
Soil water may be in the forms of  free /gravitational  water

and held water

Soil Water 

�The first type is free to move through the pore space of 

the soil mass under the influence of gravity.

Gravitational water can be subdivided into 

(a) Free water (bulk water) and (b) Capillary water. 

�The second type is that which is held in the proximity of 

the surface of the soil grains by certain forces of attraction.



(a) Free water (bulk water). It has the usual properties of liquid
water. It moves at all times under theinfluence of gravity,
or because of a difference inhydrostatic pressure head.

Free surface water. Free surface water may be fromprecipitation , run-off ,
flood-water, melting snow, water from certain hydraulic operations. It is of
interest when it comes into contact with a structure or when it influences the ground
water in any manner. Rainfall and run-off are erosive agentswhich are capable of
washingawaysoil andcausingcertainproblemsof strengthandstability in thefield

Free water may be further distinguished as 
(i) Free surface water and (ii) Groundwater

washingawaysoil andcausingcertainproblemsof strengthandstability in thefield
of geotechnical engineering.

Ground water. Ground water is that water which fillsup the voids in the soil
up to the ground water table and translocates through them. It fills coherently and
completely all voids. Ground water obeys the laws of hydraulics. The upper surface
of the zone of full saturation of the soil, at which the groundwater is subjected to
atmospheric pressure, is called the ‘Ground water table’.

(b)  Capillary water. Water which is in a suspended condition, held by 
the forces of surface tension within the interstices and pores of 
capillary size in the soil, is called ‘capillary water’.



Held Water is that water which is held in soil pores or void spaces

because of certain forces of attraction. It can be further classified

as-(a)Structural water and (b) Absorbed water.
Some-times, even ‘capillary water’ may be said to belong to this

category of held water since the action of capillary forces will

be required to come into play in this case.

(a) Structural water. Water that ischemically combinedas a part of

the crystal structure of the mineral of the soil grains is called

‘Structural water’.Under the loadingencountered in geotechnical

engineering, this watercannot be separatedby any means. Even

drying at 105° – 110°C does not affect it. Hence structural water is

considered as part and parcel of the soil grains.



Adsorbed Water. This comprises, (i)Hygroscopic moisture &

(ii) Film-moisture

(i) Hygroscopic moisture. Soils which appear quite dry contain,
nevertheless, verythin films of moisture around the mineral
grains, called ‘hygroscopic moisture’, which is also termed
‘contact moisture’ or ‘surface bound moisture’. This form of
moisture is in a dense state, and surrounds the surfaces of the
individual soil grains asa verythin film .

(ii) Film moisture. Film moisture formson the soil grainsbecause of
the condensation of aqueous vapour; this is attached to the
surface of the soil particle as a filmupon the layer of the
hygroscopic moisture film. This film moisture is also held by
molecular forces of high intensity but not as high as in the case of
the hygroscopic moisture film.

individual soil grains asa verythin film .



Permeability

Cofferdam ( U.S. Army Corps of Engineers 2004)













Hydraulic conductivity is generally expressed in cm/sec or m/sec in SI units.



Assumption

Soil is Homogenious

Flow is Laminar





















Darcy’s law is true for laminar flow of water through the void
spaces. A criterion for investigating the range can be furnished by
Reynolds number. For flow through soils, Reynolds number can be
given by the relation

Where,

Validity of Darcy’s Law

For laminar flow conditions in soils, experimental results show that



Factor Affecting the Coefficient of Permeability

The coefficient of permeability depends on several factors, most of which are 
listed below: 
� Shape and size of the soil particles.
Void ratio : Permeability increases with increase of void ratio. 

Degree of saturation: Permeability increases with increase of
degree of saturation. The variation of the
value ofk with degree of saturation for
Madisonsandis shownin Figure.Madisonsandis shownin Figure.



�Composition of soil particles: For sands and silts this is not important;
however, for soils with clay minerals this is one of the most important factors.
Permeability in this case depends on thethickness of water held to the soil
particles, which is a function of the cation exchange capacity, valenceof
the cations, etc. Other factors remaining the same, the coefficient of
permeabilitydecreases with increasing thickness of the diffuse double layer.

�Soil structure : Fire-grained soils with a
flocculated structure have ahigher coefficient
of permeability than those with a dispersed
structure. This fact is demonstrated in Figure
2.4 for the case of a silty clay. The test
specimens were prepared to a constant dry unit
weight by kneading compaction. The molding
moisture content was varied. Note that with the
increase of moisture content the soil becomes
more and more dispersed.With increasing
degree of dispersion, the permeability
decreases.



�Viscosity of permeant

�Density and concentration of permeant

The hydraulic conductivity of a soil is also related to the properties of the fluid 
flowing through it by the equation

The absolute permeability     is expressed in units of L2 (that is, cm2, ft2, and so
forth). Above equation showed thathydraulic conductivity is a function of the
unit weight and the viscosity of water, which is in turn a function of the
temperatureat which the test is conducted. So, fromabove equ.,



Example

q=(5.3*10-5)(sin 8°)(3cos 8°)*3600

= 0.0789 m3/hr/m

m/hr





Dupuit’s solution : Figure 2.51 shows the section of an earth damin which
is the phreatic surface, i.e., the uppermost line of seepage. The quantity of
seepagethrough a unit length at right angles to the cross section canbe given
the Darcy’s law as .

Dupuit (1863) assumed that the

hydraulic gradient i is equal to the

slope of the free surface and is

constant with depth i.e., i=dz/dx . So,

Equation represents a parabolic free surface. However, in the derivation of the
equation, no attention has been paid to the entrance or exit conditions. Also
note that if the phreatic line would intersect the impervious surface



Filter Design   
When seepage water flows from a soil with relatively fine grains into a coarser
material, there is a danger that the fine soil particles may wash away into the coarse
material.Over a period of time, this process may clog the void spaces inthe
coarser material.Such a situation can be prevented by the use of a filter or
protective filter between the two soils. For example, consider the earth dam section
shown in Figure 2.66. If rock fills were only used at the toe ofthe dam, the
seepage water would wash the fine soil grains into the toe andundermine the
structure. Hence, for the safety of the structure, a filter should be placed between
the fine soil and the rock toe (Figure 2.69). For the proper selection of the filter
material,two conditionsshouldbekeptin mind:material,two conditionsshouldbekeptin mind:

1. The size of the voids in the filter material
should be small enough to hold the larger
particles of the protected material in place.

2. The filter material should have a high
permeability to prevent building of large
seepage forces and hydrostatic pressure in the
filter.









Figure 2.71 Thickness of filter material on the downstream side of an earth dam. [After H. R. Cedergren, 

Seepage Requirement of Filters and Pervious Bases, J. Soil Mech. Found. Div., ASCE, vol. 86, no. SM5 

(part I), 1960



Example 1

• A confined aquifer has a source of recharge. 

• k for the aquifer is 50 m/day, and porosity n is 0.2.

Q =  KA (dh/dL)
The hydraulic conductivity
K is a velocity, length / time

and n = Vol voids/ Vol total 

• k for the aquifer is 50 m/day, and porosity n is 0.2.

• The piezometric head in two wells 1000 m apart is 55 m and 50 m
respectively, from a common datum. 

• The average thickness of the aquifer is 30 m, and the average width of 
the aquifer is 5 km = 5000m. 

A piezometer is a small-diameter observation well used to measure the piezometric head of groundwater 

in aquifers. 

Piezometric head  is measured as a water surface elevation, expressed in units of length.



Compute:
(a) the rate of flow through the aquifer
(b) the average time of travel from the head of the aquifer to a point 

4 km downstream            



Solution

• Cross-Sectional area= 30(5000) = 1.5 x 105 m2

• Hydraulic gradient dh/dL= (55-50)/1000 = 5 x 10-3

• Find Rate of Flow for k= 50 m/day

Q = (50 m/day) (1.5 x 105 m2) ( 5 x 10-3)Q = (50 m/day) (1.5 x 105 m2) ( 5 x 10-3)
Q = 37,500 m3/day 

• Darcy Velocity: V = Q/A 
• = (37,500m3/day) / (1.5 x 105 m2) = 0.25m/day



• Seepage Velocity:
Vs = VD/n = (0.25) / (0.2) = 
1.25 m/day (about 4.1 ft/day)

• Time to travel 4 km downstream:
T = (4000m) / (1.25m/day) =
3200 days or 8.77 years3200 days or 8.77 years

• This example shows that water moves 
very slowly underground.

Note: Groundwater moves very slowly



Example 2

Confining Layer

• A channel runs almost parallel to a river, and they are 2000 ft apart. 

• The water level in the river is at an elevation of 120 ft . The channel is at an 
elevation of 110ft.

• A pervious formation averaging 30 ft thick and with hydraulic conductivity K
of 0.25 ft/hr joins them. 

• Determine the flow rate Q of seepage from the river to the channel.

Confining Layer
Aquifer

30 ft



Example 2: Confined Aquifer

• Consider  1-ft  (i.e. unit) lengths  of the river and 
small channel. Q = KA [(h1 – h2) / L]

• Where:
A = (30 x 1) = 30 ft2

K = (0.25 ft/hr) (24 hr/day) = 6 ft/day

• Therefore,
Q = [6ft/day (30ft2) (120 – 110ft)] / 2000ft
Q = 0.9 ft3/day for each 1-foot length








