 37.0 32,80 32.45 

41 31.0 27,19 21 #61 26.5 30.09 28,89 

42 34,0 27,56 2'.73 26.9 30.39 27.27 

43 28.5 25,55 25.88 24.5 27.91 29.83 

44 32.0 31.97 32,33 33.5 29.50 30.63 

45 29.5 28017 ' 28.4. 27.9 31.34 28.31 

46 26.0 24.65,' 24.54 , 23.0 26.19 24.73 

47 26.5 25.06 24.98 23,5 26.60 2387 

48 22.0 25,25 24.48 23.0 25.94 28.16 
49 290 25,54 25.43 24.0 27.24 23.57 
50 32.0 31.07 31.38 32 20 28.10 29.47 
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Vl. 	 C 0INCLU81 0  

Out of nine correlations developed, following are 

recommended for use in order of preference:-- 

For apparent Cohesion C :- 

1. C  =  4.70 + 0.3270 171 - 0.0430 Wp ................(3) 

2. C  =  4.258 + O.3113 ZYl ............................(1) 

For apparent angle of internal friction f:- 

1. f0  =  43.428 - 0,4365 Vt1 - 0.0543 tip ...............(6) 

2. J6 =  
For the soils having liquid limit between 30% to 62%' 

better results can be obtained from the following equation 

 

f6 =  53.1922 - 0.6777 W1 ..........................(9) 

Since the study was limited to only fifty soils, 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 12.0% to 33,3%. The applicability of the 

equations may not holdout 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, 

it is observed that there is increase in true cohesion of the 

soil from apparent cohesion, due to shifting of M ohr's circles 

towards the origin; and there is decrease in the true annle of 
internal friction from apparent ,o, though comparatively of small 
magnitude. 

These correlations were obtained from the soils of 7ndo- 

Gangetic Plain (U.P.) . The correlations can therefore be applied 
to the soils of this geological region. 
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The author is of the opinion that, it such equations 

are developed for soils of each geological region, satisfactory 

results may be obtained. 

Li 
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VII 	S COPE FOR FURTHER S TUDY 

(1) The triaxial tests can be performed on compacted soils vith 

pore rater and I: or ail P.Oesstu10 measurements, and true 

cohesion and angle of internal friction can be obtained 

which can be correlated with plasticity characteristics of 

the 'soils. 

(2) Tests can be made on the soils for modified Proctor's 

compaction, So correlation can be developed for finding C 

and Jø in that case, from plasticity characteristics of the 

soils. 
s3) The maximum dry density could also be correlated with C and 

fd for particular conditions. 

(4) The cohesion can be obtained for completely saturated case 

of compacted clays wh ch can be correlated with plasticity 

characteristics. Quick saturation can be obtained by means 

of recently developed back pressure technique. 

(5) The standard deviations for various plasticity characteris-

ties tests can be obtained $  by collecting the test results 

for the same soil by different operators, This will help 

in testing the effectiveness of, correlations. 

(6) Correlations of plasticity 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 reactinn etc. Such correla-

tions will help in understanding the soil behaviour and will 

give different soil properties by one or two simple tests. 
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TABLE N0_10 
2 

Sums of Vt1 and till 
1 r ti' 2 Soil i :11 	r ,~12 ' 	Soil 	' ' I'l 	' ti  

i:o o 	r r ' 	i,o. 	t : 
I r e 	: 1 1 

1 59,0 3481000 26 41.8 1747.24 

2 50.0 2500.00 2? 53.1 2819.61 

3 62,0 3844.00 28 44.6 1989.16 

4 4105 1722,25 29 37.7 1421.29 

5 43.0 1849,00 30 30.6 936.36 

6 61.0 3721000 31 56.0 3136.00 

7 52,2 2724,84 32 41.0 1681.00 

8 60.3 3636,09 33 41.3 1705.69 

9 36,7 1346,89 34 51.1 2611.21 

10 16.8 282.24 35 15.4 237.16 

11 44,5 1980.25 36 39.4 1552,36 

12 57.8 3340,84 37 37.1 1=-;76.41 

13 20.0 400,00 38 29,6 876.16 

14 45.8 2097,64 32 28.1 789.61 

15 34,1 1162.81 40 19.4 376.36 

16 18.8 353,44 41 3401 1162.81 

17 32.8 1075.84 42. 33,6 1128.96 

18 21.5 462.25 43 37.3 1391.29 

19 4403 1962,49 44 24.1 580.81 

20 48,2 	* 2323.24 45 32,2 1036,84 

21 40,8 1664.64 46 39.9 1592.01 

22 12.5 342.25 47 39.2 1536.64 

23 52.0 2704.00 48 40.2 1616,04 

24 45.0 2025000 49 38,3 1466,89 

25 48.9 2391.21 50 26,,,E 681.21 
1966.70 84842.33 

OORKEE. 



TABLE : 0 :Lj 
Sums of Y; p  and %I p2  

Soil  
p z p 

'Soil Ido. 	' ty 

p 
$ 	W2 

p e 

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 2?.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 22.2 492.84 

21 28.2 798.24 46 2.5 00 625.00 

22 15.7 246,49 47 23.1 533.61 
23 30.2 9]2.04 48 30.0 900,00 

24 28.7 823,69 49 21.8 475.24 

25 26.8 718 424 50 :171 	,7 313n29 
1232.60 31636.02 
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TABLE N 0. 13 

Surfs of Ip and I2 

Soil 	n.' T 	' P 
I 2 

p 

	

~ 	 t 

	

r 	 r 
'Soil 	10.'  

t 

t P 

I 31.0 061.00 2G 15.9 252.81 

23.7 561.60 27 25.6 655.36 

3 32.6 106-1.7G 22 17.5 306.25 

4. 16.2 2G.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 

9 13.8 190.44 34 21.7 470.89 

10 1.4 1.96' 35 '.5 6.25 

11 18.1 327.61 36 12.3 151.29 

12 27.3 772.84 37 5.9 34.81 

13 1.8 3.24 38 6.9 47.61 

14 20.3 432.64 30 9.0 81.00 

15 9.0 81.00 40 4.3 1E.49 

16 3.2 10.24 41 9.2 84.64 

17 9.4 88.36 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 47 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 22.1 488.41 50 8.4 70.56 
734.10 14040.19 
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TABLE 1110. 14 

Sums of C and C2  

Soil No.' C 	' C2 	' Soil 	+,,o.' C 	' 2  C 
I I t r t 

1 24,0 576.00 26 15.0 225,00 

2 16.0 256.00 27 20,5 420,25 

3 23.0 784.00 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 3"i 19.0 361.00 

10 8.0 64, 0 35 7.0 49.00 

11 16.0 256.00 1'6 13.0 169.00 

12 22,,0 484.00 37 16.0 256.00 

13 12.0 144.00 33 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 41 1.0 324.00 

17 13.0 169.00 42 17.0 289.00 

18 12.5 156.25 43 17.0 289.00 

19 17.0 229.00 44 1G.0 256.00 

20 22.0 484.00 45 13.6 184.06 

21 14.0 106.00 46 15.0 225.00 

22 7.0 49.00 47 14.5 211.25 

23 17.5 306.25 43 16.5 272.25 

24 18.5 342.25 4C 17.5 306.25 

25 21.0 441.00 50 9.6.55 227? 25 
825.10 14605.71 
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TABLE 1. 	Q 	.5 

Sur,1s of , 	and 

Soil 	'O.' J~ 	I ~'. 	' Soil 12o.' 0 
I t t t t 

1 14.5 210.25 26' 25.0 625,00 

2 21.5 462.25 27 13.0 169.00 

3 8.0 64.00 22 14.0 196.00 

4 24.0 576.00 28 28.0 784,00 

5 25.0 625.00 30 32.0 1024.00 

6 18.0 324.00 31 15.0 225.00 

7 14.0 190.00 32 32.0 1024.00 

8 14.0 19C.00 33 27.0 729.00 

9 27.0 720.00 34 24 90 576.00 

10 37.0 1368.00 35 35.5 126025 

11 31.0 061.00 36 30.0 900.00 

12 1,0 .,,25.00 37 25.0 625.00 

13 2.0 724.00 3 20.0 400.00 

11 21.5 462.25 32 30.0 900.00 

15, 30.0 900.00 40 30.5 930.25 

12 35.0 1225.00 41 31.0 961.00 

17 33.0 102^.00 42 34.0 1156,00 

18 30.0 900.00 43 `8,5 812.25 

lo 16.0 250,00 44 32.0 1024.00 

20 20.0 400.00 45 29,5 870.25 

21 28.0 784.00 40 20.0 676.00 

22 33.0 1089;00 47 26.5 702.25 

23 16.0 250.00 48 22,0 484.00 

24 15.0 225.00 40 21.0 841.00 

25 20.0 400.00 50 32.0 1024.00 
1240.0 33626.00 
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TABLE i 	0„16 

Sum of C x `:11 
I- l__  I  I I I 

Soil' C 	' 01 	' C x C,l ~Soi1' C 	' 
' 

ill 	$ 
: 

C x 
1 ': o .' 

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 1088.55 

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 16.0 30.6 489.60 

6 21,0 61.0 1281,00 31 21.0 56,0 1176.00 

7 24.0 52,2 1252.30 32 14.0 41,0 574.00 

8 27.0 60.3 1628.10 33 17.0 41.3 702,10 

9 17.0 36.7 623.90 34 19.0 5111 970.20 

10 8.0 16.3 134.40 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 1271.60 37 16.0 37.1 593.60 

13 12.0 20.0 240,00 38 13.0 29.6 384.80 

14 13,0 45.8 224,40 39 12.0 28.1 337,20 

15 17.5 34.1 506.75 40 13.5 10.4 261.90 

16 8.0 18.8 150.40 41 18.0 34.1 613.80 

17 13.0 32,8 426,40 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 18.5 129.50 47 14.5 39.2 568.40 

23 17.5 520 910.00 48 16.5 40.2 663.30 

24 11.5 45.0 832.00 40 17.5 38.3 670.25 

25 21.0 43.9 1026.90 50 16.5 26.1 4306 
34784.17 
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TABLE I? 0~ 1. 
Sum of C x Ip 

m oil' 'Soil' 
Igo. C Ip ' 	C x Ip T 	No.1 C 	= Ip ; 	C x Ip 

1 24.0 31.0 744.00 26 15.0 15.9 238,80 

2 16.0 2307 379,20 27 20.5 25.6 524,80 

3 23.0 32.6 912,80 28 16.5 17.5 288.75 

4 20,0 16.2 324,00 29 14.0 10.5 147.00 

5 15.0 	, 17.2 258,00 30 16.0 10.2 163,20 

6 21,0 27.7 501.,70 31 21.0 27.1 569,10 

7 24,0 21.5 516.00 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 94.40 

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 3.2 25.60 41 18.0 9.2 165.60 

17 13.0 9,4 122.200 42 17.0 11.4 193.80 

18 12.5 4.4 55,00 43 17.0 7.9 134.30 

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 12,6 176.40 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 N 0 8 

Sum of,lx 1 
r 

till ' S
: 

oil' ~ 	' ~W~ 1 	'  
1~OR1 1 1 1 	1i0~ 1 

1 14.5 59.0 855.50 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' 1055060 

5 25.0 43,0 1075.00 30 32,0 30.6 979.20 

6 18.0 61.0 1098.00 31 15.0 5600 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 34 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 29,6 592.00 

14 21.5 45,8 984.70 39 30,0 28,1 843.00 

15 30,0 3491 1023.00 40 30.5 12,4 591.70 

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 2105 645.00 43 28.5 37.3 1063,05 

19 16.0 44.3 708,80 44 32,0 24.1 771,20 

20 20,0 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 



(80) 

A3L1 	0.10 

Sun of' .0xIp 

Soil' 0 	r I 	r p t .f x I p 'iloilt ~1 	: r I 	: r f~ X I p ,G 	t t t 	I 	t 

1 1'.F 31.0 440.50 20 25.0 15. 397.50 

21.5 23.7 500.55 27 13,C 2 	, `" 332.8C 

3 8.0 32.6 260.80 28 34.0 17.5 245.00 

4 24,0 16.2 :321.20 22 22.0 10.5 204.00 

5 22.0  17.2 430.00 30 32.0 10.2 326.40 

6 1~.0 27.7 40C.20 3:L 15.0 27.1 40C.5C 

7 14.0 21.9 301.00 32 32.0 15.4 402.80 

8 14.0 26.9 376.60 , 33 27.0 15.5 418.50 

0 27.0 13.3 372.60  34 24.0 21.7 520.80 

10 37.0 1.4 51.80 35 35. i 2.5 8` .75 

11 31.0 12,1 501,119 3G 30.0 12.3 362.00 

12 15.0 27.8 L 17.00 37 25.0: 5.2 147.50 

13 22.0 1.2 $.40  3f: 20.0. 6.2 138.00 

14 21,2 20.2 447.0 32 30.0 0.0 270.00 

1.5 "r .0 2.0 `;170.00 4C 30. 4.3 131.15 

1.6 35.0 3.2 ;11.00 41 31,0 9.2 225.20 

17 33.0 0.4 310 .'' C? ^_2 34.0 11.4 327.60 

18 30.0 4.4 / 	132.x`0 43 2205 7.2 224 015 

12 12.0 12.5 206.00 44 32.0 6.2 217.60 

20 20.0 21.E 436.00 45 22.5 10.0 292.00  

21 23.0 12.0 352.0 46 20.0 14.2 387.40 

22 33.0 2.8 92.40, 47 26.5 16.1 420.65 

23 10.0 21.2 348.20 43 22.0 10.2 224.40 

24 15.0 16.3 244.50 49 29.0 16.5 472.50 
u "C20,0 n2 .1 ~ 	/~ 4 1 L+.0V 0 32.0 c c,.4 

r, 

. L.L)•kr 



(90) 

1A:3LE sIO,20 
'h 

Surfs of C and C `J 

Soi1' C 	' C i2 	' Soil' C
I 
	' C '2  

1 22.69 514.8361 26 17.25 297.5625 

2 19.32 302.832' 27 2038 '12E.9744 

3 23.71 562.1641 28 18.15 329.4225 

4 17.18 295.1524 29 15.80 252.4921 

5 17.64 311.1696 30 13.83 101.2629 

C 23,21 532 ,7041 31 20.77 431,3020 

7 20.45 41.2025 32 17.01 232,3401 

3 22 .28 528.0804 33 17.10 292,4100 

9 15.71 246.8041 34 20.15 406.0225 

10 0.53 90.2209 35 0.18 84."724 

11 12.11 327.9721 3G 16.38 262.3044 	z  
12 .2.31 427.7261 37 15,49 239.9401 

13 10.46 109.4116 38 14.40 207.3600 

14 18,60 345.9600 39 13.07 170.2240 

15 1 .77 217.1520 40 10.39 107.9521 

16 10.13 103.6324 41 14.78 218.4484 

17 14.42 207.0364 42 14-.73 216.9729 

1C 11.00 121.0000 43 15.62 243.0844 

19 12.03 32 G .O8 4 44 11.4 140.1856 

20 12,33 373.6489 45 14.26 203.3476 

21 16.73 279.8029 , 46 17.6' 312.2282 

22 1C.07 101.4049 47 .14.53. 211.1209 

23 1.40 370.3600 48 16.33. 26L.3044 

24 13.12 330.512 4C 16.2 265.3641 

12.54 321.8116 50 154.2564 
822.E€3 1423F' . r 386 



(91) 

ABLE  

Sums of Al 
2 

and J0 

'2  r r 2 	- 
Soil' 4 	' 40 	'Soil' A 	' 40 

1 16.15 260.8225 26 23,78 565.4884 

2 20.17 406.8289 27 18.76 351.9576 

3 14.77 217.0429 28 22.49 505.8001 

4 23,94 573,5236 29 25.5= 551.2704 

5 23.16 536.3856 30 28.99 840.4201 

6 15.00 225.0000 31 17.41 303.1081 

7 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 19.53 381.4209 

10 35.26 1243,2676 35 36.01 1296.7201 

11 22.57 509,4049 36 24.76 613.0576 

12 16.57 274.5649 37 25.54 652.2916 

13 33.71 1136.3641 38 29.27 856.5329 

14 22.95 526.7025 39 30.13 907.8169 

15 27.21 740,3841 40 34.14 1165.5396 

16 34.37 1181.2,969 41 27.19 739.2961 

17 27.84 775.0656 42 27.56 759.5536 

18 33,11 1096,2721 43 25.55 652,9025 

19 22.69 514,8361 44 31.97 1022,0809 

20 20.96 439.3216 45 28.17 794.5489 

21 24.08 579.8464 46 / 24.65 607.6225 

22 34.50 1190.2500 47 25.06 628.0036 

23 19.09 364,4281 48 2,5,25 637.5625 

24 22.23 494,1729 49 25.54 652.2916 

25 20.63 4,25.5969 50 Q7  965 3449_ 
1247.91 32700.9957 



(92) ,  

TABLE 	N0,~22 

Sum of C x C 
I 

1 	
I  t t 	 r 

Soil' C 	' C ' 	C x C "oil, C ' 	C C x C 
~T 	n r 1 1 1 	yto 	r f 	1 

1 24,0 22.69 544,560 26 15.0 17.25 208.750 

2 16.0 13.82 317.120 27 20.5 20.88 428.040 

3 28.0 23.71 663.880 28 16.5 18.15 299.475 

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 23.21 487.410 31 21.0 20.77 436.170 

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 16.38 212.940 

12 .22.0 22.31 490.820 37 16.0 15.49 248,840 

13 12.0 10.46 125,520 38 13.0 14,4( 187.200 

14 18.0 18.60 334.800 39 12.0 13.07 156.840 

15 17.5 14.77 258 .47  258.475 40 13.5 10.39 140.265 

16 8.0 10.19 81.440 41 18.0 14.78 266.040 

17 13.0 14.42 187.460 42 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 19.33 425.260 45 13.6 14.26 193.936 

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 18.16 336.330 49 17.5 16.29 285.075 

25 2100 19.54 410.340 50 16.5 12,42 	204 30 
1194 	t-1 



(93) 

TABLE r 	O n  23 

Sutra of fd x 

Sol]) y1 	' 10' 'Soil' 10' 10' 
:V0nt 

! 1 ' 	1 onr r r 

1 14.5 16.15 234.175 26 25.0 23.78 594.500 

2 21.5 20.17 433.655 27 13.0 13.76 243.880 

3 8.0 14.77 118.160 28 14.0 22.49 314.860 

4 24.0 23.94 574.760 20 28.0 25.52 714.560 

5 25.0 23.16 579.000 30 32.0 28.99 '927.680 

6 10.0 15.00 270,000 31 15.0 17.41 261.150 

7 14.0 18.08 265.720 32 32.0 24.14 772.430 

8 14.0 15.30 214.200 33 27.0 24.00 648.000 

9 27.0 26.19 707,130 34 24.0 19.53 570.720 

10 37.0 35.26 1304.620 35 35,5 36.01 1278.355 

11 31.0 22.57 699.670 36 30,0 24.76 742.800 

12 15.0 16. 7̀157 248.550 37 25.0 25.54 638.500 

13 28.0 33.71 943.880 38 20.0 29,27 585.400 

14 21.5 22.95 493.425 30 30.0 30.13 903.900 

15 30.0 27.21 816.300 40 30.5 34.14 1041.270 

16 35.0 34.37 1202.950 41 31.0 27.19 842.890 

17 33.0 27.84 918.720 42 34.0 27.56 937.040 

13 30.0 32.11 993.300 43 28.5 25.55 728.175 

19 16.0 22.69 363.040 44 32.0 31.97 1023.040 

20 20.0 20.96 419.200 45 29.5 28.17 831.015 

21 28.0 24.08 674.240 46 26.0 24.65 640,900 

22 33.0 34.50 1138.500 47 26.5 25,06 664.090 

23 16.0 19.09 305.440 48 22,0 25.25 555.500 

24 15.0 22.23 333.450 49 20.0 25.54 740.660 

35 20.0 20.03 412.600 50 32,0 31.07 994.240 

32765.290 



(94) 

`iAJ3LE 	,'C,24 
2 

Sims of Log10 and and ( Log10 0 ) 

Soil' j6 	' Log 	,.,}~ 

2 
1 	(Log1C,)'. 	' Soil' ' 	Lo 	(Log10O)2 OX' 

J 	1 1 ~,V 1 	 t TT 	n l 1 

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 1,238769 

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 1.951609 30 32,0 1.505 2.265025 

6 18.0 1.255 1.575025 31 1.0 1.176 1.382 976 

7 14.0 1.46 1.313316 32 32.0 19505 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 1.562 2.458624 35 35.5 1.550 2.402500 

11 31.0 1.491 2.22 3081 36 30.0 1.477 2.181529 

1-2 15.0 1.176 1.312976 3? 25.. ` 1.397 1.951609 

13 28,0 1.447 2.093809 38 20.0 1.301 1.692 601 

14 21.5 1.332 1.774224 30 30.0 1.477 2.181529 

15 30.0 1.477 2,i1529  40 30.5 1.484 2 ,202256 

16 35.0 1.544 2.323936 41 31.0 1.491 2.223081 

17 33.0 1,518 2.304324 42 34,0 1.531 2.343061 

13 30.0 1.47? 2,181529• 43 2r.5 1.454 2.114116 

19 16.0 1.204 ,1.443616 44 32.0 1.505 2.265025 

20 20.0 1.301 1.602601 45 29.5 1.470 2.160900 

21 22,0 1.447 2.093809 46 26,0 1.415 2.002225 

22 33.0 1.513 2.304324 	,, 47 26.5 1.423 2.024929 

23 16.0 1.204 1.449616 	, '48 22.0 1.342 1.800964 

24 15.0 1.176 1.382976 49 20.0 1,462 2,137444 

25 20.0 1.301 1.692601 ' 50 32,0 JSQ 2 2_65Q2 
6.716 OF ,504040 



TABLE 1. 0 	25 

Sum of Lo01 Ø 
r r a y 

Soil' Lo510 	' "1 	' Log10j x "ll 	'Soil Log1  ' 	V+ 	'Lod x 

1 1.161 59,0 68.499 26 1.397 41.F 38.3946 

2 1,332 5000 66,600 27 1.113 53,1 59.1003 

3 0.003 62.0 55.986 28 1.146 44.6 51.0236 

4 1,380 41.5 57.270 29 1.447 37.7 54.5519 

5 1.397 43.0 60.071 30 1.505 30.6 46.0530 

6 1.255 61.0 76.555 31 1.176 56.0 65.8560 

7 1.146 52.2 59.8212 32 1.505 41.0 61.7050 

8 1,146 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 3.4 56.1038 

12 1.176 57. 67.9723 37 1.397 37.1 51.U7 

13 1,447 20,k' 22.940 38 1.301 29,6 3(r,5096 

14 1,332 45,2 61.0056 30 1.477 26.1 41,5037 

15 1. '?7 34.1 50.3657 0 1.464 19.4 21.7196 

16 1.544 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."04 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 1.447 40.3 59,0376 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 53,9484 

24 1.176 54,0 52,920 49 1.462 38.3 55.0946 

25 1.301 48,9 63.6189 50 1.505 26.1 39,2805 
2630,8708 
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APP il'DIX C 

Calculations for v•'rio 2.s str cl^r 	deviations 	(0") 	:- 
2 2 

c ly iti 

r 2 c 	- C 2  
,I 

_I 	3, 6O571 
2 

- 	(16.502) 
50 

= 	4,4496 
2 

N 
33626 

= 	 - 
It 

(24,92) 
 

2 

50 
= 	7.1773 

2 

- 	84 342 33 _ 	
2 

ho 
= 	32.2345 

c 
,i n 

2 

;r 

I  P  

T 
	

[63Q.w - 	(24,652)2 

= 	4.9090 

~~ Ip 	- 
2 

i1 p 
_ 	40~--- Ì 	Q - 	(14.6F2)2 14.6F2)2 

J 
= 	8.0772 



2 

dL og 	_ 	 - 	{Lo ) 
10  

= N 1.010098 .- 1.8887554 

= 	0.0213434 

=  0.1460 
2 	^ 	 ' 

:1 	1 
2 

J,0EC5.5 - (31.1818) 
11 

= 	4.3715 
2 	2 

cl 
	 - 	y ~}11~ _ rll 

2 =   	... - (G.1.6636) 
11 

h 
	J-( 
 h 

_ 	- ____ - (23.1538)2 

= 	6.817 
2  2 

- 
Nh  2 _ 	7 6Q.84 - (44.318) 
39 

8.566 
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APP E.!DIX D1 

i:omogram for finding cohesion from liquid limit 

The equation of correlation is :-
I 

C = 	4.258 + 0.3113 ' i 

The range of liquid limit is 15% to 62 

(1) For ~'il = 15% 
1 

C 	= 4.258 + 0.3113 x 15 

_ 	x.9275 psi. 

(2) For tiil = 60% 
I 

C 	= 4.258 + 0.3113 x 60 

= 22.036 psi. 

Plotting these values corrospondingly, and then deviding 

the scales linearly (since the equation is linear), we get the 

required nomogram. 

APP E NDIX D22 

Nomogram for finding cohesion C from liquid limit and 

plastic limits of the soil. 
(1) The equation of correlation is :- 

C  = 4.7 + 0.3270 w 	- 0.043 ~p 

i. Range of liquid limit from 15,4% to 62 
ii. Range of plastic limit from 12.E to 3303% 

(2) Reducing the equation to the form 
X + Y + Z =0 

We get :- 
X  = 0.3270 :i 

1 
Y = - (C - 4.7) 
Z = - 0.043 
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(3) Taking the actual length of nomogram on paper - 18 ens. 

Let 1; m 9 and n be the scale factors for '.t1, C and 

respectively. 
18 	= 1 x 0,327 (62 -- 15.4)  

or 1= 1.181 

and 18 = -n x 0.043 (33.3 - 12.9) 

or n = -20.519 

and m= - 1 Xl 	-  
1+ n 	1.181-?0.51' 

_ -1.252 

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

and plastic licit lines respectively. 

So A = 1 b 	_ 	 `~.~ 	-0.0575 n 	20.51.9 

also a + b = 3.5 cra . 
a 	= 	-0.51 cr4is. 

and b = 	9.01 ems . 
Theref ore C as ! it be 1r3:" t of I' i and I~?p linos . 
(5) The value of cohesion at base line is obtained for the 
lowest values of liquid and plastic limits. 

C 	= 	4.7 + 0.327 x 15.4 -- 0.043 

= 	9.18 psi. 
After plotting this value, 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 Wl and Wp values 
of soil on respective ,. and Np lines, join these two points 
by a straight line? the point at which it cuts the C line is 

the r Squired value of C. 



(135) 

APP S~DIX D3 

:To: ogram for finding ,0 from the liquid and plastic limits 

of the soil. 
(1) The equation of correlation is :- 

= 43.428 - 0.4365 ''1l - 0.0543 ' p 

I. Range of liquid li-it from 15.4,; to G 

ii. i-tange of plastic limit from 12.9, to 33.3. 
(21. Reducing the equation to the forte :- 

X + Y + Z =0 

We get :- 

X = -0.4365 

Y -  

Z - -0i .QJ`1 ~ P 

(3) Taking actual length o f nogran on paper = 1R cros . 

Let 1, m and n be scale factors for `."'_~ f and '".p respectively 

18 = -1 x 0.43(35 (G•-1 ).4) • 

or1=-0.3849 

and 13 = -n x0.0543 (33.3 

or n = -16.2454 

and s = - - x n _ 	0.C4  
1 + n 

This gives scale factor: for Z 

(4) Let a and b be distances" of ø 11 .3 from liquid and plastic 

limit lines respectively. 

	

So 	_ 	1 	= 	0.05' 
b 	n 

Leta+b = 10 ems. 

b 	= 0.43? cns. 

	

and r. 	= 0.5)!! c:as . 
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Therefore f0 axis will be between t7- and ''dp  lines. 

() 	To value of , at base line is obtained from the lowest 

values of liquid and plastic limits. 

= 43.42 -0.4365 x 15.4 -0.0543 x 12. 

36.006 degrees. 

After plotting this value other values are plotted as the 

scale factor is known. 
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A P P END I X, E 

2 _ 	C.- 	C . 	C 

14605.71 -- 1G.502 x 825.10 
=  980.9. 

= 33626,00 - 24 .92 x 1246.00 
= 2575.68 

84842.33  -  39.334 x 1966.70 =  7484.15 
`  2 
W = 	' .'I- - 	°rp . 	l z) 

= 	31636.02 - 24.256 x 1232.60 	= 1738.07 

p 11 1p N 

= 	53218.88 .- 30.334 x 1232.60 = 	2735.80 
r_ 

Ii 	L 

= 	34784.17 - 1C.502 x 1966.70 	= 2329.60. 
= 	 C..,p 	- 	C. 	(v: 	) 

= 	21160.22 	.. 16.502 x 1232.60 	= 819.86 

= 	453535 	- 24.92 x 1966.70 	= -3415.81 

= 	29427.70 - 24.92 x 1232.60 	= ..1288.69 
I 
2 1 

ZC12 _ C 	 . IC 
, -  14238.8386 - 622.56 x 16.1512 =  706.74 

~ 	f • =• 	tea 	- 	f 	1 

' = 	32700.9957 _21.958 x 1247.01 - 	1555.41 

T 	EItn. 
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Substituting the values from Table No. 4, we get :-
r = -08320 

which reveals that relation obtained is fairly good 

negative correlation, i.e. as liquid limit increases the value of 

,0 decreases. 
The standard error of estimate is given by the 

relation 

2 
= 7.1773 l - -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. 

3,980. From Fig. No. 7 it 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 95 cases the 

actual values of vuill, not differ from the calculated value by 
more than 7.96 degrees. 

Correlation of 1 w .th Ip 

The plot between the angle of internal friction .! at 
0.M.C. and plasticity index shows a tendency towards a straight 
line as shown in Fig. No. 9. Therefore trial is made to correlate 

them by a straight line law of the type - 

j~ 	=a + bIp 

Here 	a 	= 
	(In ) (Z Io • Ip) - () (~ Ip ) 

(Ip ) (Z Ip ) - (~ Ip ) 
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Correlation of with V11 in parts. 

From the plot between angle of internal friction f0 and 

liquid limit : l as shown in Fig. No. 13, it is clear that it 

will be more accurate to fit a straight line between liquid 

limit 15o' to 30;1 and another straight line between liquid limit 

30j to 62g. This is probably due to marked difference in clay 

content of the soils below liquid limit of 300, 

Let the equation of the straight line below liquid limit 

30 4' is of the type 
t 

101 	_ 	a + bill 

Here only those soils be considered whose liquid limit 

below 305, but their liquid unit be represented by adding one 

additional stLffix 1 i.e. by xI'll and 	by )l1. 
Therof ore 2 

( w11) ( 	.'jl) - ( 	) ( 	Wll ) 
a 	- 	 2 

( ';iii ) 	( 	1J. ) - 	U11 

Ø.w11 	- 	( 
Ic 
 ) ( 2 1711 ) 

and b 
(W11 ) ( 5 wil ) 

By substituting tho various numerical values from 

Table No. 69  we have :- 

a 	= 	46,5C30 

b 	- 	-0.7100 

Therefore the enuition, of correlation is 
I 

f = 	4605330 p 007100 ";l 
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T A B L E H 0 6 

AdditionalAata reauir©d for statistical anal ._~ in parts. 
-A  I I 

81, No. ' 	Quantity ' Value 	' Si, No. ' Quantity ' Value 

1. F 343,00 110 Z 22720.50 

2, X1 10905.50 12. ~!h .23.1538 

3. 31.1818 13. ~'"11h 1728.40 

4. Vi 1 238.000 14. 
2 
 , 

..lh 79460.84 

5. Fill 5381.49 15. 44.318 

6. 21.6636 16. (,0h . 1h) 38079.45 

7. (O1.V~11) 7274.90 17. ff  6.817 

8. 1 4.3715 18. 1h 8.566 

9. CT1 5,469 19. :'1 11 

10. ~Sh 903.00 20. idh 39 

TABLE IV01 7 

r 	2 12 	r 

Soil No.' 	jd1 i 	i 111 `  11 ~1 ~VI11 t 	Remarks, 

10 37.0 1360.00 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 liquid 

16 35.0 1225.00 18.8 353.44 658.00 limit greater 
than 30* have 

18 30,0 900.00 21.5 462.25 645.00 been obtained 
subs 

22 33.0 1089.00 18.5 342.25 610.50 ng 
sums from the 

35 35,5 1260.25 15.4 237.16 546.71 total sums. 
38 20.0 400.00 

39 	30.0 	900.00 

40 	30.5 	930,25 

44 32.0 1024.00 

50 	3210 

29.6 876,16 592.00 

28.1 789.61 843.00 

19.4 376.36 591,70 

24.1 530.81 771.20 

_1Q200 4 „00 	, 2 6 „:& G8  ,A21 433 ~ 0 
11 343.0 10905.50 238.3 5381,49 727'090 

0 



T A B L) 	:, C,j,. 

Suns of j; p  and 

t 
Soil i'Zo.  P p t 

'Soil iTo. 	' z 
'"1 	' WP  2  

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 26.4 636.96 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 22,2 492.84 

21 28.2 798024 46 25,0 625.00 

22 15.7 246.49 47 23.1 533,61 
23 30,2 912.04 48 30.0 900,00 

24 28.7 823,69 49 21.8 475.24 

25 26.8 718,24 50 177 313,,29 
1232.60 31636.02 



(i2) 

TABLE N0_1 

Sure of 11 x "1p 
t ~ 

5ol.1 ;1 VIP  Vi1 	x ':.'p 'Soil, '.ill 'tp 	i `,11 	x "gip 
,b oo to. 

1 59.0 28.0 1652.00 26 41.8 25.9 1082962 

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 

? 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 22.9 840.43 34 51.1 29,4 1502.34 

10 16.8 15.4 258.72 35 15.4 12.9 198.66 

11 44.5 26,4 1174.80 36 39.4 27,1 1067.74 

12 57,8 30.0 1734.00 37 37.1 31.2 1157.52 

13 20.0 18.2 364.00 38 29.6 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 15.1 292.94 

16 18.8 15.6 293.28 41 34.1 24.9 848.89 

17 32.8 23.4 767.52 42 33.6 22.2 745.92 

18 21.5 17.1 367.65 43 37.3 29.4 1096.62 

19 44.3 25.8 1142.94 44 24.1 17.3 416.03 

20 48,2 26.4 1272.84 45 32.2 22.2 714.84 

21 40.8 28.2 1150.56 46 39.9 25.0 997.50 

22 18.5 15.7 290.45 47 39.2 23.1 905.52 

23 52,0 30,2 1570,40 48 40.2 30,0 1206.00 

24 45.0 2.7 1291.50 49 38.3 21.8 334.94 

25 48.9 26.8 1310.52 50 26.1 17.7 4 G1 2Z 
51218.88 



/4 	I /6 . I 9 	zo 
MD/57URe CO/VTE/VT '~ 

- /7 

-/5 
K 

t, 

w r y 

99, 
	12 

x lz 
r0$6 	B 	!o 	/2 	14 	/6 	/8 

MO/S TL/RE CONTENT % 
F/64/03/ MO/STORE DINS/TY VE5 



(106) 

/6 
it 

/B 	~D 	dt 	0•~,~ 	16 	2g 

M0/5TU'c'E CONTENT 

/0/, 

i 	id 	i6 	~8 	20 	22 	24  
MO/STURE CONTENT °7a 

f/6 NO.32 MO/5 TURF DENS/TX CURVES 
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