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ABSTRACT 

The scientific investigations in geotechnical engineering 

field, up to present, has focused on understanding and predicting 

the behaviour of soil material using different types of tests. 

In this thesis, the behaviour of artificially lime added clayey 

soil is investigated within the framework of critical state theory. 

Therefore, a series of isotropically consolidated-undrained comp-

ression tests have been carried out on lime-stabilized clay by 

using triaxial testing equipment. Confining pressures were cho

sen as 2.0, 2.5, 3.0, 3.5, 4.0 and 5.0 kg/cm
2

• Lime percentages 

were chosen to be 5%, 10% and 20%. The relationships of 

q:E , U:E , q:p', q/p':Ea , U:p', Ap:Ea, Ap:p', q/p'. :Ea and 
a a e~ 

v:lnp' are tabulated and drawn. 



~ZET 

KtREC tLE STABtLizE EDtLMtS KtLtN MEKANtK 

QZELLtKLERiNtN SAPTANMASI 

Bugune kadar zemin mekanigi alan~ndaki bilimsel 9al~§malar 

zemin uzerinde ge§itli deneyler yaparak davran~§~n~ inceleme konu

sunda yogunla§m~§t~r. Bu tez 9al~§mas~nda kire9 ile stabilize edil

mi§ ki.lin davran~§~ kritik durum teorisi gergevesinde incelenmi§tir. 

Bu nedenle, haz~rlanan kire9 kat~lm~§ ve kat~lmam~§ kil numuneleri 

uzerinde U9 eksenli deney aletini kullanarak, konsolidasyonlu-dre

najs~z deneyler gergekle§tirilmi§tir. Konsolidasyon s~ras~nda 2.0, 

2.5, 3.0, 3.5, 4.0, ve 5.0 kg/cm
2 

hucre bas~n9 uygulanm~§t~r. Ayr~-

ca kire9 yudeleri de %5, %10 ve %20 olarak se9ilmi§tir. Tum deney 

sonu9lar~ tablolar halinde sunulmu§ olup, degi§ik kire9 yuzdelerine 

gore degi§im gosteren q-E, u-E, q-p', q/p'-E, Ap-E, Ap-p', U-p', 

q/Pei-E ve U/Pei-E egrileri 9izi lmi§tir. 
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I I I NTRODUCT ION 

Many researchers have, through,extensive experimental results 

and analyses, provided the civil engineers, for all practical purposes, 

several means of predicting the different aspects of soil behaviour. 

Rcscoe, Schofield and Wroth brought a new understanding to the relati

ons of water content, shear stress and effective mean normal stress 

by explaining the existing theories with the critical state theory. 

In some cases, the soil material does not exhibit the desirable 

properties required in the construction of several projects such as 

dam, road,airfield, building and in other installements. Therefore, 

it becomes necessary to improve the soil characteristics for the 

purpose of obtaining a better soil for the intended engineering usage. 

The improvement of soil properties is carried out by altering prop

erties of soil through several means of stabilization techniques, 

i.e. mechanical,el.ectrical, thermal, chemical, bituminous and portland

cement stabilization procedures. 

In this thesis resarch, the behaviour of artifically lime added 

clayey soil is investigated within the framework of critical state 

theory. For this purpose, a series of consolidated-undrained comp

ression tests have been carried out on lime-stabilized clay through 

the use of common triaxial testing apparatus. 



In chapter II, structure of cohesive soils, changes in 

structure during compaction and effects of structure and com

paction on strength are.explained. Soil-lime-water relations 

and mechanism of lime-stabilization are also mentioned. 

2 

A brief explanation of Critical State concept and Critical 

State Line is presented in chapter III. The complete state bo

undary surface, consisting of the Roscoe and Hvorslev surfaces, 

is also mentioned. 

In chapter IV, the details of the triaxial compression 

testing equipment used in the experimental study, the material 

and preparation of samples are explained. 

Effect of lime amount in soil-lime mixtures on deviator 

stress and pore-pressure is discussed in chapter V. Stress 

paths are presented, and effect of lime content on mechanical 

properties of lime-stabilized clay is also mentioned in this 

chapter. 

A brief summary of thesis study and conclusions deduced 

from the previous studies and tests carried out in this research 

are presented in Chapter VI. 
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II. STRUCTURE OF COHESIVE SOILS 

2.1 INTRODUCTION 

When soil at a site is loose of highly compressible, or 

when it has unsuitable properties for use in a construction project, 

they have to be stabilized. Therefore, a knowledge of the behaviour 

of compacted clays stabilized with lime is necessary for satisfactory 

and economical design. 

In this chapter, a short summary of existing knolt/ledge on the 

structure of cohesive soils is presented. Changes "in structure during 

compaction are discussed. Effects of structure and compaction on 

strength are mentioned. Soil-lime-water relations are discussed. 

The mechanism of lime-stabilization is also presented. 

2.1.1 Structure of Clays 

Accordi ng to Lambe (1958), the term "Structure" is the a rran

gement of soil particles, which is controlled by the electrical forces 

acting between adjacent particles. Previously, "Structure" was limi

ted to the arrangement of soil particles only. The concepts of elect

rical forces and environmental factors entered into the discussions 
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of structure with the principals of colloid chemistry. 

A cohesive soil is defined as an aggregation of mineral par

ticles which has plasticity index defined by the Atterberg limits 

and which forms into a choerent mass on drying such that force is 

necessary to seperate the individual microscopic grains (Bowles,1979). 

A complete description of the structure of a fine-grained 

cohesive soil requires a knowledge of both the interparticle forces 

and geometrical arrangement of particles. The interpartide forces 

appear to be developed from two types of electrical charges. 

The elements which are capable of chemical combination lack 

a complete of electrons in their outermost shells. One atom joins 

with another atom by adding electrons to its outer shell or shells, 

or by losing them, to arrive at a stable state. Atoms which have 

lost or gained electrons in this manner are called ions, and the 

forces binding them together are called ionic (primary) bonds 

(Scott, 1963). 

As a result of movements of electrons in their orbits around 

atoms, any molecule posseses an associated electric field which is 

capable of interacting with the field of nearby molecules to give 

rise to an attractive force between- the molecules; this attractive 

force is called V~n der Waals-London force (Jumikis, 1962). The 

Van der Waals attractive forces between the surfaces of two parallel 

clay mineral particles seperated by water depend on the crystal 

structure of the minerals and on the distance of separation as seen 

- in Fig. 2.1. 
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FIG. 2.1 ' Repulsion Potential in the Diffv.se Double Layer as a Function 

of Distance from the Surface (After Scott, 1963) 
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Clay particles are almost hydrated~ i.e., surrounded by layers 

of water molecules called adsorbed water. In the presence of water, 

clay particles exhibit greatly different behaviour then do other 

minerals because of the interaction of the electrostatic fields~ 

the diffuse double layers .. The strongly held and charged cations 

at the surface of the particle and the relatively mobile counter

ions in the medium adjacent to the surface are generally considered 

to be two layers,and the whole system is referred to as the diffuse 

double layer. 

The edges of all the clay minerals have net negative charges. 

This results in attempts to balance the charges by cation attraction. 

Owing to these charges, the H+ ions in water, the Van der Waals 

forces, and small size of the particles, they tend to become attrac

ted together in a solution. Several particles, thus attracted form 

a randomly oriented floc or structure of larger size which will 

settle out of suspension to form a very loose sediment. After the 

clay has been standing some time, it gains strength with aging, a 

thixotropic effect (Mitchell, 1960). Structure of sedimented clays 

and shematic diagram of thixotropic structure change in a fine grain

ed soils is presented in Fig. 2.2. 

2.1.2 Structure of Compacted Clays 

In compacting any particular soil, the basic properties that 

affect the behaviour are the method or type of compaction, the com

pactive effort, the soil type, and the water content. Usually~ the 

water content of compacted soil is referenced to the optimum mois-
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ture content for the given type of compaction. Depending on the 

relative position, this may be "dry of optimum," "near or at opti-

mum," or "wet of optimum". 

Although Lambe (1958) stated that little is known on how the 

type of compaction influences the structures of compacted clays, 

Seed and Chan (1959) and later Seed et al.(1960) indicated that diff-

erent types of compaction methods induce varying amounts of shear 

strains into the soil and increasing shear strains result in more 

aispersed structures with parallel arrangement of particles. Thus, 

changes in structure arise from the combined effect of both and inc

rease in water content and induced shear strains. 

Further, Seed and Chan (1959) observed .that four basic types 

of compaction methods, i.e., static, vibratory, impact and kneading, 

result in different structures and different soil properties for samp-

les compacted at wet of optimum. The induced shear strains tend to 

increase in the following order of compaction methods; static, vib

ratory, impact and kneading. Seed et al.(1960) also stated that all 

types of compaction methods produce similar structures. This is due 

to the fact that none of the compaction procedures can induce high 

shear strains below.pptimum water content. During compaction at 
< '\\ 

wet of optimun'e water "in\c~he increase in the degree of dispersion 

is directly relatea~., the repu'l~lo},ng shear strains induced by diff-
~ • ,_.,~ r • ."/ t 

erent types of compaction methods. Besides, the "lubrication" of 

clay particles of water is needed for shear strains to change the 

particle order into a more parallel arrangement. 

By keeping the compaction energy and type constant, only one 
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dry density is obtained for a unique water content. Increasing 

compactive energy at any given water content increases the orien

tation of particles and thus gives a higher density. This was 

first investigated by Lambe (1958), and it is shown in Fig. 2.3. 

In that figure, at point A, there is not enough water for the 

diffuse double layers of the soil particles to develop fully, 

or clay is water deficient. Hence, the electric repulsive for

ces between particles are smaller than the attractive forces, 

resulting in a net attraction between particles, and the partic

les tend to flocculated in a disorderly array. 

Clay particles under a given set of conditions have certain 

amount of water to fully develop their double layers. The diff

erence between the existing water and needed water is called de

ficient water v/hich the particles will try to adsorb. ~Jhen the 

existing water content of a clay sample is less than the equilibrium 

water content, the net forces between particles are attractive and 

the st~ucture is flodculated. If the necessary amount of water is 

given to the clay, the double layers are fully obtained, the net 

forces between particles become repulsive and the structure becomes 

dispersed. 

When the water increased towards B,Fig. 2.3.,electrolyte con

centration decreases, the repulsion between clay particles increases, 

and double layer becomes larger; therefore, flocculation decreases. 

Decreasing degree of flocculation permits a more orderly arrangement 

of particles. Increasing the order of particles increases the den

sity until water content of point B is reached. 
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Beyond point B, particle parallelism increases. A further 

expansion of the double layer causes the repulsion between partic

les to increase and the attractive force to decrease. Althouhg a 

more orderly arrangement exist, beyond point B the compacted den

sity begins to decrease because water starts to occupy space which 

could be filled with soil particles. 

The changes in structure which are described above can not 

be seen in all compacted clays, especially in the clays with par

ticles having great tendencies to flocculate. 

In this way, the particle orientation of a clay may be of 

any arrangement between two different cases; i.e., a completely 

random orientation which is a flocculated structure and a comple-

tely parallel orientation which is a dispersed structure. 

2.1.3 Effect of Structure on Shear Strength 

According to Lambe (1958), the entire force system between 

clay particles should be considered for studying the shear strength 

of the compacted clays. He explained that four main forces act bet

ween adjacent particles; these are: the externally applied inter-
.-

granular stress, the electrical repulsion forces, the geometric 

interaction, i.e~ contact pressure. 

A particular phenomenon of clay that a clay mass which has 

dried from some initial water content forms a mass which has consi-

derable strength. If these lumps are broken down to element par-

ticles, the material behaves as a cohesionless one. When water is 
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again added, the material becomes plastic with some strenth intermedi-

ate to the dry lump strength. If the wet clay is again dried, it 

forms hard, strong lumps. It follows that higher density resulting 

from packlng and the close spacing resulting in the maximum effect 

of interparticle force attraction give this high strength. A re

cently conducted experimental research indicates that an increase 

in the shear strength takes place as the intrinsic effective stress 

increase due to bonds generated by wetting and drying (Allam and 

Sridharan, 1981). 

Main factors affecting the strength are spacing, orientation 

of particles of clay and type of compaction used. When a clay spe

cimen is compacted on the dry-side of optimum, a flocculated struc

ture is formed and the edge-to-face contact between soil particles 

provides high resistance to load. On the other hand~ when compac

ted on wet of optimum, the specimen has a dispersed structure with 

relatively strong interparticle contacts, resulting in a low shear 

strength. Besides, increased compactive energy at dry of optimum 

causes in an increase of strength. If clay with a flocculated struc

ture is subjected to shear, some of the interparticle bonds break 

down in the course of shear deformations, while new ones are formed 

continuously. If the break down of the bonds become predominant, 

the clay suffers an essential change in its structural strength, so 

that constant shear strain can be maintened even by greatly reducing 

stresses. Interparticle forces of adhesion cease to exist because 

of the destruction of bonds;therefore the part of shearing stress 

due to cohesion decreases whereas the frictional resistance increases. 
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2.2 LIME STABILIZATION 

2.2.1 History of Lime Stabilization 

It is known that Romans have used quicklime for base const

ruction 2200 years ago. The famous "Appian Way" included a 30 cm. 

layer of gravel and coarse sand mixed with "hot" lime and this road 

served well until the SevenfuCentury. There are also roads of an

tiquity in China, India and Burma when lime was used alone or burnt 

with c1 ay. 

The use of lime in the road construction began in the U.S.A. 

~near1y 70 years ago. However, the scientific researchs started in 

the University of Missouri in 1924. 

Although successfully used in the U.S.A, soil stabilization 

with lime was applied in the United Kingdom in country road, for 

the first time in Europe, in 1945. Later, France used this type of 

stabilization technique at the Orly Airport in Paris. And at present, 

soil satibilization with lime is widely applied especially in the 

developing countries. 

2.2.2. Mechanism of Lime Stabiliiation 

The nature of reactions accompanying the stabilization with 

lime and mechanism concerned with the alteration of soil-lime reac

tions have been studied by Z.C.Moh(1964). Using 10% cementing com

pounds on mono-mineral soils with or without sodium additives, he 

has examined the results by a number of analytical techniques after 
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compaction and various curing periods. Both mono-mineral soils, 

quartz and kaolinite, reacted with hydrated lime. Addition of 

sodium additives greatly intensified the reaction between the 

soil and the stabilizer, and increased the abundance of reaction 

products. 

The response of soil to treatment with lime is complex;and 

number of explanations to take into account these unusual responses 

were proposed by Diamond and Kinter (1965), including, 

i. Cation exchange, i.e., replacement of the exchangeable 

sodium, magnesium or other cations previously held by the clayey 

soil and by calcium cations from lime. 

ii. Flocculation of clay, and consequent increase in effect

ive grain size. 

iii. Carbonation, i.e., reaction of lime with carbon-dioxide 

from the atmosphere to from calcium-carbonate which is said to exert 

cementing action. 

iv. The co-called pozzolanic reactions with soil constituents 

to generate new minerals of a cementious nature. 

The factor of cation exchange has been mentioned by many sci

entists (Eades, Nichols and Grim, 1962; Thompson, 1967, Bowles,1979) , 

yet familarity with the cation exchange properties of soils should 

have eliminated this as a serious explanation for the stabilizing 

effects of lime on soil. Even though it may be suggested that comp

lete, rather than predominant calcium satur~tion is required for 
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stabilization, it has been demonstrated that even lime is added in 

very large excess do dilute clay suspensions, under conditions where 

cation movement is faciliated, complete exchange for sodium does not 

take place (Ladd, Moh and Lambe, 1960; t10h, 1962). 

·The concept that flocculation plays a major part in soil-lime 

stabilization is often menti6ned, but study of previously known facts 

reveals that this is also an inadequate explanation. The fact that 

flocculation of clay occurs as a consequence of the addition of lime 

is a well-known phenomenon, but the achievement of flocculation is 

clearly not the mechanism by which lime stabilizes soil. 

The hypothesis that soil-lime stabilization depends on carbona

tion of lime to form calcium-carbonate can be dismissed by reference 

to any of the great number of studies, in which reaction with atmosphe

ric carbon-dioxide was precluded by sealing the samples and in which 

characteristics modification of properties and development of strength 

associated with lime were observed. Carbonation does not take place 

in the field, however strength gain is said to occur by means of 

cementation of soil grains by CaC03 (Eades, Nichols and Grim, 1962). 

It appears that the additional benefit by long-term reaction of un

carbonated lime with the soil itself would far out outweigh any such 

contribution, and carbonation is probably a deleterious rather than 

a helpful phenomenon in soil-stabilization 

Up to present, researchs reveal that there are at least two 

distinct stages of reaction involved. 

i. The immediate process responsible for the amelioriation of 

the water-sensitive properties of untreated clay soil, 
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ii. The slower, long term reactions resuJting in the formation 

of the final cementitious products that are indicated by the gradual 

development of strength in compacted soil-lime mixtures. 

Among the effects observed in the first stage are large incre

ases in the wPL' generally leading to a reduction in the Ip. (Wang 

Mateos and Davidson 1963). The amount of increase in wPL varies 

directly with the amount of lime added up to some limiting lime 

content; further increments of lime usually bring little or no 

additional increases (Mohammad and Walk~r, 1963). The point of 

inflection of the plot of lime added vs wPL is called the IIlime 

fixation point ll (Hilt and Davidson, 1960). 

The effect on the wLL is less easy to summarize since the 

published data conflict. 

The lime treatment substantially increased the shear strength 

of lime reactive soils. This improvement is due to a large increase 

in cohesion with small increase in the angle of internal friction. 

Similarly, the moduli of elasticity of the lime-soil mixture were 

much larger than the those of untreated soil (Thompson, 1966, 1967) 

2.2.3 Reaction of Soil-Lime Mixtures 

When a solution of lime comes into contact with clay partic

les, the covalent positively charged calcium ions tend to occupy the 

exchange positions of the clay; consequently, the following reactions 

are observed 

AOK2 + Ca(OH)2 + AOCa2 + 2KOH 

AOH 2 + Ca(OH)2 + AOCa + 2H20 
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2.3 SUMMARY 

In this chapter, particle orientations, the structure of 

compacted clay and effects of structure change due to compaction 

on strength is presented; te mechanism of lime stabilization is 

also mentioned; and the following conclusions are obtained. 

The particle orientation of a clay may be of any arrangement 

between two different cases; i.~., a completely random orientation 

which is flocculated structure and a completely parallel orientat

ion which is a dispersed structure. 

The electrical forces acting between particles are most res

ponsible for soil strength in compacted clay. 

Different compaction types result in different structures in 

samples compacted at wet of optimum and have considerable effect on 

strength, however type of compaction method has little influence at 

dry of optimum. 

Cation exchange, substitution of metallic ions of higher 

order, plays a major part in soil-lime mixtures. 

Large increases in the wPL, generally leading to a reduction 

in the Ip, are observed when lime is added to clayey soil; however, 

the amount of increase in wPL varies directly with the amount of 

lime added up to some limiting content, further increments of lime 

give rise to little or no additional increases. 

The lime treatment substantially increases the shear strength 
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of lime stabilized clay due to a large increase in cohesion with 

small increase in the angle of internal friction. 

The modulus of elasticity of soil-lime mixture is larger 

than untreated soil. 
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III I CRITICAL STATE THEORY 

3.1 INTRODUCTION 

In this chapter, a brief explanation of critical state con

cept and critical state line is presented. The complete state boun

dary surface, consisting of the Roscoe and Hvorslev surfaces is also 

discussed. 

3.1.1 Critical State Concept 

The classic work of Hvorslev on the shear strength of remoul

ded saturated cohesive soils contains a clear statement of the fun

damentals upon which the present knowledge of subject is based. He 

indicated that the peak shear stress at failure of such a soil is a 

function of the effective normal s.~ress Pf on, and of the void ratio 

of ef in, the pla,ne of failure at the moment of failure and this 

function is independent of the stress history of the sample. 

The continuous yielding of a sample can be represented by a 

loading path which rises to the yield surface and then remains cons

tant. The problem arises as to whether the path ends at any specific 

point. It is shown that the final portions of all paths lie in a 
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-
unique surface, and the paths end at a unique critical voids ratio 

line, and at the critical void ratio state unlimited deformations 

can take place while pi, e(v) and q, deviator stress, remain constant 

(Roscoe, Schofield and Wroth, 1958). 

In a drained triaxial test the critical void ratio can be 

defined as that ultimate state of a sample at which any arbitrary· 

further increment of shear distortion will not result in any change 

of voids ratio. In an undrained test the sample remains at a cons-

tant voids ratio, but the effective stress pi will alter to bring the 

sample into an ultimate state such that particular voids ratio, at 

which it is compelled to remain during shear, becomes a critical 

voids ratio (Roscoe, Schofield and Wroth, 1958). 

According to Schofield and Wroth (1968), who developed the 

critical state theory within the framework of experimental results of 

Roscoe (1958) , Parry (1960) et a1., soil and other granular materials, 

if continuously distorted until they flow as a frictional fluid, will 

come into a well-defined critical state, determined by the following 

two equations: 

q = r~. p I ( 3 . 1) 

v = r - A1npl ... (3.2) 

The constants M,r and A represent basic soil-material prop

erties; and the parameters q,v = l+e(void ratio), and pi are deviator 

stress, specific volume and effective mean normal stress, respectively. 
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The first equation of the critical states determines the mag

nitude of the deviator stress,q, needed to keep the soil flowing 

continuously as the product of a frictional constant with the effect

ive mean pressure. The second equation states that the specific 

volume occupied by unit volume of flowing particles will decrease 

as the logarithm of the effective pressure increases, i.e. more 

water in the voids and a clay paste of a softer consistency that 

flows under less deviator stress. 

3.3.2 Critical State Line 

The failure states of drained and undrained triaxial compres

sion tests, as seen in Fig. 3.1 and in Fig. 3.2, on isotropically 

compressed samples, when plotted together, the data points define 

a single straight line through the origin in ql :pl ~pace and a 

single curved line in V:pl space. This single and unique line of 

failure points of both drained and undrained tests is defined as 

the Critical State Line. 

The crucial property of the Critical State Line (CSL) is 

that failure of initially isotropically compressed samples will 

occur once the stress states of tbe samples reach the line, irres

pective of the test path followed by the samples of their way to the 

Critical State Line. Failure can be described as a state when large 

shear distortions occur with no change in stress, or in specific 

volume. 

The projection of the Critical State Line onto the v vs lnp' 

plane as illustrated in Fig. 3.3, is described by the equation (3.1), 
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FIG.3.1 Stress Paths in a)q':p' and b)V:p' Space for Drained Triaxial 

Tests on Normally Consolidated Samples (After Atkinson and 

Bransby, 1978) 
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FIG.3.3 The Critical State Line in v:lnp' space (Data from Parrg,1960) 
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and for Normal Consol idation Line in the same plan~e 

v = N - Alnp' ... (3.3) 

where N and A are the value of specific volume corrosponding to 

pi = lkg/cm2 on the Normal Consolidation Line in the v : lnp' plane 

and the slope of the Critical State Line in the\,): lnp' plane. 

The position of the critical state of a sample is a function 

of ql,pl and \,); therefore it will be helpful to draw the Critical 

State Line in a three dimensional .ql:pl:\,) space, as sketched in 

Fig.3.4. The normal isotropic consolidation line is shown in the 

ql=O plane, i.e., on the floor of the ql:p:\,) space The Critical 

State Line rises, i.e., q increases, as pi increases and \,) decreases. 

The projections of points ABC on the Critical State Line are shown 

as points Al,Bl and Cl in the plane containing the ql and pi axes 

as points A2,B2 and C2 on the ql = 0 plane. 

The test paths followed in standard triaxial tests may also 

be represented in ql :pl:V space. In view of undrained tests, a 

typical sample may be isotropically compressed to point A, as seen 

in Fig. 3.5, and then subjected to a standard undrained triaxial 

compression test until it fails at a~oint B on the Critical State 

Line. The test path can be projected into ql :pl space and is shown 

as path A1Bl. The test is undrained, and so, by definition, the 

specific volume is constant. The specific volume at point B must, 

therefore, be the same as that at point A, and indeed \,) must remain 

constant for the whole test from A to B. The test path, therefore, 

remain in the shaded constant \,) plane ACDE. The point B represents 
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FIG.3.4 The Critical State Line in q':p':v Space (After Roscoe, Schofield 

and Wroth, 1958) 
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the intersection of the undrained plane ACDE and the Critical State 

Line. The families of undrained planes are also illustrated in Fig. 

3.6. 

The test path for a standard drained triaxial compression 

test rises at a slope of3 inq' :pl space from the initial value p~ of 

mean normal effective stress at ql=O. The sample may compress and 

so the specific volume changes. The plane in which drained tests 

lie is therefore parallel to the v axis and have a projection in 

ql :pl space which is a straight line of slope 3; the drained plane 

ACB1Al is shown shaded in Fig.3.7. The initial state of the sample 

6n the Normal Consolidation Line is shown as point A and the test 

path ends at failure on the Critical State Line at B. The projection 

of the test path is shown as A1Bl on the ql:pl plane. The exact 

shape of the test path within the drained plane ACB1Al will depend 

on the experimental relationship between volume change and increase 

of ql as the test proceeds. However, the path AB remain within the 

plane ACB1Al. The families of drained planes are seen in Fig. 3.8. 

3.1 .3 Rcscoe Surface 

It has been established that for a particular value of PcL the 

relevant undrained or drained plane over which the test path moves 

as the sample progresses to failure may be constructed. Of course, 

there will be different drained or undrained planes for each diff

erent value of rb' Considering undrained and drained planes, in 

each case, the relevant test path from the Normal Consolidation 

Line to the Critical State Line is shown in Fig.3.5 and in Fig.3.7. 
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FIG.3.7 The Path Followed by a Drained Test in q':p':v Space (After 

Roscoe, Schofield and Wroth, 1958) 
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FIG. 3.8 Two Undrained Planes in q':p':v Space (After Atkinson and 

Bransby, 1978) 
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Both the undrained tests and the drained tests seem to define a curved 

three dimensional surface linking the Normal Consolidation Line to the 

Critical State Line. 

It is temting to ask if the families of undrained and drained 

on normally consolidated samples define the same three-dimensional 

surface in ql :pl:V space. Clearly, it is reasonable that they should, 

for both drained and undrained tests start from the Normal Consolidation 

Line and finish at the Critical State line. One way of checking whether 

the surface is unique is to investigate whether samples in the course 

of drained or undrained tests have the same specific volumes when they 

are subjected to the same effective stresses. 

A more systematic procedure is to perform a.series of drained 

tests on normally consolidated samples, and, from the specific volumes 

measured at different stages of the tests, construct a series of con

tours of constant v in ql :pl space. To check whether there is a single 

surface in ql :pl:V space for both drained and undrained tests will then 

be whether the two sets bf contours (one from drained tests and one 

from undrained tests) are of the same shape and are consistent with 

one another, as shown in Fig. 3.9. 

Hence, it can be concluded that the curved surface traced out 

in ql :pl:V space by families of drained and undrained tests is iden

tical for both families of tests. The same surface followed by all 

isotropically normally consolidated samples which are loaded by axial 

compression in the triaxial equipment is called the Roscoe surface. 

The analogy between the Roscoe surface and normal consolidation 

line is the fact that the Normal Consolidation Line is the part of the 
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FIG. 3.9 Contours of Constant \.I from Drained and Undrained Tests (After 

Atkinson and Bransby, 1978) 
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Roscoe surface lying in the ql=O plane. It may be thought of the 

Roscoe surface as a surface which separates states which samples 

can never achieve, as seen in Fig.3.l0. The Roscoe surface is, 

therefore, a state boundary surface. 

3 . 1 .4 H v 0 r s 1 e v Surf ace 

If the preconsolidation pressure Pc is larger than the in-situ 

overburden pressure, the soil has been subjected to a pressure at 

some time in the geologic past larger than the present pressure Po, 

and this past pressure may have been due to:a greater amount of over-

burden which has been eroded away; drying and resulting shrinkage 

stresses; a change in the water table; a combination of drying and 

wetting in the presence of certain sodium, calcium, or magnesium 

salts particularly in uplifted marine deposits. In this case the 

soil is said to be overconsolidated, or preconsolidated (Bowles,1979). 

The specimens which have been isotropically consolidated to 

some mean normal effective stress p and then allo\>Jed to swell isot

ropically to some lower mean normal stress Po are considered to be 

overconsolidated samples, Fig.3.ll. The overconsolidation ratio 
.-

OCR is defined as Pmax/Pd, and so normally consolidated samples 

have OCR=l.O while OCR is large for heavily overconsolidated samples 

(Atkinson and Bransby, 1978). 

In triaxial tests, when the deviator stress and effective mean 

normal stress is normalized with the initial effective mean normal 

stress Pei I, it is seen that data of both drained and undrained tests 
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lie on a single line in q'/P~i : pl/P~i space, a seen in Fig. 3.12. 

The significant feature of the surface with which Hvorslev 

was particularly concerned is that the shear strength of a specimen 

at failure is a function of both of the mean normal stress p', and 

of the specific volume v of the specimen at failure. The specific 
) 

volume appears in Fig. 3.13. through its influence on the equivalent 

stress p~, which depends directly on specific volume. 

The equation of the Hvorslev surface is 

... (3.4) 

in which g and h are soil constants as shown in Fig. 3.13. 

The initial equivalent effective mea~ normal stress equation 

is 

P~i = exp I (N-v)/" I ... (3.5) 

Substituting Eq.(3.5) into (3.4), the following equation is obtained; 

q I = g. ex p I (N -v) /" I + h. p' .. ·(3.6) 

The Hvorslev surface intersects the Critical State Line given by 

Eqs t3.l) and (3.2), substituting those equations into Eq.(3.6); it 

becomes 

(M-h)p' = g.exp I(N-r)/" + lnp'l ... (3.7) 
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g = (M-h) exp I (r-N)/A I ... (3.8) 

Thus the equation of the. Hvorslev surface is 

ql = (M-h) exp I (r-N)/A I + h.p' ..• (3.9) 

The locus of failure points can be idealized as line AB, Fig. 

3.13, and it is called' as the Hvorslev surface .. The equation (3.9) 

states that the deviator stress at failure of an overconsolidated 

specimen is made up of two components. The first component (h.p') 

is proportional to mean normal effective stress, and so may be thought 

of as being frictional by nature, while the second component 

(1M-hi exp I(r-v)/A I depends only on the current specific volume, 

and the value of certain soil constant. The form of exponential 

term is such that the second component of strength increases as the 

specific volume of the specimen decreases. 

Obviously, if the soil could sustain tensile effective stres

ses, the line corresponding to tensile failure would lie to the left 

of OA. The maximum value of ql/pl will be when axial stress ~I is 

large and confining pressure 03 is small. The highest value of 

ql/pl that could be observed would~correspond to 0~=0. Therefore, 

for a triaxial compression test, it is clear that 

ql = '1 
I ... (3.10) 

pi = 1/3 . '1 I ... (3.11) 

q I/pl '" 3 ... (3.12) 
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The locus is limited on its left-hand side by the line OA 

which has slope 3, corresponding to tensile failure, and on its 

right-hand side by the Critical State Line (8), and the Roscoe 

surface (BC). 

3.2 SUMMARY 

In this chapter, the critical state concept and the Critical 

State tine is explained. The complete state boundary surface,which 

consists of the Roscoe and Hvorslev surfaces, is mentioned. The 

fol·lowing conclusions are deduced. 

There exists a Critical State line in ql:pl:V space in which 

all test paths from triaxial compression tests on isotropically 

normally consolidated samples terminate. 

The test paths for both drained and undrained tests follow 

the same curved surface (the Roscoe surface) which links the Normal 

Consolidation Line with the Critical State Line in ql:pl:V space. 

The geometry of the Roscoe surface is such that all constant 

v sections of the surface have the same shape but are different 
.-

size. The sections may be scaled to a single normalized curve if 

the stresses are divided by the equivalent pressure, Pei. 

The Roscoe surface is a state boundary surface. 

A state boundary surface, the Hvorslev surface, limits the 

states of overconsolidated specimens in ql:pl:V space. 
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The complete state boundary surface, consisting of the Hvorsley 

surface, which meet at the Critical State Line, serves for drained and 

undrained tests on normally consolidated and overconsolidated samples, 

and, hence, unifies a wide range of behaviour. 
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IV. TESTING METHOD 

4.1 INTRODUCTION 

In this chapter, the details of the testing equipment, the 

material and preparation of samples in the experimental analysis are 

explained. Isotroprically consolidated-undrained tests are performed 

on the lime-stabilized Uskumru Clay by using the common NGI type tri

axial compression apparatus. The purpose of the triaxial testing equ

ipment is to confine the sample under all-round pressure and to provide 

a suitable way of applying the axial load to the sample with controlled 

strain. Pore-pressure is also measured due to consolidated-undrainer 

type of triaxial tests. 

4.2 TEST EQUIPMENT 

4 . 2 . 1 D eta ; l.s of the T ria x i a 1 C ell 

The form of the triaxial test used in this research is the 

cylindrical compression test;and the usual triaxial cell is utilized. 

The cell shown in Fig. 4.1. consists of three principal components

the basei which forms the pedestal on which the sample rests and 

incorporates the various pressure connections; the removable 

r 
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FIGURE 4.1 Triaxial Cell 
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cylinder and top cap, which enclose the sample and enable fluid 

pressure to be applied; and the loading ram, which applies the 

deviator stress to the sample. 

The first connection at the base is to fill the cell with 

the fluid, usually water, in order to apply the all-round pressure. 

This connection also serves to empty the cell at the end of the· 

test. 

The second connection with the base of the sample provides 

qrainage in a drained test, and for pore-pressure measurement in 

undrained or consolidated-undrained tests. Since the test type in 

this research is consolidated -undrained, the second connection is 

used for measuring pore-pressure. 

The transparent perspex cylinder is used, which facilitates 

the setting up of the test and enables the mode of failure to be 

observed. The cylinder is permanently fitted between O-rings as 

seals; the only joint to be made during testing is between the lower 

brass collar and O-ring set in the base of the cell. For this the 

hand tightening of three wing nuts is sufficient. 

The top cap, to which to cylinder is fixed, is a bronze casting 

and the central boss forms the bus~ through which the stainless-steel 

ram slides. An air release valve is fitted, and a short pillar to 

carry the arm for the axial strain indicator is screwed. 

Porous filter stones prevent the fine soil particles from 

being washed out of the test specimen. The filter stones are boiled 

in wate~ before each test to remove any soil particles imbedded in 

the pores. 
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The filter paper is wrapped around the testing specimen. The 

filter paper is slotted to minimize the restriction of the sample 

deformations. The purpose of the filter paper is to accelerate the 

consolidation of the sample during the test. Before wrapping, the 

filter paper is saturated to prevent absorption of moisture fro~ 

the sample. The dimensions of the filter paper is seen in Fig. 4.2 , 

The sample is enclosed in a thin rubber membrane 12-15 cm in 

length. The membrane should apply the minimum restraint to the sample 

consistent with providing a reliable barrier to leakage. The rubber 

membrane is sealed against the smooth surface of the loading cap and 

of the pedestal by rubber O-rings under tension, sprung into place 

from the end of a metal tube. Since no water movement can take place 

through the membrane, the absorption ~ expulsion of water within the 

sample can only occur through the sample drainage-system. The diff

usion through the rubber membrane is ordinarily negligible. The 

membrane should be as thin as possible in order to minimize pressure 

exerted on the sa~ple as it expands. 

4.2.2 Details of the Loading System 

The loading system in this study is chosen to apply deviator 

stress with consta~t strain during the test. 

For routi~~ and for the more common research tests,the use 

of controlled rate of strain has many advantages and is generally 

accepted~ The rate of strain at failure is accurately known and 

the infl~ence of heological factors on the observed strength can 

therefore be taken into account. The shape of the stress-strain 
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curve beyond the point of maximum stress can also be obsverved. The 

duration of the test can be predicted with reasonable accuracy, which, 

from the practical point of view, is important in planning the testing 

program. The rate of strain is adjusted by changing the gears in the 

loading apparatus. The gears listed in the Table 4.1 as A,C .and E 

are always driving gears; the gears B,D and ~ are always driven gears. 

The rate of strain is chosen to be 0.0303 ~m/min in the test. 

An axial compressive force is applied to the ends of the test 

specimen by a constant rate of strain type loading press. The rate 

of strain can be varied depending on the type of material and the 

nature of the test. The axial force and vertical deformation are 

readable at all points throughout the operating range of the equipment. 

The load is measured by a high-tensile steel proving ring pla

ced between the top of the ram in the triaxial cell and the head of 

testing machine. The high tensile steel proving ring is equipped 

with a mechanical dial gauge for measuring the deformation of the 

ring. This dial gauge is normally graduated in divisions of 0.002 

mm. The accuracy of the proving ring is ~ per cent of the measured 

force. 

Axial strain is measured by J.5 cm traved dial gauge calibra

ted in 1/100 cm in divisions. This is fixed to an arm clamped to 

the lower mounting -of the proving ring. It is shown in Fig. 4.3. 
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I. 16 I 7 I 16 I 3 1 32 I 24 I 60 I 24 1 72 I 25 I 63 1 O,CS251 

10 6 I 1.0 1 00 I 3 1 32 1 24 I 50 1 21. I 60 I 25 1 95 1 0.~500 
11 22 I 49 I 13 I 3 1 32 I 24 I 1.7 I 21. 1 72 I 2B I 96 1 0.0'S545' 
14 16 I 22 I 52 '1 3 1 32 I 25 I 50 I 21. I 71 I 2B I 56 I 0.01.929577 
21 1 1 27 I 52 1 3 I 32 I 21. i 50 1 24 1 72 I 25 i 62 I 0.0'878049 

513 I 21 I 20 100 1 3 32 I 21. I 63 I 21. I 72 I 72 I 72 10,047619 

NB. 

This table is based on the motor's speed without load. The 

speed will decrease with increasin9 loall to a maximum of 7·'. 
01 .full load. 

Ii. Mosseo Oslo. pol lit 7801 

..j:::> 
~ 
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FIGURE 4.3 Loading Press and Gears 
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4.2.3 Details of Apparatus for Me~suring Pore-Pressure 

The equipment used to-measure pore-pressure consists of a pore 

pressure instrument, a screw control, Bourdon gauge and mercury 

manomoter. These different units are connected with a copper pipe, 

with the exception of the connection between the pore-pressure 

instrument, the tube system and the sample, which is made up of 

1/8" copper tubing and a short length of saran tubing. 

In addition to being connected with the sample, the pore 

pressure assembly has a connection to tap water. The tap water 

connection is used when refilling the screw control or calibrating 

the manometer or pressure gauge. 

The pore-pressure apparatus is in principle a "V" tube filled 

with mercury. One branch of the "V" is connected to the samp1 e, 

the other end is coupled to the screw control, pressure gauge and 

manometre. By observing the mercury level in the branches of the 

"V" tube it is possible to detect a movement of the pore-water. 

By increasing or decreasing the back pressure on the mercury column 

with the screw control, the mercury level can be maintened at a 

constant elevation, thereby preventing any pore-water movement. 

The pressure required to hold the mercury column in position is, 

therefore, the pore pressure within t~e sample. 

The diameter of the mercury column, in the branches of the 

"V", determines the accuracy to which the volume can be held constant; 

the smaller the diameter, the higher the degree of accuracy. However, 

for practical purposes in making the instrument, the diameter is 

limited to 1.3 mm. 
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FIGURE 4.4 Pore-Pressure Measurement Apparatus 
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-
At the top of each small column is a section with a much larger 

diameter. The purpose of the larger diameter section is to act as small 

reservior to catch the mercury and to prevent it from flowing into the· 

system in the event it should be accidentally blown out of the IIV II tube. 

Since mercury will corrode brass and copper quickly, it should be kept 

out of the system. 

If a wrong connection is made, blowing out of the mercury can 

be prevented by a IIshort circuit ll in the IIVII tube before the test storts. 

The short circuit can be done by a shut-off valve supplied with O-ring 

seals. The plastic body of the instrument serves as its housing. When 

the shut-off value is opened, Fig. 4.4, the column of the IIV II tube are 

subjected to the same pressure; this is a convenient means of adjusting 

both mercury columns to the same elevation. ·A horizontal line across 

the two columns serves as a reference point for observing movement of 

the mercury during a test. While setting up a test, the tops of the 

mercury columns can be adjusted to these reference lines by turning 

the screw, at the bottom of the instrument, which will raise or lower 

both columns equally. 

4.3 ~ATERIAL USED 

The material used in thes research program is the Uskumru Clay. 

The index properties determined by the routine laboratory experiments 

are as follows 

wLL = 0.85 

wpL = 0.30 

wopt = 0.31 

Gs = 2.73 
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To begin with, the material is mixed with sufficient water 

to prepare the triaxial test specimens having no lime. The water 

content chosen for the test specimens is nearly twice the optimum 

water content, wopt . 

Lime percentages are chosen as 5, 10 and 20 per cent respect

ively. For lime added clay specimens 5, 10 and 20 per cent lime is 

added to clay by the weight of total solid particles,i.e., 60 g lime 

is added to 540 g clay in order to obtain 10 per cent soil-lime 

mixture. To prepare such samples the lime and clay is first throughly 

mixed with sufficient water. After this, the clay-lime-water suspension 

{s left for curing for a day for the purpose of dispersing water through 

clay particles. 

Then, the mixture is placed to the triaxial specimen molds, 

with great care, having the diameter in the order of 3.6 cm and the 

height 10 cm. The samples are compacted in three layers with 25 stroke 

of wood hammer giving rise to the imbedded air in the pores to escape. 

After taking the samples out of the triaxial specimen molds, the 

edges of the specimen are cut by means of a wire saw in a craddle; 

its length determines the height of sample and its trimming edges 

assure that both ends of the sample are parallel. The diameter of 

the specimen is measured. Later, the samples are placed to the tria

xial cell for the purpose of applying all-round confining pressures. 

The equipments used in the preparation of samples are seen in Fig. 

4.5. 
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FIGURE 4.5 Sample Preparation Equipments 
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4.4 TESTING PROCEDURE 

4.4.1 Placing The Specimen 

The filter stone, which has previously been boiled in water, 

is placed directly on the pedestal of the base plate of the triaxial. 

cell. Then the filter paper, having the diameter of 3.6 cm, is placed 

on the filter stone after saturating the filter paper. After this, 

the sample is placed directly from the cradle on to the filter paper. 

Basides handling the sample carefully, it is also important to prevent 

the formation of air bubbles on the end surfaces of the specimen. 

Later, the filter paper, the filter stone and the loading cap is 

placed on the sample, and the side-drain filter paper is wrapped 

neatly around the sample. The rubber membrane is placed on the 

mounting cylinder; after applying a slight suction to hold the 

membrane tihgt against the walls of the cylinder, the mounting 

cylinder, is placed over the sample and lowered, as seen in Fig. 

4.6. By blowing the rubber tubing which will force the upper end 

of the membrane to slide over the loading cap. The fingers are 

used to push the bottom end of the membrane down over the pedestal. 

The mounting cyl inder is removed and th.~ membrane is smoothed out. 

Two O-ring are streched over the sample and rolled the lower O-ring 

to the end of the pedestal. The second O-ring is placed on the 

loading cap which rests on the test specimen. The transparent 

perspex cylinder is placed; when lowering the cell, the piston is 

held up so that it does not hit the sample. Three wing bolts are 

tightened in such a manner that the top and bottom plates are 

parallel. Then the piston is allowed to fall into the socket of 
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FIGURE 4.6 Placing the Specimen 
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the loading cap. The cell is filled with water after opening the 

valve to allow the entrapped air to escape. 

4.4.2 Consolidation Process 

The triaxial cell pressure is increased to the consolidation 

pressure. The consolidation pressure is the all-round fluid pressure 

acting on the test specimen during the experiment. And regularly the 

dissipated water from the sample is recorded through the use of a 

burette. When the water level in the burette is approximately constant, 

the consolidation process is terminated. The consolidation process 

in the triaxial compression apparatus is seen in Fig. 4.7. Consolid

ation pressures are chosen to be 2,0,2.5,3,0,3.5,4.0 and 5.0 kg/cm2 

respectively. 

In twenty-four triaxial test samples, the drainage valve is 

not opened for a week; and later the valve is opened and dissipating 

water during consolidation is measured by means of the burette. 

The three triaxial test specimens having 5,10 and 20 per cent 

lime are subjected exclusively to 3.0 kg/cm2: The filter paper is 

not wrapped around the samples to give rise to the consolidation 

process to slow. The main purpose of this action is to observe 

the effect of no-drainage process for a week when consolidation 

pressure is in operation and then letting the drainage, and drainage 

process during whole consolidation process on the behaviour of 

artifically lime added soil-lime mixtures. 
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FIGURE 4.7 Consolidation Process in the Triaxial Apparatus 
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4.4.3 Placing the Triaxial Cell to the Loading Press 

The loading table is lowered by hand and the cell placed on 

the table of the apparatus. The proving ring is connected to the 

yoke with rubber rings. The yoke is lowered until the lower end of 

the ring is almost in contact with the arm holding the piston, then. 

the arm is removed and allowed the piston to slide upwards until it 

comes in contact with the prowing ring. The loading table is raised 

by using hand-wheel until the dial-gauge Of the proving ring indicates 

that the piston is in contact with the sample. Before test is started, 

the dial gauge of the proving ring and another dial gauge to measure 

the axial deformation of the test specimen is adjusted to zero. 

4.4.4 Loading and Removing the Sample 

An axial compressive force is applied to the ends of the test 

specimen by a constant rate of strain type loading press, Fig. 4.8, 

the loading table is moved up with a constant rate by means of a 

gear drive unit. The rate of strain is 0.0303 mm/min. When axial 

force is applied, the pore-pressure readings are taken from the 

B ou rdon gauge. 

When the sample reaches failure condition, the pore-pressure 

valve is closed. The pressure in the triaxial cell,which is confining 

pressure, is decreased to zero. Water in the cell is emptied by 

opening cell pressure line. Upper part of the triaxial cell is 

removed. The O-rings at each end of the rubber membrane are taken 

out; then the membrane is taken out with care. The sample is removed 

from the loading pedestal. Removing of sample is seen in Fig. 4.9. 
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FIGURE 4.8 Loading the Specimen 
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., 

FIGURE 4.9 Removing the Specimen 
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4.5 SUMMARY 

The details of the testing equipment, the material and sample 

preparation are presented in this chapter. 

NGI type triaxial compression testing apparatus is used for 

conducting isotropically consolidated-undrained tests. 

It is also possible to conduct consolidated-drained, uncon

solidated-drained, and unconsolidated-undrained tests by using the 

same equipment. 

The transparent perspex cylinder cell is used for observing 

the mode of failure. 

Porous stone is placed to the bottom of the sample and the 

filter paper is wrapped around the test specimen to accelarate the 

consolidation process. 

The loading system is chosen to apply deviator stress with 

constant strain during the test. The use of controlled strain has 

many advantages. The rate of strain at failure is accurately known 

and the influence of factors on the observed strength can be taken 

into consideration. The stress-strain curve shape can be observed 

beyond the point of failure stress .. The rate of strain is chosen 

to be 0.0303 mm/min. 

The load is measured by a steel proving ring dial gauge 

graduated in divisions of 0.002 mm. 

Axial strain is measured by 1.5 cm traved dial gauge calibrated 
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in 1/100 cm in divisions. 

The pore-pressure apparatus is in principle a "V" tube filled 

with mercury. It is possible to detect a movement of the pore-water 

by observing the mercury level in the branches of the "V" tube. 

The mercury level is maintened at a constant elevation; the pore

pressure required to hold the mercury column in horizontal position 

is the pore-pressure within the sample. 

The·soil-lime mixture triaxial test samples are prepared and 

different cell pressures are applied to them. The samples are 

sheared in the loading press and they are removed from the triaxial 

cell at the end of the test. 
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V, EVALUATION OF TEST RESULTS 

5.1 INTRODUCTION 

Experimental results obtained from the consolidated

undrained triaxial compression tests are presented, and the 

effect of lime content increase in soil-lime mixtures on devi

ator stress and pore-pressure is explained in this chapter. 

Deviator stress and effective mean normal stress relationship 

is mentioned. Pore-pressure and pore-Rressure parameter vs. 

effective mean normal stress relationship, and pore-pressure 

vs. axial strain relationship is discussed. The effect of lime 

content on the Normal Consolidation and Critical State Lines is 

also mentioned. 

5.1 Data Processing 

Deviator stress is calculated by dividing the axial load 

increment, which is measured by means of a loading proving ring, 

to the average cross-sectional area of the specimen. The average 
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cross-sectional area is (Bishop and Henkel, 1962); 

•.. (5.1) 

in which Ao, EV and Ea are initial cross-sectional area, volu

mett'ic strain and axial strain, respectively. 

Since the change in volume is zero due to the type of . 

consolidated - undrained tests, the average cross-sectional 

area depends only on axial strain. Therefore, the equation (5.1) 

becomes 

..• (5.2) 

The axial load and vertical deformation are readable at 

all points throughout the operating range of equipment through 

the use of a proving ring and a dial gauge. 

Pore pressure is measured by means of a Bourdon-gauge 

during the test procedure. 

The deviator stress is calculated as 

..• (5.3) 

where F is the axial load and 01 is the axial stress. Hence, 

axial stress is 

... (5.4) 
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Total mean normal stress is 

.•• (5.5) 

Since 02=03= cell pressure in the triaxial apparatus, total mean 

normal stress equation (5.5) becomes 

.•. (5.6) 

Substituting the equation (5.4) into the equation (5.6), the 

following one is obtained 

... (5.7) 

The effective mean normal stress is 

pi = P-U ••• (5.8) 

in which U is the pore-pressure. 

The effective deviator stress is equal to the total deviator 

stress; 

ql = q ... (5.9) 

Pore-pressure parameter Ap is calculated, assuming 8=1.0 

for saturated soils, by dividing pore-pressure to the deviator 



stress (Skempton, 1954; Bishop, 1954; Skempton, 1960; Noorany 

and Seed, 1965); 
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..• (5.10) 

After those calculations, and usual corrections applied to 

every type of triaxial test, the following curves are plotted; 

q:Ea ,U:Ea , ql:pl, q/p :Ea, ql/pl:ECp Ap:Ea Ap:p', q/Pei:Ecp 

U/Pei : Ea and \!: wp I. The results of test data are presented in 

Appendix A. 

5.1.2 Experimental Results 

5.1.2.1 Effect of Lime Content on Deviator Stress and 

Pore Pressure 

With the increase of lime in the soil-lime mixtures, there 

is a significant increase in the deviator stress at failure qf for 

5,10 and 20 per cent lime-added clay specimens. However, as it is 

seen in Fig.5.1, the strength of 20 per cent lime-added clay spe

cimen is lesser than 5 and 10 per cent lime-added clay specimens; 

but the strength of 20 per cent lime~added clay sample is higher 

than the sample which is untreated with lime. In parallel to the 

increase in strength, moduli of elasticity for lime-treated soil 

specimens increase as well. If may be emhpasized that lime

stabilization improves the strength and moduli of elasticity of 

clayey soil especially when proper amount of lime is added. The 

curves of deviator stress vs. axial strain for each sample, lime

treated and untreated, are presented in Appendix B. 
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As it is seen from Fig. 5.1 and Table 5.1,in which failure 

state values are tabulated, the amount of pore-pressure increases 

for lime-treated clay specimens with reference to untreated clay. 

Pore-water pressures obtained at tests conducted on clay with 10 

per cent lime content are higher than the pore water pressures. 

that develop during the triaxial testing of clay with 5 per cent 

lime content. The value of pore water pressure measured on clays 

with 20 per cent lime content is in the same order as the clay 

containing 5 per cent lime. 

5.1.2.2 Effect of Lime Content on q:p' Relationship 

As mentioned in Section 5.1.2.1., the deviator stress at 

failure in lime-added clay specimens significantly increases when 

proper amount of lime is used. It is seen from the q:p' curves, 

Fig. 5.2, Fig.5.3, Fig.5.4 and Fig.5.5, that the lime-treated 

clay samples fail at a higher deviator ~tresses. The Critical 

State Line in q:p' space is a straight line which passes through 

the failure points of test specimens, and slope of the Critical 

State Line for lime-untreated clay sam~esis M=0.75, as seen in 

Fig.5.2. It is also seen in Fig. 5.2 that the samples isotropically 

normally consolidate~ to p=4.0 kg/cm2 and p=5.0 kg/cm2 fail before 

they reach the Critical State Line. It is supposed that when con

fining pressure is increased, the permeability of the specimen 

decreases; therefore relative increase Of pore water pressure at 

the surrounding of the shear failure plane becomes more difficult 
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o -WITI-OUT LIME 
o -5 FtR-CENT LIME 
o -l)F£R-CENT UME 
g) -20 PER-CENT UME 

CELL PRES9JF£: 3-0 kg/crJ 

8 1) 12 14 1G 18 

AXIAL STRAIN ("10) 

0 

g g 0 

FIG. 5.1 Test Data (a) Deviator Stress q and Axial strain Ea and 

(b) Pore-pressure U and Axial Strain Ea from Consolidated-Un-

drained Triaxial Test. 



TABLE 5.1 Test Data of Fail ure Points Obtained from Isotropical.ly Consolida ted-Undrained 

Triaxial Tests. 

I L i~~ C er en °e q U °1 P pI q/p q/p I Ap 
% kg/cmT kg/em2 kg/cmL kg/emL kg/emL kg/emL . - - -

- ~-.-IT 1 .302 1.05 3.302 2.434 1.384 0.534 0.940 0.806 
- 2.5 1 .480 1.20 3.980 2.996 1 .796 o .493 OR?::! n Rln 
- 3.0 1 .690 1.35 4.690 3.566 2.216 0.473 0.762 0.798 
- 3.5 1.880 1.50 5.380 4.130 2.630 0.455 0.714 0.797 
- 4.0 2.062 1.65 6.062 4.675 3 055 0.433 n flfl::! n Rnn 
- 5.0 2.300 1.85 7.300 5.766 3.916 0.398 0.587 0.804 
5 ? 0 1.RnO 1ql) 3RnO ?fln o .fl7? n 7nq 2 765 1 .048 
5 2.5 1 .695 2.00 4.463 3.155 1 .205 0.622 1 .630 0.992 
5 3.0 2.000 2 :'15 5.000 3.663 1 .513 o 546 1 :l?1 1 .071) 
5 3.5 2.170 2.30 5.670 4.223 1 .923 0.513 1 .127 1 .059 
5 4 0 2 23 2.40 6.230 4.743 2 343 o 470 o 951 1 076 
5 5.0 2.530 2.65 7.530 5.841 3. 191 0.433 0.792 1.047 

10 7.-0 -2.32U 2.bU 4.32U 2.171 U.LI I U.837 8.530 1 .077 
10 2.5 2.350 2.50 4.850 3.283 0.783 0.715 3 000 1 Ofl::! 
10 3.0 2.400 2.55 5.400 3.801 1 .251 0.631 1 .917 1.062 
10 3.5 2.430 2.60 b.~3U 4.309 1.709 0.563 1 .421 1.069 
10 4 n ?4QO ?hD 6 490 4 829 2.229 0.515 1 .117 1 nllll 
10 5.0 2.480 2.65 7.279 5.759 3.109 0.395 0.732 1 .162 
20 2.0 1.850 1.90 3.850 2.615 0.715 0~707 2.586 ·1.027 
?n ? 11 1 qnn 1 .95 4.400 3.132 1 .182 0.n06 1fl07 1 n?fl 
20 3.0 2.000 2.05 5.000 3.667 1 .617 0.545 1.236 1.025 
20 3.5 1 .950 2.00 5.450 4.148 2.148 0.470 0.907 1 .025 

20 4 0 2.037 2.10 6.037 4.678 2.578 0.435 0.789 1 .030 
20 5.0 2.075 2.15 7.075 5.691 3.541 0.364 0.585 1.036 

-- -_. _. -

pei q/pei U/pei 
kq/cm2 - -

3.20 0.506 o 406 
3.40 0.552 0.441 
':l 7n n 1;1;7 n LlL!. r; 
4.50 0.511 0.411 

?7n 074n ·0 796 
3.15 0.688 0.730 I 
470 0.474 0.510 
6.10 0.414 0.434 

2.45 0.979 1.040 
3.05 0.796 0.852 
I; 111 n4R~ n r;nll 
6.10 0.406 0.434 

'" 2.65 0.724 0.735 
...... 

2.95 0.661 0.667 
5' .15 0.395 0.407 
6.90 ' 0,300 0.311 
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to be measured accurately. Therefore, the stress paths of samples 

consolidated to high pressures seem not to be reaching the Critical 

State Line. 

When a line is drawn in q:p' space through the failure 

points of lime-treated clay specimens, it is seen that this line 

has a different feature from the Critical State Line obtained from 

lime-untreated clay samples, and those lines are parallel to each 

other for 5,10 and 20 per cent lime-added clay samples. We will 

call this line the "Locus of Failure". The slope of the Locus 

of Failure is 0.25, and those surfaces intersects the vertical 

axis representing deviator stress q at different values, namely 

1.68,2.13 and 1.58 for 5,10 and 20 per cent lime-added clay 

specimens, respectively. It is seen that intersection value reaches 

its maximum value when 10 per cent lime is added. 

It is seen from Fig. 5.2 that if a clay sample ,lime-untre

ated, is unconfined, i.e. p=O, than it would have no shear strength, 

i.e. qf=O. On the other when investigating the stress paths of 

lime-added clay samples, Fig.5.3, Fig.5.4 and Fig.5.5, even if 

they are unconfined, they would possess a shear strength due to 

the fact that there have been cementation bonds between clay 

particles which arises from the pozz61anic ch~mical reaction of 

clay and lime. The cementation bonds between clay particles 

generated by lime need to be destructed before the sample fails, 

and therefore higher deviator stresses are needed to shear the 

clay to failure. 
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Hence, it may be emphasized that lime-s-tabilized clay 

samples, although they are tested under isotropically normally 

consolidated undrained conditions, may not be considered as ' 

normally consolidated samples. 

5.1.2.3 Effect of lime Content on V:pl Relationship 

In a standard undrained triaxial compression test, the 

cell pressure is held constant, the axial stress on the specimen 

is increased, but drainage is not allowed to take place. Therefore 

the specific volume, v= l+e, is constant in an undrained test, and 

by definition, the test path followed by the isotropically con

solidated sample is straight-forward in v:~npl 'space. The test 

path is then simply a line at constant v from Normal Consolidation 

Line (NCL) to Critical State Line (CSL). In consequence, as the 

test proceeds, the sample responds to the changes of total stress, 

and the pore-pressure changes. 

When drawing the Normal.Consolidation Line and Critical 

State Line for lime-untreated clay samples, Fig.5.6 , it is seen 

that lime-untreated clay sample has the following basic soil 

parameters N=2.856, r=2.747 and A=0.293. The basic soil para-

meters are 

N = the value of specific volume v corresponding to 

pi = 1.0 kg/cm2 on Normal Consolidation Line. 

r = the value of specific volume v corresponding to 
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pi = 10 kg/cm
2 

on Critical State Line. 

A = Slope of Normal Consolidation and Critical State 

Line in v:~npl space. 

On the other hand, when investigating the behaviour of 

lime-treated clay samples inv:~np' space, Fig. 5.7 , Fig.5.8 

79 

and Fig.5.~ , it is clearly seen that failure values of lime

treated clay specimens follow a curved line instead of a straight 

line as in the case of lime-untreated clay samples. It can be 

stated that this curve is the projection of "Locus of Failure" 

on the v:£npl space. 

Therefore, it may be again emphasized that lime-stabilized 

clay samples, even though they are loaded under isotropically 

consolidated-undrained conditions, may not be regarded as 

normally consolidated samples. 

5.1.2.4 Effect of Lime Content on U:pl Relationship 

The characteristic shape of U:pl curves are illustrated 

in Fig.5.10, Fig.5.l.l,Fig.5.l2 and Fig 5.13. As mentioned in Section 

5.1.2.1, higher pore-pressures are observed in lime-stabilized 

clay specimens. When comparing the above mentioned figures, 

pore-pressure value at failure is maximum for 10 per cent lime

added clay specimen. It follows from the figures that there is 

not any significant behaviour difference between the curves of 
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U:pl for lime-treated and untreated clay samples. The curves of 

U:pl for each test sample are seen in Appendix C.' 

5.1.2.5 Effect of Lime Content on'A :E and Ap:p' p a 
Relationship 

The characteristic shape of Ap:Ea curves for lime

treated and untreated clay specimens are sketched in Fig. 5.14 and 

Fig.5.15. As seen in Table 5.1., pore-pressure parameter Apat 

failure has a mean value of 0.802 for lime untreated clay specimens, 

and has a mean value of 1.052 for lime-treated clay specimens. The 

curves of Ap:p' are also sketched in Fig.5.16 and Fig.5.17. It is 

seen from Ap:Ea and Ap:p' curves that there is not any substantial 

behaviour difference for lime-added and non-added clay specimens. 

Appendix 0 and Appendix E include the curves of Ap:Ea and Ap:p' 

for each test sample, respectively. 

5.1.2.6 Effect of Curing 

As mentioned in ~ection 4.4.2, the drainage valve is not 

opened for a week for 18 lime-treated triaxial specimens.' On the 

other hand, the drainage valve is kept open for three triaxial 

specimens having 5,10 and 20 per c~nt lime while cell pressure 

0c = 3.0 kg/cm2 is 'applied. The effect of curing process on the 

behaviour of lime-treated clay samples can be summarized as follows: 

A substantial difference in the deviator stress between two 

procedure is not observed, however mod~lus of elasticity for the 
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samples, on which drainage is permitted, is higher; and those 

specimens fail at a smaller axial strain, this change is clearly 

seen when comparing Fig.5.l8 and Fig.5.l. 

, ' 

In addition to that, the pore water pressure developed 

during the shear of cured specimens are less than the pore pres

sures obtained from triaxial tests conducted on un-cured samples. 

Therefore an increase in the effective mean normal stress pi is 

observed. Stress paths in q:pl space can also be seen in Fig. 

5.l~, Fig.5.20 and Fig.5.21. When the "Locus of Failure" lines 

obtained from un-cured specimens are drawn in the above mentioned 

figures, which were also drawn in Fig.5.3, Fig.5.4 and Fig.5.5, it 

is seen that the three cured samples fail as they reach the corres-

ponding "Locus of Failure" 1 ines. 

The failure state values of specimens on which drainage 

is perm1tted are tabulated in Table 5.2. It is also seen that 

the total mean normal stress is not affected significantly. 

It also follows from Table 5.2. that q/pl values of the 

specimens, on which drainage is permitted, decrease. Obviously, 

this is due to an increase in the effective mean normal stress. 

,-

The pore-pressure parameter Ap at failure is in the order 

of 0.80 for the cured specimens. 
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TABLE 5.2 

I . ,L lme 

Effect of Curing on Lime-treated C1a'y· S . pec~mens 

_. 
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Content q °1 U P pi q/p q/pl A p 

kg/cm2 kg/cm2 % kg/cm 2 kg/cm 2 kg/cm2 - - -
- --- '-

0 1.69 4.69 1.35 3.566 2.216 0.473 0.762 0.798 

5 2.00 5.00 2.15 3.663 1.513 0.546 1 .321 1.075 

5 1.95 4.95 1.60 3.650 2.050 0.534 0.951 ·0.820 

10 2.40 5.40 2.55 3.801 1.251 0.631 1 .917 0.062 
-. 

10 2.45 5.45 2.00 3.816 1.816 0.642 1.349 0.816 

20 2.00 5.00 2.05 3.667 1.617 0.545 1.236 1.025 

20 1.90 4.90 1.50 3.633 2.133 0.522 0.890 3.798 
---

* Inclined number indicates the values of cured samples. 

5.2 SUMMARY 

In this chapter, the behaviour of lime-treated and untreated 

clay specimens i~ evaluated in the light of , critical state theory by 

using the data obtained from the isotropically consolidated-undrained 

triaxial compression tests. The following conclusions are deduced 

from the results of tests conducted in this research : 

There is a significant strength increase in lime-stabilized 

clay samples, and this increase in strength may be due to the 

pozzolanic reaction of lime with soil, producing a cementing effect. 

Ef 

-

0.107 

0.119 

0.085 

0.138 

0.088 

0.134 

0.079 
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The stress strain behaviour of clay samples under lood, both 

lime-treated and untreated, is nonlinear. 

The pore-pressure change behaviour of clay samples are also 

found to be nonlinear and stress-dependent. 

In the analyses of compacted lime-untreated clay samples 

in consolidated-undrained tests, confining pressure is found to be 

an important variable influencing the stress-strain behaviour and 

pore-pressure change properties; however it is not found to be 

an importan~ variable in lime-stabilized clay samplesin the range 

of confining pressures applied to the specimens in this study. 

From the analyses of stress paths in q:p' space and 

v:tnp' space, it is seen that lime-stabilized clay samples, 

although they are tested under isotropically consolidated-undra

ined conditions, may not be considered as normally consolidated 

samples. 
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VI. CONCLUSIONS 

( 

In this experimental study, the behaviour of lime-stabilized 

clay is investigated. For this purpose, a series of isotropically 

consolidated-undrained triaxial compression tests are carried out 

on lime-treated and untreated clay samples. Lime, which is used 

as a stabilization material, is mixed with clayey soil, and lime 

percentages are chosen to be 5,10 and 20, respectively: Each group 

of specimens having 5,10 and 20 per cent lime, and specimens having 

no lime, are subjected to different confining pressures such as 

2.0 kg/cm2, 2.5 kg/cm2, 3.0 kg/cm2, 3.5 kg/cm2, 4.0 kg/cm2 and 

5.0 kg/cm2 in consolidation process. Effect of lime content on 

the mechanical properties of lime-treated clayey soil is evaluated 

from the viewpoint of Critical State Theory. 

From previous studies and rei~lts of tests carried out 
, 

in this research, the following conclusions are obtained: 

1) The electrical forces acting between clay particles 

are most responsible for soil strength in compacted clay. 

2) The addition of lime produc.es a high concentration of 
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calcium ions in the double layer around the clay·particles, hence 

decreasing the attraction for water. 

3) The strength characteristics of wet clay is improved 

when proper amount of lime is added. This improvement in strength 

may be due partly to the improvement in plastic properties of the 

clay and partly to the pozzolanic reaction of lime with soil, 

which produces a cemented material that increases the strength 

with time. 

4) Lime-treated clayey soil, in general, have greater 

strength and higher modulus of elasticity than untreated soil. 

The stress-strain behaviour of both lime-treated and untreated 

clay is nonlinear. 

5) The pore-pressure change behaviour of clay and lime

stabilized clay are also found to be nonlinear and stress-dependent. 

6) From the analyses of compacted lime-untreated clay samp

les in consolidated-undrained tests, confining pressure is found 

to be an important variable influencing the stress-strain behaviour 

and pore-pressure change properties; however it is seen that cori

fining pressure is not an important variable for lime-stabilized 

clay samples in the range of pressures applied tothe specimens in 

this study. 

7) In the analyses of stress paths in q:p' space and v:2np' 

space for lime-treated clay cpecimens, it is seen that those specimen~, 

although they are tested under isotropically consolidated-undrained 
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conditions, may not be considered as normally consolidated specimens. 

8) The specimens fail when they reach a certain line in 

the space "Locus of Failure". 

9) The projection of "Locus of Failure" on the q:p' surface 

is a straight line. The slope of it is constant, but the inter

section point changes with relation to lime content. 

10) The projection of "Locus of Failure" on thev:£np' space 

is a curved line. It tends to become parallel to the Normal 

Consolidation Line at high confining pressures. The greater 

horizontal distance of "Locus of Failure" from the Normal Consolid

ation Line at low confining pressures indicate higher pore water 

pressures being developed during tests. 
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TABLE A.l.l Results of Isotropieally Consolidated-Undained Triaxial Test 
2 

(Cell Pressure = 2.0 kg/em) 

;-··-.·------r---·---·r--·--. ---.-- I ------r---,---- I • -----, -.---.-.:-----.----,------., 

~ .F. .! .E.~ ...... l---.... ~_Z.- .. - i----.~L2-- - 1-·-· °1 2 ; _______ V_ --2- -.J--- .P -. 2' .~-P-- -2--~ -ql.P . - -~--q ./I?_._. _______ ._~l? _____ .J 
kg __ !. __ :-:----3!--.-·-.Q]1----~Is.9Lcm i bl!_~I!L __ ~ kgl~_11J ___ ~--~g/cm . __ ;Jg{cll) _._;_ .. - _ . + . ' 

4.71-6 '1.3hl0- 111.3501 0.415 : 2.415 1 0.10 ; 2.138 : 2.038 ; 0.194 i 0.203-'.0'.240 -', 
- -.. -. ..·1·-- ... -.----".---~--.--.--.. ---t------.,----.--.- .. -" ... ---~--.-------.~-.----.. -... ".-------. --.,.-.- .... ---- .,-.----.. ----.-.- .-,------ .-... - --, 

6.757 11.97*10-31 11.357 j 0.594 i 2.954 i 0.13: 2.198 : 2.068 ! 0.287: 0.287 : 0.210 ; 
I . -8~ 163--t :3'.94;-'- 0.:.3:--,-r: 381rl--'-O-:r17-T--2-:71T--T-0-:-32-'r--2~---t--T:-gllj- r-Lr:373····-;·-U-:37:r-·-"-·-O :"4"46-'1 
I - - " -~: ------ -'':3i -.. ----.-------+--.--.----j ..... --- .-.--~----- ---·-t ... -... -...... ..:--·-T -. -.- .. -- .--.... :-.---. -... -'--'1 .. - - .. --- .' -.. - .• -.- ......... ---... -.--i 
\_ . 9. OZD--+7...8.9:~_l.Q_i ___ 1LA2.5.._t-"_o......L9_1.._.t--2-.. L9-~---+__-Q---~-Q : ..2.!.?9iL __ l_ .... __ LJi.§~_~---9.}~Q----J_.Q...d76 __ .. ~ __ .Q~Z.5§...-J 
! 1 Q.!_1}~ _ .. ~ ___ g~_QJ 5 ; G5J..L-+ ___ ~_Q.L_i_.-~-~-~..Q-5-.-~----Q..:..~5 ~ __ ..2 :.~~l. __ J--.-l~~~l---;-.-~ .. _~9~ _. _~_.O.~ ~48 ___ L __ ..Q.:?2~ __ ~ 
L,._.lQ~..2.f~_.~_ll~Ql~._J 1l.563_.~~~~_~~_~_~ 0.69 ._ri_2~315 __ ! 1.625 ~..Q:30~_-i.--~~-581--_! _O~?_~_,. . r I I , . I 

f··-ll.564.-i--.-.D .030 -.-1----U-....68.9-l-"O-r9E9-+--2~989_-·j----Q....B.6.-·t-2.329.- ·1-.. --L469-~_O.42L. ~ ___ O_._613 ___ ._: __ ....o .... 8_6_9 ___ . 

i~~~~l~:~trn : ~~U ~. ~~ ~ t~: ~-r'+~U +.m·'. i-+~~~l_ ~:~~b3:;:~~~::'-LJi~~::., 
1_ .. _13_~.~_59 _+--O. 0~:!...._+ __ 12. 082 i 1 .122 ~_]_.122 -l-- 0.95 I __ 01~_1 .424 +_.9_~.~ 7?_._.:.. .. Q_. 7~_L __ .;. __ .Q • 84E._, 
! .~~:_~~_~_+ __ O. 065-t_.2?:~_~4_._~_:!..~~_+ ___ 3_.~~_1 O. 95 +-_~_:~?~ __ ~_.~~23: 0 .4!~ __ .~_._~.:2.~.!. ____ . _~~_~7 __ _ 
! _ .l.3_._P_Q_O. __ j. __ Q...'O~+i7-1J-.J.~-:?. + . __ L_12}.~_._ .. :i~J2~_ .f. ____ ~~.~ __ f_._2.37~L._;. _...1 .)94 .. _1.0..4.73. ;. 0 .8.9~ .. ! ___ p. 872 __ , i 
~_ . ...1~122 +-. __ Q.~.QZ~ . 12.254 i 1.136! 3_J}6 i 1.Q.~~378_L __ L}7~~ __ Jl~477 __ .~_~_824 __ ~-~88.9--; 
: .. __ 14.375 i ~.:_~!.~~._~2.307 I 1.168 i_..2. 168 ! 1.00:. 2.389 ! 1.389 j 0.488 : 0.840 . 0.856 i 
r t ,. ----t-----.---·-·+----·------.. -· -- .. ·-·--r--- .. --·-· .. -~·------·--I 

j __ ._J~'§1L~-!-_JL. Oe_g ___ ; _._12 .41 ~. 1. 176 ~ 3 .!.lI§---t.---J .. 00 _~---£!-~-4-l--Ll~~-kO-!.~.L-LjL-844----:---il-.J3~.Q-
1 _____ 1 ?-l~...?-i-Q..-9-~-~--L-J-?~ 530 1 1. 212 -i~?l~.J....:~t__?~~-~~--~-1..~~8~--1-0 ·_§~ __ LJ!_~875 __ .. _r._.Q..·.~~J_._._i· 
f--l5..B72 i 0~-11l3.! 12 650 i 1 254_-+---1~2.54....+-_L 03 i 2 ..... 1.1..8 __ + 1. 38S + __ ~. 5 UL-+-.!2. 9..QL-t __ ~§_2G 
1----16...6-OJ: 0·]].0 ___ 1 12.743 i 1.302 i _3.302 i 1.05; 2.4~~_i_l.38~-+0.534._: 0.94 __ : 0 __ 80_6 __ ~ 
i-_-.. L~~-?§.§- i 0.117 _+ __ 12.838 I 1. 289 3.289! 1. 05 +--~~~~ __ + __ ._ 1 _~!9 i _0 :53~ __ rlJ.g3zr ;-o:m 4 ! 

~ ___ 16 .• 55.6! 0 122 -i. __ 12...915I 1.281 3.281 1.05 I 2.427.-l ___ ~!377 ~ __ 9-~?"?J.._-f- 0.93 _. 0.819_-1 
L 16.556 i 0.128 I 13.013, 1.272 3.272 1.05.~ 2.424: 1.374: 0.524 , 0.925 ! 0.82'5 i 

-.- ~ -----.----------_ •. _. ------.-.~.---- ! --------.-~-----------! 

--' 
a 
co 



TABLE A.l.2 Results of Isotropieally Consolidated-~)drainedTriaxial Test 
2 

(Cell Pressure = 2.5 kg/em) 

r -,---' · I t I' I • .--.- ! 
\ ___ ~ ! c a ____ j. ____ ~ q _-+ °1 I U _ P .----t-p---l--qLe q /p __ .1.. __ ~ __ i 
1._..J_.8'§§"' __ ~L_8_4~JQ=~~_.J.l.356 0.339 I 2.839 _j 0.10 _h2_.9JJ_ .. _(._2_,-_5_13 ___ . :_._Q.129 .j _.0.138_ ...•. _0 .. 29~._. __ .: 
!._ .. ~ .• 125 :5 .2~*]9 __ 1 .J~~95 0 .449 ___ 4_2• 9~_9 __ t ___ ~~+-~.~_?~q. __ .+~_~50Q ____ r. __ 0_~16J. __ ~~7.9·_'_r·~·334 0 

~-. .6J5fL-tO~D-13 ...... ; _ .lJ_ • .486 I ~8_j_ 3 088 1.--D_ ... 3.0 ___ + __ 2 . ...69.6.. I 2 39.L_.~.....o4.2] 8"'-7-' .0_2.45_ . ;-O...51O_. ---, 
I. L.?J _L _JL.JUL. __ ._.~_ . 11 . 5 31 I 0 .668_ _ __ ~JQL~---. .....Q....~-+_f-'-nZ---.4--2 .. 27 2_-.;-~_._2.45 ... +_.~ . ??_4 _._ ~--.O . .L6 L3 ___ . : 
·f ___ ~_~§_1_~~:..01_~ __ . __ !--11.618 ~...Q_:'?~ 3.241 i 0.60 1 _~.:7~?_-t-_~_.147~_g.~.?_?~ __ +-.9.34§ __ .i_9~.§Q~._. __ , 
~ __ 90.48...0 10.03..0 ._~ lL6.8~_.Jl...BlL+-...3_3LL-t- 0 62 ! 2.170 ... -t' . .2.~15.0.---+.-0 .• 292 _j .D.3.27.._--;._.0,764 .. -.--.-: r 9.978 :0.035 -+ 1l.752 I 0.849 1 3.349 i 0.65! 2.783 . 2.·133 : 0.305 I 0.398 i 0.765 : 
~0A32 10.039 __ =-~~_I __ 1l.801 I 0.883 I 3.~83 __ 4 0.75 '~. 2:·194_~ ___ r=~~0~4.~J.§ __ ~_~_0_:431 i __ ~~~:~~'~-= 

i~~~ 1~.~5~-·-·--j--·~~~~ I ~J~~ : ~:!~~ ~:~~: ~:~~~-··l-t:~~·~-·-+~~~ii·--,---~~~·--~u~-~~~~ .. --, 
1-'-2.654 ! 0.060 ---"-:00'12. 06s~ .041 r- 3.541 0.92 I -0 .8471-T:·92~-+-·-6".365-~---O~5·£io--·-~6-:883--"·-; 
\--.-.-----,--.--.------"l-- +-------. -,----- I -----r----·-----.. ---·..,---·---.. --- -- .. '-1 - -.--- .... ~ ........ ----... --- ---.. --. --- .. ---- ... '. 

I 13.380 ,0.069 : 12.176 I 1.098 I 3.598 I 0.95: 2.866 j 1.916 i 0.383 ,0.572 0.865 
.. --.-.--... ~'-'--""'-T" -----r---.. -.--l.---.--.- '-. .. T·----- .. · .. -· j .... ---.,.--... - ...... --. --T-·----·-----·--.. -· -.. ---

l ~~-:~-~~-··!·~:·~~~--·---t·~t~fy- .. ~ --H-l~-+-~:~1_~ -l--- ~ :~~-1·---~·:·~~Q~--+-·l~~~§--·i-·~~-~~~ .. -!--~~~~}-.~.-~-:~~& -; 
t~~14=5i~~_~T~~'08i-~' j~~-l? : ~95 1.--J-_17i~1=-..3~62o-.I=l ... l(lJ 2 ~8-90~·r··l~:7-9Q·---r -6-:'404 --~ -_--Q:653--~-J~.D~940· H~ 
ll-t~~ l~:n~ -'±-"+~:ci~~ i ~~~~~-r-~--:-~~~J--~-~~ ~-+.ra-~ t-i-·t:~~~--l-~::~~---:·-~:~~~ .-~. ~:tj~'--i 
t __ 16~238 I 1T.'·fj----~ --'; 2.76_2 I 1 . 27~~ ~. 7t2 ___ ~~-~~-u..?~2~~~; 1 :77 4 -~-O'435-~]-~ 716 ~~-O-:~~~.~_=: 
1--.. L6....6-0J 10. JJ2-~£.867 j 1 .290 i 3. 790 i 1 .15 ~_ .. _L~23Q._;_L 780_.1 __ 9_!440 __ .~._Q_.?}~_J- 0 .8~J. __ -" 
! __ J7.6~6 10.125 i 12.950: 1.360---r-3.860! 1.18 i 2.QSC:; : l.775 : 0.460 ; 0.766 '0.867 
I ! ! r -.-.,---.--~ 1- --.-.-"I;-~.-.-t---.-"----r------'---;----------.J----------, 

r-~:~!~---~t~~-i .. ·~·t~~}t-H~ .. ~·-+·--}:~~g·-i---+:t~--! ·-~·:}n-- .. t---}:·~~f·--~·"~:4?·~ -t. '~:-i~~-'~ ~-:~~-~--.-~ ~ 
,-'-9-:1)5'0--'10.140 I 13.180":- l.440 ! 3.940! 1. 20r-2. 981 i--'1-:fS'-'--:--- O-:Zm3--";-'O :SDE--'-'O:S-l3'--; 
:----- on I I - ---+ , I I -----t----... --.- u -+.---__ ---.. ----,--·-----·---,---------.. ----·1 

!-J.~L_9_~1_.___i_1L.:lli-3-~-1~-.-~97.J 1.48~--i 3.980 ' l.20 ; __ ~ ... lL?~---.L.?fL9...-;----Q ... 49~.--c--Q.~-~?) : 0.81.Q ____ ~ 
,18.143 :0.161 : 13.520 l.34. 3.840 1.20 - 2.947 : l.747 0.454. 0.767 ,0.895 . ... ------.------__ ---__ .. _.. ____ . ________ .. __ . _____ •. ___ • • t ....•.... _____ •. ______ •.. ___ 1 



TABLE A.l.4 Results of Isotropieally Consolidated-Undrained Triaxial Test 
2 ' 

(Cell Pressure = 3.5 kg/em) 

r_~. I Ea - A' q _ '1 u I P,,~ p' 2 I q/p -Lq'/P' : Ap- UT g/Pe; I U/Ppi_' 

t~ '·cm~ knlrm2 knlrm
2 J<gf~cm ~ .. kgLcm -r--· --~--,---- : -----1 -+--------~ 

: _~-!-2J_~._t!26*10-3 10.447- 0.499 3.99~ I 0.10 ! ~.!-6_6.§ ____ 1 3.566 ~l~~ 0.140 r 0.20 __ .. 0.146 J._1L.D29. __ 
I 8.163 6.31*10-3 ,10.500 0.777 i 4.27'71 0.22 ! 3.759 ! j3jg, 0.206 : 0.219 I 0.283 • 0.228 0.064 
I .. --.--.-~-------.. -.--~-.---"- t-------;.-----.r---;. ,-' .... ---- -1---•.. -..... - .. --t- .. -- --. -. I --.-.--~---- .. -.------...... -., .--

,. 1~.~.~~.?_'~~1.? ___ ~_.614 0.974 j 4.474 ; 0.42 -+- 3.82~_~ __ ~~~~~_~?_~ _____ ~.9_~_8..? __ +--__ ~_:43]_._.~_.:~.~6 __ ~ __ g~_1?~. __ ._ 
~ 1] _. 2~6.---1D-.02L._yJ.o.&£62 I .. .Q5A_ .-4-..5.5-L-t.'-o""'4.5--__ t-.3.L8.51_. __ + __ 3...AlU_1-_D .. 2Z3_ ... _.+_0~..3.09. __ .~-JLA2.6--_f--.-._-.--:--.O ..• 132 __ .,.: : • I 1 :,;':::: 0 310, ; 

~ 1 2 !.9)"z'--i-O • ° ~?__ t 1 Q.J ~~-1_1_.1.11._+ 4 • 61_ ~_~~~g._ .L] _~?T3 __ ._-+-__ ;L].§1 __ i__-Q-.-288 __ ._.: _D.} ~? ____ . _____ .0 ~.4§J __ .. _g __ ·.lg9._ ._.~ .. 9 _'..1 52 _. 
; 12 .:.~~~ _. ~~] ____ .~!!.. 774 _I 1 .178 -~~.:~~~-.--i--~.:.~~.-- .i __ ~_:.~.~2 __ ..;..--~·i~ .. ; ___ 0 .3_0~ __ . 0 ~_~6~ ___ ~._~_:_5~2.._.JL3.4.6- ... __ .j .0-.191 , 
i 14.2.8.~ .. __ +0.042 . +J.Q ____ 8_~.1 .. __ -+._t!_~_lL .. _I-. .4-.J~lL--.t-.JL7.~L--.1.-~-'._~~] ___ L.3.~.1~7 __ + o.)n 0.41~ ___ ,.-__ Q ... 9.9..Ll __ ._Q_~~~~ .. _.; __ 0.229 

! ~ }:~6~---1-~~~-~l-- ·1-~·~~·~-~g---1 ~: !i~ -. i -4--:~i%'-'-+-- ~~~-6--r-iJ~~·· ; .. l:-~~~--·-t-·-~-:-~~~ .-... ··g:-4~~--~---g-:~Bj-··~g.~J-f~·· .. --;···g: ~~g 
:-- - ---- ----1'----.---- t~ "-"---" .. ·-t-------t---------·---t .-~ ----·----t· ---.--.-- -----.-.!. --.. - .. -.. - . . .. . .... :. -... -. i --'" ... -.--, - '- "1' ... ' . --.... - --,"- .---. -

I ~~-:~~~- -t .. ~-:-~~i---l·-~11_~-g-· j ~ :~~~ 1-~: ~~~ I ~: ~~ I! :~~H--~~-~~~-·-i--~j~6 ..; ~J-g-~ .. --.-;--.~.:~-~~- ·~-~-~t~f-··--; ... ~: ~~~ . 
.. -.. ' .. i'-·-----------j-·--··-- ..... -.---,.-... ----.-.---j-.--. ··---+·-----4-~· -.-- ... ---.. -.. -) .... ---.. -.--,-.. -.-.--....... " ·-····-----------r--·-------·--y---··----

. 18~_143. +0.o.8.0 .. _. __ }_lL..343_ i L.60Q. .. ··t· 5.100 .. __ + __ 1...32. :_~j A. 03.3 __ j._ 2.A.7J3 __ .~ 0.396 I O. 589_~._. 0.825 . 0.470. :0.388 
! 1,8.593 _ i O. 085 ___+JJ .... ~J.L_I .. L.Q.2~ __ j .. ~.!l.2.~---l-L ~~_._+_4._.Q4.~ .. __ _I--2.-•. 6.9~-.+. 0 .. .402. _ : 0 .. 6Q1. ___ .. _; __ Q.8_28 .. _~ ° .4},9 ..; 0.397 
;._)~~.2~-j_g_~ g9~. ___ +J.~..§..~ __ 1 . 67~+ 5.170 , 1 ~~5--W_.:Q?-()-----i--~.lQ()---~ ... -q-'.~~)-.. -~ ... ~ .. .5i.~-~ __ . __ ~----~.'-8-q~--~-~-~L----~_9-.}~.7 .. 
~.- 20~3J~_~9..L ___ I~J 581 _ I J 754 1.-5_..25~ 1.40 ~.DB..4. , 2.684 ! __ o..._429 __ ~ __ O.653 _~_.-lLJ..9.8.. __ .,JL..5J5 ___ t-D--41L __ 
~f1L!..54H~~-~~---+-lL.6.JQ--l 1.766 I 5.266 I 1.40 I 4.088 I 2.688 i 0.4~1 , 0 . 656 .J._O.792 0.519. : 0.4.lL ___ ._i 

I. --?-hQ~?-·-I,-0~1.Q2 ... -.. -!.-J).~L~L-1 1 .80q. ___ -I-_?.:_~.9.~ __ 1~_4..~ ____ _i--~ ... -q.~.~--.J .. -.~:.~-~.~---1-.Q.:~~~ .. -.. _;_Q.:~X~ __ .~----Q.:.8-D§---~.~ :~?_9 . __ ., __ 0. .426 ___ _ 
j I 0' , ' I I 
1-- 2L.67L-+D-L11L..-i-Jl..8.3-+L8..3D_~.330 i J .45 ; 4.11:.0..-1- 2.66Q---j-,0_M5. ____ ._.0_ . ..6JiL-i-J)_.732 __ ~Q-.538--.7""D. • .42.6 ..... __ 
i---2l.-6A9---+-O .126 i ll._9_4.L I 1.838 .-t-- 5.338 I 1 . 50-+. 4.1 05 .---+.b~:_.Q.d47 __ .'~Q_~Z.Q_~ __ ~_ ° .81§"'~Q: __ 5j_Q. ___ ~Q.!.44J_ ... -: 
1_.2_2_~40_ ... t . .Q.=.~2--11--.~-?...:Q?o..-+ 1.860 i 5.3~.Q.-+ 1.50 ~ 4.122 . 1_ 2.622 L-~~.~~2.---~-~?_~1 ~~~_O..:.~~? ____ Jl..0i~ ___ . ___ ; 
1--22.o.9-0-Q-·_i_.o. 139 I 12.··JJ.Q __ 1 1.880 / 5.3~ 1.50 i 4.130 -!-2.630 i 0.455 ,0.714 .J._O.J.3.L-Jl ...... 552 : Q.o.£1.41._.-,---, 
L...l.L.~_67 I 0.145 : 12.2..QQ_.L.1.770 5.270 ! 1.50 ! 4.092 : 2.595 : __ Q_~.4~_?"'_._~...9~68'? __ ~_~~~ ___ .9 . .:i~.Q ______ 9~_'!.~l_. ___ _ 

..... ..... 



TABLE A.l.S Results of Isotropieally Consolidated-Undrained Triaxial Test 
2 

(Cell Pressure = 4.0 kg/em) 

L:k-+ _ ~" ~~ c~; I k9/C~2-~~~ kSc~dk~1~~2-L~L~-~~-:-'!'i~_' ,_A:_--=:5_~LP~L 
i 1 -4 . I Iii:.: O. 11 5 • O. 01 3 1 _~LOaL \6 4h10 . 9 517 0 428 I 4.428 I 0.05 4..l4 __ i __ 4.LQ9L_Q ... JQ~ __ ;-.O ... .JJlL ___ ,J...J16 . ------l-----------
r.--5.6~9 11.28*10-+J3.523 -I 0.595' j 4.595 I 0.10 I 4.19B. l 4.098 ; O_~_~~_~_Q:~_~. 0.16_~ __ ~~~~_-L_~~_?? ____ ~ 
1---fi--ZS2_+56*lo.-ll-...9...5..35. \ 0. 7o.8~~-Z.Q8 ! 0..20.- ! 4~?36 i _U.3.6_-!-o ... 16.L_"4_-DL1& __ J ... 282.. __ 0~.l2.L __ -WL_0_5.L_{ 
L-.7--..632 ·13-B.5~_111~W.547 I 0.799 i 4.799 I 0.28 : 4.~~_~986 : Q.~l8L_---:' 0.200 i 0.350 0~215 ___ .J._0.075 _.; 

l 8.888 17.70*10-3' 9.584 i 0.927 ; 4.927 I 0.55 \ 4.309; 3.759 : 0.215 : 0.246 i 0.593 :U.75U i 1J.llls : 
I TO-:Lr~J2 ;0.012- --'+--9-:634 1 .082 5.082 0.90 ! £r:-j6-0-i--r:4'6-o-:-O-:24B-'-'!-D~-Z6T'---r-o:B'31---r0-:292--:---0~243----; 
,-- ----- --1-- --., T-----,-----,---·-·-·-----+---- , ,-·----r----·---·--J 

~lJ-... 42a--i~~-QlQ----.-~.6?-2 _I 1.181_2~J~1 I 0.95 1 4_~.~93_~-}-.!t~9--_f---9-~?-6?-.-.. ~---Q-~~.£...-~-~?.Q.~ _____ :~_~~ ____ ~--~:..~?~ ___ . ___ ; 
112.335 ;0.020 i 9.710 1.270 5.270 i 1.05 ; 4.423 i 3.373 . 0.287 ,0.376 . 0.826 0 343 '0 283 j 

rr2-~698--iO~025--- .. --:-~T61 I J .300 ! 5.300 1 1.22-T4-:-4j3-1--3~rrl-6-~-293---:-o·.1n)4 ~E..93·8-=:-O~~~1 --r--0-:3-2·9----_-1 
!JL3I5._~O_ 033 I 9....R3.9-~J4fi1 ~4fi1 1 30 i U87 i 3.181 ; 0.325. ___ : 0 458 i 0 889 :O.39~ 0.35.1----j 

15.195 ,p.038 ! 9.886 I 1.537 5.537 1.40 4.512 I 3.112 I 0.340 i 0.493 ! 0.910 : 0.415 j 0.37~ 
15.645 10.042 9.931 I 1.575 5.575 1.42 .4.525 I 3.105 I .0.348 ,0.507 : 0.901 10.425 0.383 \ 

l-16.6OJ 10 048 . 9.998 ! 1.660 5 660 _ 1 50 . 4 553 3 053 ; 0.364 '0.....5..43 i 0.903 I 0.448 : 0.405.-
\ 17.233 '0.053 10.050 i 1.714 ,5.714 1.50 4.5711 3.071 0.374 10.558 ! 0.875 ! 0.463 I' 0.405 
117.641 10.059 10.100 I 1.746 5.746 1.50 i 4.582 I 3.082 0.381 ; 0.566 : 0.859 I 0.471 ! 0.40~ 

! 18 321 !0.066 ! 10 190 I 1 797 ~ 797 I 1 ~2 I 4 ~99 3 0]9 0 390 ! 0.583 : 0.845 : 0 485 1-.:.0....4.10.--; 
118.593 \0.070 ; 10.230 I 1.817 5.817 1.57 I 4.605! 3.035 i 0.394 i 0.598 : 0.864 10.491 I 0~424 . ; 
119.273 10.077 110.300! 1.871' I 5.871 1.57. 4.623 I 3.053 i 0.404 i 0.612 ! 0.839 10.505 i 0.424 i 

U9 591 ,0 082 'HUGe: I 1 89 0J 5 890 1.60 i 4.630 31130 0 408 ! 0.623 : 0.846 I 0.510 i 0.432--1 
! 20.490 10.089 .! 10.450 I 1.960_ I 5.960 ! 1.60 : 4.653 3.053 I 0.4211 0.641 i 0.816 ! 0.540 :_0.432 .\ 
121.087 jO.094. \10.500_ I 2.000 6.000 i 1.62 4.669: 3.049 I 0.428 ! 0.655 I D.8TO i 0.540 ! 0.437 I 

l-2LA.5.Q 0.100 -WJh-5~~L 1 2.020 I 6.020 I 1.62 4.676 I 3.056 1 0.431_-1.-9-.660 ! 0.801 ! 0.545 .' 0.437 
~_X~..:.?41 !0.105 i 10.629___ 2.026 6.026 I 1.62 4.675 i 3.055 : 0.433 1 0.663 ! 0.800: 0.547 0.437 
L Z2...13L.!.D~112 1]11.]22.. 2.062 6,O.6.Lj 1.65 .4. • .6.8.LL_1.'O'.31.J-'l._43~L ____ ~ ___ Q._618_J_Q..1ill1L.l n 557 _L_D.A4S __ .-: 

--' 
--' 
N 



TABLE A.l.6 Results of Isotropieally Consolidated-Undrained Triaxial Test 
2 

(Cell Pressure = 5.0 kg/em) 

F E(l AI q a 1 U P pi 

kg - cm2 kqJcmi::: kg/cn/: kq/cmL kg/cmL kg/cmL 
6.394 3.91*10-.., 11 .380 0.561 5.561 0.05 5.187 5.137 

10 929 7 89*10-3 11 425 o 956 5 956 070 S BR 4.618 
13.060 0.013 11 .486 1.137 6 ~37 _0 112 5 .379 4 559 
14.058 0.017 ,11.531 1 .219 6.219 0.95 5.406 4.456 
15.464 0.023 11.610 1 .331 6.331 l.LU ~.443 4.L4Z 

16 688 0.030 11 .689 1.427 6.427 1.30 5.475 4.175 
'18.140 0.039 . 11 .801 1 .537 6.537 1 .35 . 5.512 4.162 
19.273 0.047 1 1 . YUU I.b IY 6.619 1.4U 5.53:1 4.139 

2D4Dn o OSf) 1? 01S 1 f)g7 f).6g7 1 SO S Sf)S 4 Of)S 
21 . :;41 o 063 12 100 1 780 6.780 1.50 5.593 4.093 
22.220 0.069 12.185 1 .823 . 6.823 1.50 5:607 4.107 

21 ROR o 07E J? ?71 1 qao _6 ~O J 55 5 646 4 096 . 
24 035 o 082 12 359 1.944 6.944 1.55 5.648 4.098 
24.579 0.089 12.449 1.974 6.974 1.62 5.658 4.038 
24.942 U.UY6 12.:'3Y I.Y89 b. ~ns~ 1.67 5.663 3.993 
25.396 0.102 12.631 2.010 7.U1U I. /U tl.b/U 3.9·70 
26.303 0.109 12.725 2.067 7.067 1. 75 5.689 3.939 
26.801 0.115 12.819 2.090 7.090 1.80 5.696 3.896 
28 117 o 11'2 12.915 2 177 7 177 1 .80 5....125 ? g?S 
30.157 0.135 13.112 2.300 7·300 1 ·85 5·766 3·916 

-

q/p ql/pl Ap q/pei U/pei 

- - - - -
0.108 0.109 0.089 0.124 0.011 
o .17g o ?07 n 71? n ?1? o 155 
o ?11 n ?dQ 0.721 0.252 0.182 
0.225 0.273 0.779 0.270 0.211 
U.Z44 0.313 U.9U1 0.295 O.Z66 

0.260 0.341 0.911 0.317 0.288 
0.278 0.369 0.878. 0.341 0.300 
U.292 0.391 0.864 0.359 o .~ll 
n 1n4 n417 n RR1 o ?,77 ·n?,?, ?, 

0.318 0.434 0.842 0.395 .0.333 
0.325 0.443 0.822 0.405 0.333 

0.343 0.473 0.798 0.431 0.344 
0.344 0.474 0.797 0.432 0.344 
0.348 0.488 U.82U U.438 0.360 
0.351 0.498 0.839 0.442 U.3/1 
0.354 ' 0.506 0.845 0.446 0.377 
0.363 0.524 0.846 0.459 . 0.388 
0.366 0.536 . 0.861 0.464 0.400 
03M 0554 O.R26 0.483 0,400 
0.398 0.587 0.804 0.511 0.411 

--' 
--' 
w 



TABLE A.2.l Results of Isotropieally Consolidated-Undrained Triaxial Test for Clay Having 5 per eent lime 
2 

(Cell Pressure = 2.0 kg/em) 

F Ea A' q 0, U p 
I q/p q'/p' I AD 1 p -

cm2 kq - ka/cni2 ka/cm2 kq/cm2 ka/cm2 ka/cm2 - I - - i 

, 5.215 1 ?h* 10-3 10 41? o I) 2.5 o 10 2 166 2 06n o ?:l0 o ?41 I 0 ?n I 

8.163 6.30*10- 3 10.471 0.779 2.779 0.32 2.259 1 .939 0.344 I 0.401 I 0.41 ! 
10.432 0.016 10.575 0.986 2.986 U.60 2.328 1.728 0.423 0.570 . 0.608 , 
11.428 . o 0?1 10 n?q 1 075 3 075 o 68 2 358 1 678 o 4SS 0.640 . I 0 h~? j 

11 .929 0.027 f-JO.694 .1 . 115 3.115 0.75 2.371 1 .621 0.470 0.687 i 0.672 ! 
; 

12.698 0.031 - 10.738 1. 182 . 3.182 0.82 2.394 1.574 0.493 0.750 0.693 
J4.285 o 037 10 805 1 322 3.322 0.95 2.440 1.490 o 541 I 0 8Rn i 0 71A 

14.738 0.044 10.884 1.354 3.354 1.05 2.451 1 .401 0.552 0.966 I 0.775 
15.645 0.050 '10.953 1.428 3.428 1.25 2.476 1.226 0.576 1 . 164 i 0.875 
16.688 o 05h 11 .O?3 1 .513 3.513 1 .35 2 504 1 11)4 0.fi04 1 :l10 i nRq? 
17.686 0.069 11.177 1 .582 3.582 1.45 2.527 1.077 0.626 1.468 i 0.916 
18.1LfJ 0.075 11. 249 1 .612 3.612 . 1 .55 2.537 0.987 0.635 1.632 0.961 
18.593 o ORl 11 .31'3 1 .642 3.642 1 60 . 2.547 0.q47 0.fi44 1 .7:l:l o q74 
19.050 0.088 11.410 1 .669 3.669 1 .67 2.556 0.886 0.652 1 .882 1 .000 
19.591 0.094 11 .485 1.705 . 3.705 1. 75 2·.568 0.818 0.663 2.084 1 .026 
20 316 o 1 nn lll)fi? 1 .757 3 757 1.80 2 585 0'785 0.679 2.236 10241 
20.543 0.107 11 .652 1 .763 3.763 1.82 2.587 0.767 0.681 2.296 1 .032 
21.087 0.113 i 11 .738 1.796 3.796 1.85 2.598 0.748 0.691 2.398 i 1.030 

; 

21 .4S0 o llq llRll 1 .Rl fi 3.816 1 87 2 605 o 735 . 0.697 2.470 1 .029 i 
21 .677 0.123 11 .865 1 .826 3.826 1.90 2.608 0.708 0.700 2.575 ! 1.040 I 
?1 7fiR n .1?q 11 qt:;q 1R?0 :l R?O 1 .92 2.606 n.fiRfi n.fiqR ?fil)n 1 . nl)4 I 

i 
22.440 o 134 12 016 1.860 3.860 1.95 _J.62_2_ 0.672 0.709 . 2.765 1 1.048 J 

--' 
--' 
.j:o. 



TABLE A. 2.2 Resul ts of Isotropically Consolidated-Undrained Tr.iaxial Test for Clay Having 5 per cent lime 

2 
(Cell Pressure = 2.5 kg/em) 

F e:a. AI 0'1 U 
I 

q/p ql/pl Ap i q p P 
I-

cmL ko/cm2 ka/cm2 ka/cm2 _ko/cm2 kaLcm2 ! ko - - - - i 

4.760 1 26* 10-3 10.47h n 41)4 ? 9_1)4 o 10 ? .651 2 SSl n 171 0.177 I 0 220 : 

6.212 2.52*10-,j 10.489 0.592 3.092 0.30 2.697 2.397 o . 219 I 0.246 0.506 ! 

_lL.Ql6 6.30*10-3 10.529 0.8J8 . 3.318 o 40 2.772 2 372 o ?ql) n 'iLl.4 Q.4.88 I 

10.430 . 0.012 10.596 0.984 3.484 0.55 2.828 2.278 0.347 0.431 ! 0.558 I 

12.470 0.018 10.664 1 .690 3.569 0.85 2.889 2.090 0.404 0.573 i O. 72 7l 

13 380 o 025 10 731 1 246 3.746 1.00 2.915 1 915 o 427 o 650 0.802 
14.285 0.031 ., 10.797 1.323 3.823 1.20 2.941 1.741 0.449 I 0.759 i 0.907 

15.640 0.037 10.865 1 .439 3.939 1.30 L.979 1.679 0.483 0.856 I 0.903 
16.50U 0.044 10.944 1 .512 4.012 1 .4U 3.000 1.600 0.504 0.942 i 0.925 .. 
17.686 0.050 11. 013 1.605 4.105 1.55 3.035 1.485 0.528 1.080 I 0.965 
18. 143 0.054 11 .062 1.640 4.140 1.65 3.046 1.396 0.538 I 1.174 j 1.000. 

19._05D a aha 11 137 1 .71 a 4 2J 0 1 70 3 070 1 370 o 557 ! 1 .248 0994 
20.316 0.068 11 .227 1.809 4.309 1.77 . 3.103 1.333 0.582 1 .356 0.978 
21 .087 0.073 11 .288 1.868 . 4.368 1.85 3.122 1 .272 0.598 1 .468 0.990 

21 .677 o 079 " 365 1 .907 4 407 1 .88 3 135 1 255 o 608 1 5J8 0,985 
21.949 0.088 11.472 1.913 4.413 1.92 3.137 1 .217 0.609 1 .570 1.000 
22.170 0.034 11 .555 1.918 4.418 1.95 3.139 1 .189 0.611 1 .612 I. U I b 

_22.850 o 100 I 11 .625 1 965 4.465 1.95 3.155 1 .205 0.622 1 .630 i 0.992 
23.000 0.107 11.716 1.963 4.463 2.00 3.154 

L. L· L54 0.622 1.700 I 1.018 i --

--' 
--' 
(J1 



TABLE A.2.3 Results of Isotropieally Consolidated-Undrained Triaxial Test for Clay Having 5 per cent lime 
2 

(Lell Pressure = 3.0 kg/em) 

r 
F ECL A' °1 U • q/p q'/p' T AD 1 q/pei : q p p 

I" cm2 ka/cni2 kq/cm2 ka/cm2 ka/crrl ka/cm2 i kq - - - - i -
3.855 Fi ~n*ln-4 1n 4Fiq n 1Fi~ ~ ~FiR n n? i l?n 1 lila n 117 n ll~ Inn 1;11 I 0 l~fi .. -

! 0 179 ! 0.208 5.B96 11 ?h ... l n-3 1 n A7Fi n I;Fi? 3,562 o 05 3 187 3 137 o 176 . 0 088 
6 . .757 2.52*10-3 10.489 0.644 3.644 0.10 3.214 3.114 . 0.200 0.206 0.155 , 0.238 
7.711 . 3.78*10- j 10.502 0.734 3.734 0.15 3.244 3.094 0.226 0.237 ! 0.204 i 0.271 

1 0 4~? ,0 01? 10 596 0.984 3 984 0.45 3.328 2.878 o 295 0.341 ; OA57 I 4 ; 0.36 -
11 .428 0.016 10.633 1 .074 4.074 0.52 3.358 2.838 0.319 0.378 0.484 . n~q7 
12.335 0.020 10.676 1 .155 4.155 0.68 3.385 2.705 0.341 . 0.426 i 1), 588 0.427 

"13.380 0.025 10.731 1.246 4.246 0.88 3.415 2.535 0.364 0.491 0.706 0.461 
14?~h In n'H 10R17 1 " ~?n 4.~?n lnl1 ~ .440 ? ~9n .. n i~1 n I;?n i n 7q'1 0.488 
15.645 0.041 10.910 1.434 4.434 1.25 3.478 2.228 0.412 0.643 0.871 n S11 

1Fi I;I;Fi 1 n n117 1 n Q~Q 1 5nFi 4 506 1~~ 3,582 ? i 5? n 430 I n FiQQ i n ~QF; 0.557 
17.233 0.052 11 .048 1.550 4.550 1.45 3.519 2.069 0.440 ! 0.748 0.935 n '174 
17 n~n I n nt;~ " , n7 , t;Qn 4.1190 lFirl 3 530 1 .930 n 411n n.R?~ 1 000 0.588 
18.143 0.065 11 .197 1 .620 . 4.620 1.62 3.540 1 .920 0.457 0.843 1 .000 0.600 
1 ~ t;Q';l. n nFiQ 11 ?A? 1 FiAi A FiAi 1 .70 3 .5~1 1 .851 n.4fi? n.R~7 1 n~n 0.608 
19.591 0.075 11 .311 1.732 4.732 1. 75 3.577 1 .827 0.484 0.947 1 .010 0.641 
?n ~lFi 0.OR1 11 iRIi 1 7~n 4.7Rn 1 .80 1 ~9A 1 7QA 0.495 n QQ? o 391 0.659 
21.087 0.107 I 11.716 1.800 4.800 2.05 3.600 1 .550 0.500 1.161 i 1.138 o 666 
?l.Fi77 n 11 1 , 1 7q Ii 1 ~1n 4.830 2.1 n ~ fi1 ? 1 Ii 1 ? n I1nfi 1 . ?nQ 1 147 i 0.677 
21 .949 0.117 11.849 1.850 4.850 2.10 3.617 1 .517 0.511 1.219 J 1 .130 0.685 . 
22 440 0.119 11 R7fi lRQn A RQn 2 12 3fi?9 1 ,509 05?0 1 ?111 1 1:?1 ! 0.700 
22.901 0.126 11 .971 1 .910 4.910 2.15 3.637 1.487 0.527 1 .284 1 • 125 0.707 
23.350 0.131 12 .• 042 1 .940 4.940 2 111 3fi46 1 _ 49fi n t;i? 1 ?qn 1 lnR 0.718 
23.940 0.134 12.090 1 .980 4.980 2.15 3.660 1 .510 0.540 1 .311 , 1 085 0.733 
24.170 0.138 12.138 2.000 5.000 2.15 3.663 1 .513 0.546 1 .321 1 .075 0.740 

U/oei I 
I 

I - . 
;74*10-3 I 
,0.018 i 

-1 10.037 . 
0.055 I 

I 1 i 0.167 
n lq? ! 
0.251 
0.325 

! 0.388 
nAn? i 
0.500 

in 1117 I 
10 592 i 

'0 :600 
0.629 
0.648 

I 0.666 I 
0.759 

I 

0.777 
0.777 
n.7811 
0.796 

I 0 7qfi 
0.796 
0.796 



TABLE A.2.4 Results of Isotropically Consolidated-Undrained Triaxial Test for Clay Having 5 per cent Lime 
2 

(Cell Pressure = 3.5 kg/em) 

e:a iq/pei U/pei 
I , 
i - - I 

----~-------------~ I 
-0.203 0.06~ 

, 0 095 : 
i~-·--·--·-~ 

·~~~:~~~~~+-~~-r~~~~~~+-~~-r~~~-7~~-~~~~~~~,~~_~1~_~ 
,0.356 - ; 0.142 ' 

o 461 ; 0 17.4 1 I • 
0.486 - , --, 
0.546 I 0.238 I 
0.593 : O. 269---l 

..J...1.L......J.ll.U~f-l./....o...lLW.I.L-.---+--L.loL&.l.t:::t.l..L+---:----L........L>ol.lol-f--'~~-t--L~!....-+--~~-+~'-.!LLJ"--+- O. 383 0 . 5) 0 0 . 650 0 488 0 3 J 7 
0.400 0.560 . 0~710 0.513 0.365 

1A 140 10044- ]) _000 I 1_n4q I ~.]4.9 1 __ 1_?~ I _fLD..4..CL.-_L2~800 0.407 I 0.588 0.758 !0.523 ! 0.396 
18.820 10.050 I 11.070 I 1.700 I 5.200 I 1.35 I 4.066 1 2.716 I 0.418 0.625 0.794 ;0.539 ; 0.428 
19.050 0.056 1.709'-040. - 4-:1f69 0.420 0.640 0.819 '0.542 ! 0.444 i 

lQ ~QO a Oh3 1.744 1.50 4.081 0.427 0.675 0.860 ~0.553 ! 0.476~ 
20.316 I 0.1169 __ J LL300 I 1.Z97 1_ 5.297 I 1.55 .4.099 I 2.549 I 0.438 I 0.704 !. 0.862 !0.5701 0_4q? 
21.677 I 0.075 11.372 1 1.9061 -5.406 I T.6214.135 2.515 0.460 0.757 . 0.850 /0.605 I 0.514 

?l Q4Q 10 OAl 11 447 I lq17 I r;_417 1_70 I 4 139 '-_2....439 0.4n3 1 O.]B~ 0_88n iO_n08 ; a ~3q j 
1.924 I 5.424 2.05 I 4.141 I 2.091 I 0.464 1 0.920 i 1.065 10.610 10.650 22.440 

23.000 

?3 r;AO 
24.035 
24.480 

24.940 
26.520 
24.940 
?4 030 

0.098 
0.103 

0_113 
0.119 
0.126 

0.129 
0.138 
0.145 
a It:; 1 

11 .662 
11 .733 

11 _ Aha 
11.951 
12.038 

12.090 
12.214 
12.304 
12_390 

1.960 I 5.460 I 2.10 -I 4.153 , 2.U53 -, 0.471 0.95-4 i -1.07~0.622 ! 0.666 

1_qAA I 5.AB8 I 2.20 4.162 1.9..62_1 _0~477 __ J J_.llJ2._!Ll06 iO.631 10_hQA 
2.010 I 5.501 I 2.25 I 4.170 I 1.920 I 0.482- 1.046 1 1.119 :0.638 i 0.714 
2.030 5.503 2.30 4.177 1.877 0.485 1.081 1.133 0.644 1-0.73-0 -j ::::: 
2.060 5.506 2.30 I 4.187 1.887 0.491 1.091 1.116 0.653 ; 0.730 I 
2.170 I 5.670 I 2.30 1 4.223 1.923 0.513 I 1.127 1.059 iO.688 i 0.730 
2.020 5.520 -I 2.30 4.175 1.875 0.483 1.076 - 1.138 10 h41 10710 
1.939 I ~.439 I 2.30 I 4.146 I 1.846 I 0.467 1.050 1 1.186 10.615 10.730 



TABLE A. 2.5 Resul ts of Isotropieally Consolidated-Undrained Triaxial Test for Clay Havin} 5 per eent Lime 
2 

(Cell Pressure = 4.0 kg/em) 

F 
\ 

Ea AI q °1 U p pi I aiD , q I !p I , Ag : q!pei -. 
cm2 kg/cm2 kg/cm2 kq/cm2 kq/cm2 kq!cmL ; -ka 

, -- - --+-- -
2.490 1.26*10-3 10.583 o 235 4.235 n nt; 4078 4 n?A n nt;7 I 0.058 I 0 212 . n nl)n .. -

O. 131 -1 0.909 5.830 8.82*10-,) 10.613 0.550 4.550 0.50 I 4.1 &3 , 3.683 ; 0.149 1 0 •117 
i 0.246 I 0.930' ___ 9_ • ..1 9 0 o nl6 1 n fiq 1 nAfin 4 Afin n An 4 ?Afi 3.486 0.200 I 0.182 

~432 . 0.021 10.745 0.970 4.970 0.90 4.323 3.423 : 0.224 0.283 I 0.92} ; 0.206 
13 .270 0.029 _ f-_10.834 1.225 5.225 l.20 4.408 3.208 0.27] 0.381 ! 0 .979 1 0.260 

'15.645 o n'H 10.924 1.432 5 432 1 .40 4.477 :l077 O:llq n 4fi I) n q77 i 0 :lnLl 
18.260 0.050 11.070 1.650 5.650 l.65 4.549 2.899 0.362 I 0.568 I l. 000 I 0.351 

-19.591 0.056 11 .144 1.757 5.757 l.85 4.585 2.735 0.383 I 0.642 : 0.373 1 .052 
21 .110 0.066 11 .263 1.875 5.875 1 .95. 4.624 2.674 0.405 0.700 I 1 .040 ! 0.398 

21.949 0.075 11 .372 1 .930 5.930 2 00 ..4.643 2643 0.415 0.730 1 .036 ; 0.41n 
23.250 0.084 11 .484 2.020 6.020 2.05 4.674 2.624 . 0.432 I 0.769 ! 1 .014 ! 0.429 
?:l.44n o Oq? ll'1R'1 ?n?:l fi O?:l ? ?n 4.fi74 ? .474 o.4:l.?1 OR17 1.OR7 i 04:ln 
24.035 0.097 11 .650 2.060 6.060 2.20 . 4.687 2.487 0.439 0.828 I l.067 I 0 438 
24.420 0.104 11 .741 2.080 6.080 2.25 4.693 2.443 0.443 ! 0.851 ! 1.081 I 0.442 
74R?n n 11 0 11 .820 2 100 . 6.1 DO 1'.2'1 4 699 ? .449 o LlLlfi n Rli7 1 071 I 0.446 
25.350 0.118 11 .927 2.120 6.120 2.30 4.708 2.408 0.450 0.880 1.084 I 0.451 
25.580 0.126 12.038 2.125 6.125 2.35 4.708 2.358 0.451 i 0.901 1 .105 : 0.452 
?7.4?0 O.l4'=i : 12.300 2 230 6 230 2.40 4,743 2 343 0.470 ! 0.951 1 .076 I 0.474 

-----------

I U/pei ! 

I I -
. n Qlil~ 
. 0.106 ; 
+-.-.-~--~- ... 
10.170 : 
I --, 
,0.191 : 
i 0.255 1 
: n ?Q7 f 

---j 
1 0.351 .-1 
: 0.393 , 

I 

I 0.414 i 
n 4?1) i 

0.436 
i 'n Ll fiR I 
! 0.468 I 

0.478~ 
0.478 
0.489 

, 0.500 I 
I 0.510 .-i 

-' 
-' 
00 



TABLE A.2.6 Results of Isotropieally Consolidated-Undrained Triaxial Test for Clay Having 5 per eent Lime 
2 

(Cell Pressure = 5.0 kg/em) 

r-.~-, Ea AI q- I cl T U 1 P pI! q/p I ql/pl i Ap l-q/pei I U/pei ! 
, kq - cmL Ika/cniL ka/rm2 I kalrm2 ; knlrm2 knlrm2 -..! ._. - i - : - ,-i 

.?_.49 6.30*10-'; 10.412 0.239 '5.239 0.10 5 079 4 979 n047! 0 047 ! 041A . 0.039 ~O.OJ§-.J 
7 ?~n 1 ?t=i*10- 10 419 Onqn ~ t=iQt=i 0.25! 5.232 14.982 0.133: 0.139 : 0.359 : 0.114 .0.040 i 

10.976 3.78*10-.; 10.445' 1.050 6.050 0.35 5.350 5.000 0.196 T·0.209 ! 0.333 : 0.172 ro.057--·-·~ 

'~-j~o . 9.45*10- 10 505 1 272 6 272 0 50 I 5 424 4 924 . 0 234 0258 '0 ~q~ : 0.208 , 0.081 ~ 
14.285 0.012. -f-., 10.538 1'.355 6.355 0.65 5.451 4.801 0.248 0.282 i 0.479 ! 0.222 i 0.106 1 
14.738 0.016 10.579 1.393 6.393 0.85 5.464 4.614 0.254 0.301 ! 0.610 ,0.228 10.139 1 

16.552 0.022 I 10.647 1.554 6.554 1.10 5.518 4.418 0.281' 0.351 . 0.707 1 0 . 254 0.180 1 I ---1 
18.140 0.029 10.716 1.692 6.692 1.40 I 5.564 4.164 0.304 I 0.406 i 0.827 i n?77 n ??Q ' 

119.050 0.035 '10.786 1.766 6.766 1.75 5.588 0.316---[0.460 0.990! 0.289 : 0:286 

20.634 0.044 10.88Ll 1·,.895 _6.895 _L __ 1.75 5~6JJ_ 0.336 __ 0.488 0.923! 0.310 10.286 
21.949i 0.050 I 10.953 I 2.000 I 7.000 I 1.85 I 5.667 I 3.817 0.352 0.523 0.925! 0.327 10.303 

i-Z3.000 10.056 11.023 I 2.080 7.080 2.00 5.695 3.695 0.365! 0.562 0.96.1: 0.340 i 0.327 

24.040 0.063 11.106 7.160 2.00' 5.721 3.721 0.377 0.580 0.925 0.354 :0.327 I 

24.940 0.069 11.177 7.230 2.155.743 3.593 0.388 0.620 0.964 0.365 10 35?1 
5.755 3. 0·635 0.973 1 0 . 370 0.360 

27.070 10.081 I 11.323 I 2.300 I 7.300 I 2.25 I 5.767 13.517 I 0.398 10.653 I 0.978 i 0.377 10.3f5R 
26.530 10.088 I 11.410 \ 2.320 I 7.320\ 2.30 I 5.775 \ 3.475 \ 0.401iO.667--r--0.991 r()~380 ; 0.377 
26.980 L. 3~ 5.783 0 ~404 0:081 1 .004 0.383 I 0.385 _' 
27.210 11.562 2.40 5.784 0.406 0.694 1.021 j O.3Bfi~ 1q1 
27.250 10.107 11.6521 2.340 I 7.340 I 2.50 1 5.779 13.279 I 0.404 0.713 1. 068io.383 10.409 

27.890 \ 0.]]3 11.738 \ 2.370_L7.370 I 2.55 I 5.792 1 __ 3.242 1 0.4091 0.731 1 1.075 : 0.388 i 0.418 i 
28.340 10.119 I 11.822 I 2.390 I 7.390 I 2.60 I 5.799 I 3.199 I 0.412 I 0.747 0.087 i 0.391 __ J 0.426 
28.790 10.126 lr.-9-061 2.420- I 7.420 I 2.62 \ 5.806 3.186 I 0.416 I 0.759· 1.082 i 0.396 ; 0.429 

?q.::mo InJ29 11.959\ 2.450 I 7.450 2~~_L5.818 13.178 1 0.421 0.830 1.077 10.401 In 41? 
~80 10.134 12.029 I 2.530 7.530 2.65 5.841 3.191 9.433 0.792 . 1.047 10.414 10.434 

"---~-.--- ----_._--_ ... 

-.I 

-.I 

\.0 



TABLE A.3.l Results of Isotropically Consolidated-Undrained Triaxial Test for Clay Having 10 per cent Lime 
2 

(Cell Pressure = 2.0 kg/em) 

~._£ ___ ! Ea L- A I ! q ~ __ ~_1 _. --!- u I ~ i p I I q/L_LW I I Ap 
~ __ k9.. __ ._.~ __ . ___ = ____ I __ CI!)~ __ ! kg/cm2 i..llic~~m2 -+-l<..9L!=Jll~_.; ____ ~gl~_m21 ___ ::-._P .. _ .. _, . - ._._. __ ., ____ =_ _____ .. ; 

\ ~.4..Ql.~l...26* 1 ~=-~-.-~~16 I 0 -324 ~--L324 i 0 _15 I L1DB : 2. 0.08 i O_ • .lS_:i_...: ___ O....l.hl_I---'l..A.6.2._: 
L 69·135-02-·0Q..-~.§~82!J!l.-~WQ..~~56 I 0.64~ : --22-~8~~945 ~ ~.4~--+--.22--·229184 : ~ ·-5~6484_l.-00·-328990-·-··~---00·:.3567-84 -~-OQ~8~-3~S7'--'-~ 
i. :0.016 I 10.633 i 0.S9 :. : .7 :. :. i. .!.. 
\~ii"~4io __ ~'j----Qi-=--r 8.7 I !. ---r 0 :2356-'T-1-456---~--()'-453' -~---·O---734---t--O--84-i--·~ 
~ ~JL 1 -I--1fi..6 _.!-_1...D.6.9. .. _ f--3-,.o69 .. --~-9_--_-r---""-'---- -,.-·-·-'-·-----1-·---···· "--r-'--"'--'" ~-"'-'-.-.. -. ---, 

L.I~_J.~~ ___ .. l9...!.!l)? __ .( 1 o. 7lil-_l_.ill_.~ ___ }.dl.9~ __ J • 30 __ ~ __ ._?_~1§.~. _f_J..~J6~. __ .. L_ .. 9 ... 5711 ~2o.~ .. _ . ____ 0_.~_.21 __ _ 
I 16.100 :0.041 ! 10.910! 1.475: 3.475 ; 1.40 I 2.491 ; 1.091 ! 0.592 1.350 0.949 

rj7-~-2.3~i~~J~6-:04~~~~~r~JJL.i~f-+-- L~ZL_r~_i:~~1~~l=j=i9.._~r-~i.:_-5i..3~~·!=~1!9.23~-=t_-'o:6-?i', i-:-5~·~~::~~Q·.9-5-4 .-~ 
: lS .. J40 ;0.054 ; 11.Q6P_~_. __ L§'4P I .3.640 j __ J._~Q.. __ ,_g.~_~46_ : O~946 .. ~ .. 0..644 , 1 . .7~2~ .. o..975_ .. 
j 19.228 :0.059 .11.119 ~ 1.729 I 3.729 ! 1.65 r 2.576 , 0.926 '0.671 l.S66 0.954 
:_~_4. ___ . -----;-----------,-.:-----.! -t-.. -.---.--.---~ i .---i---... --------;..--.-- ....... _.. - _0._,""_ ..•. __ .--_ .. _ .. _-- -t 

: 20.180 : 0 066 ; 11.202; 1.S00: 3.800 ; 1.75 i 2.600 i 0.850 .' 0.692 2.116 0.972 :. . ... . .. - ." .. -... -... --.--..... + ... -· .. ----t-·~-----1-·- -.- ---· .. -·--:-·--- ...... ·-r---·--·-----· .. ,·-· ... -- -... ----'1 . ... .... .... . .. 
. 21.0S0 0.071 : 11.262; 1.871 i 3.871 : 1.75 I 2.623 0.S73 , 0~713 2.140 0.935 
; 21 ~'949 ~ 0 ~079'--"'-j -." • 360--; ----r. 932-"]"--3.932--- : --T:85'-'-'j '-'--2. 64410 :794 .. ; '0.730 2.433 '-0.957 
!- ---.-... - ... - , .. , -- ... - .. -- '---r-'--"-'"----r'-''' .-.---- -t----·--·- .. ·-·-t:·-··---·----1·----···-.. -··-;-- .. -- .-.. . -.. ~ -.... ... ..-.... - - ...... 
~ 23 .• 350 ... ,.0.084 .... ;._ .. _JJ_L:l2L~--.1.04!L~--4-'.04..0.-.;--1,.2.Q.~--~-.. 9!3J-.~ .... .Q~JJn. __ i ._0_.}6o. 2 .. ~10 __ ,.Q.!~~l 
; 24.030 '0.093 . 11.535+' 2.083 i 4.083 I 2.00 i 2.694 i 0.694 . 0.773 3.000, 0.960 .. 

~~~~Jl~t~~~~;~lurr !~ill1j~~tfiffi~eItii5~~t~ij~~~~~HL5j:~~; 
f--2.6...5.30--+O--U.3---L-J-1. 795 i 2 249 i -A.249 I 2.3_0 I 2_.L4.9.. __ :~0 L~ I ._o~~n~~' __ ~ .. !OJ1Q ___ lQ.f_2_. ___ · 
1-.2_6-,-621L __ ;_.Q.~18 __ ~_._U_,_S62! 2.244 -t_. ___ 'l.!.?44 __ ' ____ . .f_.4JL_ !~74§ ___ ! ~~.1~=cQ.!81-6-... -,_.~.~~.4}_~- 1 ~069 ___ _ 
~980 __ .i_~~~l_!.~.:_~?l I 2.253 i 4.253 -: 2.45 1 2.751 T 0.301 .. ! 0.818 : 7.478 I. DEn 
; t- , I . . ,-'- - .. --.---+----.--... J .. --.- .• ------.. -.---.------.... -.-- ... , 

j-2L3.9.0 .. -.+Jl...l32.. ___ ! __ 12 ... o..5..4 I 2.270 4.270 2.48 2. 757 ~_._O. 277 +-.Jl.!~2.~ __ ~_~ !J 82 __ -r-J~Q~_g._....; 
p7.8~0.134 i 12_~Q81._1 2.300 4.300 2.48 I ~~76~_~~~89~.~-:~~0-._.---L~~~~.-.~ .. ~.~-~?~ ..... .; 
. I . I . I ; 
1-·28~_;1D.._iJLL42._~_l242'OL+_.-2.....304 I 4. 3.QL ; 2. 50 ~ .• ]_6.Z_: JL.26.L.-+-_Il~.a~2 .. __ ~.~ ... ~~.Z~ .. __ LJlB_5. ___ .: 
U8-L.,AQ ___ .;....Q_,1~_L __ L.J_?_t237: 2.320 4.320 i 2.50~ __ £.~_77J._-L- 0.2?_1_~ .. _q .• 83I _L.8 .• ?~O __ }.~_QJL __ .. 

--' 
N 
o 



TABLE A.3.2 Results of Isotropically Consolidated-Undrained Triaxial Test for Clay Having 10 per cent Lime 
2 

(Cell Pressure = 2.5 kg/em) 

r-. ~- sa. ' A' g ~ °1 i U I E I -.2 ' ~I.p. : 9 1 ~ I A;----1 
[--~~~~_-_ 1:26.jo~1u~~~5;~ k~~~;: -!k9~~;~5 I k9~~;~ ~~~~t~~~~ -d~~:~u~;i-4~~:D~72L-: 
~ ... 2~?5 .... _L~~.?'~~J~-3i_~~::;46~.688 ._~. __ .3.188 I 0.60 L~·729 I 2.129 .+.~_~~~ .. _~_ ... 9_:.~.~~~~87~_.-'; 
i_··1L4.~ .. -.~jLQl2_.+UL..6.5A. i 1.075 I 3. 5z.s.-t-l..2~ I 2 .B.5B-+.-l~65B_-t.JL3Z6_+._0_648 ~ • .ll.6..-: 
~ ... L3 !.?Z--tIL.QJ.§ _-+ 10.691 I 1. 270 1 3.770 I 1. 55 ! 2. 923 -+_._l!}7~_:--Q.~ 43.~_. __ .;._. 0.924 ; 1. 22Q---; 
I. J 5~19 ---.\-0_0.2] .... tln1.7..45-j_.LAl3.h_.t ... -3..BJ.3_-~..9L.~--.2-.9]].-i-.L.O'5.L~- .o~475 .. .l. _L3A4._~ __ I .. 3.58 ___ j 
: 17 23 .0 029 I 10 834 1.590 ' 4.090 i 2.05 : 3.030 ! 0.980 . 0.524 ; 1.622 : 1.289 . 
r·18.·§4--rO:-034-·--r-'lG.890: 1.740 I 2.i46-1-2-.15-1~079i 0.929--t-(r:565~·-f:-872 -;-;--:-235- i 

:1 i{~~ I ~: ~!6--+= ~ ~ :-~~; I ~~~~- ~-:;~ I ~:;~ I ; ~}-i-- ~: i~~~~::-~{r~~~~~: ~~}-+-Hfr , I 
1-- I I I , I l-----i 
i_.21.94 1 0 . 054 I 11.120 I 1.973 '4.473 2.38 3.157 0 711---+-9 .... 62~ : 2.537 i 1.206 i, 

[ __ 22.13 10.059 I 11.179 1 1. 979 4.479 2.45 3.159 0.709: 0.626_..; 2.787 i 1.237 i i 
i 22 67 i 0 075 I ]].372 2.100 4.600 I· 2.50 3.164 I 0.664 ~ . .Jl..l;_63 ___ ;~ 160 1.190 'i 
~90 ! 0.079 I 11.422 I 2.000 4.500 i 2.50' 3.168 I 0.66_~~631 _+-.. 2.992 I 1.250 . 
~12 10.095 I 11.624 i 1.980 4.480 i 2.50 3.162! .Q.:?62 ~:_ 0.~~? __ + .. ~.:986. ! 1.262 
L 23 35 ! 0 098 I II 662 i 2 000 4.500 I 2.50 3.161! 0.667_L.a.....63J_-'-__ 2....9.9.6...._;_L25.fL..-. 
1~23.88 !0.100 I 11.688 I 2.270 4.770 I 2.50 3.181 I 0.681 I. 0.713 : 3.333 : 1.101 . I --r I '-_ .... , 

26.80 10.105 +- 11.754 1 2.280 : 4.780 i 2.50 ' 3.260,. 0.760~0.7_~0 __ ; _~.OO 11.096 

!_2LJJ 10 109 I]] 806 1 2.300 i 4.800 I 2.50 3.265 I 0.765 : 0.704 __ ~._ 3.000 1.08~ 
i-27...:Q7 10.]]3 11.860! 2.350 L4.850 I 2.50 3.283! 0.783 i 0.715 3.000 1.063 

..... 
N ..... 



TABLE A.3.3 Results of Isotropically Consolidated-Undrained Triaxial Test for Clay Having 10 per cent Lime 
2 

(Cell Pressure = 3.0 kg/em) 

IF I I I ! I I.! I 
~ .. _-;-.~ Ea A q 0"1! U P P I q/p . q I /p I I Ap ! q/pel I U/pei ~ 
i kq I - cm

2 
ka/ cm2 ka/ cm2 

I ka/ cm2 kn/ cm2 ka/ cm2 - .. -+_ - I - : - i - -----i 
3.40 11.26*10-.; 10.533 0.32 3.32 0.10 3.107 3.007 0.103 l 0.107 '0.310 : 0.131 ,0.040 : 

·.l-1~14 18.82*10-3 lnh11 1 05 _ 4 nt; 0 60 3 349 I 2 749 0.3131 0.381 ! 0.571 1 0. 428 ~-~:3~G 
J?~g~O.016 10.691 1.20 4.20 0.85 3.402 2.552 0.352 10.470 ! 0.708 ! 0 .489 ~_JL3Afi ___ -i 
J~~10 . 0.021 10.745 1.49 4.49 0.95 3.499 2.549 ! 0.425 0.584 '0.637 i 0.608 ; 0.387 . 

18 .63 ~0l9- _t--_10 .834 1.7? 4 7? 1 10 3572 2 472 04al 0.695 . 0.639 :0.702 : 0.448-~-~ 
20.18 10.037 10.924 1.84 4.84 1.40 3.615 2.215 0.508 0.830 I 0.760 i 0.751 i 0.571 ; 
32.08 10.~44 I 11.004 1.91 4.91 1.45 -3-.038 -2.188 U.O~O ~ U.tl/~ . U./09 10.779 : 0.591 1 
?1 t;Q In nt;n i 11 n7'~ 1 Qt; II qt; l_hn 3_n49 2_049 0.534! 0.951 ! 0.820 I U./~b : U.65-3--' 
22.22 10.056 11.14411.99 14.99 1.70 3.664 1.964. 0.543 1.012 0.854 10.812 0.693 
22.45 10.063 11.227 2.00 I 5.00 1.80 3.666 1.866 0.545 1.071 0.900: 0.816 0.734 

22.60 I 0.069_--' 1"~100 I 2~DO 15.00 1.90 I 3.666 I 1.766 0.545 I 1.132 0.950!0.8l6 0.775 
23.00 10.075 11.372 I 2.01 I 5.01 2.00 I 3.674 ! 1.674 ! 0.547 1.200 0.99510.820 0.816--1 
23.67 0.081 11:447 2~06 1.589 1.296 1.019 0.857 i 

-24-.-3-5--~0-.-08-8--~--11-.-.~-30-+-2-.-J-l--+------4------~------~1-.-6-03--+------41--1-.3-1-5-._~1 -0-.-9-95--+-----~-n~_--Rt;;__1 

25.57 10.094 11.610 I 2.20 15.20 2.15 3.734 I 1.584 I 0.589 11.388 0.977 TO.-S9i- 10.877 
?h?Q In lnn I 11 hRR I ??t; I t; ?t; ?_~n I --1 __ 7~ __ J---.51l~ I 0 hnn 1 ilt:;l I n q77 1 0 . 918 [0.897 1 
26_98 10_107 ll.780 I ?_?9 15.29 ___ 1 2.25 I 3.7631 1.513--1 0.608 1.513 1--0~982rO.934 0.918 
27.38 0.109 11.806 I 2.32 5.32 2.25 1.523 0.614 1 1.523 I 0.969 0.918 I 

---j 
?Q " n 11':1 11 Qr,n ? <'7 t; ?7? __ 30 L490 O_h?t; Lt;90 0_970 0.938 j 

28.29 0.119 11.940 2.37 5.37 2.40 3.789 I 1.389 0.625 1.705 1.012! 0.967 0.979 ~ ~ 
28.27 0.126 12.030 2.37 I 5.37 2.45 3.783 1.333 0.626 1.777 1.033; 0.967 1.000 j 

?R 7q In l?? I l? 1?0 I ?_:!7 15_37 2.50 I 3.791 1.291 I 0.625 Ll.834 1 1.05410.967 - il.020-' 
29.25 10.134 I 12.160 I 2.40 15.40 2.55 I 3.801 1.251 0.631 I 1.917 1.062-,0.979 1.040 1 



TABLE A.3.4 Results of Isotropically Consolidated - Undrained Triaxial Test for Clay Having 10 per cent Lime 
2 

(Cell Pressure = 3.5 kg/em) 

F e:a AI q 0'1 U p 
, 

q/p q'/p' AD I q/pei p 

kg - cmL kq/cni2 kq/cm2 kq/cm2 ka/cm2 ka/cm2 - i - - I -
2.490 6.30* 10-4 10.526 0.236 3.736 IT.10 3.!:>7H 3.478 0.065 0.067 I 0.423 I 0.077 

7 ?t;h 1 26*10-3 1 n ~« n hRR 4.188 0.25 3.729 3.479 0.184 I 0.197 ! 0.363 I 0.225 
10.976 3.78*10- j 10.559 .1 .039 . 4.539 0.35 3.846 3.ll96 1l.LlU 0.297 0.336 ! 0.340 
13.370' 9.45*10- j 10.620 1.258 4.758 0.55 3.-gTg ~ .. ~ 0.321 0.373 ! 0.437 1 0.412 
14.510 0.012 10.654 1.360 4.860 0.75 3.953 3.203 -0.344 0.424 i 0 551 

I 
; 0.445 - --

16,507 o 01R 10 71? 1 540 5 040 0.90 4.013 3.113 0.383 0.494 0.584 - 0.504 
18.143 0.025 10.789 1 .681 5.181 1.25 4.060 2.810 0.414 I U.!:>YH i U./4j o 1)1)1' - 19.228 0.031 10.856 1.771 5.271 1.45 -4.U9V 2.640 0.433 0.670 10.818 o 580 
20 720 o O~7 1n Q?Ll 1 RQh 5 ~qh 1 50 4 132 2 632 0.458 0.720 i 0.791 0.621 
21.813 0.044 11 .000 1.983 5.483 1.65 4.160 2.510 0.476 0.789 i 0.832 U.650 

22 ClOn n ol)n 11 n7n ? nf;R I) I)nR 1 71) 4 1Rq ? 4~q n 493 o R47 i JLR4fi 0.678 
23.670 0.056 ' 11 .144 2.120 5.620 1.90 4.208 2.308 0.503 0.918 0.896 0.695 
24.260 0.063 11 .227 2.160 5.660 1 .90 • 4.220 2.320 0.511 0.930 0.879 ' o 7nR 
?4 q1q n Onq 11 ':lnn ? ?Ol) . I) 701) ? 1 n 4 235 2.135 0.520 1.032 0.952 0.722 
25.486 0.075 11.372 2.240 5.740 2.10 A .247 2.147 0.527 1.043 0.937 0.734 
25.849 0.081 11 .447 2.258 5.758 2.10 4.252 2.152 0.531 1.048 0.930 o 740 
Lb.jUU U.U88 11 .535 2.280 5.780 2.3U 4.26U 1.96U O.!)j!) 1.lbj U.UUH 0.747 
26.520 0.094 I 11.618 2.280 5.780 2.35 4.260 ' 1 .910 0.535 1 .193 i 1.030 0.747 
26.750 0.100 11 .688 2.288 5.788 2.40 4.262 1 .862 0.536 1.228 I 1.048 0.750 
26 981) o 107 11 7RO ? ?qO I) 7g0 2 40 4 263 1 863 o 537 1 228 ! 1 048 0.750 
27.250 0.113 11 .860 2.290 5.790 2.45 4.265 1.815 0.536 1 .261 1.069 . U. /50 
LI .8YU U.119 11 .940 2.330 5.830 2.50 4.278 1.778 0.544 1 .310 1.072 0.763 
28.340 0.126 12.030 2.350' 5.850 2.50 4.285 1.785 0.548 1 .316 1.063 0.770 
28.790 0.128 12.070 2.380 5.880 2.55 4.295 1.745 0.554 ' 1 .363 ' : 1 .071 0.780 
?g ~RO n 1 ~1 1? 1 nn ? d':ln t; Q<n ? hn Ll ':lnQ 1 7nQ o I)n~ 14?1 . 1 Onq 0.796 
27.890 o 145 l? ~no 2 260 5 760 2.60 4.255 1 .655 0.531 1.465 1 • 150 0.740 

I U/pei 

i - ! 
i 0.032 I 
; 0 ilB.J __ ~ 
! 0.114 ! 
I 0.180 I 

1 j 0 ?41) 

0.295 ~ 

n LlnQ 
0.475 I 

I 0.491 
0.540 
o 573 

i 0.622 
Inn?? 

0.688 
0.688 
o 6RR 

I 0.754 
0.770 I 

' 0 186 
0.786 

I 0.803 
I 0.819 
! 0.819 

o 836 
0.852 
0.852 

'" v.. 



TABLE A.3.5 Results of Isotropically Consolidated-Undrained Triaxial Test for Clay llaving 10 per cent Lime 

2 
(Cell Pressure = 4.0 kg/em) 

/F e:a AI q °1 U 
I q/p ql/pl AD I q/pei p p 

-
cm2 kq - ka/cni2 ka/cm2 ka/cm2 ko/cm2 ka/cm2 - ! - - ; -

2.490 6.30*10-4 10.469 0.237 4.237 0.10 4.079 3.979 0.058 0.059 f 0.421 , 0.046 
/.Z~b 1.26*10-3 10.476 0.692 4.692 0.20 4.230 4.030 0.163 I 0.171 . 0.289 ! U. 134 

--
3 78*10- 3 10.976 10 501' - 1 045 Ii 04 Ii 040 4 ~4R ~ QaR o 1'4!l o 1'114 , 0 382 ! 0.202 

13.370 . 9.45*10-3 10.562 1.265 5.265 0.60 4.421 3.821 0.286 0.330 ! 0.474 j 0.245 
14.510 0.012 10.596 1.369 5.369 0.85 4.456 "J.0IT6 3.30/ U.379 i U.620 : 0 265 - f--

16.507 o 016 10 637 1 551 5.551 1.00 4.517 3.517 0.343 0.440 0.644 '.0.301 
'~.140 0.023 10.719 1.692 5.692 1.20 4.564 3.364 0.370 I 0.502 i 0.709 U .328 

0.030 10.789 1 .7r2 5.782 1.40 4.594 3.194 0.387 0.557 U.785 19.228 0.3411 -
20.720 o 036 10 860 1 907 5 907 1.50 4.635 3.135 " 0.411 0.608 i 0.786 0.370 
21.813 0.045 10.960 1.990 5.990 1. 75 4.663 2.913 0.426 0.683 I 0.879 0.386 

22.900 0.051 11 033 2 "075 11 075 190 4 1191 I' 791 0.442 I nJtl~ j 0 91li o 402 
23.670 0.058 11 .107 2.131 6.131 2.00 4.710 2.710 0.452 ! 0.786 0.938 0.413 
24.260 0.065 11 .197 2.166 6.166 2.10 • 4.722 2.622 0.458 0.826 0.969 U.4ZU 

24 940 0073 1128R ? ?Og h ?Oq 2 15 4 736 2 586 0.466 o .854 0.973 0.428 
25.486 0.080 11 .381 2.239 6.239 2.20 4.746 2.546 0.471 0.879 0.982 0.434 
25.849 0.088 11 .746 2.252 6.252 2.30 4.750 2.450 0.474 0.918 1 .021 U.437 

26 300 0.093 11 53q ? nq \ 6 279 2 40 4 759 2.359 0.478 0.965 1.053 0.442 
26.520 0.099 ! 11 .620 2.282 6.282 2.40 4.760 2.360 0.479 . 0.966 i 1. 051 0.443 
27.390 0.104 11 .686 2.343 6.343 2.4U 4.781 2.381 0.490 0.983 1.024 o 454 
27.430 o 110 11 769 I' 330 11 ::no 2 45 4 776 ? 3?6 o 48L JOOl ! 1 051 0.452 
27.890 0.118 11 .870 2.340 6~340 2.50 4.783 2.283 0.489 1.024 1.068 . 0.454 

28 340 0.- J26 11 Q71 I' 3fi ri fi ~hn ? 60 4 7R9 ? lRq n 4Q? 1 078 1 1 01 0.458 
28.790 0.132 12.059 2.380 6.380 2.60 4.795 2.195 0.496 1.084 1.092 0.462 
29.930 0.134 12.094 2.470 6.470 2.60 4.824 2.224 0.512 loll 0 : 1.052 o 479 
30.150 0.138 12.148 2A82 6.482 2.60 4.827 2.227 o 514 1 114 ; 1 057 0.481 
30.380 0.142 12.201 2.490 6.490 2.60 4.829 ~2~ 0.515 J . 11 7 1 1. 044 0.483 

-------

U/Dei I 
f , -

i 0.019 1 
; 0.038 , 

i 
---.; 

: 0.077 ; 

I 0.116 , 
j 0 1 hI; 1 

0.194 1 
0.2331 

-----I 

I 0 ?71 i 
! 0.291 

0.339 
o 368 

i 0.388 . , 
I U .407 I 

0.417 
0.427 

. 0.446 

I 0.466 , 
0.466 I 

o 466 
0.475 

I 0.485 i 
0.504 ! 

l 0.504 
o 504 
0.504 
0.504 

1'\ 
+= 



TABLE A.3.6 Results of Isotropieally Consolidated-Undrained Triaxial Test for Clay Having 10 per eent Lime 
2 

(Cell Pressure = 5.0 kg/em) 

F Eet. A I q 01 U p pi q/p q I /p I AD I q/pei I U/pei J 
- ka - cm2 kci/cni2 kq/cm2 ka/cm2 ka/cm2 kq/cm2 _ i _ _ I _ I _ ! 
3.401 1.26*10- j 10.476 . 0.324 5.324 0.10 5.108 5.008 0 Oh~ n n;;Ll I n 1n~ 10.053 i 0 016 J 
5.660 ~ 7R*ln-,J In I)n? n 1;1~ 5.538 0.25 5.179 4.929 0.103! 0.109 .0464 10.088 ; 0.040 __ -1 

-8.164 8.82*10-.:; 10.556 0.773 5.773 0.50 5.257 4.757 0.147 0.162 0.646 10 1?;; r n n~l j 

9.520 . 0.01? 10.596 0.898 5.898 0.70 5.299 4.599 0.169 0.195! 0.779 iO.147 I 0.114 I 

11.420 0 01R _f-]Ofi~4 1071 ;; 071 090 5 357 4 457 0199 0?40; 0.R40 ; 0.175j 0.147 1 
13.370 0.025 10.731 1.245 6.245 1.10 5.415 4.315 0.229 0.288 0.883 . 0 20410.180 ! 

l1s lq? n n11 1n 7Q7 1 Lln7 ;; Lln7 11n I) Miq 41fiq 0 ?1)7 I n 1~7 i n q?~ 0.230 0.213 
16.550 0 037 10Rfi5 1523 6 523 1 .50 5 507 4_.007 0.276 0 380 0 984 0.249 0.245 
18.3600.044 10.944 1:677 6.677 1.60 5.559 3.959. 0.301 0.423; 0.954 n?74 ! O?fi? 
?n ?71 n nl;n 11 n1n 1 ~Ll1 ;; RLl1 170 5 613 3.913 -0 ~?7 n Ll7n 0 9?3 0.301 0.278 i 
21.677 0.056 11.083 1.955 6.955 1.90 5.651 3.751 0.345 I 0.521 i 0.971 0.320 0.311 

23.350 0 0;;1) 11 lqn ? ORfi 70Rfi ?nl)l)fiql) _3.645 0 ifi;; ! n 1)7? n Q~? 0.341 i 0 336 I 
25.390 0.078 11.348 2.230 7.230 2.20' 5.745 3.545 0.388 0.628 0.986 0.365 . 0.360 
25 849 00R5 11 LlLlLl ? ?I;R 7 ?I;R ? 31) 571)? 3 402 0.392 0 663 1 040 0.370 0.385 
26.620 0.093 11.535 2.307 7.307 2.42 5.769 3.349 0.399 0.688 1.048 037R 039fi 
27.250 0.100 11.625 2.344 7.344 2.50 5.781 3.281 0.405 0.714 1.066 0.384 0.409 

27.R90 0 10~ 11.fiqn ? 1RI; 7.385 2 55 5.795 3.245 0.411 0.734 1.069 n ~qn I 041R , 
27.980 0.113 I 11.795 2.370 7.370 2.60 5.790 3.190 0.409 0.742 i 1.097 0.388 0.426 I 

?R 340 0119 llR7fi ? ~Rn 7 ~Rn 2.65 5.795 3.145 n410 n 71);; 1.113 i 0.390 0.434 
28.790 0.126 11.970 2.400 7.400 2.65 5.801 3.151 0.413 0.761 --: 1.104 0393 0.434 
?g?l)n 0 l?q 1? n"ln ? Ll1n 7 Ll1n ? hI; I)JUl 1 1;;1 n LllR n 7;;R 1 nqn ! 0.398 0.434 
29.930 0 132 12.050 2.480 7.480 2.65 5.827 3.177 0.425.0.780 1.068 0.406 0.434 
28.790 0.138 12.148 2.369 7.369 2.65 5.789 13.139 0)l09 0.TS4 1.118 0.388 10.434 

27.gQn 0.14~ 1??~7 ??79 7?7Q 265 5--,]591 3.109 0.395 0.732: 1.162 1 0 . 373 1 0.434 
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TABLE A.4.l Results of Isotropieally Consolidated-Undrained Triaxial Test for Clay Having 20 per eent Lime 
2 

(Cell Pressure = 2.0 kg/em) 

r----.. i-·! I .. ---,--- I I 
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7.256 :3.78*10-3: 10.502 I 0.690 i 2.690; 0.20 ~ 2.230 2.030 . 0.309 0.339 0.289 • - - ----1' ....... ::.3i .. ·-·-·----·T---·-----;·--·-·--··-·--r·-----·-·!· : ____ .1-- •. _._ ..... --... , .... - .. -.. !. - .... - .•.... ~~ •.. -.- .. --.. --.--, ~ 

8.J63-"i6.30tlO··t_·_10 •. 529-H-~7J5--·'T . 2 • .7]5--r-.. -0 .. 30_. ___ ~-2.258.- 1 1.958_1' _0.343 ~ 0.395..0.387 .. , 

t
· 1 ~J~t_ j.tl~zlQ=~j·--l~·:~.~-~ i--~·:~1t-t·~.l::~1.tt--.~-~~~ '~:LlJg _ ~_L_t:Jg_=J.. __ :9·:~j~ "~.' ••. tJJt :~~=-t:l~t--. I 
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3
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0
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. i. I.:. ; • IU ~ l.v : 2.420 , 1.420 i 0.520 . 0.887' 0.793 1 

-- . I t I I --1' I - +-------t.------.------... J .. --- ----.-.---- ... --------; I 
_l'h.f~~ 0.042 -l- 10.921 I 1. 308! 3. 308 1 1. 10 i - 2.436 : 1. 336_j_Q...~~p __ . ____ O_,..91~ __ ~ __ .Jl_..83.Q--11 
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1 __ ·16_ .. Jl.9~~59 I 1l.1l9...J __ LMLf 3.4 117! 1 . .4y_2.A.E2_-t-L..D..82._ .. :--.O~.582._-; .. _.L33fi.~..962~ 
, __ 17 . 2.;t~_~_._Q§8 I 11.226 _.i 1 . 535 .t-~53H-J . 50 I 2 .. 511 i 1. 011 r-.Jl.-QlL-",.· .J __ !.~17 ~_1L.~17~ 
: 17.686 jO.073 ! 11.286 r 1.567 3.567 I 1.55 ! 2.522 ; 0.972 .1 0.621 1.612 0.989. r- -1.---'" , ~-. ! --,------·--1---.. · .. ·-·-·-·!· ----......... -;- .. - .. - ... --... -t------.~ 
I-_J1L.lA.3_+Q.llBO __ ~_11. 372: Lm5_~ .595 I 1 .1iL.T-+5..3.1-iJ .... .9..3.L..+-JL.6.3..D..-..; .. ---_L.213. -i.. 1 003 : 
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f_ ... l~~22~~93 ___ -i_l.1.535 1.666 I 3~ .. _ .. 1.72 i 2.~.?~_-i~.~_._Q.:65.?_.- __ .~.:-~-_1.0~~-: 
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f _2UJ.a.z ill 07 ~ __ lL. 716 1 . BOO---Jn 3.800 i J. B5 -+-2. 6QL~Jl~-f-_.Jl,622_. ~_.1.,~.o~_L.!lJL-: 
1_~.~_:..67.? __ "10.113 ! ~.1.802 1.830 i 3.830 I 1.85 ! 2.612 i 0.76~-~~?00-.~--~.:40~1.01~ 
L21.940 :0 .. 119 I 11.887 l.850 1_;t.850-i 1.90 , 2.615~ 0.715 1 0.707 2.586: 1.02.L-l 
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TABLE A.4.2 Results of Isotropieally Consolidated-Undrained Triaxial Test for Clay Having 20 per eent Lime 

2 
(Cell Pressure = 2.5 kg/em) 

F ca !. A I q 1/ pI! Ap 
! em I kg/em i kg/em I 

I , I I I I .2.62:lJ)~0 5 33 ~_5 oar 2.4 5 O~ __ Q .. J_~I3-+ 0.202 .,JL 1 01 __ : 
I 13 •78* 1 O=~I 10.559 I 2.729 , 2.529 ! 0.2_5 ! __ -+ 0.-:.~7_1_,~0. 29}_~ 
I 8.1637.56*10 j 10.600 I 2.756----t-2.356 ; 0.279 O.j26 ;(J.5l9 . 
!--.- I -.-'--'- +-.----. -r ........ --.-.-.-.-,- ---.--.-.- ... -. • ...... -. -- .-.. -.~- ---- " 
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A.4.3 Results of Isotropieally Consolidated-Undrained Triaxial Test for Clay Having 20 per eent Lime 
2 

(Cell Pressure = 3.0 kg/em) 

f F 1 Ea I A I • I q I °1 U I P I pi!' q/~--r-q I /p I :. A : q/Pei .: U/Pei-! 
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~~-~~_-~_63_9. __ iO:~~~_· _~-~ ~633 -{i~-ttf,-~ I ~:~~ ! -·~·~~-~i--r~~-~·i~-~-·~~~~~-·-·: --~-~~! ~t.~~·-·--~~~·g~-·--j-~:·1~~ 
9.525. iO.021 10.687 I 0.891 I 3-:891-1 0.75-1-3:297 ! 2.547·-;n-:·tro·--~--1l-:-34g:o.84T~0-:-1:Jb--'-'n-~21r3---·· 
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TABLE A. 4.4 Results of Isotropically Consolidated-Undrained Triaxial Test for Clay Having 20 per cent Lime 
2 

(Cell Pressure = 3.0 kg/em) 

r \ r 1 I I I I I --"1 -----r 
~ ___ E. __ ._.+ E:a .. ~ __ --!: __ ._ q 2 'li __ ol-')-_~ .. _ u 2 ---1_._._2 2-i-.--~.~ .. J-.--g{2 ..~--.g~!..P I Ap . __ ... __ q/2.~L_._. __ U/P_~i. __ .p 
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~ ~~11_?_._~2 .. _~.?~10,,4 __ lJl:~4.§ __ ~_Jl.~_589 __ ~_~_..:~~~ ___ .~._ 0.10 ... _.~.:696 ; 3.~.~~_ .. ~ 0.159 0.163_h., .. ~:_~~_~. " 0 .. 199'0 O.03J 
I 8.6J6. __ ~6.3.0-.\:lCr~};._J.0_586._;_j)..B]3 ___ ~ .. A.313. __ ~_ .. O'".25_._.L _.3...7.n., 3.52L.~ .0~215 0.230 .. _ ... .D • .307 0.275 0.084 
: 1.0.430 '~10.01L .... _L.J.Q .•. Q54_ .. .; .. _J2.S78.~.~.478 ;.-Q-.§.P- ...... J 3~B26 .j 3.326 ,0.255 0.29.4._0_.511 0.3~J 0.169 
: 12.017 .0.018 '. 10.712 : 1.121 i 4.621 : 0.60 : 3.873 i 3.273 0.289 0.242 0.535 0.380 0.203 
! 13':38'0'P---l0~-025 .! 1'0-.7"8'9-'1""-'-:-24'0'''1' lfJZro "T-"-U-'-81J--~" 3:913 --'r'3:-113 :'0.316 0.398 ··n.6450~420 0.271 r -.---....... t--·----··· ... - ---r'-- _··--· .. ·-r --·--·_·-·-·t·_·-· .... --.. ·· .. '1'------..... '1" ... - .. , .-..... -..... 'C - "·f ..... ...... •.. '" '-' ... - . 

• 14!.?~.5._._.-iQ.029 .... ;-.--LQ..!.~.~~-+-J-!.n.~ ... _t _.'1~8HL .: __ . ..9 .. 90_. __ ~ .. 3~~~9 .. 1... 3 . 039 _ . ..;-_ 0.33~ . 0.43~. ,0.682 '0 0.446, 0.305 

1
15.640 '0.034 : 10.890 I 1.436 ! 4.936 i 1.00 i 3.978 : 2.978 . 0.360 0.482 0.696 0.486 0338 
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TABLE A.4.S Results of Isotropically Consolidated-Undrained Triaxial Test for Clay Having 20 per cent Lime 
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TABLE A.4.6 Results of Isotropically Consolidated-Undrained Triaxial Test for Clay Having 20 per cent Lime 
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