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P e r m e a b i l i t y

�Definition

� The property of soils that allows water to pass 
through them at some rate

� This property is a product of the granular nature 
of the soil, although it can be affected by other 
factors (such as water bonding in clays)

� Different soils have different permeabilities, 
understanding of which is critical to the use of 
the soil as a foundation or structural element



y d r o l o g i c  C y c l e

H y d r o l o g i c  C y c l e

Water is not “stored” but continuously recycled



y d r o l o gy

A s p e c t s  o f  H y d r o l o gy

� A relatively small amount of the earth's water (<1%) 
is contained in the groundwater, but the effects of 
this water are out of proportion to their amount

� The permeability of soil affects the distribution of 
water both between the surface and the ground mass 
and within the ground mass itself



Darcy's LawDarcy's Law
�Hydraulic 

gradient i = 
�h/�l

�Velocity = 
Q/(tA)
� Q = flow

� t = time for 
flow

� A = cross-
sectional area

�k has velocity 
units



Coefficient of PermeabilityCoefficient of Permeability

�Definition

� Absolute permeability

� Unit weight of fluid

� Kinematic viscosity of fluid

� Density of fluid

�Only significant with soils when different 
fluids are considered

k�K
�

�	k



Typical Values of kTypical Values of k



Typical Typical 
Values Values 
of kof k



Illustration Illustration 
6-26-2

�Given

� k = 0.65

� D
60

 = 2 mm

� D10 = 0.4 mm

�Find: k

�Cu = 2/.4 = 5

�k = 0.35 ft/min 
< 2 mm/sec



One Dimensional ExampleOne Dimensional Example
Illustration 7-1Illustration 7-1

�Given

� River and Canal
� �h = 5m

� L = 200 m

� t
stratum

 = 2 m

� k = 2 m/day

�Find

� Seepage loss per km of 
river-canal length

�Solution

� q = kiA

� i = �h/L = 5/200 = 
.025

� q = (2)(.025)(2 x 1000)

� q = 50 m3/day/km 
length



Flow NetsFlow Nets

�Allow application of Darcy's law in two 
dimensions

�Enables calculation of flow in complex 
geometries without a complex hand solution; 
a good estimate even when computer (finite 
element analysis) is employed

�Can be used with isotropic or non-isotropic 
soils



Basics of Flow NetsBasics of Flow Nets



Laplace's EquationLaplace's Equation
�Equation in two dimensions:

�Also applicable to electrical and stress 
problems as well

�Analogy can be applied to one-dimensional 
case as well

�k1 and k2 apply to the anisotropic condition

k1uxx�k 2u yy�0



Flow Net EquationFlow Net Equation

�Basic Equation

�hw = elevation difference between upstream 
and downstream limits of net

�Nf = number of flow channels for net

�Nd = number of equipotential drops for net

q�khw �
N f

N d

�



Flow Net RulesFlow Net Rules

�When materials are 
isotropic with respect 
to permeability, the 
pattern of flow lines 
and equipotentials 
intersect at right 
angles. Draw a pattern 
in which square 
figures are formed 
between flow lines 
and equipotentials.



Flow Net RulesFlow Net Rules
� Usually it is expedient to 

start with an integer 
number of equipotential 
drops, dividing total head 
by a whole number, and 
drawing flow lines to 
conform to these 
equipotentials. In the 
general case, the outer flow 
path will form rectangular 
rather then square figures. 
The shape of these 
rectangles (ratio b/l) must 
be constant.



Flow Net RulesFlow Net Rules

�The upper boundary 
of a flow net that is at 
atmospheric pressure 
is a "free water 
surface". Integer 
equipotentials 
intersect the free 
water surface at points 
spaced at equal 
vertical intervals.



Flow Net RulesFlow Net Rules

� A discharge face through 
which seepage passes is 
an equipotential line if 
the discharge is 
submerged, or a free 
water surface if the 
discharge is not 
submerged. If it is a free 
water surface, the flow 
net figures adjoining the 
discharge face will not be 
squares.



Flow Net RulesFlow Net Rules

� In a stratified soil profile 
where ratio of permeability of 
layers exceeds 10, the flow in 
the more permeable layer 
controls. That is, the flow net 
may be drawn for more 
permeable layer assuming the 
less permeable layer to be 
impervious. The head on the 
interface thus obtained is 
imposed on the less pervious 
layer for construction of the 
flow net within it.



Flow Net RulesFlow Net Rules

�In a stratified soil 
profile where ratio of 
permeability of layers 
is less than 10, flow is 
deflected at the 
interface in 
accordance with the 
diagram shown at the 
left.



Flow Net RulesFlow Net Rules

� When materials are 
anisotropic with respect 
to permeability, the 
cross section may be 
transformed by 
changing scale as 
shown above and flow 
net drawn as for 
isotropic materials. In 
computing quantity of 
seepage, the differential 
head is not altered for 
the transformation.



Flow Net RulesFlow Net Rules

�Where only the 
quantity of seepage is 
to be determined, an 
approximate flow net 
suffices. If pore 
pressures are to be 
determined, the flow 
net must be accurate.



Other Results of Flow Net Other Results of Flow Net 
ConstructionConstruction

�Computation of uplift forces

�Computation of erosion due to excessive 
hydraulic gradient
� This takes place when the hydraulic gradient is 

greater than the submerged weight of the soil

� This means that the upward hydraulic forces on 
the soil are equal to or greater than the downward 
force of gravity

� This is also referred to as soil boiling



Soil BoilingSoil Boiling

�Two solution techniques

� Keep the hydraulic gradient less than unity.  This 
is OK when the unit weights of the soil are 
unknown.

� Compute critical hydraulic gradient by the 
equation

to the actual gradient computed.

� Apply factor of safety FS = i
c
/i = 2

icr�
�t��w

�w

Submerged Weight of 
Saturated Soil



Illustration 7-2Illustration 7-2

�Given

� Dam as shown in the figure

� Soil k = 0.01 ft/min

� Soil hydraulic drop = 20'

�Find

� Flow Net

� Seepage under the dam

� Uplift force on base of dam

� Escape gradient at downstream tip



Illustration 7-2Illustration 7-2

�Solution

� N
f
 = 4; N

d
 = 10

� Seepage
� q = (0.01)(20)(4/10)(1 ft. Wide) = 0.8 ft3/min per foot of 

width

� Uplift Force on Base
� Hydraulic head at point A (left point): 7'

� Hydraulic head at point B (right point): 2'

� Head that must be added to take into account buoyant 
force of water displaced by dam = 5'



Illustration 7-2Illustration 7-2

�Uplift Force on Base

� Pressure at left point = (5+7)(62.4) = 748.8 
psf

� Pressure at right point = (5+2)(62.4) = 436.8 
psf

� Average pressure = 592.8 psf

� Average force per unit width of dam = 
(592.8)(48) = 28,454 lb/ft



Illustration 7-2Illustration 7-2

�Escape Gradient

� Compute gradient per equipotential line
� �h = h

w
/N

d
 = 20/10 = 2 ft/drop

� Last distance between equipotential lines = 6'

� i = 2/6

� Simple Method
� i = 2/6 = 0.33 < 1

� NAVFAC Method (assume �t
 = 120 pcf)

� icr = (120-62.4)/62.4 = 0.923, with safety factor of 
2, icr = 0.461 > 0.33



Capillarity and Capillary Rise in Capillarity and Capillary Rise in 
SoilsSoils

�Result of surface tension in water between the 
water itself and a solid surface it touches 
(glass tube, soil particles, etc.)

�Capillary rise takes place when the surface 
tension in the water is greater than the force 
of gravity of the water under it

�Capillary rise stops when the force of the 
water equals the weight supporting it



Capillarity and Capillary Rise in Capillarity and Capillary Rise in 
SoilsSoils

�Equilibrium of capillary rise force and water 
head in a tube


D2

4
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D
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Capillarity in SoilsCapillarity in Soils

�A more complex phenomenon in soils due to 
complex geometry of particles

�More pronounced in fine grained soils

�Volume changes in fine grained soils can be in 
part attributed to capillarity

�Area of soil above water table where capillary 
rise is taking place is called the vadose zone

�Compressive stresses take place in the soil in 
an area with capillary rise takes place



ENCE 361ENCE 361
Homework Set 3Homework Set 3

�Textbook readings

� Chapter 6 (pp. 217-246)

� Chapter 7 (pp. 250-309)

�Laboratory Soils Testing

� Appendix VII (Permeability Tests)

�Problems to Solve

� 6-7, 6-21, 6-28, 6-30, 6-33, 7-2, 7-6, 7-8 
(NAVFAC method for boiling recommended), 7-
19, 7-24, 7-29, 14-17  

�Due Date: 3 October 2001



Questions?Questions?


