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Course outcome 

• Understand the compaction and consolidation 

• Calculate settlement due to consolidation. 

• Evaluate the shear strength parameters of soil 
through different laboratory methods 

• Apply the concepts of soil mechanics in stability 
of slopes 

• Analyze earth pressure, retaining walls. Cuts and 
excavations and sheet piles. 

• Apply different technique in soil exploration. 

 

 

 



Review of Geotechnical Engineering-I 

• Index Properties-  
• particle size distribution and Plasticity characteristics 

 

• Engineering Properties 
• Shear strength of soil 

• Permeability of soil 

• Compressibility of soil- Compaction and consolidation 
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Oedometer Test



Oedometer Test



Oedometer Test Results



Normal Consolidated and Overconsolidated soil

 When soil is loaded to a stress level greater than it has ever 

experienced in the past, the soil structure is no longer able to 

sustain the increased load and starts to break down.

 Preconsolidation Pressure - σ’p: Maximum pressure 

experienced by soil in the past

  Over-consolidated soil: σ’p > σ’o 

– Previously subjected to higher stress due to erosion, excavation, glacier, 
surcharge removal, etc.

– Higher stiffness, higher shear strength and lower compressibility.

 Normal Consolidated soil: σ’p = σ’o 

– Never subjected to higher effective stress.

– High compressibility and large settlement



Normal Consolidated and Overconsolidated soil

Preconsolidation Pressure (σ’p)
• Maximum effective vertical stress
experienced in geological history.
• Separates recompression and virgin
compression zones.
• Determined from e-log σ' curve

Overconsolidation Ratio (OCR)
  OCR = σ’p / σ’o 

Interpretation:
• OCR = 1 : Normally Consolidated
• OCR > 1 : Overconsolidated
• OCR < 1 : Indicates incorrect data for
natural soils.



Settlement Calculation













Thank You



Shear Strength of Soils 



 



 



Course outcomes 

Course  

outcome 

CO1 

Understanding of the shear strength behavior of soil 

and different laboratory methods for determination of 

the strength of soil 

CO2 

Application of the principles and basic of soil 

mechanics in the analysis of slope stability and 

retaining wall 

CO3 
Understanding and evaluation of the basic and 

engineering behavior of the rock 

CO4 

Application of the principles and basic of rock 

mechanics in the analysis of slope stability and 

tunnellling 



Strength of different 

materials 

Steel 

Tensile 

strength 

Concrete 

Compressive 

strength 

Soil 

Shear 

strength 

Presence of pore water 
Complex 

behavior 



Embankment 

Strip footing 

Shear failure of soils 

Soils generally fail in shear 

At failure, shear stress along the failure surface 
(mobilized shear resistance) reaches the shear strength. 

Failure surface 

Mobilized shear 

resistance 



Retaining 

wall 

Shear failure of soils 

Soils generally fail in shear 



Retaining 

wall 

Shear failure of soils 

At failure, shear stress along the failure surface 
(mobilized shear resistance) reaches the shear strength. 

Failure 

surface 

Mobilized 

shear 

resistance 

Soils generally fail in shear 



Shear failure mechanism 

The soil grains slide 
over each other along 
the failure surface. 

No crushing of 
individual grains. 

failure surface 



Shear failure mechanism 

At failure, shear stress along the failure surface () 
reaches the shear strength (f). 



Mohr-Coulomb Failure Criterion 

(in terms of total stresses) 

 

f is the maximum shear stress the soil can take without 

failure, under normal stress of . 

 

 tan cf

c 

 

Cohesion 
Friction angle 

f 

 



Mohr-Coulomb Failure Criterion 

(in terms of effective stresses) 

f is the maximum shear stress the soil can take without 

failure, under normal effective stress of ’. 

 

’ 

'tan''   cf

c’ 

’ 

Effective 
cohesion Effective 

friction angle f 

’ 

u  '

u = pore water 

pressure 



Mohr-Coulomb Failure Criterion 

'tan''  ff c 

Shear strength consists of two 

components: cohesive and frictional. 

’f 

f 

’ 

 

' 

c’ c’ 

’f tan ’ frictional 
component 



c and  are measures of shear strength. 

Higher the values, higher the shear strength. 



Mohr Circle of stress 
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’1 

’1 

’3 
’3 

q 

’ 

 

q




q




2
22

2
2

'

3

'

1

'

3

'

1'

'

3

'

1

Cos

Sin










Resolving forces in  and  directions, 

2
'

3

'

1

2
'

3

'

1'2

22 











 








 







Mohr Circle of stress 
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Mohr Circle of stress 
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Soil elements at different locations 

Failure surface 

Mohr Circles & Failure Envelope 

X X 

X ~ failure 

Y 
Y 

Y ~ stable 

 

’ 

'tan''   cf



Mohr Circles & Failure Envelope 

Y 

c 

c 

c 

Initially, Mohr circle is a point 

 

c+ 
 

The soil element does not fail if 

the Mohr circle is contained 

within the envelope 

GL 



Mohr Circles & Failure Envelope 

Y 

c 

c 

c 

GL 

As loading progresses, Mohr 

circle becomes larger… 

.. and finally failure occurs 

when Mohr circle touches the 

envelope 

 
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90 – q  ’ = q 

 q  45 + ’/2  



Mohr circles in terms of total & effective stresses 

= X 

v’ 

h’ 
X 

u 

u 

+ 

v’ h’ 

effective stresses 

u 
v h 

X 

v 

h 

total stresses 

 

 or ’ 



Failure envelopes in terms of total & effective 

stresses 

= X 

v’ 

h’ 
X 

u 

u 

+ 

v’ h’ 

effective stresses 

u 
v h 

X 

v 

h 

total stresses 

 

 or ’ 

If X is on 

failure 

c 

 

Failure envelope in 

terms of total stresses 

’ 

c’ 

Failure envelope in terms 

of effective stresses 



Mohr Coulomb failure criterion with Mohr circle 

of stress 

X 

’v = ’1 

’h = ’3 

X is on failure ’1 ’3 

effective stresses 
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Failure envelope in terms 

of effective stresses 
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Mohr Coulomb failure criterion with Mohr circle 

of stress 
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Other laboratory tests include, 

Direct simple shear test, torsional 

ring shear test, plane strain triaxial 

test, laboratory vane shear test, 

laboratory fall cone test 

Determination of shear strength parameters of 

soils (c,  or c’, ’) 

Laboratory tests on 

specimens taken from 

representative undisturbed 

samples 

Field tests 

Most common laboratory tests 

to determine the shear strength 

parameters are, 

 

1.Direct shear test 

2.Triaxial shear test 

1. Vane shear test 

2. Torvane 

3. Pocket penetrometer 

4. Fall cone 

5. Pressuremeter 

6. Static cone penetrometer 

7. Standard penetration test 



Laboratory tests 

Field conditions 

z  
vc 

vc 

hc hc 

Before construction 

A representative 

soil sample 
z  

vc +  

hc hc 

After and during 

construction 

vc +  



Laboratory tests 

Simulating field conditions 

in the laboratory 

Step 1 

Set the specimen in 

the apparatus and 

apply the initial 

stress condition 

vc 

vc 

hc hc 

Representative 

soil sample 

taken from the 

site 

0 

0 0 

0 

Step 2 

Apply the 

corresponding field 

stress conditions 

vc +  

hc hc 

vc +  

vc 

vc 

 

 



Direct shear test 

Schematic diagram of the direct shear apparatus 



Direct shear test 

Preparation of a sand specimen 

Components of the shear box Preparation of a sand specimen 

Porous 

plates 

Direct shear test is most suitable for consolidated drained tests 

specially on granular soils (e.g.: sand) or stiff clays 



Direct shear test 

Leveling the top surface 

of specimen 

Preparation of a sand specimen 

Specimen preparation 

completed 

Pressure plate 



Direct shear test 

Test procedure 

Porous 

plates 

Pressure plate 

Steel ball 

Step 1: Apply a vertical load to the specimen and wait for consolidation 

P 

Proving ring 

to measure 

shear force 

S 



Direct shear test 

Step 2: Lower box is subjected to a horizontal displacement at a constant rate 

Step 1: Apply a vertical load to the specimen and wait for consolidation 

P Test procedure 

Pressure plate 

Steel ball 

Proving ring 

to measure 

shear force 

S 

Porous 

plates 



Direct shear test 

Shear box 

Loading frame to 

apply vertical load 

Dial gauge to 

measure vertical 

displacement 

Dial gauge to 

measure horizontal 

displacement 

Proving ring 

to measure 

shear force 



Direct shear test 

Analysis of test results 

sample  theofsection  cross of Area

(P) force Normal
  stress Normal 

sample  theofsection  cross of Area

(S) surface sliding at the developed resistanceShear 
  stressShear 

Note: Cross-sectional area of the sample changes with the horizontal 

displacement 



Direct shear tests on sands 
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Shear displacement 

Dense sand/ 

OC clay 
f 

Loose sand/ 

NC clay f 

Dense sand/OC Clay 

Loose sand/NC Clay 
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Stress-strain relationship 



f1 

Normal stress = 1 

Direct shear tests on sands 

How to determine strength parameters c and  
S

h
e
a
r 

s
tr

e
s
s
, 

 

Shear displacement 

f2 

Normal stress = 2 

f3 

Normal stress = 3 

S
h

e
a
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e
s
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t 
fa

il
u
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 f
 

Normal stress,  

 

Mohr – Coulomb failure envelope 



Direct shear tests on sands 

Some important facts on strength parameters c and  of sand 

Sand is cohesionless 

hence c = 0 

Direct shear tests are 

drained and pore water 

pressures are 

dissipated, hence u = 0 

Therefore,  

’ =  and c’ = c = 0 



Direct shear tests on clays 

Failure envelopes for clay from drained direct shear tests 

S
h
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u
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 f
 

Normal force,  

’ 

Normally consolidated clay (c’ = 0) 

In case of clay, horizontal displacement should be applied at a very 

slow rate to allow dissipation of pore water pressure (therefore, one 

test would take several days to finish) 

Overconsolidated clay (c’ ≠ 0) 



Interface tests on direct shear apparatus 

In many foundation design problems and retaining wall problems, it 

is required to determine the angle of internal friction between soil 

and the structural material (concrete, steel or wood) 

 tan' af c
Where,  

ca = adhesion,  

 = angle of internal friction 

Foundation material

Soil

P

S

Foundation material

Soil

P

S



Triaxial Shear Test 

Soil sample 

at failure  

Failure plane 

Porous 

stone 

impervious 

membrane 

Piston (to apply deviatoric stress) 

O-ring 

pedestal 

Perspex 

cell 

Cell pressure 

Back pressure Pore pressure or 

volume change 

Water 

Soil 

sample 



Triaxial Shear Test 

Specimen preparation (undisturbed sample) 

Sampling tubes 

Sample extruder 



Triaxial Shear Test 

Specimen preparation (undisturbed sample) 

Edges of the sample 

are carefully trimmed 

Setting up the sample 

in the triaxial cell 



Triaxial Shear Test 

Sample is covered 

with a rubber 

membrane and sealed  

Cell is completely 

filled with water 

Specimen preparation (undisturbed sample) 



Triaxial Shear Test 

Specimen preparation (undisturbed sample) 

Proving ring to 

measure the 

deviator load 

Dial gauge to 

measure vertical 

displacement 



Types of Triaxial Tests 

Is the drainage valve open? 

yes no 

Consolidated 

sample 
Unconsolidated 

sample 

Is the drainage valve open? 

yes no 

Drained 

loading 

Undrained 

loading 

Under all-around cell pressure c 

c 
c 

c 

c Step 1 

deviatoric stress 

( = q) 

Shearing (loading) 

Step 2 

c c 

c+ q 



Types of Triaxial Tests 

Is the drainage valve open? 

yes no 

Consolidated 

sample 
Unconsolidated 

sample 

Under all-around cell pressure c 

Step 1 

Is the drainage valve open? 

yes no 

Drained 

loading 

Undrained 

loading 

Shearing (loading) 

Step 2 

CD test 

CU test 

UU test 



Consolidated- drained test (CD Test) 

Step 1: At the end of consolidation 

VC 

hC 

Total,  = Neutral, u Effective, ’ + 

0 

Step 2: During axial stress increase 

’VC = VC 

’hC = 

hC 

VC +  

hC 0 

’V = VC +  = 

’1 

’h = hC = ’3 

Drainage 

Drainage 

Step 3: At failure 

VC + f 

hC 0 

’Vf = VC + f = ’1f 

’hf = hC = ’3f Drainage 



Deviator stress (q or d) = 1 – 3 

Consolidated- drained test (CD Test) 

1 = VC +   

3 = hC  
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Time 

Volume change of sample during consolidation 

Consolidated- drained test (CD Test) 
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d
 

Axial strain 

Dense sand 

or OC clay 

(d)f 

Dense sand 

or OC clay 

Loose sand 

or NC clay 
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 Axial strain 

Stress-strain relationship during shearing 

Consolidated- drained test (CD Test) 

Loose sand 

or NC Clay (d)f 



CD tests  How to determine strength parameters c and  
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Axial strain 

S
h

e
a
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s
tr

e
s
s
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  

 or ’ 

 
Mohr – Coulomb 

failure envelope 

(d)fa 

Confining stress = 3a (d)fb 

Confining stress = 3b 

(d)fc 

Confining stress = 3c 

3c 1c 
3a 1a 

(d)fa 

3b 1b 

(d)fb 

1 = 3 + (d)f  

3 



CD tests  

Strength parameters c and  obtained from CD tests 

Since u = 0 in CD 

tests,  = ’ 

Therefore,  c = c’ 

and  = ’  

cd and d are used 

to denote them 



CD tests  Failure envelopes 
S

h
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r 

s
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e
s
s
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  

 or ’ 

d 

Mohr – Coulomb 

failure envelope 

3a 1a 

(d)fa 

For sand and NC Clay, cd = 0 

Therefore, one CD test would be sufficient to determine d 

of sand or NC clay 



CD tests  Failure envelopes 

For OC Clay, cd ≠ 0 

 

 or ’ 

 

3 1 

(d)f 

c 

c 

OC NC 



Some practical applications of CD analysis for 

clays   

  = in situ drained 

shear strength 

Soft clay 

1. Embankment constructed very slowly, in layers over a soft clay 

deposit 



Some practical applications of CD analysis for 

clays   

2. Earth dam with steady state seepage 

 = drained shear 

strength of clay core 

 

Core 



Some practical applications of CD analysis for 

clays   

3. Excavation or natural slope in clay 

 = In situ drained shear strength  

 

Note: CD test simulates the long term condition in the field. 

Thus, cd and d should be used to evaluate the long 

term behavior of soils 



Consolidated- Undrained test (CU Test) 

Step 1: At the end of consolidation 

VC 

hC 

Total,  = Neutral, u Effective, ’ + 

0 

Step 2: During axial stress increase 

’VC = VC 

’hC = 

hC 

VC +  

hC ±u 

Drainage 

Step 3: At failure 

VC + f 

hC 

No 

drainage 

No 

drainage ±uf 

’V = VC +  ± u = ’1 

’h = hC ± u = ’3 

’Vf = VC + f ± uf = ’1f 

’hf = hC ± uf = ’3f 
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Volume change of sample during consolidation 

Consolidated- Undrained test (CU Test) 
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Axial strain 

Dense sand 

or OC clay 

(d)f 

Dense sand 

or OC clay 

Loose sand 

/NC Clay 


u

 

+
 

- 

Axial strain 

Stress-strain relationship during shearing 

Consolidated- Undrained test (CU Test) 

Loose sand 

or NC Clay (d)f 



CU tests  How to determine strength parameters c and  
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(d)fb 

Confining stress = 3b 

3b 1b 3a 1a 

(d)fa 

cu Mohr – Coulomb 

failure envelope in 

terms of total stresses 

ccu 

1 = 3 + (d)f  

3 

Total stresses at failure 

(d)fa 

Confining stress = 3a 



(d)fa 

CU tests  How to determine strength parameters c and  
S

h
e
a

r 
s
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e

s
s
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  

 or ’ 
3b 1b 3a 1a 

(d)fa 

cu 

Mohr – Coulomb 

failure envelope in 

terms of total stresses 

ccu ’3b ’1b 

’3a ’1a 

Mohr – Coulomb failure 

envelope in terms of 

effective stresses 

’ 

C’ ufa 

ufb 

’1 = 3 + (d)f - uf  

’3 = 3 - uf  

Effective stresses at failure 

uf 



CU tests  

Strength parameters c and  obtained from CD tests 

Shear strength 

parameters in terms 

of total stresses are 

ccu and cu 

Shear strength 

parameters in terms 

of effective stresses 

are c’ and ’ 

 
c’ = cd and ’ = d 



CU tests  Failure envelopes 

For sand and NC Clay, ccu and c’ = 0 

Therefore, one CU test would be sufficient to determine 

cu and ’(= d) of sand or NC clay 
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  

 or ’ 

cu 
Mohr – Coulomb 

failure envelope in 

terms of total stresses 

3a 1a 

(d)fa 

3a 1a 

’ 

Mohr – Coulomb failure 

envelope in terms of 

effective stresses 



Some practical applications of CU analysis for 

clays   

  = in situ undrained 

shear strength 

Soft clay 

1. Embankment constructed rapidly over a soft clay deposit 



Some practical applications of CU analysis for 

clays   

2. Rapid drawdown behind an earth dam 

 = Undrained shear 

strength of clay core 

Core 

 



Some practical applications of CU analysis for 

clays   

3. Rapid construction of an embankment on a natural slope  

Note:  Total stress parameters from CU test (ccu and cu) can be used for 

stability problems where,  

           Soil have become fully consolidated and are at equilibrium with 

the existing stress state; Then for some reason additional 

stresses are applied quickly with no drainage occurring 

 = In situ undrained shear strength  

 



Unconsolidated- Undrained test (UU Test) 

Data analysis 

C = 3 

C = 3 

No 

drainage 

Initial specimen condition 

3 + d 

3 

No 

drainage 

Specimen condition 

during shearing 

Initial volume of the sample = A0 × H0 

Volume of the sample during shearing = A × H 

Since the test is conducted under undrained condition, 

A × H = A0 × H0 

A ×(H0 – H) = A0 × H0 

A ×(1 – H/H0) = A0 
z

A
A




1

0



Unconsolidated- Undrained test (UU Test) 

Step 1: Immediately after sampling 

0 

0 

= + 

Step 2: After application of hydrostatic cell pressure 

uc = B 3 

C = 3 

C = 3 uc 

’3 = 3 - uc 

’3 = 3 - uc 

No 

drainage 

Increase of pwp due to 

increase of cell pressure 

Increase of cell pressure 

Skempton’s pore water 

pressure parameter, B 

Note: If soil is fully saturated, then B = 1 (hence, uc = 3) 



Unconsolidated- Undrained test (UU Test) 

Step 3: During application of axial load 

3 + d 

3 

No 

drainage 

’1 = 3 + d - uc    ud  

’3 = 3 - uc     ud 

ud = ABd 

uc ±  ud 

= + 

Increase of pwp due to 

increase of deviator stress 
Increase of deviator 

stress 

Skempton’s pore water 

pressure parameter, A 



Unconsolidated- Undrained test (UU Test) 

Combining steps 2 and 3, 

uc = B 3 ud = ABd 

u = uc + ud 

Total pore water pressure increment at any stage, u 

u = B [3 + Ad] 

Skempton’s pore 

water pressure 

equation 

u = B [3 + A(1 – 3] 



3b 1b 

Unconsolidated- Undrained test (UU Test) 

Effect of degree of saturation on failure envelope 

3a 1a 
3c 1c 

 

 or ’ 

S < 100% S > 100% 



Some practical applications of UU analysis for 

clays   

  = in situ undrained 

shear strength 

Soft clay 

1. Embankment constructed rapidly over a soft clay deposit 



Some practical applications of UU analysis for 

clays   

2. Large earth dam constructed rapidly with 

no change in water content of soft clay 

Core 

 = Undrained shear 

strength of clay core 

 



Some practical applications of UU analysis for 

clays   

3. Footing placed rapidly on clay deposit  

 = In situ undrained shear strength  

Note: UU test simulates the short term condition in the field. 

Thus, cu can be used to analyze the short term 

behavior of soils 



Unconfined Compression Test (UC Test) 

1 = VC +   

3 = 0  

Confining pressure is zero in the UC test 



Unconfined Compression Test (UC Test) 

1 = VC + f  

3 = 0  

S
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 

Normal stress,  

qu 

τf = σ1/2 = qu/2 = cu  



Vane shear test 









Soil Exploration 



Topics Covered 

• Introduction 

• Methods of investigation 

• Methods of boring 

• Soil samplers and sampling 

• Location and number of pits and borings 

• Different tests for soil exploration 



Introduction 

• Soil exploration is a part of site investigation. 

• Site investigation, in general deals with 
determining in general, the suitability of the 
site for the proposed construction. 

 



Site Investigation 



Introduction (Cont’d)… 
WHAT?  

• Attempt at understanding the subsurface conditions such 
as: 

– Soil and rock profile 

– Gelogical features of the region 

– Position and variation of ground water table 

– Physical properties of soil and rock 

– Contamination, if any 

– General data of adjacent structures, hydrological data, 
topography, soil maps, seismicity, etc. 

– Engineering properties 



Introduction (Cont’d)… 

WHY?  

– To determine the type of foundation required for 
the proposed project at the site, i.e. shallow 
foundation or deep foundation. 

– To make recommendations regarding the safe 
bearing capacity or pile load capacity. 

– Ultimately, it is the subsoil that provides the 
ultimate support for the structures.  



Failures 



Leaning Tower of Pisa 
and Sinkholes 



Introduction (Cont’d)… 
HOW?  

• The three important aspect are planning, 
execution and report writing. 

• Planning 

– To minimize cost of explorations and yet give 
reliable data. 

– Decide on quantity and quality depending on 
type, size and importance of project and whether 
investigation is preliminary or detailed. 



Introduction (Cont’d)… 
• Execution: 

– Collection of disturbed and/or 
undisturbed samples of 
subsurface strata from field. 

– Conducting in-situ tests of 
subsurface material and 
obtaining properties directly or 
indirectly. 

– Study of ground water 
conditions and collection of 
sample for  chemical analysis. 

– Geophysical exploration, if 
necessary. 

– Laboratory testing on samples 



Introduction (Cont’d)… 
• Report writing: 

– Description of site conditions – topographic 
features, hydraulic conditions, existing structures, 
etc. supplemented by plans/drawings. 

– Description of nature, type and importance of 
proposed construction 

– Description of field and lab tests carried out. 

– Analysis and discussion of data collected 

– Preparation of charts, tables, graphs, etc. 

– Calculations performed 

– Recommendations 



Introduction (Cont’d)… 
A complete site investigation will consist of: 

– Preliminary work 

• Collecting general information and already existing data 
such as study of geologic , seismic maps, etc. at or near 
site. 

• Study site history – if previously used as quarry, 
agricultural land, industrial unit, etc. 

 

– Site Reconnaissance: Actual site inspection. 

• To judge general suitability 

• Decide exploration techniques 



Introduction (Cont’d)… 

• Exploration 

– Preliminary Investigations: Exploratory borings or shallow test 
pits, representative sampling, geophysical investigations, etc 

– Detailed Investigations: Deep boreholes, extensive sampling, in-
situ testing, lab testing, etc. 

– Depth and spacing: In general, depth of investigation should be 
such that any/all strata that are likely to experience settlement 
or failure due to loading. Spacing depends upon degree of 
variation of surface topography and subsurface strata in 
horizontal direction.  



Soil Exploration 



Methods of Investigation 
• Test pits:  

– Permits visual inspection of 
subsurface conditions in 
natural state. 

– Max. depth limited to 18 -
20 feet. 

– Especially useful for 
gravelly soil where 
boreholes may be difficult. 

– Sampling/testing done on 
exposed surfaces. 



Methods of Boring 

• Auger Boring 

• Wash Boring 

• Percussion Boring 

• Rotatory Boring 

 



Auger Borings:  
– Simplest method of exploration and sampling. 

– Power driven or hand operated. 

– Max. depth 10 m 

– Suitable in all soils above GWT but only in 
cohesive soil below GWT 

– Hollow stem augers used for sampling or 
conducting Standard Penetration Tests. 

 



Hand operated 

augers 

Power driven augers 



Shell and Auger Method 

• Consist of sand bailer 
which have heavy 
weight with cutting 
edge. 

• Bailer raised and let in 
fall in bore hole. 



Wash Boring:  
– A casing is driven with a drop hammer. A hollow drill rod 

with chopping bit is inserted inside the casing. 

– Soil is loosened and removed from the borehole using 
water or a drilling mud jetted under pressure. 

– The water is jetted in the hole through the bottom of a 
wash pipe and leaves the hole along with the loose soil, 
from the annual space between the hole and wash pipe. 

– The water reaches the ground level where the soil in 
suspension is allowed to settle and mud is re-circulated.  



Schematic for wash boring 



Rotatory drilling 



Diamond Drill Bit 

Tricone drill bit 



Thank You 



Soil exploration 
Sampling 



Sampling 

Samples 

Disturbed 
sample 

Representive 
sample 

Non 
representive 

sample 

Undisturbed 
sample 



Cont… 

• Extent of disturbance depends upon: 

– Cutting edge 

– Inside wall friction 

– Non return valve 



Cont… 

• Inside clearance (Ci) = (D3-D1) /D1 

• Out side clearance (Co) = (D2-D4) /D4 

• Area ratio (Ar) =  



Cont… 

• Inside clearance = 1-3 % to reduce friction 
between soil and sampler 

• Outside clearance is to reduce the friction 
when sampler is driven for withdrawn 

• Area ratio should be kept as low as possible, 
less than 20% for stiff formation and 10 % for 
soft and sensitive clays. 



Cont… 

• Recovery ratio =  Lr = Recovery length of 
sample/ penetration length of sampler 

– Lr = 1 ----- good recovery 

– Lr < 1 ------ soil is compressed 

– Lr > 1 ------- soil has swelled 



Sample required in laboratory 

Type of test Type of sample required 

Natural moisture content Representive  

Density Undisturbed  

Specific gravity Representive or undisturbed 

Atterberg limits Representive or undisturbed 

Hydraulic conductive Undisturbed 

Consolidation parameters Undisturbed 

Shear strength undisturbed 



Depth of exploration  

• Significant depth of exploration- depth 
likely to undergo settlement 

• It depends upon type of structure, size,shape 
of soil, loaded area, intensity of loading, soil 
profile, soil properties 

• Boring should be carried out to such a depth 
that the net increase in the soil stress due to 
the load structure is less than 10 % of the 
average contact pressure. 



IS 1892-1979 recommendations 

Type of foundation Depth of exploration 

Isolated spread footing or raft 1.5 x width 

Adjacent footing with clear A < 2 B 
(Width) 

1.5 x L 

A≥4B 
A=2B-4B 
A≤2B 

1.5B 
3B 
4.5B 

Pile and well foundation 1.5 times the width of structure from the 
bearing level 

Road cuts and fill Bottom width of the cut or 2 m below the 
GL or equal to height of fill which ever is 
greater 



Lateral extent of exploration 
• The lateral extent of exploration and spacing of bore holes 

depends mainly on the variation of the strata. 

• For small and less important buildings, even bore hole or a 
trial pit in the centre may suffice. 

• For compact buildings, covering an area about 0.4 hectares, 
there should be at least 5 bores, one at the centre and four 
near the corners. 

• The spacing of bore holes is generally kept 10-30 m, 
depending upon the variation in the subsurface conditions 
and loading. 

• For highways subsurface explorations are usually carried out 
along the proposed centre line at distance of 150 m to 300 m. 

 



Tests for determination of properties 
of soil 

• Field test: 

• Soil is undisturbed. 

• Useful for cohesionless soil 

1. Penetration test 

2. Plate load test 

3. Vane shear test 

4. Pressure meter 

5. Geophysical method 

 

• Laboratory test 

• Disturbed sample 

• Useful for cohesive soil 

1. UCS 

2. Triaxial test 

3. Consolidation test 



Soil Exploration 
 

Standard Penetration Test 



Standard penetration test (SPT) 

• Useful for cohesionless soil 

• Sample can be obtained from desired depth 

• Consists of assembly of split spoon sampler 



Cont... 



Steps 
• Advanced bore hole to desired depth 

• SPT sampler attached to standard drill rod is lowered into hole 

• Hammer should have weight of 65 kg and fall should be 750 mm  

•  no. of blows required to cause 15 cm of successive penetration 
should recorded 

 penetration (cm)  No. of blows 

 0-15    N1                 seating drive 

 15-30   N2      Penetration resistance = N2 + N3 

 30-45   N3 

• After 45 cm penetration split spoon sampler is taken out sample is 
taken out 



Condition for refusal 

• 50 or more blows are required for 15 cm 
penetration 

• 100 blows or more for 30 cm of penetration 

• 10 successive blow produce no penetration 

• Refusal may be due to stone also 

 



Cont... 

• The energy used during penetration: 

–To do work in shearing 30 cm of soil 

–To do work in compression of rods 

– losses 



Factor affecting N value 
 A. Depth: 

• At greater depth, overburden will be large. So confining 
pressure will be large. 

• Major principle stress at failure will be large for given angle 
of shearing or same soil 

• Observed value of N will be large 

• For same soil strength is different  for different depth 

• For saturated soil stress is not function of angle of friction. 
So it doesn’t depends on confining pressure. 

• Correction for depth is not required for clay. 

 



Cont... 
B. Drainage condition: 

• Rate of dissipation of pore pressure is high- drained 
condition 

• Other wise undrained condition and strength will be 
governed by effective stress 

• Observed N value will be affected by effectives stress. ( 
undrained condition) 

C. Angle of shearing resistance and relative density: 

o Angle of friction is high for high relative density of soil i.e. For 
dense soil 

o Value of N is higher for large angle of friction. 

 

 



SPT correction 
o Correction for overburden: 

o To eliminate effect of overburden pressure it 
has been standardized as 1 kg/cm2  

o IF effective overburden pressure > 1 kg/cm2 , 
observed N  is higher than actual N. 
Correction will be –ve. 

o IF effective overburden pressure < 1 kg/cm2 , 
observed N  is lower than actual N. 
Correction will be +ve. 

 



Cont... 

• Sandy soil 

– N’ = CN Nobs 

– CN = 0.77 l0g10(2000/p’)    for 
p’>25 kPa 

 where p’ is effective 
overburden pressure 

– For p< 25 kPa use chart 

 

 



Cont... 

• Correction for dilatancy (drainage) 

• only for fine sands and silts, saturated soil and 
for N >15, because they are low permeable, 
voids are filled with water and dense 

• In dense soil negative pore water generate 
during shearing so effective stress increase.  

• This correction is not for clay. 

• N’’ = 15 + (N’-15)/2 

 



Summary 

• Get observed Nobs for depth 

• If soil is granular apply overburden correction 
otherwise no correction. 

• Again if soil is fine sand or silt. It is saturated 
and N’>15 apply dilatancy correction 



Use of SPT result 

N value Angle of 
friction 

Dr Description 

<4 25-32 0-15 Very loose 

4-10 27-35 15-35 Loose 

10-30 30-40 35-65 Medium 

30-50 35-45 65-85  Dense 

>50 >45 85-100 Very dense 



Cont... 

N-value UCS Consistency 

0-2 <25 Very soft 

2-4 25-50 Soft 

4-8 50-100 Medium stiff 

8-16 100-200 Very stiff 

16-32 200-400 Hard 



Example    
• N is at the middle of soil layer. Three value  of 

first, second and third 15 cm. Compute 
corrected N at the middle of each layer. 

Clay, ϒ = 18 kN/m3, N = 10, 11, 12 

Clay, ϒ = 20 kN/m3, N = 8, 9, 10 

Fine sand, ϒ = 18 kN/m3, N = 14, 15, 16 

Coarse sand, ϒ = 17 kN/m3, N = 18, 20, 22 

4 m 

4 m 

4 m 

4 m 



Thank You 



SOIL EXPLORATION 

Dynamic Cone penetration Test 



Dynamic cone penetration test (DCPT) 
IS 4968-Part II-1976 

• Mainly to supplement of the SPT or gives rough idea 
about the subsoil strata. 

• Quick test give lesser information, but in many 
situation it is only possible test eg.: gravel, kankar 

• The blows required to cause successively 15 cm 
penetration are continuously corrected. 

• Diameter of cone = 50 mm (without slurry) 

    65 mm (with bentonite slurry) 

• No. of blows for 30 cm is taken as  Ncd 

 



Refusal condition 

• 50 or more blows are required for 15 cm 
penetration 

• 100 blows for 30 cm penetration 

• 10 successive blows produce no penetration 

•   



Interpretation  
• Generally used to supplement SPT and not directly 

used for design 

• Ncd is a measure of energy required for 30 cm 
penetration 

• Large Ncd hard strata, small Ncd soft stratum. 

• The values should also increase gradually with depth 
due to overburden 

• Sudden change in Ncd values may be change in 
stratum.  

 



Advantages of DCPT 
• It is a quick test and cover large area economically. 

• It helps in identifying uniformity or variability of the sub-strata. 

• It can be used to identify the soft pockets 

• Rock strata can be located 

• It can be used as starting point of study. 
 

• Approximately relationship  

• For 50 mm Ncd = 1.5 N  upto 3m 

   = 1.75 N  3-6 m 

   = 2N  >6m 

• CBRT, Roorkee for 65 mm 

– Ncd = 1.5 N for depth < 4m 

      = 1.75 N for depth 4-9 m 

      = 2N for depth >9 m 

 



Static cone penetration test (SCPT) 
IS 4968-part 3 

• Being used for soft 
clay, silts and fine to 
medium sand 
deposits 

• Was developed in 
Holland and is also 
known as Dutch 
cone test 

• No-bore hole is 
required. 



Operation 



Cont... 

• Tip, point or cone resistance qc = Qc /Ac at 4o mm 
displacement 

• Qf = Af fs  force required to push friction jacket 

   Af   area of friction jacket 

   fs  area of friction jacket 

• Q = Qf  + Qc 



Cont... 
• Advantages: 

– Continuous record of variation of cone resistance and 
friction resistance with depth is obtained 

– Friction ratio = friction resistance/ cone resistance 

– Unlike SPT this test measure static resistance of soil 

Limitation: 

– No sample of soil can be obtained 

– The test is not suitable for gravels and very dense sand 

– Equipment is heavy and may not be suitable for tough 
sites like hills or if no space is available 



Correlation between qc and N 

Type of soil qc / N 

Sandy gravel and gravel 8-10 

Coarse sand 5-10 

Clean, fine to medium sand and slightly 
silty sand 

3-4 

Silts, sandy silts, slightly cohesive silt, 
sand mixtures 

2 

Cohesionless soil 



cont... 
• Cohesive soil 

• qc = Nk Cu  + σ 

 where, 

   Nk  cone factor 

   Cu  undrained shear strength 

  σ  total overburden pressure (not effective) 

For NC soil, Nk  11-19 

OC clays, Nk  15-20 for shallow  depths 

   12-18 for large depths 



Find Cu at mid points of layers 

Layer I Thickness (m) ϒ (kN/ m3) 

I 4 18 

II 4 20 

III 4 18 

IV 4 17 



SOIL EXPLORATION 

Geophysical Method  

 



GEOPHYSICAL METHOD 

Although boring and test pits provide definite results but they are time consuming and 
expensive.  
 
Subsurface conditions are known only at the bore or test pit location. 
 
The subsurface conditions between the boring need to be interpolated or estimated. 
 
Geophysical methods are more quick and cheaper. 
 
They provide thorough coverage of the entire area. 
 
The results of Geophysical testing however are less definitive and require subjective 
interpretation.  
 
Therefore both methods are important. In case geophysical testing in major in scope, few 
borings and sampling will be required for accurate determination of soil properties.  
 
If boring is major in scope then few geophysical lines will be required to know the 
conditions in-between the borings.  

 



3 3 

Geophysical Techniques Indirect Methods 

Advantages 

• Non-Destructive 

•  Cost Effective 

•  Provides Preliminary 

or Supplemental 

Information 



Geophysical Methods 

• Mechanical Wave Measurements 
– Crosshole Tests (CHT) 

– Downhole Tests (DHT) 

– Spectral Analysis of Surface Waves 

– Seismic Refraction 

– Suspension Logging 

• Electromagnetic Wave Techniques 
– Ground Penetrating Radar (GPR) 

– Electromagnetic Conductivity (EM) 

– Surface Resistivity (SR) 

– Magnetometer Surveys (MT) 



Mechanical Wave Geophysics 

• Compression (P-) wave is fastest wave; easy to 
generate. 

• Shear (S-) wave is second fastest wave.  Is 
directional and polarized.  Most fundamental 
wave to geotechnique. 

• Rayleigh (R-) or surface wave is very close to 
S-wave velocity (90 to 94%).  Hybrid P-S wave 
at ground surface boundary. 

• Love (L-) wave: interface boundary effect 



Mechanical Body Waves 

Initial 
 
 
 
 
P-wave 
 
 
 
 
 
 
S-wave 



Mechanical Body Waves 

Source 
Receiver (Geophone) 

Oscilloscope 

P 

S R 

Time 

Amplitude 

R     S                              P 



Mechanical Waves (Compression) 



Geophysical Equipment 

Seismograph                       Spectrum Analyzer 

Portable Analyzer               Velocity Recorder 



Seismic method 

• Principle: 

1. Seismic waves are of different velocity in 
different rocks/soil. 

2. When they cross the boundary of different 
soil or rock types, the waves are refracted. 

 



Seismic Refraction 

Vertical Geophones 
Source 
(Plate) 

Rock: Vp2 

ASTM D 5777 

Soil: Vp1 

oscilloscope 

x1 
x2 
x3 
x4 

t1 
   t2 
     t3 
       t4 

Note:  Vp1 < Vp2 

zR 

Determine depth 
to rock layer, zR 



Steps • Waves are generated by inducing impact. 

• The wave so generated are recorded by device called a 
geophone which records the time of travels 

• Geophones are placed at fixed distance from the source 

• The direct (primary) waves travel direct along the ground 

• The other waves go into the ground and get reflected if they 
pass into  a stratum of different seismic velocity. 

• If the underlying layer is denser, the refracted waves travel 
much faster. 

• If the distance between the geophone and source is large the 
refracted wave reaches the geophones much earlier. 

• If the geophone is placed very close to the source the direct 
waves reach earlier. 

 

 



Seismic Refraction 
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Electrical Resisitivity Measurements 



SOIL EXPLORATION 
Geophysical method 



GEOPHYSICAL METHOD 

Although boring and test pits provide definite results but they are time consuming and 
expensive.  
 
Subsurface conditions are known only at the bore or test pit location. 
 
The subsurface conditions between the boring need to be interpolated or estimated. 
 
Geophysical methods are more quick and cheaper. 
 
They provide thorough coverage of the entire area. 
 
The results of Geophysical testing however are less definitive and require subjective 
interpretation.  
 
Therefore both methods are important. In case geophysical testing in major in scope, few 
borings and sampling will be required for accurate determination of soil properties.  
 
If boring is major in scope then few geophysical lines will be required to know the 
conditions in-between the borings.  
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Geophysical Techniques Indirect Methods 

Advantages 

• Non-Destructive 

•  Cost Effective 

•  Provides Preliminary 

or Supplemental 

Information 



Geophysical Methods 

• Mechanical Wave Measurements 
– Crosshole Tests (CHT) 

– Downhole Tests (DHT) 

– Spectral Analysis of Surface Waves 

– Seismic Refraction 

– Suspension Logging 

• Electromagnetic Wave Techniques 
– Ground Penetrating Radar (GPR) 

– Electromagnetic Conductivity (EM) 

– Surface Resistivity (SR) 

– Magnetometer Surveys (MT) 



Mechanical Wave Geophysics 

• Compression (P-) wave is fastest wave; easy to 
generate. 

• Shear (S-) wave is second fastest wave.  Is 
directional and polarized.  Most fundamental 
wave to geotechnique. 

• Rayleigh (R-) or surface wave is very close to 
S-wave velocity (90 to 94%).  Hybrid P-S wave 
at ground surface boundary. 

• Love (L-) wave: interface boundary effect 



Mechanical Body Waves 

Initial 
 
 
 
 
P-wave 
 
 
 
 
 
 
S-wave 



Mechanical Body Waves 

Source 
Receiver (Geophone) 

Oscilloscope 

P 

S R 

Time 

Amplitude 

R     S                              P 



Mechanical Waves (Compression) 



Geophysical Equipment 

Seismograph                       Spectrum Analyzer 

Portable Analyzer               Velocity Recorder 



Seismic method 

• Principle: 

1. Seismic waves are of different velocity in 
different rocks/soil. 

2. When they cross the boundary of different 
soil or rock types, the waves are refracted. 

 



Seismic Refraction 

Vertical Geophones 
Source 
(Plate) 

Rock: Vp2 

ASTM D 5777 

Soil: Vp1 

oscilloscope 

x1 
x2 
x3 
x4 

t1 
   t2 
     t3 
       t4 

Note:  Vp1 < Vp2 

zR 

Determine depth 
to rock layer, zR 



Steps • Waves are generated by inducing impact. 

• The wave so generated are recorded by device called a 
geophone which records the time of travels 

• Geophones are placed at fixed distance from the source 

• The direct (primary) waves travel direct along the ground 

• The other waves go into the ground and get reflected if they 
pass into  a stratum of different seismic velocity. 

• If the underlying layer is denser, the refracted waves travel 
much faster. 

• If the distance between the geophone and source is large the 
refracted wave reaches the geophones much earlier. 

• If the geophone is placed very close to the source the direct 
waves reach earlier. 

 

 



Seismic Refraction 
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Electrical Resisitivity Measurements 



Electrical Resistivity (ER) Surveys 

• Resisitivity rR (ohm-m) is an electrical property.  
It is the reciprocal of conductivity 

• Arrays of electrodes used to measure changes in 
potential.  

• Evaluate changes in soil types and variations in 
pore fluids 

• Used to map faults, karst features (caves, 
sinkholes), stratigraphy, contaminant plumes. 



Electrical Resisitivity 

Measurements 

What will be gained by changing 

electrode 

spacing? 

Depth of ER survey: 
i.e., greater spacing  
influences deeper 



Types of methods 
1. Electrical profiling method: 

• Also known as resistivity mapping method. 

• Distance of the electrodes will be fixed.  

• Electrode are moved as group, across the area. 

 

2. Electrical sounding method 

• In this method electrodes is expanded about a fixed location 

• The spacing is gradually increasing up to the depth of 
exploration. 

 



Electrical Resisitivity Measurements 



Electrical Resisitivity Measurements 



Electrical Resistivity 



Sub-soil investigation report 
• Report should contain the data obtained from bore holes site observations 

and laboratory results. 

• All relevant data for the bore hole is recorded in boring log.  

• A soil exploration report generally consists of following: 

1. Introduction, which gives the scope of the investigation. 

2. Description of proposed structured, the location and the geological 
condition at the site. 

3. Detail of the field exploration programme, indicating the number of 
borings, their location and depths. 

4. Details of the methods of exploration 

5. General description of sub-soil conditions as obtained from in-situ tests, 
such as SPT, cone test 

6. Details of the laboratory test conducted on the soil samples obtained 
and the results obtained. 

 



Cont.. 

7. Depth of the ground water table and the change in water 
levels 

8. Discussion of the results 

9. Recommendation about the allowable bearing pressure the 
type of foundation or structure. 

10. Conclusion. The main-findings of investigation should clearly 
stated. It should be breifly but should mention the main 
points. 
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Boring Logs 
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EARTH PRESSURE THEORY



OUTLINE

• Earth Pressure Theory

• Analysis of retaining walls

• Analysis of cut and excavation

• Analysis of sheet piles



LATERAL EARTH PRESSURE

• Lateral earth pressure is the force exerted by the
soil mass upon an earth-retaining structure, such as
a retaining wall.

• Following are three different types of lateral earth
pressure:

–Earth Pressure at Rest

–Active earth pressure

–Passive earth pressure



LATERAL EARTH PRESSURE



EARTH PRESSURE AT REST

• Earth pressure at rest can be evaluated using theory

of elasticity.

• Assumptions;

– Soil is homogenous, isotropic, and semi infinite.

– Elastic modulus and Poisson ratio is constant.



EARTH PRESSURE AT REST

𝜀𝑥 =
1

𝐸
𝜎𝑥 − 𝜇 𝜎𝑧 + 𝜎𝑦 = 0

𝜎𝑦 = 𝜎𝑥

𝝈𝒙 =
𝝁

𝟏 − 𝝁
𝝈𝒛

𝑲𝒐 =
𝝁

𝟏 − 𝝁



EARTH PRESSURE AT REST

• Emperical Relationship for Ko
–Jaky 1944,

𝑲𝒐 = 𝟏 − 𝒔𝒊𝒏∅

–Fraser 1957
𝑲𝒐 = 𝟎. 𝟗 𝟏 − 𝒔𝒊𝒏∅

–Kenney 1959
𝑲𝒐 = 𝟎. 𝟏𝟗 + 𝟎. 𝟐𝟑𝟑𝒍𝒐𝒈𝑰𝒑

–For OC soil
𝑲𝒐(𝑶𝑪) = 𝑲𝒐(𝑵𝑪) 𝑶𝑪𝑹



ACTIVE and PASSIVE EARTH PRESSURE

• Wall movement of around 0.2% for dense soil and

0.5% for loose sand required for active earth

pressure.

• Following are two classical theories of earth

pressure:

–Rankine’s theory (1857)

–Coulomb’s theory (1776)



Rankine’s Theory

• Rankine’ theory consider plastic equilibrium i.e.

shear failure takes place at every point.

• Assumption
– Soil is semi-infinite, homogeneous-isotropic, dry and

coehsionless.

– Soil is in state of plastic condition at the time of active and

passive pressure generation.

– The backfill soil is horizontal.

– Back of wall is vertical and smooth

– Rupture surface is a planar surface which is obtained by

considering the plastic equilibrium of soil



Rankine’s Theory

• Rankine’ theory consider plastic equilibrium i.e.

shear failure takes place at every point.

• Assumption
– Soil is semi-infinite, homogeneous-isotropic, dry and

coehsionless.

– Soil is in state of plastic condition at the time of active and

passive pressure generation.

– The backfill soil is horizontal.

– Back of wall is vertical and smooth

– Rupture surface is a planar surface which is obtained by

considering the plastic equilibrium of soil



ACTIVE EARTH PRESSURE

• Lateral earth pressure is the force exerted by the
soil mass upon an earth-retaining structure, such as
a retaining wall.

• Following are three different types of lateral earth
pressure:

–Earth Pressure at Rest

–Active earth pressure

–Passive earth pressure



RETAINING WALL AND SHEET PILES 



Retaining Structures

• A structure which is used to hold back a soil mass

is called a retaining structures.

• Types of Retaining structures:

– Retaining wall- Gravity type, cantilever type,

counterfort type

– Bracing in cuts

– Abutment of a bridge

– Sheet Pile/Anchored sheet piles



Standard related to Retaining wall

• IS 14458- Retaining wall for Hill area Guidelines
– Part  1  Selection  of  type  of  wall, 

– Part  3  Construction  of  dry  stone  walls, 

– Part  4  Construction  of  banded  dry  stone  walls, 

– Part  5  Construction of  cement  stone  walls, 

– Part  6  Construction  of  gabion  walls, 

– Part  7  Construction  of  RCC  crib  walls, 

– Part  8  Construction  of  timber  crib  walls, 

– Part  9  Design  of  RCC  cantilever  wall/buttressed  walls/L-
type  walls,  and 

– Part  10  Design  and  construction  of  reinforced  earth  
retaining  walls.



Types of Retaining wall

• IS 14458 part 1



Analysis of Retaining wall

• Forces to be considered

– Self weight of the retaining structure

– Live and imposed loads

– Earth pressure acting on the wall

– Water pressure due to water table/subsurface seepage

– Water pressure due to water table on toe side

– Seismic forces

– Special loads



Analysis of Retaining wall

• Requirements to be considered

– No sliding

– No overturning

– No bearing capacity failure

– No tension



Analysis of Retaining wall



Analysis of Retaining wall

No sliding

No Overturning



Analysis of Retaining wall
No bearing capacity 

failure

No Tension

To avoid tension the  e < b/6



SHEET PILES

• A sheet pile wall is an earth and water retaining 
structure which behaves as fixed cantilevers in 
resisting lateral earth pressure



FREE CANTILEVER SHEET PILES



CANTILEVER SHEET PILES IN 

COHESIONLESS  SOIL



CANTILEVER SHEET PILES IN 

COHESIONLESS  SOIL



CANTILEVER SHEET PILES IN 

COHESIONLESS  SOIL

• Approximate analysis



CANTILEVER SHEET PILES IN COHESIVE  

SOIL



CANTILEVER SHEET PILES IN COHESIVE  

SOIL



ANCHORED SHEET PILE WITH FREE-EARTH 

SUPPORT



ANCHORED SHEET PILE WITH FREE-EARTH 

SUPPORT



ANCHORED SHEET PILE WITH FREE-EARTH 

SUPPORT



ANCHORED SHEET PILE WITH FREE-EARTH 

SUPPORT



Braced cuts

• Deep excavation with vertical sides require 
lateral supports to prevent cave-in of the 
earth and to protect the adjacent areas 
against ground subsidence and lateral 
movement of the subsoil



Lateral earth pressure on sheetings

• Deep excavation with vertical sides require 
lateral supports to prevent cave-in of the 
earth and to protect the adjacent areas 
against ground subsidence and lateral 
movement of the subsoil







Types of sheeting and bracing systems



Practice problem







Active earth pressure by Culmann’s 



SLOPE STABILITY



Slopes
• Slopes are typically
categorized in two types:
natural and artificially-made
slopes.

• Natural slopes are formed
due to physical processes
that include plate tectonics
and weathering/erosion of
rock masses that result in
material deposition.

• Artificially-made slopes are
established to facilitate
infrastructure projects, ex.,
embankments, earth dams,
road cuttings etc.



Types of Slope failure

As per Varnes (1978) five types of landslide

movement can be observed.

• Falls

• Topples

• Slides

• Lateral spreads

• Flows



Types of Slope failure

• Falls

Falls are downward movements that progress rapidly and

may not be preceded by initial movements or warnings.

They occur when a rocky mass is detached from a slope

along a discontinuity plane that can be associated with

fractures, joints or bedding.



Types of Slope failure

• Topples

Topples are also failures that occur in rocky materials and resemble

falls. However, this type of failure is associated with a rotational

movement that occurs around a certain point located in a relatively

low position. Topples are controlled by a combined action of

gravitational forces that induce a bending moment and external forces

(e.g., weathering, water pressure, freeze-thaw cycles).

•

https://www.geoengineer.org/storage/education/2397/editor_photos/20039/Picture2_12.jpg


Types of Slope failure

Slides

• A slide occurs when the
shear stress applied along
a surface overcomes its
shear strength. The failure
may propagate
progressively initiating
from a local failure zone.

• There are two main types
of
slides: rotational and trans
lational slides.



Types of Slope failure

Lateral spreads

• Lateral spreads are deformational phenomena
caused by liquefaction, the process during
which a saturated soil (usually sands)
experiences loss of strength after a sudden
change in its initial stress conditions.



Types of Slope failure

Flows

There are certain landslide phenomena that take
the form of slow or fast-moving flows. In rocks,
there are types of slow movements that result in
folding or bending. Due to the fact that these
displacements resemble viscous fluids, they can
be characterized as rock flows.



Factor of safety for slope

• The Factor of Safety (FoS or FS) is defined as 
the ratio between the aforementioned two 
components, as



Types of slope stability methods

• Slope stability analysis is widely used in soil
mechanics and geotechnical engineering
through many techniques such as

– empirical approaches (ex., Q-slope, SMR),

– limit equilibrium methods,

– finite element or finite difference methods

– discrete element analysis.



Limit Equilibrium Method

• The most widely used, practical approach for both 2-D and
3-D slope is the Limit Equilibrium Method (LEM).

• The LEM method is assessing the stability of a slope by
computing its FoS.

• LEM differs from kinematic analyses since it investigates
whether the slope will fail or not but it cannot predict the
magnitude or the velocity of landslide deformations.

• It is an adequate method for most slope stability problems
but it may be insufficient in certain cases (e.g., in
progressive failures, liquefaction or creep) in which more
advanced numerical techniques are required.



Limit Equilibrium Method

To employ the LEM, the following procedure is 
followed:

• Definition of the failure surface

• Derivation of driving and resistance forces

• Calculation of the Factor of Safety



Stability of Infinite slope

• Cohesionless soil



Stability of Infinite slope

• Cohesionless soil



Stability of Infinite slope

• Cohesive soil



Stability of Infinite slope

• Cohesive soil



Problem 1

• Find the factor of safety of a slope of infinite 
extent having a slope of 25 degree. The slope 
is of cohesionless soil with angle of friciton
=30 degree.

• If it is made of clay having C’=30 kN/m2, ɸ = 
20 degree, e=  0.65 and G = 2.7 and under the 
following conditions (i) when soil is dry (ii) 
when water seeps parallel to the surface of 
the slope (iii) when the slope is sumberged.





Stability of finite slope

• A ‘finite slope’, as has already been defined, is one
with a base and a top surface, the height being
limited.

• The inclined faces of earth dams, embankments,
excavations and the like are all finite slopes.



Total stress analysis for a purely cohesive



Total stress analysis for a purely cohesive

Tension crack reduces the resistance length to AB’ so θ will change in θ’



Problem 2
Fig. shows the details of an embankment made of cohesive 
soil with φ= 0 and c= 30kN/m2. The unit weight of the soil is 
18.9 kN/m3. Determine the factor of safety against sliding 
along the trial circle shown. The weight of the sliding mass is 
360 kN acting at an eccentricity of 5.0 m from the centre of 
rotation. Assume that no tension crack develops. The central 
angle is 70°





Friction-circle Method

• Useful for stability analysis of slopes made of homogeneous soils. 
• The surface is assumed to be an arc of a circle.
The forces considered in the analysis are
• 1. The total weight W of the mass above the trial circle acting through the center of mass. The
• Center of mass may be determined by anyone of the known methods.
• 2. The resultant boundary neutral force U. The vector U may be determined by a graphical
• Method from flow net construction.
• 3. The resultant intergranular force,P,acting on the boundary.
• 4. The resultant cohesive force C.



Problem 3
• An embankment is inclined at an angle of 35° and 

its height is 15 m. The angle of shearing 
resistance is 15° and the cohesion intercept is 200 
kN/m2. The unit weight of soil is 18.0 kN/m3. If 
Taylor’s stability number is 0.06, find the factor of 
safety with respect to cohesion





Friction-circle Method



Stability chart method

• Reciprocal of the 
stability number 
is known as 
stability factor.

• Valid for 
homogeneous 
soils.



Stability chart method

• Reciprocal of the 
stability number 
is known as 
stability factor.

• Valid for 
homogeneous 
soils.



problem





Problem





Problem





The Swedish Method of slices for a cohesive-

frictional soil



The Swedish Method of slices for a cohesive-

frictional soil
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