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Chapter one

One Dimensional Flow

Soil is a three phase medium (solids, water, and air). Water in soils occurs in
various conditions, so permeability can be defined as:
""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™

Different soils have different permabilities, understanding of which is critical to the
use of the soil as a foundation or structural element. Soil and rock are porous
materials. Fluid flow takes place through interconnected void spaces between particles
from a point of high energy to a point of low energy and not through the particles

themselves. No soil or rock material is strictly impermeable

Why studying flow of water in porous media?

1-To estimate the quantity of underground seepage

2-To determine the quantity of water that can be discharged form a soil
3-To determine the pore water pressure/effective geostatic stresses,

and to analyze earth structures subjected to water flow.

4-To determine the volume change in soil layers (soil consolidation)

and settlement of foundation.

Flow of Water in Soils depends on:

=

Porosity of the soil
Type of the soil - particle size - particle shape - degree of packing

Viscosity of the fluid —Temperature — Chemical Components

B W

Total head (difference in energy) - Pressure head - Velocity head, Elevation
head.
5. The degree of compressibility of a soil is expressed by
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Theory

Bernoulli's Law
The total pressure in terms of water head is formed from: pressure head; velocity

head; and elevation head. This is known as the Bernoulli’s equation:

h=P/yw+v2/2g+Z

h: total head;

u: water pressure;

yw: unit weight of water;
v: velocity of water;

g: gravity acceleration;
Z: elevation head.

The term containing the velocity head can be neglected because the seepage
velocity is small, so:

h=P/ywtZ

The loss of head between A & B is:
Ah=hA-hB=(Pa/yw+ZA)—(Ps/ywtZB)
i=Ah/L
i: is the hydraulic gradient, L is the distance between A & B and Ah is the head loss between A
& B. i M
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Darcy’s Law
In 1856, Darcy published a simple equation for discharge velocity of water through

saturated soils, which may expressed as
v =Ki

g=vA=rkiAd
Where:
v = discharge velocity = quantity of water flowing in unit time through a unit
gross — sectional area of soil at right angles to the direction of flow
g = flow rate
k = coefficient of permeability
A = cross-sectional area
i= hydraulic gradient
(v) is based on the gross sectional area of the soil, however the actual velocity of

water (seepage velocity, vs ) through the void spaces is higher than v, this can be
derived as following:

q=v*A=A,*v;s

Area of soil
specimen = A

Where:
Vs = seepage velocity

Area of void in the
cross section = A,

A, = area of void in the cross section of the specimen.

A=AvtAs vl Araofsoilsolidsin
Where: et
A = area of soil solids in the cross section of the specimen.

q=v*(Avt+As)=A,*vs
vs=v(AvtAs)Av = v(AvtAs)*L JAvL=v(V,+Vs) [V
where
V, = volume of voids in the specimen
V; = volume of soil solids in the specimen.
vs=v[(1+V,/Vs)/Vs/Vs]=v(1+e/e)=v/n

vs=v/n
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Coefficient of permeability (Hydraulic conductivity) (K)
4 It is defined as the rate of flow per unit area of soil under unit hydraulic
gradient, it has the dimensions of velocity (L/T) such (cm/sec or ft/sec).
4+ The coefficient of permeability is also known as the hydraulic conductivity.

+ Hydraulic conductivity of soils depends on several factors such as:

e fluid viscosity Typical values of hydraulic conductvity of seil.
e pore-size distribution Soil Type k (cm/sec)

o o Clean gravel 1.0-100
e grain-size distribution Coarse sand 0.01-1.0

- . Fine sand 0.001-0.01

void ratio and

* Silty clay 0.00001-0.001
e degree of soil saturation Clay =10.000001

Laboratory determination of hydraulic conductivity
Two standard laboratory tests are used to determine the hydraulic conductivity.
1. Constant head test

The constant head test is used primarily for coarse-grained soils; the test is

based on the assumption of laminar flow where k is independent of i; ASTM
D 2434,
2. Falling head test (Variable head test)
The falling head test is used both for coarse-grained soils as well as fine

textured soils

Q/ What causes flow of water through soil?
ANSWEr: ... .ovt e e,

ht(at any point inside the soil)=ht(at begin or end point of the soil) + i x (distance )(knowing point to point require
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