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Introduction
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Objectives
 To obtain pore pressure (stability analysis)
 To calculate flow
 To verify piping conditions

Retaining wall Cofferdam
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Laplace’s Equation
Elemental Cube:
 Saturation S=100 %
 Void ratio e= constant
 Laminar flow

Continuity:

0dydx
y

q

x

q yx
 







0dyqdxqqq
y

q
yx

q
xyx

yx 




  






outin qq 

hp2

xq dxq
x

q
x

x





dyq
y

q
y

y






yq

dx

dy

xq dxq
x

q
x

x





dyq
y

q
y

y






yq

dx

dy



University of Al Anbar Soil Physics Mr. Ahmed Amin Al Hity
Collage of Engineering 2nd Stage Lecture no. 7
Water Resources& Dams Eng. Dept. 2019-2020 Date 23 / 04 / 2020

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&

2

Darcy’s law:

Replacing:

if kx=ky

Laplace’s Equation! (Isotropy):

Typical cases
 1 Dimensional:

,
linear variation!!

 2-Dimensional:

 3-Dimensional:
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Laplace’s Equation Solutions
Exact solutions (for simple B.C.’s)
Physical models (scaling problems)
Approximate solutions: method of fragments
Graphical solutions: flow nets
Analogies: heat flow and electrical flow
Numerical solutions: finite differences

Flow Nets
The procedure consists on drawing a set of perpendicular lines: equi-potentials
and flow lines.
These set of lines are the solution to the Laplace’s equation.
It is an iterative (and tedious!) process.
Identify boundaries:
 First and last equi-potentials
 First and last flow lines

gradient:

flow per channel:
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total flow:

Example: Confined flow
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Seepage loss under the dam:

Exit gradient:

ms

m
102

10

3
m910

N

N
hkq

3
4

s
m6

e

f















45.0
m2

m9.0

ll

h
i eN

h

e 










University of Al Anbar Soil Physics Mr. Ahmed Amin Al Hity
Collage of Engineering 2nd Stage Lecture no. 7
Water Resources& Dams Eng. Dept. 2019-2020 Date 23 / 04 / 2020

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&

6

Total head at points A and B:

Pressure head at points A and B:

Piping

Example: Unconfined flow
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Seepage Control - Filters
Seepage: Cut-off walls

Impervious blankets
Erosion and piping: Filters

Requirements
Piping: D15 (filter) =< 5 D85 (soil)
Permeability: D15 (filter) >= 5 D15 (soil)
Uniformity: D50 (filter) =< 25 D50 (soil)
Example. Impervious concrete dam with cut-off.

Sketch a flow net for the situation shown below, and hence calculate the seepage

quantity per unit width of dam per day. The permeability of the soil, k = mm/sec.
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Tutorial

Ex1:
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Ex2:
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 2cosxy

 2sin 2


