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Empirical Correlation

d= eY3 Do 2= void ratio

Dis=effective size of the particles
he= <

d= equivalentdiameter of the capillary tube-

eD1s he height of the capillary rise in the tube2
c = constant - 10mm-SomuR

(size of the particles)

? 33 Is
Cay/silt) Very fine sand

sand and gravel
- E

->B
CaseI: OA =az, +Usat 12

=Prysoie
Case: Ox = Vozs+Yatest

Effective Stress Concept of Saturated Soil 
(Terzaghi, 1943)

· P

I

Ps = sum of vertical forces at the dothipoint of centre blow the particles
=Psx, +Psxc + Psxst... + PSXn P,

1= Ps + Pw =Ps + Ucote
where AW = cls area of rater along the plane AA

nw = bore water pressure
A = cs area of the plane AA

(1 to3%A= As= sum of als area at the point of contact blueparticles

A

*= t NAw (AwEA)
2 I
Id 21

5=P + Nw

, zz
v=0'+ Uw

of

5 = Usat Z -"-effective stress

On' = Usatz - Wwz =vZ ↳ This is not a physical parameter
3=rd21 +ZzW

'

Effective Stress Concept of Unsaturated Soil 
(Bishop et. 1960)

↑ a
pore air

-

8 = 0 Wa+ 1 (Ha-Uw) j↑= Ps + Pa + Pw soil suction n)
=Ps+UaAa + UwAw

solid particle I 81=

Ps + HaCA-Aw) <
Pore Water

t = Ps +ha-AwA Teriometer

5 =0'- Na Aw IMa-Uw)
#

D
Earth pressure cell ·x =y "T

Dry soil Vd
2 xc = rdld So <100%.

B syon S, Britointrins z WB =rd2d + z3WSv =100%
saturatedS soil Usat

A B(M) WA =Vd2d +zzV+zzWsat

21 Fullpreted Usat

X
wx =vdza + z3 + (zz+2)rsat

-

I



Total

8D = 0

6C = Td 24

GB = Vd 24
+ V23

5A = Td 29 + 823 + Rat 22

Ox = TAZA + V23 + Vsat 22-1 VsatZi

Pooiewatee

Up = 0 Uw
'
= -

§, how5C just above = 0
6C just below = Uw

'
= §, (22+23)8W

S = Degree of saturation
he = height of the location under consideration
from the ground water table
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Neutralstressporepressure
Up = 0

Ucabolle = 0

Mc below = -£, (22-121) rw

Up above =
-⇒ 228W

→=
-

UB below = -228W ;
\

Effective stress •

Ti

↓ ↓↓
neutralGp ' = Gp - Up =D Total Effective

6£ above = VdZd Stress stress stress

5C
'

below = idzd C- §, (22+23)Tw

6ps
"

below = Mazy -1 23T -1228W

6A
'

= rdzd
+ 23T 1- Zzrrsat

fix ' = ordzd -1258 -1 (22+2) Vsat - Zirw

Flow through Soil Mass

↑permeability is the ability that allows the flow of
any liquid Ifled through it.

Clay -> very low to low -> can be considered impermeable
-

&It -> low to medium impervious
sand-high se
Gravel -> very high
X Laminar flew

Turbulent flow ->Re <2000 <Pipe How)
Re XTS C scil)
Re & I

Re= DD
M

HeyMarcy_ 1-Density of third
v -velocity of fluid
D) - Average size of the particle

M-Dynamic viscosity isa1(

Hydraulic head
3
-

v = velocity of flow [heA &
-A he

r a I (hydraulic gradient)
---i

--

P

C

·i
3 vea ha

Ihi = E

2B

Assumed Daturn
S V

Total head = Paturn head + Pressure head + velocity head
/Elevation head) (piezometeirhead)
- 2+ ruh +Grneglected because belo city

of How is very small in stillmass
Total head at A = HA= LA+ hA
Total head at B = HB = 2B+hB
h2 = 2A-[B+ hA-hB



Darcy’s Law

v= velocity of flow [ha
rai T
v& ha i i= Hydraulic gradient
&

x = kiefficient of permeability /hydraulic conductivity
Rate of How = g = VA

= KAT
4= Discharge velocity: superficial velocity.

↳9-XsAx (4s=actual velocity/seepage velocityis

is ==
Total volume of sail= I
volume of voids

2

vs=
" (2= porosity)
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Effective Stress under Different Flow Condition

No Flow Condition

Downward Flow Condition

Total stress Porewater effective
pressure stress

a-

*
^
✗
2 '

"
'wa

22
"! "at" ⇐ +22MW ZV

"

I
×

Twa -1%-22 ( 21 -12218W 228'

Total stress porewater effective
pressure stress % _

- i

% A

a↑¥É¥ᵗIz^✗ 2 ' \ ""

Zz
"! µ? -1%-12)% er 't izrw

TI
✗

Twa -1%-22 ( 21 -12218W 228'↓&
Downward

flow Zf=Z -16'bak∅

Quicksand Condition  (Sand Boiling Condition)

Upward Flow Condition
Total stress porewater

pressure
effective
stress ¥ .- i

a

"

÷ ¥ wa

z, ! µ,z+q⇒y% a. + izrw

×

#pward 8W? + Bet 22 (21+22) Tw 228' - WWI zzr
'

_µz,)zzrw
flow = 228

'

_ czzrw

^
a

Effective stress becomes equals to zero .

228
'
- izzrw = 0

* i < ice → safe

> Iet = ¥w at i ≥ ice Too unsafe↳
Critical Hydraulic Gradient

Factor of safety
-_¥
exit

3D Flow Equation

V2

"

>
"
y -1%1 dy

un
^

> > "n +Janda
Assumptions • d- >

C) Ioiis tally
-

siituratedd Darcy 's law valid
"

dy

(2) Soil is homogenous and isotropic
"
I ax

(3) soil solids & the pore fluids are incompressible k+%÷az
(4) Flow conditions don't change with time
( steady state How conditions exist)

Amount ◦ f- INater entering into element per unit time
q: = ✗ndydz + "ydndz + llzdydx→①

Amount of water leaving the element per unit time

9out-HK-afzzdxjdyd.is -1 ( ✗is + %ˢdy)d✗d- + (V2 -10¥d) dydx
→②

Assumption ① d②, From egʰ ① &②,
⇒ (¥z + %ˢ + Jd☒did≥ = ◦→③



Homogenous Condition

8¥ +0¥
,

+ 0¥ = ◦

Kx , = KNZ = KK} = - - - - = Kzn

8¥ = kn÷.
0¥ = Ku h

dy 0T£

:÷=%÷
}

⑨⇒ kⁿ8÷. + "0¥. + '48¥ . = ◦
Isotropic KK= kg = Kz
⇒

8%-2 + %! + ⇒ = 0
Laplace 3D Flow Equation
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Velocity Potential Function (Φ)

Stream Function (Ψ)

8¥ __ →a

- = -112

8¥ -10¥ -_◦ ⇒ 81*-1%4--0
↳ Laplace Equation in terms of ∅

8-31=-112
8¥ = be
I

8-31=112
8¥ -=

- "a

-71 .
ʰ $2

'

$3 dq=Vkdz - Vzdn
= _⇒dz+dYd✗-0k

Stream
V2 [ line = 04

Ya
>V dz

pd¥ᵈ
≥

DX
d2

↳

F Equipotential lines

Flow Net

Flow Field

slope of line =

dz=d =
- <2= I
- Xz

&t
Oz

slope of 4 lineoft => -
Xa

ou

A grid obtained by drawing a series of equipotential lines
& flow lines orthogonal to each other.
uses?

4)Determination of seepage loss from Reserver

C Determination of seepage Pressure a upliff Pressure
Determination of exit gradient to check the possibiCity
of piping failure below dam or structure.



* structure

D

±
→

[
Earthen dam

=
r
z ↳I

>
↑

Foundation D- → →

↳
→ →

→ →
?

%
[

Earthen dam
Hydraulic
gradient

≈ Sheathes 5200mm

I 1 I 1 I 1 I 1 1 12

Rock Bed
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Di

Flow Path
*2

Nf = Nr. of flow paths Y ps

Md = No. of potential drops
i

Ih= head loss) potential drop ACT L

H =Total loss of had blu
b

entry and exit point 42

= (Ah) Nd Y
Field

Aq= the discharge through
one flow bath

its
=

KiA

=kh(bX1)
44

= "() (Md =dn - 1)
9 = Fotal discharge through the flow space
= kN+(t) = KHMR (b

=l)

v 'z

v2 + 12Nw

v'2-izVw

seepage force/vo. = (ZA = inc

2py

Construction of Flownets

Prepaid :

(1) Equipotential lines & Flow lines are orthogonal to each other .
(2) The flow field should be approximately square .
③ The curves should be smooth ( Parabolic / Elliptical)
(4) The size of squares should change gradually from entry to
exit point

e
sheet pile nail

>
-

Equipotential It Floral line

E A

D F-

I 12

2 2

ʰ

, ,
=É

33 10

9--191140-4A &
-

s

6 >
8
°

Md= 12
Flow
line

/% / i r i r r i
i r i , , , ,,

" All these fields
Impervious layer should be approx .

square shaped .

Flownet for Discharge Calculation through the body of Earthen Dam
just point of LA. Casagrande parabola = -directrix

equipotential
line

(phreatic line)
⑧

top How line (parabola)

4 Equipotential

-

(lj,H line

·

"

↳
Imbervious layer

E F
ilter

Bottom flow line I I
E E

S S

=z + 5

Arc = XF
P. F= H9 (unit length of flows

/2
9 = K2z = 11 => 2 KS

152+25x)
"2
(5 +225)

FP =W12 = P9= 4+5
=>z

=(22+s"+24S-224)
12
= (52+22s)

"

d2 = S
-

dx 23" +22S) "2



Coefficient of Permeability of Stratified Soil

hel
91 21

&2 22hi***as 2

9= 91+92+ 93+.*9n
L

kiA =K4A, + K27zAc +
·... fkn In An

12 = 1121+ K222+. 0+ K42n

K = 1121 + K222+..0+ Kn2h
2
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4¥
* ± A = qs area of flow

ke ?
q = 4 I -

Z
2

2
23

of = q , = 92 = 93 = 9h
24

¥ h= Total loss of head
=he +Lz +↳ + .

- then

F-1¥ = 192¥ = kzh÷=
- - -

= Knbr
2-

⇒ hi = 4¥ , ha
= 4¥ , . . ,hn=¥9

h= he +hath} 1- - - tha

% = "¥
.

+ ¥÷
,

+ - + KEE ⇒ k=
2

E. +E.+ . - -+¥

Flow through Anizotropic Soil

Knoth - Kz &h ->o K22FKz
&OR2 822

C
equation is not satisfying och toelaplace's condition

oh=>fr+- -

o- can = (wa022

Ken

=> oh + Ott =0-B-

Oz

Eq"B represents flow condition in an-1 coordinate

2.
A 2 A

☐an -_(¥z)☐a
Dz k2↑

→'

gz - year
-

→ '"
-42 > a an

DN Dan

Actual section Transformed section
(anisotropic) (Equivalent Isotropic soil)

Dq = Kn DIAZ (Anisotropic)-⑨
AN

Aq = keqgge.AZ
L isotropic -50

Equating ⑧ and⑤

KnA¥nDz = keg AH Az ⇒ keg = kxkz
Fan



Unamir otoopic& $2 $3 ☒& Anisotropic sore

4%9 ↳

42 "

3

/

Ya
e- ÷

C '

En )
There is no change in vertical dir " length

There is change only in horizontal dir" length

* th few cases
,
Kz > kn L loess )
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5m
a

9 = Ks coma ## 12mit.÷
.

D= LB - Lf -0-7L
° '"

t
zone

>

✓ 22-1 22 =

z -1s
.

← Dir
"

[
"" ""

"

" .IE#...
⇒ S = 22 -122 - N

a

When 2C=D
,
2=11

.

' →

n.EE
-

S=( 122-1112 ) - D Di
↳

"¥

Flow through non-homogenous soil

D = Angle of intersection De
of streamlines at the interface 42 9

P
↑2

92= Angle of deflection of
S

P3
stream lines at the interface KI B Pa

⑪
b)s

AB = ks DL CD9 = Kfrtel (EB)
*d2

*

"
4

Interface between 42
>
a

two layers
=>KAB = K2*

AD

=K, Aan0 = 12 tanOz

=>1= K2 tanOz

tanO

↳ How not can be drawn

Design of Graded Filter

> used to permit the flow of seepage water without allowing the
movement of $oil particles .

prevents the erosion -1. piping failure of soil
mainly of coarse grained soil 1 sand & gravel)

criteria Free draining soil
(1) Disc FilterMaterial ) < 5

Dss (ProtectedMaterial)

(2) 4 < Dis (filter) < 20
☐ is (protected)

(3) Dso (titter) < 25

Dso (protected)

(4) The grain size distribution curve of the filter material
should be approximately parallel to aso curve of protected
material .



Compaction

A
Protected Material

% finer §[ filter material

>

particle size

Dry condition Yd= Wdrysoil00500 "

☐ Y=Yd=W¥ Y= if088
r

P- R Proctor ( 1933)

standard Proctor test v
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^
- - - I

✗
\ ×

Yd

✗ I ×

1 OMC- optimal Moisture content

i
>

w( %)

Samples Wi WZ W3

U=w×-
Vd=Y_

I-1W

e- a;÷ -1
Theoretical mass unit weight
(5--1004) Ydmax = 41

It WG /Sr

no = '¥
Ydmax = C-no) qyw

-

It WG
5.to are valid line

,
951. saturation dine

0.957Wh

0.95 +wa

light compaction : - Compaction of backfill material behind

retaining walls , foundation soil below lightly
loaded structures.

Heavy compaction :
- Foundational soil below heavily loaded structures

- Airfield, Dams .

Standard Proctor Test to simulate the light compaction condition
of the field
for heavy compaction ,Modified Proctor test used .
MPT - size of mould same as SPT ( standard Proctor Test)
Wt . of hammer= 4- 89kg tho . of layers = 5

Height of drop = 450mm No . of blows = 25
Cdiscood)

sieve ↑

20mm Retained

4- 75 [ 720%) if yes [Mould = 150mm)

[ No - of blows = 56 ]
Compactive Effect

It is defined in terms of compaction energy per unit vole .

E = (No . of blows per layer) ✗ (No - of layers) ✗ lwt . of hammer)

V01. of mould

Parameters affecting the compaction of §oil
② Water content

(2) compact've effect
② Types of soil
④ Method of combaction



> low plastic silt÷⇐÷:::::> 101N plastic clay

>
w %

Yd ^ sand 100% ✗aturatioh

Ydmax - - - - -
- - -e

<

maxm Bulking
> Questions for midseen

Bulking (4-5 %) W L -

1.)

[
neoriticd Questions }Numerical
Derivations
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Bulking of Sand
sand
w

rd
N 100%

O If saturation
rdmax----

~
- Thead 201%)

The increase in volume of sand with increase in M.C.
at a given compactive effort.

=Development of capillary tension in the pure water.
= This capillary temish offers resistance against the
compactive effort. These, instead of decrease in volume,
the volume of sand increases.

R Generally we get max. denity at this 100%
saturation point.

WL - WA
ID = emax - e

we -Wp
emax - Emin

>
Used to define the denseness of sand
loose < 35 %
Medium dense (35-70)%
Dense 770%

ran
50

30

* Different kinds ofRoller 4 their
No . of blows ↑

compaction sands /
I >w(%)

Method of Compaction
11) Rolling Action
(2) Tomping Action
3) kneading Active WI :SEx a

-

> SVibrating Action DrY Wet I
20% vC

Placement Water content or Mais Hire content

*Dry of optimum (W) ame

R wetof optimum (w>0mc)



→attained
at the field

relative compaction = %dˢ↳ obtained from tab
90 to 95 %rd = Ftw ~

*Proctor Tensile → * calibrator charge! /
←

f) M consolidation d- soil

sand claysaturated

Dry soil ⇒ settlement occurs due to compression of
air removal of air.

Saturated ⇒ There is no air → tauter will flow in
lateral dish tool ofits tendency .

* tinted
* DPC ⇒ Damp pressure course ! !
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Consolidation

Seepage Flow :
Transient Flow :

The process of change of volume of soil due to expulsion of
water under transient flow condition from voids which

occurs on account of dissipation of excess pore water pressure
under sustained / constant static loading .

as* text'
✗

he = hrw

¥I÷Cla

Us = Twhw

Sand

Spring Piston Model (Terzaghi, 1922) Isochrones: These lines are called isochrome,

t= = space between

Aw springs filled
x With Water

S

Smaster
cyliederical

vessel

(1) Immediate after application of loading, there is no compression in
the spring. Thus, the total load B carried by the water (t=0)

UC = DW = hrw

(2) With the passage of time, the water is expelled from the cylinder
and the load is transferred to the springs.

(3) At t is very high, he to, all the load is carried by the spring.

Degree of consolidation = DIX 100
DH

Dh = the deformation/compression of the spring at any
time

'

t
'

DH = Total " / it at end of consolidation
.

Ah
50 - GO years
→

DH

B layers
3 structural

load .

Just before loading
Do Ia

6 = ZTsa.it Us c- Zrw

5
'

= 5- Us = Zrsat - Zrw Bat

Immediate after application of loading
6 = Zrsat + D8 Us = 28W He = hrw = D8

6
'

= zrsat + DX - l Us the)
= 28sat

- ZTW



Consolidation

At the end of dissipation of excess pure water.

~Usat < t DO

Us = Vw 2

He = 8

5' Usat 2 + 3w-v2

The change in volume of soil/consolidation depends in the effective stress
on soil due to dissipation of excess pure water pressure.

(1) Immediate consolidation (coarse grained soil (
(2) Primary consolidation

(3) Secondary consolidation

* = Usat2+ DO

--
↳z, 33 3o= Usatz + AW

/ (UstUe)
N "It
*Usat

=rsat- (US = Uw2)
18

5= Usat 21+15-14s+Ue) R Total stress remains cett.

8 = Usat, 21 + 12
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(1) Immediate consolidation - Sand( coarse grained soil )
(2) Primary consolidation ↳ Immediately all the

(3) Secondary consolidation
→ MY water will drain out

[Fine grained soil
time Also called Ctp consolidation

Degree
of primary consolidation

consolidation
(change in effective stress

100%
✓

e-

* secondary consolidation occurs due to plastic readjustment of the solid grains
once the primary consolidation is over .
* Effective stress remains constant .
* Also called Keep .

* primary
consolidation occurs due to dissipation of excess pore water pressure

to

¥4 Story

Building Demolished Building 2 Story
Building

NC OC

vc

Depending on the stress history, the soil is dividedinto

(1) Normally consolidated : The soil in which the present

normal effective stress is the maximum stress It has ever

been experienced in its stress history . ( The consolidation

is already over at Ine present state of stress)

(2) Over consolidated : present state of stress is

deers than the maximum stress it has - . - - -

③ Under consolidated : The soil is yet to consolidate

under the present effective stress
.

* In over consolidated soil

en
e ✗Is 0 ' OCR> I

* In Normal Consolidated Soil

e.
←

•
Recompression curve OCR=L

Initiator

mioaai
, ¥:¥ÉYⁿ

common.name ,
Normal consolidation curve

curve

>
66 610

@
\

OCR= Over consolidation ratio = 5C '

5 '

6
'
= present effective normal stress

Go
'
= pre consolidation effective stress



en en
[ slope remains csmsltif it is a st . line

a

← straight line

Eo Recompression

De\
. Toi

et Siaeellinghine

> 3
④ Ot

Ing I 5
'

change in Homme of soil = Change in volume of voids .

coefficient of compressibility Cai,) = - Ae
To ↓

coefficient of volume compressibility (Mx) = DI 1-Final✗◦Ume
initial wame

V0 D8'

pot "◦ ids of Voids
= [✗f- Vxo) = Ef -%4¥ =

""f- ""◦ =

"s ( Ite )↓ ④ + Kio initial

Total initialvolume 16 void ratio

volume of
the'tial volume µ + ""°) "

final
said

of voids 4s Void ratio

m"=¥e◦¥=,¥e
.
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change in
ht

•÷=¥e⇒☐ñˢ ⇒ ¥
.
__•÷

HA
↓

Change in height before loading
me

◦ ÷.
⇒ mv=

=) D- It = Me, H D8
'

slope of NCC = Ce = De De

Compression Index) lh( of
'

)
=

ln(A'+ Do
'

)
of

' 50 '

4¥ = ¥4. ⇒ DH=Y,⇒◦ln( A' +Dr
'

or
. )

Dial
water

y
load

②
Gauge""" ""

[
" "

"ʰ"""ⁿ
to + AH = 11

◦ "" " mm %
6-25 I -15

- z,
24-5 mm

25

so increase - a [ n
=

•r.us

/ ◦ °

Imm
"

Drainage
stone

200

400 -25mm
20° @= ,¥=

Ho -HF
"•ᵗhᵗ # •• said

100
- 22 -5mm → G- z Hs

so

"""

www.m.a.ammmg.m.w.am .

µ , , ,⇔,
,

solids

unit wt.ge soil solids

his = GYWHSA

Hs=q%wa- = wd_arwA

AFTER

MIDSENI

Solution of one dimensional Consolidation Equation
i

:÷= careV2
@22

y u

→ ✗

" = "• •" """ """"
"¥

%
¥
"

at any time 't
'

at a sand

dlfslh
'

z
'

.

A ^
2

""*
:-. .¥d

CK = (¥ ) kz
an Zv

centre of ×

clay layer hand

(1) t=0 , Ui = Ue lsame at all the locations

(2) b-= • , He = 0

(3) t > 0

Where 2=0 Ue=0

2--11 Me __ 0



Using Fourier series expansion & putting the boundary conditions .

A- a 2d

he = -2 (at f.uisin(n÷)ᵈysiⁿ(I÷)•P(ñEa) where nisan integer.
7

n =/

① n = even 1- cos na = 0 ⇒ He = O

n = odd I - cos n -4=2

Putting the above conditions
n =D

he = E ZE 4- cosma)sin(z)e×p(-nT£aᵗ_)n=l ME

Putting nn=2n -11 ,

where m is an integer .

Ah =D

Me = m?{m÷,, 11 - cos on -111T) sin (22+1)/-12 exp [- czn+¥I"
" = %

2d
M=N

= I ZU,
m=o mi sin(MI) expC-M2Ty)

D= H ( single Drainage
M = ( 2n -11) -4 D= H/2 ¢Double Drainage)
2-

,
Tx = = Time Factor

d2

↳ constant

D=distance of drainage path = the maximum distance travelled by water particle to reachthe free drainage layer

Aman Kumar Singh \ IITK

Degree of consolidation at any depth ‘z’ at any ‘t’ 

U = excess pore water pressure dissipated =

DµU÷=Uiµinitial excess pone water pressure
= DI

'

= 1-

Yei
ui

AE
'

= effective stress transferred to the soil due to dissipation

of excess bore water pressure = Due

M=D

Ulzit) = I - I
m⇒

Tu sin(%-) exp (-1×12-4)

Ulzit) = L - f-(2) flt)

as
sand Ui

2 0
A ◦

0-25 Tv= 0 - I

Tv=O
d as

0.75 Ty = 0.5-5 Ty = 0.9

↑
* - - - - - -

To-•

2-=L
d 1.25

d l - s e
n

> e >

1- 75

Y 1

gana
z ◦

'

u= , _ we
b.s

0.25

Ii

(Double Drainage)
'
excess pore water pressure

yet to dissipate.

Excess pore water pressure

dissipated for Tv=0 - I

Average degree of consolidation of a layer

nax= Lvidz- fluea

I nidz
y

Javidz= Area of isschrome under initial excess premater pressure

J44edz = Area of isschrome under initial excess premater pressure
at any time i

Tx = 0
'

ESI He

D

Ty=N

Max=c-moe exp-Mce
B

C

Area of DEC/ Hax = f (Ti)



HeE) lab sample

100 PKa

^ am

a µ
Tv --c¥-

4m
Is

② ≤ VK.gg
Ht / way
✗ ☒

Sand pile

Field tf - time required to attain a certain
degree of consolidation =U%

The Lab = The field te= 11 " " " "
"

Chlef- Cu field
"

i ' Ii atfild-U.to

de = drainage bath at let [de -_ Hc for single drainage , de -_ 1142 for doubledrainage)
df= n V at ft.lld(df=Hf for " 11

, df=HH2 "

! )
Oc

Go
'

Gi INC) +
,

so
'

-1 Do
'

Go
'

Gc
'
(OC)

= ↓

A' + D8
'

< Go ' £
A ☐H=÷ log,◦(ñ£)

so
'

< oi <Go 1 Do
' &
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millpoublfuleg
"

¥z=d¥. ⇒ 7- = ?

☐" = log , CÉ)+Y÷l◦gi◦@
'

+ • )Ge '
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Extrapolation of field consolidation curve from lab consolidation curve 
( Schmertman, 1955 )

en
en

a

& ¥
"

od
'

a

Field eo ↓
constant Reloading is

c¥
lab curves

"

increasing
0.42 @◦ din the degree of disturbance 0.42k whᵈ°ʳʰÑ \ 'd ← Field Consolidation Curve

:

> log.io
'

>
i.e. the slope of NCLCCE) is decreasing .

ab /Icd

The deformation / volume change due to consolidation has two aspects : -

(1) The amount of volume change Neill occur.

② How long will it take for the volume change to occur .

8 Depends
(a) How much stress is abblied i.e- loading condition .

(b) How much soil is affected i.e. the zone of influence
☒ How compressible is the soil i.e. the property of soil Ccc) ⇔

^ •

Irs
way

→

Depends on &
(a) Amount of volume change d-o outer

(b) Number and location of tree Draining layers . liquid limit

⑨ Permeability of soil i-e - property of soil . of ma

%§ Engineering property ofsoil Cc = 0.007 CWT -10) [Removable soil sample]
Cc = O

' 009 (WL - to] [undisturbed " " ]

we - Liquid limit ofsoil

Shear Strength of Soil

Frictional Resistance Concept

soil derives its shear strength from the following:
1)Resistance due to interlocking between the particles.

2) Frictional Resistance between the particles (sliding friction, Rolling
friction, both)

3) Cohesion (Bonding) between the particles

BIOCR

Y
Rough surface

FA
⑬ F= Available frictional

resistance
N

IN
T FR = wm = Wtan 6

J=angle of friction at the interface
R

C
-

FA

&= Angle of bliquity amax =P
when FA=FR CC is maximum += Angle of friction in soil mass.
wtana = wtans Applicable when the soil is purely frictional (c

=0)
a=f



Consider the following state of stressTx is clockwise 72xz = tye

ex2 plane er -C
(wx,exz)

Lon,t)
xplace or

-x I ③ Lane ⑪I a-plane major
-> (-x vertical

↑lane
L

3 principal

↑, 2x2 7 b-e
x-plane 62 53

r O

L (52,exz)⑧ I((z-plane
Let 52>5x

miner P or horizontal plane
2

principal C
plaze

Pole on Origin exz n anticlockwise,
of Planes =>exz = -x2

Clockwine- the·

using (x,ex2) and (52, ex2) the pole p [ 3&

us located in the Mohr Atress Circle Anticlockwise-- be

·From P, the line can be drawn to find out stresses at any plane

er On, Imax Lane of
er

222max max sheer

& fa ⑪I # &

entero Ops

-

e

SmajSEET UmaxFir.YFnFor IntI > a > a ow)
-

Op,
↳

(((( · ((((
D =LB - 10 - 0.7l

s =rDz +F - D
Op,Ops- inclination of the majorand mine

principal plane from the horizontalplans ↑
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Frictional Material ( Sand, Gravel )

=>Normal stress
It = rand (moury theory, 1006)
↑ ↳Angle of frictizer

shear stress of sheer strength
failure of the material

ex = c+ stand (Coulomb Theory, 17<6)
Ecocesion of
material

↳<ma <amax
ea

I C.> o &
2

*
o

I

1p
=Cmax

(v+,z)
Stability ⑧

-

a
Y

> > a

ast N

If-wand
CFrictional material)

I and I are the shear strength parameters of the soil.

Mohr Coulomb Failure Criteria
-Actual failure criteria is curvilinear

21 =c+ rtand - Linearized.

Mohe-failIve
a -N envelope
2 to decreases curvilinear

->

b
e =c+ rtant-

#

. . c
& - x

Actual failure * *
criteria =

CLAY -

- so
a

c+0,0=0

7

SAND, NCCCLAY
c=0,tFO

with increase in nourial stress 2)
T
c

S

· bu with in normal stress
· Men's circle shifts and hence the yield time also esuvergesto
·

p is decided based on the arrange in the actual field condition.

for lower (83,W), P is higher ishigher
overestinates the strength

· cd t are not inherent property of the material.
w A
ina strength parameters depends on a loading

of theevil. drainageto saturationon
moisture content

-> EXTRA NOTES

2
&

In real life, angle is always half
D
-

MAT+ +S + $12

ofxatotois w MINf *so- p/2

#sinp=tan(ts+pr
1-sind

= tan"(ts -)-

w =ub)gnd)+2 #ind 3
Itsind

I-sind Relationship bla
1-sind ⑦, and 53us =x(in) -20 Find

*H2, and by are known, and any plane As inclined to angle to the dirt of major
principal plane, the normal stress and shear stress 'e'

-- (s) +((s) 10,20

e= t(s) sinzo
* The rum of principal streets on mutually perp. plane is cent.

e+ -x= Ox+x2= mst -



->EXTRA NOTES

->Determination of 14 from p-g plot
q

tanB= sint
N

9=x-53
↑

4 = sin"Stanp)
I

[Ez=(ows] sinp + ccopd
I Sp ccosd =aq

-> P

q
c=

cfort p
=

x1 +w3
-.

2

↳Wil ↓-012

-> Let Md = Fiupheen - F - --532531

↳ - 2 - E

two ep" + two unknown Np, c
↑

I ↑

WI=0s,Np+2coNd d1z= w32Mp+2CUTIb
-O -D

=>No and I can be found out.

* Drained # DV = 0
NCC soil

N

-

undrained Auto CFailure
plane

xp = p'in case of drain test 3

p =0 in undrained test c=0,

*Fo
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Tests for determination of c & Φ

1.   Direct Shear test
2. Triaxial Compression test
3. Unconfined Compression test
4. Vane Shear test

N

streetcommonto
contours

strain
oPeak Strees Post peak behaviour- No limit for

Peak strees &It can have more than 1 peak)
strees * o

->majority ofmachines~ are designed for
strain controlled tests.

> I

Strain strain

stress controlled Test (stress is applied at a constant rate)
strain controlled test (strain is applied at a constant rate)

we can keep only one
thing fix and the other

proving x P ↑ moving
->Ring
->=. =. ====

Failure Plane

-< =F--

Dial hange cou

↓ex =23
-On = N1 *major principal plane

Initial Condition *Pole
e

=>d, ex 3 = x x = wn

(b
x(0,2) = On miner principal plane

*
At any intermediate miner

(ex,e) x
Pole

principal
plane O

3 da,"Mostmajor
principl

plane

7

5383 dx On d,d

Con,e)
(8,e)

&Fairhus Place is horizontal
& Distribution & stun n.D.

⑧

Direct Shear Test

shear Em? - - - -
stress
=

N-otshearc.mu- - - - -

5--200 kPaastrength qma,- - - - - 6=150 kPa

5 = 100 KPa

> S

Horizontal Displacement /
Not

Shear Displacement ( shear strain)

✗

A 6×1-62
) $

2 ✗ ✗

^

% En >
on%

Normal stress
°
'



Triaxial Compression Test
61=63 + Gd

Application of Load CTINO Stages)
>Application of confining pressure/ >Application of Differential stress

Test stage-1 cell pressure /All around 11 Stage-2 (shearing ofxoil)
(B ) ( No ✗hearing)

( od )

UU Unconsolidated Untrained

( Drainage valve remains closed) (Drainage valve remains closed)

CU Consolidated Unchained

( Drainage is allowed) (Drainage valve remains closed)

CD consolidated Drained

( Drainage is allowed) ( Drainage is allowed)

UD ✗
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In clayey soil→ cohesion

sandy soil → No cohesion(generally)

e)①⑧ ↑. "
- 6

63
'

63 6
,
' 5

,

Fully saturated soil

1.00C '

^
^

' soso.io,

75

Partially saturated soil

NC

150hPa
i.

↓

i. °ᵈ^

,◦◦kpa
Back Pressure is abb lied to

i ideriatomic saturate the soil through the

drainage pipe /a separate pipestress

kpa is connected to the soil sample .

T.%aa-r.in " Back pressure < confining Pressure
C
, ∅ 6kpa 10 KPa

= 25

Mohr coulomb valid for temp ( Tam course

÷g =
◦-s . gag

= 0.9

Nc -77

DU = 2 Koa lightly 0
"

0-9=-3
= 114W 042--6experienced = hea,!É_Ff = Bf +Gdf Opulent

¥ f
~ applied confined

"
"

ᵗ
" °
"
"

"
"^

Xp
*" "•

51g =
63 f - Uf

>
g. 1 .

#NOTES

isage Instage

Drainage allowed volume change allowed

Drainage not allowed volume change not allowed

C YWr = (se Yw =9.81KIV/m3
-8se=wH

ra -- Dux unit weight


