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GEOTECHNICALENGINEERING 

 

UNIT-I 

INTRODUCTION AND INDEX PROPERTIES OF SOILS: Soil formation, clay mineralogy 

and soil structure, moisture content, weight-volume relationships, relative density. Grain size 

analysis, sieve analysis, principle of hydrometer method, consistency limits and indices, I.S. 

classification of soils 

 

UNIT-II 

PERMEABILITY,EFFECTIVESTRESSANDSEEPAGETHROUGHSOILS:Capillary 

rise, flow of water through soils, Darcy’s Law, permeability, factors affecting permeability, 

laboratory & field tests for determination of coefficient of permeability, permeability of layered 

soils; 

Total, neutral and effective stress, upward and downward seepage through soils, quick sand 

condition, flow nets: characteristics and uses. 

 

UNIT-III 

STRESS DISTRIBUTION IN SOILS AND COMPACTION: Boussinesq’s and Westergard’s 

theories for point load, uniformlyloaded circular and rectangular areas, pressure bulb, variation of 

vertical stress under point load along vertical and horizontal plane, Newmark’s influence chart for 

irregular areas. 

 

Mechanism of compaction, factors affecting compaction, effects of compaction on soil properties, 

field compaction equipment and compaction quality control. 

 

UNIT-IV 

CONSOLIDATION :Types of compressibility, immediate settlement, primary consolidation and 

secondaryconsolidation, stress historyof clay, e-p and e-log p curves, normallyconsolidated soil , 

over and under consolidated soil, pre-consolidation pressure and its determination, Terzaghi’s 1-D 

consolidation theory, coefficient of consolidation square root time and logarithm of time fitting 

methods, computation of total settlement and time rate of settlement. 

 

UNIT-V 

SHEAR STRENGTH OF SOILS: Importance of shear strength, Mohr and coulomb failure 

theories, types of laboratory tests for strength parameters, strength tests based on drainage 

conditions, strength envelops, shear strength of sands, dilatancy, critical void ratio, liquefaction, 

shear strength of clays. 
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UNIT-I 

INTRODUCTIONANDINDEXPROPERTIESOFSOILS 

 

 
IntroductiontoSoilMechanics: 

 

The term "soil" can have different meanings, depending upon the field in which it is 

considered. 

 

To a geologist, it is the material in the relative thin zone of the Earth's surface within 

which roots occur, and which are formed as the products of past surface processes. The 

rest of the crust is grouped under the term "rock". To a pedologist, it is the substance 

existing on the surface, which supports plant life. 

Toanengineer,itis amaterialthatcanbe: 

 

 Builton:foundationsofbuildings,bridges. 

 Builtin:basements,culverts, tunnels. 

 Builtwith:embankments,roads,dams. 

 Supported:retainingwalls. 

 

Soil Mechanics is a discipline of Civil Engineering involving the study of soil, its 

behaviour and application as an engineering material. Soil Mechanics is the applicationof 

laws of mechanics and hydraulics to engineering problems dealing with sediments and 

other unconsolidated accumulations of solid particles, which are produced by the 

mechanical and chemical disintegration of rocks, regardless of whether or notthey contain 

an admixture of organic constituents. 

 

Soil consists of a multiphase aggregation of solid particles, water, and air. This 

fundamental composition gives rise to unique engineering properties, and the description 

of its mechanical behavior requires some of the most classic principles of engineering 

mechanics. 

 

Engineers are concerned with soil's mechanical properties: permeability, stiffness, and 

strength. These depend primarily on the nature of the soil grains, the current stress, the 

water content and unit weight. 
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FormationofSoils 

 

In the Earth's surface, rocks extend upto as much as 20 km depth. The major rock types 

are categorized as igneous, sedimentary, and metamorphic. 

 

 Igneousrocks:formedfromcrystallinebodiesof cooled magma. 

 Sedimentaryrocks: formedfromlayersofcementedsediments. 

 Metamorphic rocks: formed bythe alteration of existing rocks due to heat from 

igneous intrusions or pressure due to crustal movement. 

 

Soils are formed from materials that have resulted from the disintegration of rocks by 

various processes of physical and chemical weathering. The nature and structure of a 

given soil depends on the processes and conditions that formed it: 

 

 Breakdownofparentrock:weathering,decomposition,erosion. 

 Transportationtositeoffinaldeposition:gravity,flowingwater,ice,wind. 

 Environment of final deposition: flood plain, river terrace, glacial moraine, 

lacustrine or marine. 

 Subsequent conditions of loading and drainage: little or no surcharge, heavy 

surcharge due to ice or overlying deposits, change from saline to freshwater, 

leaching, contamination. 

Allsoilsoriginate,directlyorindirectly,fromdifferentrocktypes. 

 

Soil Types 

 

Soilsastheyarefoundindifferentregionscanbeclassifiedintotwobroadcategories: 

 

(1) Residualsoils 

(2) Transportedsoils 

 

ResidualSoils 

Residualsoilsarefoundatthesamelocationwheretheyhavebeenformed. Generally, the 

depth of residual soils varies from 5 to 20 m. 

 

TransportedSoils 

Weatheredrockmaterialscanbemovedfromtheiroriginalsitetonewlocationsbyone or more 

of the transportation agencies to form transported soils. Transported soils are classified 

based on the mode of transportation and the final deposition environment. 

 

(a) Soilsthat arecarried anddeposited byriversarecalledalluvialdeposits. 



5 
 

(b) Soils that are deposited by flowing water or surface runoff while entering a lake are 

called lacustrine deposits. Alternate layers areformed in different seasons dependingon 

flow rate. 

 

(c) If the deposits are made by rivers in sea water, they are called marine deposits. 

Marine deposits contain both particulate material brought from the shore as well as 

organic remnants of marine life forms. 

 

(d) Melting of a glacier causes the deposition of all the materials scoured by it leading to 

formation of glacial deposits. 

 

(e) Soil particles carried by wind and subsequently deposited are known as aeolian 

deposits. 

 

SOILFORMATIONANDSOIL TYPES 

Soils are the fundamental resource supporting agriculture and forestry, as well as 

contributing to the aesthetics of a green planet. They are also a base from which minerals 

are extracted and to which solid wastes are disposed. In addition, soils act as a medium 

and filter for collection and movement of water. By supporting plant growth,soil becomes 

a major determinant of atmospheric composition and therefore earth's climate. 

ORIGIN OFSOILS 

Soils are formed by weathering of rocks due to mechanical disintegration or chemical 

decomposition. When a rock surface gets exposed to atmosphere for an appreciable time, 

it disintegrates or decomposes into small particles and thus the soils are formed. 

FORMATIONOFSOILS 

Soils are formed either by (A) Physical Disintegration or (B) Chemical decomposition of 

rocks. 

A.  PHYSICALDISINTEGRATION 

Physical disintegration ormechanical weatheringofrocks occurs due to the 

following physical processes: 
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1. Temperaturechanges 

Different minerals of rocks have different coefficients of thermal expansion. 

Unequal expansion and contraction of these minerals occur due to temperature changes. 

When the stresses induced due to such changes are repeated manytimes, the particles get 

detached from the rocks and the soils are formed. 

 

2. Wedgingactionofice 

Water in the pores and minute cracks of rocks gets frozen in very cold climates. 

As the volume of ice formed is more than that of water, expansion occurs. Rocks get 

broken into pieces when large stresses develop in the cracks due to wedgingaction of the 

ice formed. 

3. Spreadingofrootsof plants 

As the roots of trees and shrubs grow in the cracks and fissures of the rocks,forces 

act on the rocks. The segments of the rock are forced apart and disintegration of rocks 

occurs. 

4. Abrasion 

As water, wind and glaciers move over the surface of rock, abrasion and scouring 

takes place. It results in the formation of soils. 

Note: In all the processes of physical disintegration, there is no change in the chemical 

composition. The soil formed has the properties of the parent rock. Coarse grained soils, 

such as gravel and sand, are formed bythe process of physical disintegration. 

B. CHEMICAL DECOMPOSITION 

When chemical decomposition or chemical weathering of rocks takes place, 

originalrockmineralsaretransformedintonew mineralsbychemicalreactions.Thesoils 

formed do not have the properties of the parent rock. The following chemical processes 

generally occur in nature: 

1. Hydration 

In hydration, water combines with rock minerals and results in the formation of a 

new chemical compound. The chemical reaction causes a change in volume and 

decomposition of rock into small particles. 

Anexampleofhydrationreactionthatistakingplaceinsoilsisthehydrolysisof 

SiO2 

 

SiO2+2H2O Si(OH)4 



7 
 

2. Carbonation 

 

It is a type of chemical decomposition in which carbon dioxide in the atmosphere 

combines with water to form carbonic acid. The carbonic acid reacts chemically with 

rocks and causes their decomposition. 

The example for this type of is, that is taking place in sedimentary rocks which 

contain calcium carbonate. 

3. Oxidation 

Oxidation occurs when oxygen ions combine with minerals in rock. Oxidation 

results in decomposition of rocks. Oxidation of rocks is somewhat similar to rusting of 

steel. 

4. Solution 

Some of the rock minerals form a solution with water when they get dissolved in 

water. Chemical reaction takes place in the solution and the soils are formed. 

 

5. Hydrolysis 

It is achemical process in which water gets dissociated into H+ and OH- ions. The 

hydrogencationsreplace themetallicionssuchascalcium,sodiumandpotassiuminrock 

minerals and soils are formed with a new chemical composition. 

Note: Chemical decomposition of rocks result in the formation of clayminerals. The clay 

minerals impart plastic properties of soils. Clayey soils are formed by chemical 

decomposition. 

TRANSPORTATIONOFSOILS 

 

The soils formed at a place may be transported to other places by agents of 

transportation, such as water, ice, wind and gravity. 

1. Watertransportedsoils 

Flowing water is one of the most important agents of transportation of soils. the 

size of the soil particles carried by water depends upon the velocity. The swift water can 

carrythe particles of large size such as boulders and gravels. With a decrease in velocity, 

the coarser particles get deposited. The finer particles are carried further downstream and 

deposited when the velocity reduces. A delta is formed when the velocity slows down to 

almost zero at the confluence with a receivingbodyof still watersuch as lake, a sea or an 

ocean. 
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All types of soils carried and deposited by water are known as alluvial deposits. 

Deposits made in lakes are called lacustrine deposits. Marine deposits are formed when 

the following water carries soils to ocean or sea. 

 

2. Windtransportedsoils 

 

Soil particles are transported by winds. the particle size of the soil depends on the 

velocity of wind. The finer particles are carried far away from the place of the formation. 

Soil deposits by wind are known as Aeolian deposits. 

Large sand dunes are formed by winds. Sand dunes occur in arid regions and on 

the lee ward side of the sea with sandy beaches. 

Loess is a silt deposit made by wind. These deposits have low density and high 

compressibility. The bearing capacity of such soils is very low. The permeability in 

vertical direction is large. 

3. Glacier-deposited soils 

Glaciers are large masses of ice formed by the compaction of snow. As the 

glaciers grow and move, they carry with them soils varying in size from fine grained to 

huge boulders. Soils get mixed with ice and are transported far away from their original 

position. 

BASICBEFINITIONS 
Asoilmassconsistsofsolidparticleswhichformaporousstructure.The voidsinthesoil mass 

may be filled with air, water or partly with water and partly with water. Soil is a three 

phase system in general. 
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VOLUMETRICRELATIONSHIPS 

Void Ratio 

Voidratio isthevolumeofvoidsto thevolumeofsolids.Itis denotedby‘e’ 

e=Vv/Vs

It is expressed as a decimal. 

Porosity 

Itisdefinedastheratioofvolumeofvoidstothetotalvolume.Itisdenotedby‘n’ 

n=Vv/V 

Itisgenerallyexpressed as apercentage 

1/n=V/Vv=(Vv+vs)/Vv 

1/n= 1+ (1/e) = (1+e)/e 

n=e/(1+e) (a) 

1/e=(1/n)-1=(1-n)/n 

e=n/(1-n) (b) 

Inequations(a)and(b),theporosityshouldbe expressed asaratioandnot percentage. 

 

Degreeof saturation 

The degree of saturation is the ratio of the volume of water to the volume of voids. It 

isdenoted by ‘S’. 

S=Vw/Vv 

Thedegree of saturation generallyexpressed as a percentage. It is equal to zero when the soil 

is absolutelydry and 100% when the soil is fully saturated. 

 

Percentageairvoids 

Itistheratioofvolumeofairtothetotalvolume. 

na=Va/V 
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Itisalsoexpressed as apercentage. 

 

Aircontent 

Aircontentisdefinedastheratioofthevolumeofairtothevolumeofvoids ac= Va/Vv 

Also, 

 

Watercontent 

 

na=nac 

Thewatercontent(w)isdefinedastheratioofthemassofwatertothemassofsoilids w= Mw/Ms 

It is also known as the moisture content (m). It is expressed as a percentage but used as a 

decimal in computation. 

 

VOLUME-MASSRELATIONSHIPS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. BULKMASSDENSITY 

Thebulk massdensity(ρ) isdefined asthe total mass(M)perunit volume(V) 

 

ρ=M/V 

 

 

 

2. DRYMASS DENSITY 

Thedrymassdensity(ρd)isdefinedasthemassofsolidsperunittotalvolume ρd=Ms/V 
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3. SATURATEDMASSDENSITY 

Thesaturatedmassdensity(ρsat)isthebulkdensityofthesoilwhenitisfully saturated 

ρsat=Msat/V 

 

4. SUBMERGEDMASS DENSITY 

 

SPECIFICGRAVITYOFSOLIDS 

When the soil exists below water, it is in a submerged condition. The submerged 

mass density(ρ') of the soil is defined as the submerged mass per unit total volume. 

ρ'=Msub/V 

 

5. MASSDENSITY OFSOLIDS 

Themassdensity ofsolids(ρs)isequaltotheratioofthemassofsolidstothe volume of solids 

ρs=Ms/Vs 

 

VOLUME-WEIGHTRELATIONSHIPS 

 

1. BulkUnitWeight(γ)= W/V 

2. DryUnitWeight(γd)=Ws/V 

3. SaturatedUnitWeight(γsat)=Wsat/V 

4. SubmergedUnit Weight(γsuborγ')=Wsub/V 

5. UnitWeightOfSoilSolids (γs)=Ws/Vs 
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BASICRELATIONSHIPS 

Thespecificgravityofsoilparticles(G)isdefinedastheratioofthemassofagiven volume of solids 

to the mass of an equal volume of water at 4° C. 

G=ρs/ρw 

Themass densityof waterρwat 4°Cis 1gm/ml,1000 kg/m3or1Mg/m3 
 

 

 

 

Sl No Relationshipin mass density Relationshipin unit weight 

1 n =e/(1+e) n =e/(1+e) 

2 e=n/(1-n) e=n/(1-n) 

3 na=n ac na =n ac 

4 ρ=(G+Se)ρw/(1+e) γ=(G+Se)γw/(1+e) 

5 ρd=Gρw/(1+e) γd=Gγw/(1+e) 

6 ρsat=(G+e)ρw/(1+e) γsat=(G+e)γw/(1+e) 

7 ρ'= (G-1)ρw/(1+e) γ'=(G-1)γw/(1+e) 

8 e=wG/s e=wG/s 

9 ρd=ρ/(1+w) γd =γ/(1+w) 

10 ρd=(1-na)Gρw/(1+wG) γd=(1-na)Gγw/(1+wG) 
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WATERCONTENTDETERMINATION 

 
The water content of the soil is an important parameter that controls its behaviour. It is a 

quantitative measure of the wetness of the soil mass. The water content of the soil can be 

determined by any one of the following methods 

1. Ovendryingmethod 

2. Torsionbalancemethod 

3. Pycnometermethod 

4. Sandbathmethod 

5. Alcoholmethod 

6. Calciumcarbidemethod 

7. Radiationmethod 

 

SPECIFICGRAVITYDETERMINATION 

 
The specific gravityof solid particles is determined in the laboratoryusing the following 

methods 

1. Densitybottlemethod 

2. Pycnometermethod 

3. Measuringflaskmethod 

4. Gasjarmethod 

5. Shrinkagelimitmethod 

MEASUREMENTOFMASSDENSITY 
Thefollowingmethods are generallyusedfor thedetermination of mass density 

1. Waterdisplacementmethod 

2. Submergedmass densitymethod 

3. Corecutter method 

4. Sandreplacementmethod 

5. WaterBalloonmethod 

6. Radiationmethod 
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PARTICLESIZEANALYSIS 

MECHANICALANALYSIS 

The mechanical analysis, also known as particle size analysis, is a method of 

separation of soils in to different fractions based on particle size. It expresses 

quantitatively the proportions, by mass of various sizes of particles present in the soil. Itis 

shown graphically in a particle size distribution curve. 

Themechanical analysisisdoneintwo stages 

1. Sieveanalysis 

2. Sedimentationanalysis 

SIEVE ANALYSISIS 

This test is meant for coarse grained soils (particle size greater than 75 microns) 

which can easily pass through a set of sieves. The sieves used are 80mm, 40mm, 20mm, 

10mm, 4.75mm, 2mm, 1mm, 600μ, 425μ, 212μ, 150μ, 75μ. The selection of the required 

number of sieves is done to obtain a good particle size distribution curve. The sieves are 

stacked one over the other, with decreasing size from top to bottom. A lid or cover is 

placed at the top and a pan, which has no opening, is placed at the bottom. Sieve analysis 

includes dry sieve analysis and wet sieve analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig:SetofISSieves 
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Fig:SetofISSieves 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig:IllustratesSieveAnalysistestprocedure 
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Fig: IllustratesSieveAnalysistestprocedure 
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Fig: IllustratesSieveAnalysistestprocedure 

SEDIMENTATIONANALYSIS 

 

Sedimentation analysis is also known as wet analysis. it is used for particle size less than 

75 microns. The analysis is based on Stoke’s law. it includes preparation of suspension 

for the test. About 50g of soil is weighed and transferred to an evaporating dish. To have 

proper dispersion of soil, 100ml of a dispersion solution is added to the soil. The soil is 

washed into a 1000ml jar and enough water is added to make 1000ml suspension. it 

include Pipette method and Hydrometer analysis. 

Sedimentation analysis is also known as wet analysis. it is used for particle size less than 

75 microns. The analysis isbased on Stoke’s law. it includes preparation of suspension for 

the test. About 50g of soil is weighed and transferred to an evaporating dish. To have 

proper dispersion of soil, 100ml of a dispersion solution is added to the soil. The soil is 

washed into a 1000ml jar and enough water is added to make 1000ml suspension. it 

include Pipette method and Hydrometer analysis. 



18 
 

 

 

100 

 

80 

 

60 

 

40 

 

20 

 

0 

0.0001 0.001 0.01 0.1 1 10 100 

Particlesize(mm) 
 

 

Fig:Particlesizedistributiongraph 
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Fig:GradingcurvesofWellgradedsoil 
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Fig: IllustratesParticleSizeDistributionCurve Grainsize(mm) 
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COMBINEDSIEVEANDSEDIMENTATION ANALYSIS 

If the soil mass consists of both coarse grained and fine grained soils, a combined 

analysis is done. The slurry of the soil is made as mentioned in the wet analysis. The 

slurry is sieved through a 4.75mm IS sieve. The material retained on the sieve is oven 

dried and coarse sieve analysis is done. The material retained on 75mm IS sieve is also 

oven dried and the sieve analysis is done using the set of fine sieves. The suspension 

passingthrough 75 micron sieve is mixed with adeflocculatingagent and the hydrometer 

test is performed on the suspension. 

PARTICLESIZEDISTRIBUTIONCURVE 

Theparticlesizedistribution curvealso known as agradation curverepresents the 

distribution of particles of different sizes in the soil mass. The percentage finer ‘N’ is 

plotted as the ordinate and the particle size as abscissa. From the graph, the soil can be 

classified as gap graded (skip graded), well graded and uniform soils. 
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RELATIVE DENSITY 

 

The most important index aggregate property of a cohesionless soil is its relative 

density(Dr), is also known as density index (ID). The relative density is defined as, 

Dr = [(emax-e) / (emax-emin)] x 100 

Where,emax=maximumvoidratioofthesoilintheloosestcondition 

emin=minimumvoidratioofthesoilinthedensestcondition e = 

void ratio in the natural state 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig:Volumereductionfromcompactionofgranular soil 
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PLASTICITYCHARACTERISTICSOFTHESOIL 
PLASTICITYOFSOIL 

The plasticity of the soil is its ability to undergo deformation without cracking or 

fracturing. Plasticity of the soil is due to the presence of clay minerals. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig:ShowsPlasticlimittestapparatus 

 

CONSISTENCYLIMITS 

The consistency of a fine grained soil is the physical state in which it exists. it is 

used to denote the degree of firmness of the soil. Consistency of the soil is indicated by 

theterms soft, firm orhard.Thewater content at which thesoil changes from onestateto 

another is known as Consistency limits or Atterberg’s limits. 

 

PlasticityIndex=LiquidLimit–Plastic Limit 
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LIQUID LIMIT 

Thewatercontentatwhichthesoilchangesfromtheliquidstatetotheplastic state is 

known as the liquid limit (LL, Wl) 

Fig:ShowsLiquidlimittest apparatus 

Lowplasticity w=<35% 
L 

Intermediateplasticity w=35 -50% 
L 

Highplasticity w=50 -70% 
L 

Veryhighplasticity w=70 -90% 
L 

Extremelyhighplasticity w=>90% 
L 
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UNIT-II 

 

PERMEABILITY,EFFECTIVESTRESSANDSEEPAGETHROUGHSOILS 

 

PERMEABILITYOFSOILS: 
 

 

The property of soil which permits flow of water through it is called the 

permeability. Permeability is a very important property of soil. It will affectthe settlement 

of buildings, yield of wells, seepage through and below the earth structures. It controls 

the hydraulic ability of soil masses. 
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DARCY'SLAW 

The flow of free water through soil is governed y Darcy's law. In 1856, Darcy 

demonstrated experimentallythat, for homogeneous soils, the velocityf flow is given by, 

v=ki 

where, 

k=coefficientofpermeability 

i= hydraulic gradient 

the above equation is known as Darcy's law. The discharge 'q' is obtained by 

multiplying the velocity f flow by the total cross sectional area of the soil (A) normal to 

the direction of flow. Thus 

q=va= kiA 

the coefficient of permeability is defined as the velocity of flow which would 

occur under unit hydraulic gradient. It has the dimensions of velocity. It is measured in 

mm/sec. cm/sec, m/sec or m/day. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DETERMINATIONOFCOEFFICIENTOFPERMEABILITY 

 
LABORATORYMETHODS 

1. Constantheadpermeabilitytest 

2. Variableheadpermeabilitytest 

FIELD METHODS 

1. Pumpingout tests 

2. Pumpingintests 

INDIRECTMETHODS 

1. Computationfrom theparticlesizeoritsspecific surface 

2. computationfromtheconsolidationtestdata 
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CAPILLARITY-PERMEABILITYTEST 

 

CONSTANTHEADPERMEABILITYTEST 

k=qL/Ah 

where, 

q=discharge(watercollectedbytime0 L = 

length of specimen 

A=areaofcrosssection h 

= head causing flow 

VARIABLEHEADPERMEABILITYTEST 

k = 2.303 aL/At[log (h1/h2)] 

where, 

a=areaofcrosssectionofstandpipe L = 

length of soil sample 

A=areaofcrosssectionofsoilsample t = 

time 

h1=initialhead 

h2 = final head 

FACTORSAFFECTINGPERMEABILITYOFSOILS 

1. Particlesize 

2. Structureofsoilmass 

3. Shapeofparticles 

4. Voidratio 

5. Propertiesof water 

6. Degreeofsaturation 

7. Adsorbedwater 

8. Impuritiesinwater 

 

PERMEABILITYOFSTRATIFIEDSOILDEPOSITS 

(a) Flow parallel toplaneof stratification 

kh=(kh)1xH1+(kh)2x H2+ ......+(kh)nxHn 

H1+H2+.............+ Hn 

 

 

 

(b) Flownormaltotheplaneofstratification 

kv= H1 + H2 + .......................... Hn 

H1+H2+ …......+Hn       

(kv)1(kv)2 (kv)n 
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Fig:Illustratescoefficientofpermeability(K) 
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Fig:Illustratescoefficientofpermeability(K)ranges. 
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EFFECTIVESTESSPRINCIPLE 

 
(1) DEFINITIONOFEFFECTIVE STRESS 

LetusconsideraprismofsoilwithcrosssectionalareaA. The 

weight P of the soil prism is given by 

P= Unitweightofsoil xhxA 

Where'h'istheheight of theprismand'A'is thecross sectional areaoftheprism 

 

(2) IMPORTANCEOFEFFECTIVESTRESS 

The effective stress controls the engineering properties of the soils. Compression and 

shear strength of the soil depends on effective stress. 

Totalstress=effectivestress+porewaterpressure 

Effective stress = Total stress- pore water pressure 

Pore water pressure= Unit weight of water x h 

Porewaterpressureisalsoknownasneutralpressureorneutralstress 

 

1. EFFECTOFWATERTABLEFLUCTUATIONS ONEFFECTIVESTRESS 

 

Soil above the water table is assumed as wet and soil below the water table is saturated. 

The total stress is obtained by multiplying unit weight of each layer with its unit weight. 

Effective stress is obtained bysubtracting the pore water pressure from the total stress. 

 

2. EFFECTIVE STRESS IN A SOIL MASS UNDER HYDROSTATIC 

CONDITIONS 

3. INCREASEINEFFECTIVESTRESSESDUETOSURCHARGE 

4. EFFECTIVESTRESSESIN SOILSSATURATEDBYCAPILLARYACTION 

 

SEEPAGEPRESSURE 

As the water flows through the soil, it exerts a force on the soil. The force acts in 

thedirection of flowin thecaseofisotropicsoils. Theforceis known as thedrag forceor 

seepage force. The pressure induced in the soil is termed as seepage pressure. 
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UNIT-III 

 

STRESSDISTRIBUTION 
 

 

SOILSTRESSCAUSEDBYEXTERNALLOAD: 

ExternalLoadTypes 

– Point Load 

– LineLoad 

– UniformLoad 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Stressesinsoilfromsurface loads 

The stresses within a semi-infinite, homogeneous, isotropic mass, with a linear stress- 

strain relationship, due to a point load on the surface, were determined by Boussinesq in 

1885. 

 Thestressesduetosurfaceloadsdistributedover aparticulararea canbe obtained by 

integration from the point load solutions. 
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 The stresses at a point due to more than one surface load are obtained by 

superposition. 

In practice, loads arenot usuallyapplied directlyon the surfacebut the results forsurface loading 

can be applied conservatively in problems concerning loads at a shallow depth. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VerticalStressIncreasewithDepth: 

• Allowablesettlement,usually setby buildingcodes,may controltheallowable 

bearing capacity 

• Theverticalstressincreasewithdepthmustbedeterminedtocalculatetheamount of 

settlement that a foundation may undergo 

• 

• In 1885, Boussinesq developed a mathematical relationship for vertical stress 

increasewithdepthinsideahomogenous,elasticandisotropicmaterialfrompoint loads 

as follows: 
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StressduetoaCircularLoad: 
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StressIsobar(orPressure bulb) 

 Stress contour or a line which connects all points below the ground surface at which 

the vertical pressure is the same. 

 Pressure at points inside the bulb is greater than that at a point on the surface of 

thebulb; and pressures at points outside the bulb are smaller than that value. 

 Anynumberofstress isobars can be drawnforanyappliedload. 

 A system of isobars indicates the decrease in stress intensity from the inner to 

outerones. 

 IsobarsareLeminscatecurves 
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Newmark’sInfluenceChart 

• The Newmark’sInfluence Chart method consists of concentric circles drawn 

toscale, each square contributes a fraction of the stress 

• In most charts each square contributes 1/200 (or 0.005) units of stress (influence 

value, IV) 

• Followthe5stepsto determinethestress increase: 

1. Determinethedepth,z,whereyouwishtocalculatethestress increase 

2. Adoptascaleofz=AB 

3. Draw the footing to scale and place the point of interest over the center of 

the chart 

4. Count thenumberofelements that fall insidethefooting, N 

5. Calculatethestressincreaseas: 
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Westergaard'sTheory ofstressdistribution: 

 

• Westergaard developed a solution to determine distribution of stress due to point 

load in soils composed of thin layer of granular material that partially prevent 

lateral deformation of the soil. 

 

 

Westergaard'sTheory ofstressdistribution: 

 

Assumptions: 

(1) Thesoilis elasticand semi-infinite. 
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(2) Soiliscomposedofnumerouscloselyspacedhorizontallayersofnegligible 

thickness of an infinite rigid material. 

(3) Therigidmaterialpermitsonlythedownwarddeformationofmassinwhich 

horizontal deformation is zero. 

 

WESTERGAARDMETHOD 

 

PointLoad 

 
P 1 

z z2
12r

2


3/2 

 
z


a 

 
1

22
2
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BOUSSINESQVSWESTERGAARD 
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COMPACTIONOFSOILS 

 
Compaction means pressing of soil particles close to each other by mechanical methods. 

Air during compaction is expelled from the void space in the soil mass and therefore the 

mass density is increased. Compaction is done to improve the engineering properties of 

the soil. Compaction of soil is required for the construction of earth dams, canal 

embankments, highways, runways and many other structures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

STANDARDPROCTORTEST 

 

To assess the amount of compaction and water content required in the field, compaction 

tests are done on the same soil in the laboratory. The test provide a relationship between 

the water content and the dry density. The water content at which the maximum dry 

density is attained is obtained from the relationship provided by the tests. Proctor used a 

standard mould of 4 inches internal diameter and an effective height of 4.6 inches with a 

capacity of 1/30 cubic foot. The mould had a detachable base plate and a removablecollar 

of 2 inches height at its top. The soil is compacted in the mould in 3 layers, each layer 

was given 25 blows of 5.5 pounds rammer filling through a height of 12 inches.IS: 2720 

part VII recommends essentially the same specification as in Standard Proctor test, some 

minor modifications. The mould recommended is of 100mm diameter, 127.3 mm 

heightand1000ml capacity.Therammerrecommendedisof2.6kgmasswithafreedrop of 

310mm and a face diameter of 50mm. Thesoil is compacted in three layers. The mould is 

fixed to the detachable base plate. The collar is of 60mm height. 
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Procedure 

 

About 3kg of air dried soil is taken for the test. It is mixed with 8% water content and 

filled in the mould in three layers and giving 25 blows to each layer. The volume of the 

mould and mass of the compacted soil is taken. The bulk density is calculated from the 

observations. A representative sample is placed in the oven for determination of water 

content. The dry density id found out from the bulk density and water content. The same 

procedure is repeated by increasing the water content. 
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Compactioncurve 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Watercontent 

 

 

 

 

 

 

 

 

A compaction curve is plotted between the water content as abscissa and the 

corresponding dry density as ordinate. It is observed that the dry densityinitially increases 

with an increase in water content till the maximum density is attained. With further 

increase in water content the dry density decreases. The water content corresponding to 

maximum dry density is known as the optimum water content (O.W.C) or the optimum 

moisture content (O.M.C). 

 

At water content more than the optimum, the additional water reduces the dry density asit 

occupies the space that might have been occupied bythe solid particles. 

For given water content, theoretical maximum density is obtained corresponding to the 

condition when there are no air voids (degree of saturation is 100%). The theoretical 

maximum density is also known as saturated dry density. The line indicating theoretical 

maximumdensitycan beplottedalongwiththecompactioncurve. It isknownasthezero air 

void line. 
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MODIFIEDPROCTORTEST 

 

The modified Proctor test was developed to represent heavier compaction than that in the 

standard Proctor test. The test is used to simulate field conditions where heavy rollers are 

used. The test was standardized by American association of State Highway Officials and 

is, therefore also known as modifiedAASHO test. 

 

In this, the mould used is same as that in the Std Proctor test. However, the 

rammer used is much heavier and has a greater drop than that in the Std Proctor test. Its 

mass is 4.89 kg and the free drop is 450mm. The soil is compacted in five equal layers, 

each layer is given25 blows.The compactive effortinmodifiedProctor testis4.56times 

greater than in the Std Proctor test. The rest of the procedure is same 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FACTORSAFFECTINGCOMPACTION 

WaterContent 

At low water content, the soil is stiff and offers more resistance to compaction. As the 

water content is increased, the soil particles get lubricated. The soil mass becomes more 

workable and the particles have closer packing. The drydensityof the soil increases with 

an increase in the water content till the O.M.C is reached. 

Amountofcompaction 

Theincreaseincompactive effortwillincreasethedrydensityatlowerwatercontent toa 
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certainextent. 

1. Typeofsoil 

The dry density achieved depends upon the type of soil. The O.M.C and dry density for 

different soils are different 

2. Methodofcompaction 

Thedrydensityachieveddepends on the methodof compaction 

EFFECTOFCOMPACTIONONPROPERTIESOFSOILS 

 

1. Soil Structure 

2. Soilscompactedatwatercontentlessthantheoptimumgenerallyhasa 

flocculated structure. 

3. Soils compacted at water content more than the optimum usually has a dispersed 

structure. 

4. Permeability 

5. Thepermeabilityofasoil depends uponthe sizeofvoids. 

6. The permeability of a soil decreases with an increase in water content on the dry 

side of optimum water content. 

7. Swelling 

8. Porewaterpressure 

9. Shrinkage 

10. Compressibility 

11. Stress-strainrelationship 

12. Shearstrength 
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METHODSOFCOMPACTIONUSEDINTHEFIELD 

 

Several methods are used in the field for compaction of soils. The choice of method will 

depend upon the soil type, the maximum dry density required and economic 

consideration. The commonly used methods are 

1. Tampers 

2. Rollers 

Thecompaction dependsuponthe followingfactors 

1. Contactpressure 

2. Numberofpasses 

3. Layerthickness 

4. Speedofroller 

Types of rollers 

1. Smooth-wheelrollers 

2. Pneumatictyredrollers 

3. Sheep foot rollers 

Vibratorycompactors 

COMPACTIONCONTROL 

Compactioncontrolisdonebymeasuringthedrydensityandthewatercontentof 

compactedsoilinthe field 

 

1. Drydensity: 

Thedrydensityismeasured bycore cuttermethod andsand replacementmethod 

2. Watercontent: 

For the measurement of water content, oven drying method, sand bath method, 

calciumcarbide method etc are used. Proctor needle is also used for this. 
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UNIT-IV 

 

COMPRESSIBILITYANDCONSOLIDATIONOFSOILS 

When a soil mass is subjected to a compressive force, its volume decreases. The 

propertyof the soil due to which a decrease in volume occurs under compressive force is 

known as the compressibility of soil. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The water issqueezedout ofthe clayover along time (due to lowpermeabilityof the 

clay). 

 

 

Thecompressionofsoilcanoccurdueto: 

1. Compressionofsolidparticlesandwaterinthevoids 

2. Compressionandexpulsionofairinthevoids 

3. Expulsionofwaterin thevoids 

Thecompressionofsaturatedsoilunderasteadystaticpressureisknownas consolidation. It is 

entirely due to expulsion of water from the voids 
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INITIAL,PRIMARYANDSECONDARYCONSOLIDATION 

 

Initial Consolidation: 

When a load is applied to a partially saturated soil, a decrease in volume occurs 

due to expulsion and compression of air in the voids. A small decrease in volume occurs 

due to compression of solid particles. The reduction in volume of the soil just after the 

application of the load is known as initial consolidation or initial compression. For 

saturated soils, the initial consolidation is mainlydue to compression of solid particles. 

PrimaryConsolidation 

After initial consolidation, further reduction in volume occurs due to expulsion of 

water from the voids. When a saturated soil is subjected to a pressure, initially all the 

applied pressure is taken up by water as an excess pore water pressure. A hydraulic 

gradient will develop and the water starts flowing out and a decrease in volume occurs. 

This reduction in volume is called as the primary consolidation of soil 

SecondaryConsolidation 

The reduction in volume continues at a very slow rate even after the excess 

hydrostatic pressure developed bythe applied pressure is fullydissipated and the primary 

consolidation is complete. The additional reduction in the volume is called as the 

secondary consolidation. 
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Fig:ShowsDiaphragmpiezometer 



48 
 

UNIT-V 

SHEARINGSTRENGTHOFSOILS 

 

Shearstrengthmaybedefinedastheresistancetoshearingstressesandaconsequent tendency for shear 

deformation. 

Soilderivesitsshearingstrengthfromthefollowing 

1. resistancedueto interlockingofparticles 

2. frictionalresistancebetweentheindividualsoil grains 

3. adhesionbetweensoil particlesor cohesion 

 

Necessityof studyingShearStrengthof soils: 

 Soil failure usuallyoccurs in the form of “shearing” along internal surface within 

the soil. Shear Strength 

 Thus,structural strengthisprimarilyafunction ofshearstrength. 

 Thestrengthofamaterialisthegreateststressit can sustain. 

 Thesafetyof anygeotechnical structureis dependenton thestrength of the soil. 

 If thesoil fails,thestructurefoundedonitcan collapse 

 

Thusshearstrengthis“Thecapacityof amaterialtoresisttheinternal andexternal forces 

which slide past each other” 

 
SignificanceofShearStrength: 

 Engineers must understand the nature of shearing resistance in order to analyze 

soilstability problems such as; 

 Bearingcapacity 

 Slope stability 

 Lateralearthpressureon earth-retainingstructure 

 

 

 

 

 

 

 

 

 

 

 

 

Fig:ShearFailureunder Foundation Load 
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Fig.ShearFailure 

At failure, shear stress along the failure surface reaches the shear Thus shear strength 

of soil is “The capacity of a soil to resist the internal and external forces which slide past 

each other” 

ShearStrengthinSoils: 

 Theshearstrengthofasoil is itsresistancetoshearingstresses. 

 It is a measure of the soil resistance to deformation bycontinuous displacement of its 

individual soil particles. 

 Shearstrengthinsoilsdependsprimarilyoninteractionsbetweenparticles. 

 Shearfailureoccurs whenthestressesbetween theparticles aresuchthat theyslideor roll 

past each other 

Componentsofshearstrengthofsoils 

Soilderivesitsshearstrengthfromtwosources:– 

 Cohesionbetweenparticles(stressindependentcomponent) 

 Cementationbetweensandgrains. 

 Electrostatic attraction between clay particles – Frictional resistance and interlocking 

between particles (stress dependent component) 

Cohesion:Cohesion(C), isameasureoftheforces thatcement particlesofsoils 
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Internal Friction: Internal Friction angle (f), is the measure of the shear strength of soils 

due to friction. 

 

FactorsInfluencingShearStrength: Theshearingstrength, isaffectedby: 

 Soil composition: mineralogy, grain size and grain size distribution, shape ofparticles, 

pore fluid type and content, ions on grain and in pore fluid. 

 Initial state: State can be describe by terms such as: loose, dense, overconsolidated, 

normally consolidated, stiff, soft, etc. 

 Structure: Refers to the arrangement of particles within the soil mass; the manner in 

which the particles are packed or distributed. Features such as layers, voids, pockets, 

cementation, etc, are part of the structure. 

MohrCircleof Stresses 

In soil testing, cylindrical samples are commonly used in which radial and axial stresses 

act on principal planes. The vertical plane is usually the minor principal plane whereasthe 

horizontal plane is the major principal plane. The radial stress (σr) is the minor principal 

stress (σ3), and the axial stress (σa) is the major principal stress (σ1). 

 

 

 

 

 

 

 

 

 

 

 

To visualise the normal and shear stresses acting on any plane within the soil sample, a 

graphical representation of stresses called the Mohr circle is obtained by plotting the 

principal stresses. The sign convention in the construction is to consider compressive 

stresses as positive and angles measured counter-clockwise also positive. 
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Draw a line inclined at angle θ with the horizontal through the pole of the Mohr circle so 

as to intersect the circle. The coordinates of the point of intersection are the normal and 

shear stresses acting on the plane, which is inclined at angle θ within the soil sample. 

 

 

Normalstress 

 

 

Shearstress 

Theplaneinclinedatanangleoftothehorizontalhasactingonitthemaximum shear stress equal 

to , and the normal stress on this plane is equal to . 

Theplanewiththemaximumratioofshearstresstonormalstressisinclinedatanangle 

 

of to the horizontal, where a is the slope of the line tangent to the Mohr circle 

and passing through the origin. 

 

When the soil sample has failed, the shear stress on the failure plane defines the shear 

strength of the soil. Thus, it is necessary to identify the failure plane. Is it the plane on 

which themaximum shearstress acts, oris it the planewherethe ratio of shearstressesto 

normal stress is the maximum? 

 

For the present, it can be assumed that a failure plane exists and it is possible to apply 

principal stresses and measure them in the laboratory by conducting a triaxial test. Then, 

theMohrcircleofstress at failureforthesample can bedrawnusingtheknownvaluesof the 

principal stresses. 

 

If data from several tests, carried out on different samples upto failureis available, a series 

of Mohr circles can be plotted. It is convenient to show only the upper half of the Mohr 

circle. A line tangential to the Mohr circles can be drawn, and is called the Mohr- 

Coulomb failure envelope. 
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If the stress condition for any other soil sample is represented by a Mohr circle that lies 

below the failure envelope, every plane within the sample experiences a shear stress 

which is smaller than the shear strength of the sample. Thus, the point of tangency of the 

envelope to the Mohr circle at failure gives a clue to the determination of the inclination 

of the failure plane. The orientation of the failure plane can be finally determined by the 

pole method. 

 

 

 

where 

TheMohr-Coulombfailurecriterioncanbewrittenastheequationforthelinethat represents the 

failure envelope. The general equation is 

Where =shear stressonthefailureplane 

c=apparent cohesion 

=normalstressonthefailureplane 

f=angleofinternalfriction 

Thefailurecriterioncanbeexpressedintermsoftherelationshipbetweentheprincipal 

stresses. From the geometry of the Mohr circle, 

Rearranging, 
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MOHR’SCIRCLE 

Otto Mohr, a German scientist deviced a graphical method for the determination of 

stresses on a plane inclined to the major principal planes. The graphical construction is 

known as Mohr’s circle. In this method, the origin O is selected and the normal stresses 

are plotted along the horizontal axis and the shear stresses on the vertical axis. 

 

 

C H F 

Toconstruct aMohrcircle,first mark major and minorprincipal stresses on Xaxis. Mark the 

centre point of that as C. A circle is drawn with c as centre and CF as radius. Each point 

on the circle gives the stresses σ and τ on a particular plane. The point E isknown as the 

pole of the circle. 

 

1. Mohr’s circle can be drawn for stress system with principal planes inclined to co- 

ordinate axes 

2. Stresssystem withverticalandhorizontalplanesarenottheprincipal planes 

σ 3 

P O 

Major 

principal 

plane 

σ 1 

(σ1+σ3)/2 

D 

Minor 

princip 

alplane 
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MOHR-COULOMBTHEORY 

 

 

 

 

τ 

 
 

 

 

 

 

σ 

 

 

 

 

 

The soil is a particulate material. The shear failure in soils is by slippage of particles due 

to shear stresses. According to Mohr, the failure is caused by a critical combination of 

normal and shear stresses. The soil fails when the shear stress on the failure plane at 

failure is a unique function of the normal stress acting on that plane.Since the shear stress 

of the failure plane is defined as the shear strength (s) the equation for that can be written 

as 

 

S=f(σ) 

The Mohr theory is concerned with the shear stress at failure plane at failure. A plot can 

be made between the shear stresses and the normal stress at failure. The curve defined by 

this is known as the failure envelope. 

The shear strength of a soil at a point on a particular plane was expressed by Coulomb as 

a linear function of the normal stress on that plane as, 

 

S=C +σ tan φ 

In this C is equal to the intercept on Y axis and phi is the angle which the envelope make 

with X axis. 

Failureenvelope 
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DIFFERENTTYPES OFSHEARTESTSANDDRAINAGECONDITIONS 

 

Thefollowingtests areused to measuretheshearstrengthofthesoil 

1. Directshear test 

2. Triaxialcompressiontest 

3. Unconfinedcompressiontest 

4. Vanesheartest 

Dependinguponthedrainageconditions,therearethreetypesoftests 

 Unconsolidated-Undrainedcondition 

 Consolidated-Undrainedcondition 

 Consolidated-Drainedcondition 

DIRECTSHEARTEST 

Apparatus: 

The test is conducted in a soil specimen in a shear box which is split in to two halves 

alongthehorizontal planeat its middle.Thesizeoftheshearbox is 60x 60 x 50mm. the box is 

divided horizontally such that the dividing plane passes through the centre. The two 

halves are held together by locking pins the box is also provided with gripper plates plain 

or perforated according to the testing conditions 

 

 

 

 

 

 

 

 

 

 

 

 

 

TestProcedure: 

A soil specimen of size 60 x 60 x 25 mm is taken. It is placed in the direct shear box and 

compacted. The upper grid plate, porous stone and pressure pad is placed on the 

specimen. Normal load and shear load is be applied till failure 
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Presentationof results: 

 

 Stress–strain curve 

 Failureenvelope 

 Mohr’scircle 

Merit: 

1. thesamplepreparationis easy 

2. as the thickness of the sampleis veryless, the drainageis quick 

3. itis ideallysuitedforconductingdrainedtests oncohesionless soils 

4. theapparatusisrelativelycheap 

Demerits: 

1. thestress conditionsare knownonlyat failure 

2. thestress distributiononthefailureplaneis notuniform 

3. theareaof shear graduallydecreases asthetest progresses 

4. theorientation ofthe failureplaneis fixed 

5. controlofdrainageconditions is verydifficult 

6. measurementofporewater pressureisnot possible 

 

Tests on sands and gravels can be performed quickly, and are usuallyperformed dryas it 

is foundthat waterdoes not significantlyaffect thedrained strength. For clays, therateof 

shearing must be chosen to prevent excess pore pressures building up. 

 

As a vertical normal load is applied to the sample, shear stress is gradually applied 

horizontally, by causing the two halves of the box to move relative to each other. The 

shear load is measured together with the corresponding shear displacement. The changeof 

thickness of the sample is also measured. 

 

A number of samples of the soil are tested each under different vertical loads and the 

value of shear stress at failure is plotted against the normal stress for each test. Provided 

there is no excess pore water pressure in the soil, the total and effective stresses will be 

identical. From the stresses at failure, the failure envelope can be obtained. 
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TRIAXIALCOMPRESSIONTEST 

 

The triaxial test is carried out in a cell on a cylindrical soil sample having a length to 

diameter ratio of 2. The usual sizes are 76 mm x 38 mm and 100 mm x 50 mm. Three 

principal stresses are applied to the soil sample, out of which two are applied water 

pressure inside the confining cell and are equal. The third principal stress is applied by a 

loading ram through the top of the cell and is different to the other two principal stresses. 

A typical triaxial cell is shown. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The soil sample is placed inside a rubber sheath which is sealed to a top cap and bottom 

pedestal by rubber O-rings. For tests with pore pressure measurement, porous discs are 

placed at the bottom, and sometimes at the top of the specimen. Filter paper drains maybe 

provided around the outside of the specimen in order to speed up the consolidation 

process. Pore pressure generated inside the specimen during testing can be measured by 

means of pressure transducers. 

 

 It is used for the determination of shear characteristics of all types of soils under 

different drainage conditions. In this a cylindrical specimen is stressed under 

conditions of axial symmetry. In the first stage of the test, the specimen is 

subjected to an all round confining pressure on the sides, top and bottom. 

 This stage is known as the consolidation stage. In the second stage of the test 

called shearing stage, an additional axial stress called deviator stress is applied on 

the top of the specimen through a ram. Thus the total stress in the axial directionat 

the time of shearing is equal to the confining stress plus the deviator stress. 

 The vertical sides of the specimen are principal planes. The confining pressure is 

the minor principal stress. The sum of the confining stress and deviator stress is 

the major principal stress. 
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 Triaxial apparatus consists of a circular base with a central pedestal.The specimen 

is placed on the pedestal. The pedestal has one or two holes which are used in the 

drainage function or pore pressure measurement. 

 A triaxial cell is placed to the base plate. It is a Perspex cylinder. There are three 

tierodswhich support thecell. A central ram is there for applying axial stress. An 

air release valve and an oil release valve are attached to the cell. The apparatus 

also have special features like, 

 

 Mercurycontrol system. 

 Porewaterpressuremeasurement device. 

 Volumechangesmeasure. 

 

Triaxialteston cohesivesoil 

CU, UU and CD tests can be conducted on soil specimen. The specimen is placed in the 

pedestal inside a rubber membrane. The confining pressure and axial pressure is applied 

till failure. 

Triaxialtest oncohesionless soil 

The procedure is same as that in the cohesive soil onlythe sample preparation is 

different.Ametalformer,amembraneandafunnel areusedforthesample preparation. 

 

Merits 

1. Thereiscomplete controloverthedrainageconditions 

2. Porepressurechanges andvolumetricchangescan bemeasureddirectly 

3. Thestress distribution inthefailureplaneis uniform 

4. Thespecimen isfreeto fail ontheweakestplane 

5. Thestateofstressatallintermediatestagesuptofailureis known 

6. Thetestissuitableforaccurateresearchwork 

Demerits 

1. Theapparatusiselaborate,costlyand bulky 

2. Thedrainedtesttakesalongerperiod ascomparedwiththatinadirect sheartest 

3. Thestrain condition in thespecimenarenot uniform 

4. Itisnotpossibletofindoutthecrosssectionalareaofthespecimenaccurately under large 

strains 

5. Thetest simulatesonlyaxisymmetricproblems 

6. Theconsolidationofthespecimeninthetestisisotropicwhereasinthefield, 

consolidation is generally anisotropic. 
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Computationofvariousparameters 

1. Postconsolidationdimensions 

V0 = Lo X (π/4. Do2) 

Do=[Vo/(π/4 XLo)]1/2 

2. Crosssectionalareaduringshearingstage 

A= Ao/(1-ξ1) 

3. Stresses 

Deviatorstress=P/A 

Principal stresses 

σ1 =σ 3 +(σ 1 – σ3) 

4. Compressivestrength 

Thedeviatorstressat failureisknownasthecompressivestrengthofsoil 

Presentationofresultsoftriaxialtest 

 Stress-straincurves 

 Mohrenvelopesintermsoftotalstressandeffectivestress 

 

 

 

UU Test 

 

 

 

 

 

 

 

 

 

 

 

 

 

AllMohrcirclesforUUtestplottedintermsoftotalstresseshavethesamediameter. The failure 

envelope is a horizontal straight line and hence 

 

It can berepresented bythe equation: 
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CU&CDTests: 

 

 

 

 

 

 

 

 

 

 

 

 

For tests involving drainage in the first stage, when Mohr circles are plotted in terms of 

total stresses, the diameter increases with the confining pressure. The resulting failure 

envelope is an inclined line with an intercept on the vertical axis. 

 

It is also observed thatCCU≠CCDandCU ≠CD 

 

 

It can be stated that for identical soil samples tested under different triaxial conditions of 

UU, CU and CD tests, the failure envelope is not unique. 

 

EffectiveStressParameters 

If the same triaxial test results of UU, CU and CD tests are plotted in terms of effective 

stresses taking into consideration the measured pore water pressures, it isobserved that all 

the Mohr circles at failure are tangent to the same failure envelope, indicating that shear 

strength is a unique function of the effective stress on the failure plane. 
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Thisfailureenvelopeis theshearstrength envelopewhichmaythenbewritten as 

 

 

Wherec'= cohesion intercept in terms of effective stress 

f'=angleofshearingresistanceintermsofeffectivestress 
 

 

Fig.UnconfinedCompressiveStrength Test 

If istheeffectivestressactingontheruptureplaneatfailure, istheshearstresson 

thesameplane andisthereforetheshearstrength. 

 

Therelationshipbetweentheeffectivestressesonthefailureplaneis 

UNCONFINEDCOMPRESSIONTEST 

 

The unconfined compression test is a special form of triaxial test in which the confining 

pressure is zero. The test can be conducted only on clayey soils which can stand without 

confinement. There are two types of UCC machines machine with a spring and machine 

with a proving ring 

A compressive force is applied to the specimen till failure. The compressive load can be 

measured using a proving ring. 
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Presentationof results 

 

Inthistesttheminorprincipalstressiszero.Themajorprincipalstressisequaltothe deviator stress. 

The Mohr circle can be drawn for stress conditions at failure. 

 

Merits 

 

1. Thetest isconvenient, simpleand quick 

2. It is ideally suited for measuring the unconsolidated undrained shear strength 

ofintact saturated clays 

3. Thesensitivityofthesoilcanbeeasilydetermined 

Demerits 

1. Thetestcannotbeconductedonfissured clays 

2. The test may be misleading for soils of which the angle of shearing resistance is 

not zero. 

 

 

VANESHEARTEST 

 

The undrained strength of soft clays can be determined in a laboratoryby vane shear test. 

The test can also be conducted in the field on the soil at the bottom of bore hole. The 

apparatus consists of a vertical steel rod having four thin stainless steel blades or vanes 

fixed at its bottom end. Height of the vane should be equal to twice the diameter. For 

conducting test in a laboratory, a specimen of dia 38mm andheight 75mm is prepared and 

fixed to the base of the apparatus. The vane is slowly lowered in to the specimen till the 

top of the vane is at a depth of 10 to 20 mm below the top of the specimen. The readings 

of the strain indicator and torque indicator are taken 

 

ShearstrengthS=T/[π(D2H1/2+D3/12)] 

Where T =Torque applied 

D=Diameterofvane H1= 

Height of vane 
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Fig.LaboratoryVaneShearTest 

 

Merits 

 

1. Thetest is simple and quick 

2. It is ideallysuited for determination of the in-situundrained shear strength of non 

fissured, fully saturated clay 

3. Thetestcanbeconvenientlyusedtodeterminethesensitivityofthesoil 

Demerits 

1. Thetestcannotbeconductedonthefissuredclayortheclaycontainingsiltor sand 

laminations 

2. Thetestdoesnotgiveaccurate resultswhenthefailureenvelopeisnothorizontal. 
 

 

 

Stress-Strain BehaviorofSands 

Sands are usually sheared under drained conditions as they have relatively higher 

permeability. This behaviour can be investigated in direct shear or triaxial tests. The two 

most important parametersgoverning their behaviour are the relative density (ID) andthe 

magnitude of the effective stress (σ’). The relative density is usually defined in 

percentage as 
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where emaxand eminare the maximum and minimum void ratios that can be determined 

from standard tests in the laboratory, and e is the current void ratio. This expression can 

be re-written in terms of dry density as 

 

where γdmaxand γdminare the maximum and minimum dry densities, and γdis the current 

drydensity. Sand is generally referred to as dense if ID> 65% and loose if < 35%. 

 

The influence of relative density on the behaviour of saturated sand can be seen from the 

plots of CD tests performed at the same effective confining stress. There would be no 

induced pore water pressures existing in the samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Forthedensesandsample,thedeviatorstressreachesapeakatalowvalueofaxialstrain and then 

drops down, whereas for the loose sand sample, the deviator stress builds up gradually 

with axial strain. The behaviour of the medium sample is in between. The following 

observations can be made: 
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• All samples approach the same ultimate conditions of shear stress and void ratio, 

irrespectiveoftheinitial density. Thedenser sampleattains higherpeak angleofshearing 

resistance in between. 

 

• Initially dense samples expand or dilate when sheared and initially loose samples 

compress. 

 

 

 

Example1:AUUtestiscarriedoutonasaturatednormallyconsolidatedclaysampleat a 

confining pressure of 3 kg/cm2.The deviator stress at failure is 1 kg/cm2. 

 

(a) Determineitstotalstressstrengthparameters. 

(b) Ifanotheridenticalsampleistestedataconfiningpressureof4kg/cm2,whatwillbe the 
vertical axial stress at failure? 

 

Sol. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fromthe plot,notethat UU=0and 

 

 

 

 

 

 

 

 

UUtestsonidenticalsamplesyieldthesamefailuredeviatorstress atall 

confining pressures. Therefore, the vertical axial stress at failure, 
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