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Unit-V: Effective Stress Concept
Total 3Hrs
Topics-
 Principle of effective stress, effective stress under

hydrostatic conditions, capillary rise in soils, effective
stress in the zone of capillary rise, effective stress under
steady state hydro-dynamic conditions,

 seepage force, quick condition, critical hydraulic gradient,
 two dimensional flow, Laplace`s equation, properties and

utilities of flow net, graphical method of construction of
flow nets, piping, protective filter.
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Effective Stress Concept
 Capillary Action
 Zone 1 – It is in Hygroscopic

condition. If degree of
saturation is given then Bulk
unit weight should be used and
is degree of saturation is not
mentioned then this zone may
be considered dry

 Zone 2 – Capillary zone – due
to suction effect of soil this
zone is in capillary water. The
pore water pressure is negative
ie Hydrostatic tension or
capillary tension. If degree of
saturation is not given then
this zone may be considered
fully saturated

GL
Zone 1

Zone 2

Zone 3
GWT

Pore
pressure

-ve

+ve

Zone 3- Submerged Zone –
Below GWT pore pressure is
hydrostatic and at the GWT
pore pressure is atmospheric
and at any depth h below
GWT pore pressure is u=hγw
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Effective stress Concept
 Total Stress
 Under geostatic condition total vertical stress due to self

weight of soil is equal to total weight/total area of c/s
 If uniform surcharge “q” acts over top surface of soil mass having

infinitely large area then total stress at depth z will be

 Pore Pressure
 If soil is flush by water then at any depth z below GWT, pore

pressure is hydrostatic. Under static condition pore pressure
is equal in all directions hence vertical pore pressure is

 In this case pores are fully filled by water

zqx  

zu wx 
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 Effective Stress
 It is grain to grain contact pressure which is transmitted

from one layer to the other layer. If soil is submerged
then due to +ve pore pressure grain to grain contact
pressure is reduced

 Note –
 If uniformly distributed surcharge is applied on a soil

mass in which water table is at Ground level then there
will be two effects
 In short term condition, the applied surcharge q will be taken

by pore water hence total pressure and pore pressure both will
increase by q but effective stress will be Unchanged

 In long term condition in which drainage is permitted water
will flow out of the pores hence excess pore pressure will
reduce therefore due to applied surcharge total pressure and
effective pressure both will increase by equal amount

xxx u '
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Seepage Analysis
 Seepage force is the drag force exerted by the water on

the soil molecules which always acts in the direction of
flow. It is due to viscous friction offered by the water
into soil, seepage force at any section is directly
proportional to Hydraulic head which is the head loss
through the length of soil to the downstream of that
section
 If flow is vertical, then it will either increase or

decrease the effective stress between particles. Hence
net effective stress will be

sp
+ when seepage flow is downward
- When seepage flow is upward
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 Seepage pressure at
1-1 is
 Seepage pressure at

x-x is
 Seepage pressure at

2-2 is
 Let area of cross

section at 1-1 is A

 Seepage force per
Unit volume

ws hp 

ws hp '

0sp

ws hp 
ws iLp 

ws if 
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Quick Sand Condition
 Piezometric head at 1-1 = z+h
 Piezometric head at 2-2 = z
 Piezometric head difference b/w 1 & 2

is h=hydraulic head, due to hydraulic
head seepage flow will occur in vertical
upward direction.
 The net effective stress at 1-1
 If net effective stress is reduced to Zero

then hydraulic gradient is called critical
hydraulic gradient
 For sands ic =0

Z
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Quick Sand Condition
 If seepage flow occurs in cohesionless soils (sands &

fine gravels) in vertically upward direction then a stage
may occur at which net effective stress b/w particles
may become zero under such condition cohesionless
particles will start floating and may flow with the
water in upward direction such a condition is called
Quick sand condition.
 If quick sand failure is to be prevented then the

Hydraulic gradient should be restricted below critical
hydraulic gradient
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Methods to prevent or minimize piping failure
 By increasing the length of flow
 If length of flow is increased then hydraulic gradient

will be reduced
 Provision of inverted filter/graded filter
 Protective filter will permit movement of water, but no

of solids
 The design of protective filter is done according to the

following guidelines

 This condition ensures that no significant invasion of particles
will take place through the pores of filter
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Methods to prevent or minimize piping failure

 This criteria ensures that though there is significant head loss
through the filter but without measure seepage force. It also
fixes the lower limit size of filter material

 This is additional guideline to design the voids to prevent the
entry of solid

 If a single filter material does not satisfy above
condition then multilayered graded material may be
used
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Flow net
 Flow net is graphical solution of Laplace equation. It

represents the graphical representation of energy flow
through a flow field. Flow net consists of equipotential
lines and streamlines which intersect orthogonally
 Assumption in the laplace equation
 Darcy’s Law is valid
 Soil is homogeneous and saturated
 Flow is 2D
 Flow is laminar
 Water and solid molecules are incompressible
 Due to seepage flow there is no change in volume of soil

mass
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Properties of Flow Net
 The equipotential lines and streamlines always intersect

orthogonally to each other
 The 2 equipotential lines or 2 streamlines can not intersect each

other
 The flow fields are approximate square when soil is isotropic but

if soil is non isotropic then flow fields may be rectangular
 The square may be Linear or curvilinear

 The head loss through each flow field is equal which is called
equipotential drop

Nd =No. of equipotential drop
 The discharge through each flow channel is equal which is equal

to difference in stream function

dN

h
h 

fN

q
q 
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Properties of Flow Net
 The flow through any flow channel remains constant hence

continuity principal for a steady state flow can be applied
between 2 points in a flow channel
 Consider unit depth of flow

 In convergent flow fields the hydraulic gradient is maximum at
exit (the size of the flow is min) hence the hydraulic gradient at
the last flow field is called exit gradient which should be smaller
than critical hydraulic gradient

 For a given flow field, flow net remains same if direction of flow
is reversed. It means flow net doesnot depend on head difference
but it depend on boundary condition

constbvbvbvbv nn  332211
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Application of Flow Net
 Determination of seepage Discharge

 Determination of exit gradient

 Determination of seepage pressure
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PHREATIC LINES
 Case I- when drainage filter is provided
 Phreatic line is top flow line at which pore pressure is

atmospheric. Below phreatic line soil is submerged
under seepage flow. The upstream wetted surface is
called 100% equipotential line because there is no head
loss at this line. The flow lines/stream lines will be
perpendicular to upstream wetted surface
 The top flow line follows path of base parabola and it

meets the filter orthogonally
 If filter is provided then uplift pressure can be

minimized which will ensure stability
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BASE PARABOLA
 The focus of base parabola is

location at junction of
permeable and impermeable
surface (F)

 Where S focal length and q
discharge due to seepage
through Unit length of the
Dam

SXYX  )( 22

SDHD  )( 22

kSq 
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PHREATIC LINES
 Case II- when drainage filter

is not provided
 Case I- when α<30˚

 Case II – when α>30˚
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Questions
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