
Pr. Habib TROUZINE 1

Habib TROUZINE, Ph.D.
Full Professor

h_trouzine@yahoo.fr

Sept. 2025

Soil Mechanics (2) 
SEG 5.2

Department of 

Civil 

Engineering

Subject 1:

Soil Mechanics 2
Third-year Civil Engineer (3IngGC))

Teaching objectives:
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Chapter 0:  
Review of soil mechanics1

� 1 Purpose of soil mechanics

� 2 Soil structure 

� 3 Soil Composition

� 4 Soil Classification

� 5 Weight–Volume Relation ships

Soil Mechanics

Braja M. Das (2008)
Advanced Soil Mechanics
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Basic Geotechnical Engineering Skills What Can Graduated Do? 
(First John Burland Lecture) ISSMGE (2016)

Basic Geotechnical Engineering Skills What Can Graduated Do? 
(First John Burland Lecture) ISSMGE (2016)

Different types of soils (1) 

� A

� l 

Different types of soils (2) 

� A

� l 

Different types of soils (3) 

� A

� ,

� l 

Different types of soils (4) 

� A

� ,
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Etc. …

Soil: A 3-Phase Material

Solid

Water
Air

The Mineral Skeleton

Volume

Solid Particles

Voids (air or water)

Three Phase Diagram

Solid

Air

Water

Mineral Skeleton Idealization:
Three Phase Diagram

Fully Saturated Soils

Fully Saturated

Water

Solid

Mineral Skeleton

Dry Soils

Mineral Skeleton Dry Soil

Air

Solid

Partly Saturated Soils

Solid

Air

Water

Mineral Skeleton Partly Saturated Soils

Three Phase System

Volume Weight

Solid

Air

Water
WT

Ws

Ww

Wa~0

Vs

Va

Vw

Vv

VT
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Weight Relationships

� Weight Components:

� Weight of Solids = Ws

� Weight of Water = Ww

� Weight of Air ~ 0

%100(%), ×=
s

w

W

W
wContentWater

Volumetric Relationships

� Volume Components:

� Volume of Solids = Vs

� Volume of Water = Vw

� Volume of Air = Va

� Volume of Voids = Va + Vw = Vv

s

v

V

V
eRatioVoid =,

%100(%), ×=
T

v

V

V
nPorosity

Volumetric Relationships
� Volume Components:

� Volume of Solids = Vs

� Volume of Water = Vw

� Volume of Air = Va

� Volume of Voids = Va + Vw = Vv

%100(%), ×=
V

w

V

V
SSaturationofDegree

(%),(%), SrSaturationdeDegréSSaturationofDegree =

ا01/.-,در()

اAB@?<=در:9
Degree of Saturation (S) 
Degré de Saturation (Sr)

� ≤ � ≤ �
Dry Soil ≤ Partly Saturated Soils ≤ Fully Saturated

Mass, Weight,
Density, Gravity 

density, n--mass per unit volume.
density--the mass of a unit volume of a material at a
specified temperature.
density--weight per unit volume, usually expressed in
pounds per cubic inch, pounds per cubic foot, or
kilograms per cubic meter.
mass, n--the quantity of matter in a body. (See also
weight.)
weight, n--the force exerted on a body by gravity.
weight, vt--to determine the mass of a material.

ASTM DICTIONARY OF 
ENGINEERING SCIENCE & 
TECHNOLOGY

Pay 
attention to 
units

Specific Gravity

� Unit weight of Water, γw
� ρw = 1.0 g/cm3 (strictly accurate at 4° C)

� γw = 9.81 kN/m3

WaterofVolumeEqualanofWeight

SubstanceaofWeight
=GravitySpecific

WaterofWeightUnit

SubstanceaofWeightUnit
=GravitySpecific

Mass density

� density

� dry density  

where :
ρ :  density of soil (kg/m3)
ρd :  dry density of soil (kg/m3)
M  :   total mass of the soil sample (kg)
Ms :  mass of soil solids in the sample (kg)

Example: Volumetric Ratios

� Determine void ratio, 
porosity and degree of 
saturation of a soil core 

sample

Data:
� Weight (mass) of soil 

sample = 1013g

� Vol. of soil sample = 
585.0cm3

� Specific Gravity, Gs = 2.65

� Dry weight (mass) of soil 
= 904.0g

Solid

Air

Water

Wa~0

Volumes Weights

1013.0g585.0cm3

904.0g

γs =2.65

109.0g

341.1cm3

109.0cm3

243.9cm3

134.9cm3

γW =1.00

Example
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585.0cm3

Solid

Air

Water

Volumes

γs =2.65
341.1cm3

109.0cm3

243.9cm3

134.9cm3

γW =1.00

Example

%7.44100
9.243

0.109
%100(%)

%7.41100
0.585

9.243
%100(%)

72.0
1.341

9.243

=×=×=

=×=×=

===

v

w

T

v

s

v

V

V
S

V

V
n

V

V
e

Soil Unit weight (kN/m3)

� Bulk (or Total) Unit weight

γ = WT / VT

� Dry unit weight

γd = Ws / VT

� Buoyant (submerged) unit weight

γb = γ- γw

TWO KINDS of Soil...

� Two kinds of soil in 
this world…

�COARSE

�FINE

�Basis for division is...

Grain Size Distribution Curves
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Grain Size Distribution Curves
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Grain Size Distribution Curves

Uniformity coefficient (Cu): 

Coefficient of gradation (Cc):

D10 : diameter corresponding to 10%
D30 : diameter corresponding to 30%
D60 : diameter corresponding to 60%

Engineering Characterization of 
Soils

Soil Properties that Control its Engineering Behavior

Particle Size

Particle/Grain Size 

Distribution
Particle Shape

� Soil Plasticity

fine-grainedcoarse-grained

Classification of Soils for Engineering Purposes 
USCS (Unified Soil Classification System)

COARSE-GRAINED SOILS (More than 50 % > 0,08 mm)

Definitions Symbols Conditions Designation

G
ra

v
e
ls

More than 50 % 
of

coarse fraction
retained 
> 2mm

Clean Gravels

Less than 5 % fines < 
0,08 mm

GW
Cu > 4

&
1< Cc < 3

Well-graded 
grave

GP
One of GW's conditions is 

not satisfied
Poorly graded 

gravel

Gravels with Fines

More than 12 % fines < 
0,08 mm

GM
Atterberg limits below the 

A line
Silty gravel

GC
Atterberg limits above the 

A line
Clayey gravel

S
a
n

d
s

More than 50 % 
of

coarse fraction
retained 
< 2mm

Clean Sands

Less than 5 % fines < 
0,08 mm

SW
Cu > 6

&
1< Cc < 3

Well-graded 
sand

SP
One of SW's conditions is 

not satisfied
Poorly graded 

sand

Sands with Fines

More than 12 % fines < 
0,08 mm

SM
Atterberg limits below the 

A line
Silty sand

SC
Atterberg limits above the 

A line
Clayey sand

When the fine particle content (< 0.08 mm) is between 5% and 12%, dual symbols is used. 

For example : SW-SM
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� Consistency of fine-grained soil varies in 
proportion to the water content

Atterberg Limits

Shrinkage limit

Plastic limit

Liquid limit

solid

semi-solid

plastic

liquid

Plasticity
Index

(cheese)

(pea soup)

(pea nut butter)

(hard candy)

Plasticity Index   ( PI, IP )

� PI = LL – PL

or  IP=wL-wP

� Note:  These are water contents, 
but the percentage sign is not 
typically shown.

Plasticity Chart

USCS Classification Chart

Chapter 1: Soil constraints

Habib TROUZINE, Ph.D.
Full Professor

h_trouzine@yahoo.fr

Oct. 2025

CHAPTER 1: SOIL CONSTRAINTS 
(5 WEEKS) 

� Concepts of total stress, pore 
pressure, and effective stress

� Terzaghi's postulate

� Calculation of stress in overburdened 
soil

�Concepts of total stress, pore 
pressure, and effective stress

Source : Kamal Tawfiq (2019) Stresses 
in Soil
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Stresses in Saturated Soil 
without Seepage

a) Effective stress consideration for a saturated soil column without 
seepage; 
(b) forces acting at the points of contact of soil particles at the level of 
point A

Stresses in Saturated Soil 
without Seepage

Groundwater

U = pore water pressure =   γwZw

Zw

+

Source : 
Priyantha Jayawickrama (2010) Soil 
Mechanics, Texas Tech University

Stresses in Soil Masses

Area = A

σ = P/A

X X

Soil Unit

P

Assume the soil is fully saturated, all voids are 
filled with water.

Source : 
Priyantha Jayawickrama (2010) Soil 
Mechanics, Texas Tech University

Effective Stress

� From the standpoint of the soil skeleton, the 
water carries some of the load.  This has the 
effect of lowering the stress level for the 
soil.

� Therefore, we may define

effective stress = total stress minus pore 
pressure

σ′ = σ - u where,  σ′ = effective stress
σ = total stress
u = pore pressure

Effective Stress

σ′ = σ - u
� The effective stress is the force carried by 

the soil skeleton divided by the total area 
of the surface.

� The effective stress controls certain 
aspects of soil behavior, notably, 
compression & strength.

Source : 
Priyantha Jayawickrama (2010) Soil 
Mechanics, Texas Tech University

Ex. 1.2

Ex. 1.2

Proposed Fill Silty clay Silty clay Sat Point A Silty clay Sat
Very Stiff 
Clay Point B

Total stress 172,55 36,6 38 247,15 95 195 537,15
Pore pressure 0 0 20 20 50 100 170
Effective stress 227,15 367,15
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�Terzaghi's postulate

Karl von Terzaghi (2
October 1883 – 25
October 1963) was an
Austrian mechanical
engineer, geotechnical
engineer, and geologist
known as the "father of
soil mechanics and
geotechnical
engineering".

� (a) A soil element with normal and shear 
stresses acting on it; (b) free body diagram 
of EFB as shown in (a)

� Principles of the Mohr’s circle

� (a) Soil element with AB and AD as major 
and minor principal planes; 

� (b) Mohr’s circle for soil element shown in (a)

�Terzaghi's
postulate

� Coefficient of earth 
pressure at-rest 

Case  of soil mass in a state of static equilibrium —that is, if it
does not move either to the right or to the left of its initial 

position, In that case �� =
�	

�


Soil                                           Ko

Dense sand 0.35

Loose sand 0.6

Normally consolidated clays 0.5 – 0.6
Clay, OCR = 3.5 1.0

Clay, OCR = 2.0 2.8

Where Ko : Coefficient of earth pressure at-rest

� Coefficient of earth 
pressure at-rest 

For coarse-grained soils, the coefficient of earth pressure 
at rest can be estimated by using the empirical
relationship (Jaky, 1944)

� Soil without water table: vertical and 
horizontal stresses

Review _ Mohr’s circle
https://web.mit.edu/16.unified/www/FALL/materials/documents/HO-M-
6(Mohrs)(08).pdf

Ex. 1.3

A soil element is shown in the 
figure.
Determine the following :
1 – Maximum and minimum 
principal stresses,
2 – Normal and shear stresses 
on plane AB
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Ex. 1.4
Homework

Ex. 1.4
Homework

In geotechnical engineering, the Mohr's circle sign convention 
typically uses positive values for compressive normal stresses 
and counter-clockwise shear stresses, which is the opposite of 
the standard convention in other engineering fields.

In Strength of materials

�Calculation of stress in 
overburdened soil

Geostatic Stresses

Total Stress
Effective Stress
Pore Water Pressure

Total Stress= Effective Stress+ Pore Water Pressure

σ = σ′ + u

Boussinesq Equations
1.Point Load
2.Line Load
3.Strip Load
4.Triangular Load 
5.Circular Load
6.Rectangular Load

Added Stresses (Point, line, strip, triangular, circular, rectangular)

Stress Distribution in Soils

Influence Charts Newmark Charts
Stress Bulbs

Westergaard’s Method
(For Pavement)

Approximate Method
1:2 Method

A

Added
Stress

Geostatic 
Stress

σy

σx

τxy

Source : Kamal Tawfiq
(2019) Stresses in Soil

Point Load Line Load Strip Load

Triangular Load Circular Load Rectangular Load

Source : Kamal Tawfiq (2019) Stresses 
in Soil

�Types of Loads

Source : Kamal Tawfiq (2019) Stresses 
in Soil

�Stresses caused by a Point load

�Stresses caused by a Point load

Boussinesq (1883) solved the
problem of stresses produced
at any point in a homogeneous,
elastic, and isotropic medium
as the result of a point load
applied on the surface of an
innitely large half-space.
According to Figure,
Boussinesq’s solution for
normal stresses at a point
caused by the point load P is

Source : PRINCIPLES 
OF GEOTECHNICAL 
ENGINEERING
9th Edition_ Braja M. 
Das & Khaled Sobhan
(2018) _ Cengage 
Learning.
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Source : PRINCIPLES 
OF GEOTECHNICAL 
ENGINEERING
9th Edition_ Braja M. 
Das & Khaled Sobhan
(2018)

Cengage Learning.

�Ex 1.5 

Consider a point load P = 5 kN. 
Calculate the vertical stress 
increase ∆�
 at z = 0, 2 m, 4 m, 
6 m, 10 m, and 20 m. 
Given x = 3 m and y = 4 m

Source : PRINCIPLES OF 
GEOTECHNICAL ENGINEERING
9th Edition_ Braja M. Das & 
Khaled Sobhan (2018)

Cengage Learning.

�Ex 1.5 
Consider a point load P = 5 kN.
Calculate the vertical stress
increase ∆�
 at z = 0, 2 m, 4 m,
6 m, 10 m, and 20 m.
Given x = 3 m and y = 4 m

Source : PRINCIPLES OF GEOTECHNICAL ENGINEERING 9th Edition
Braja M. Das & Khaled Sobhan (2018) _  Cengage Learning.

Geostatic Stress

Added Stress
Due to the 
weight of the 
house

There are two types of lateral stresses in soil. 

Total Stress
Effective Stress
Pore Water Pressure

Source : Kamal Tawfiq (2019) Stresses 
in Soil

�Stresses caused by a Line Load

Source : Kamal Tawfiq (2019) Stresses 
in Soil

�Continuous & Triangular Loads

Source : Kamal Tawfiq (2019) Stresses 
in Soil

�Circular Load 

Source : Kamal Tawfiq (2019) Stresses 
in Soil

�Rectangular Load

Source : Kamal Tawfiq (2019) Stresses 
in Soil

Geostatic Stresses
&

Stress Distribution in Soils

Stresses 
from the 
house

Self-weight 
of the soil
Or
Geostatic 
Stress

2

1

Source : Kamal Tawfiq (2019) Stresses 
in Soil
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� Osterberg’s chart for determination
of vertical stress due to embankment
loading

Source : PRINCIPLES OF 
GEOTECHNICAL ENGINEERING 
9th Edition
Braja M. Das & Khaled Sobhan
(2018) _  Cengage Learning.

The procedure for obtaining
vertical pressure at any point 
below a loaded area is as follows:

Step 1. Determine the depth z 
below the uniformly loaded area at 
which the stress increase is
required.
Step 2. Plot the plan of the loaded
area with a scale of z equal to the 
unit length of the chart (AB).
Step 3. Place the plan (plotted in 
step 2) on the inuence chart in 
such a way that the point below
which the stress is to be
determined is located at 
the center of the chart.
Step 4. Count the number of 
elements (M) of the chart enclosed
by the plan of the loaded area.

� Newmark’s Charts 

The increase in the pressure at the 
point under consideration is given by

�Ex 1.6 

Source : PRINCIPLES OF GEOTECHNICAL ENGINEERING 9th 

Edition
Braja M. Das & Khaled Sobhan (2018) _  Cengage Learning.

Solution

Point A is located at a depth 3 m 
below the bottom of the 
foundation. The plan of the square 
foundation has been replotted to a 
scale of AB = 3 m and placed on 
the influence chart (Figure) in such
a way that point A on the plan falls
directly over the center of the 
chart. The number of elements
inside the outline of the plan is
about 48.5. Hence,

Chapter 2: Soil settlement 
and consolidation

Habib TROUZINE, Ph.D.
Full Professor

h_trouzine@yahoo.fr

Oct./Nov. 2025

Chapter 2: Soil settlement and 
consolidation

� Definitions of settlement, 
compressibility, and consolidation

� Settlement of granular soils and 
saturated fine soils

� Terzaghi's consolidation theory

� Laboratory study of compressibility
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� Settlement

� Settlement

The total Settlement of a foundation can be given as
�� = �� � �� � ��

Where �� = total settlement
�� = primary consolidation settlement
�� = primary consolidation settlement
�� = elastic settlement 

� Elastic Settlement in clay

� Elastic Settlement in sand

� Elastic Settlement Calculation 

Figure shows a shallow
foundation subjected to a
net force per unit area equal
to ∆σ. Let the Poisson’s ratio
and the modulus of
elasticity of the soil
supporting it be µs and Es,
respectively. Theoretically, if
the foundation is perfectly
fexible, the settlement may
be expressed as

� Elastic Settlement Calculation 
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� Consolidation

Soil Consolidation refers to the process in
which the volume of a saturated (partially or
fully) soil decreases due to an applied
stress. The term was introduced by Karl von
Terzaghi also known as the "father of soil
mechanics and geotechnical engineering".
Terzaghi established the one-dimensional
consolidation theory and changed the
definition of the term since it was previously
associated (and still is, in geosciences) with
the compaction of clay sediments that
formed shales.

Water

Water Table (W.T.)

Voids
Solids

Expulsion of 
the water

Consolidation Settlement (Time Dependent Settlement)

*  Consolidation settlement occurs in cohesive soils due to the expulsion of the water from the voids.
*  Because of the soil permeability the rate of settlement may varied from soil to another.   
*  Also the variation in the rate of consolidation settlement depends on the boundary conditions.

SConsolidation = Sprimary + Ssecondary

Primary Consolidation                Volume change is due to reduction in pore water pressure

Secondary Consolidation          Volume change is due to the rearrangement of the soil particles 
(No pore water pressure change, ∆u = 0, occurs after the primary consolidation)

When the water in the voids 
starts to flow out of the soil 
matrix due to consolidation of 
the clay layer.  Consequently, 
the excess pore water 
pressure (∆u) will reduce,  
and the void ratio (e) of the 
soil matrix will reduce too. 

� Consolidation

When a load is applied in a low permeability
soil, it is initially carried by the water that
exists in the porous of a saturated soil
resulting in a rapid increase of pore water
pressure. This excess pore water pressure is
dissipated as water drains away from the
soil’s voids and the pressure is transferred
to the soil skeleton which is gradually
compressed, resulting in settlements. The
consolidation procedure lasts until the
excess pore water pressure is dissipated.

� Consolidation

The consolidation procedure is commonly separated into 3
stages:

1. Initial consolidation: A quick volume loss of the soil mass
associated with the application of external stress that
compresses the air inside the soil’s voids.
2. Primary consolidation: Soil settlement during which the
excess pore water pressure is transferred to the soil’s skeleton
3. Secondary consolidation: A subsequent settlement
procedure that occurs after primary consolidation and is
associated with internal changes in the soil’s structure while
subjected to nearly constant load. This process is commonly
referred to as creep

� The Oedometer Test
The simplest case of consolidation
examined is the one-dimensional
consolidation. In this case, the lateral strain
of the soil mass is neglected. The testing
procedure to quantify the critical soil
properties associated with soil
consolidation is the Oedometer Test. The
term “Oedometer” derives from the Ancient
Greek language and means “to swell”. The
test is one of the most commonly
conducted, and important, laboratory tests
in geotechnical engineering. The
Oedometer Test aims at measuring the
vertical displacement of a cylindrical,
saturated soil sample subjected to a
vertical load while it is radially constrained.
In the subsequent test, the incremental
loading consolidation test is described.
Note that there is also a constant rate of
strain (CRS) test, that nowadays is
becoming more popular

� Schematic diagram of a 
consolidometer

� Time–deformation plot during
consolidation for a given load
increment

� Void Ratio–Pressure Plots

� Change of height of specimen in
one-dimensional consolidation test
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� Void Ratio–Pressure Plots (2)

� Typical plot of e against log σ’

� Test result

� Example 2.1

Solution

Sigma' (kN/m²) H (cm) Hv (cm) e

0 2,540 1,023 0,674

53.62 2,488 0,971 0,640

107.25 2,465 0,948 0,625

214.50 2,431 0,914 0,603

429.01 2,389 0,872 0,575

858.01 2,324 0,807 0,532

1716.03 2,225 0,708 0,467

3432.06 2,115 0,598 0,394

� Normally
Consolidated and
Overconsolidated
Clays

� Normally Consolidated
and Overconsolidated
Clays

� Preconsolidation pressure

� Example 2.2
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� Solution

� Calculation of Settlement from
One-Dimensional Primary
Consolidation

� Correlations for Compression Index,
Cc*

� Correlations for Swell Index (Cs)

� Secondary Consolidation Settlement

Figure : Variation of e
with log t under a given load
increment and definition of 
secondary consolidation index

� Time Rate of Consolidation

Terzaghi (1925) proposed the 1st theory to consider the rate of one-
dimensional consolidation for saturated clay soils. The mathematical
derivations are based on the following six assumptions (also see Taylor,
1948):

1. The clay–water system is homogeneous.
2. Saturation is complete.
3. Compressibility of water is negligible.
4. Compressibility of soil grains is negligible (but soil grains

rearrange).
5. The flow of water is in one direction only (that is, in the

direction of compression).
6. Darcy’s law is valid.

� Time Rate of Consolidation (2)
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� Determination of Coefficient of
Consolidation

Figure: Logarithm of time 
method for determining
coefficient of consolidation

Figure : Square-root-of-
time fitting method

� Example 2.3

Elastic settlement: 12.1 mm
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Chapter 3: Soil Hydraulics

Habib TROUZINE, Ph.D.
Full Professor

h_trouzine@yahoo.fr

Dec. 2025

Chapter 3: Soil hydraulics

� Definitions of hydraulic gradient, 
hydraulic head, and velocity of water in 
soil

� Darcy's law

� Measurement of permeability 
coefficient in the laboratory and in situ

� Permeability of stratified soils

� Soil flow network: streamlines, 
equipotential lines

Figure 3.1.Structure of soil aggregate. (After Nakano, M., 
Transport Phenomena in Soils, University of Tokyo Press, 
Tokyo (1991)

� 3.1 Water in soil

Figure 3.2. Different states of 
water in the soil. (Jean-Pierre 
MAGNAN (2020) L’eau dans le 
sol ©Techniques de l’Ingénieur, 
C 212 )

� 3.1 Water in soil

149

Total head h :

� 3.4 Bernoulli’s Equation

Daniel BERNOULLI
(1700-1782)

150

� 3.4 Bernoulli’s Equation (2)

If Bernoulli’s equation is applied to the flow of
water through a porous soil medium, the term
containing the velocity head can be neglected
because the seepage velocity is small, and the total
head at any point can be adequately represented
by :

� 3.2 Permeability

Soils are permeable due to the existence of
interconnected voids through which water can
flow from points of high energy to points of low
energy. The study of the flow of water through
permeable soil media is important in soil
mechanics. It is necessary for estimating the
quantity of underground seepage under various
hydraulic conditions, for investigating problems
involving the pumping of water for underground
construction, and for making stability analyses of
earth dams and earth-retaining structures that
are subject to seepage forces.

152

Darcy’s
Law (1856)

V = k.i
ou

q = A.k.i

� 3.3 Darcy 

and his sand column experiment

153

where 
V : discharge velocity, which is the quantity of water flowing in unit
time through a unit gross cross-sectional area of soil at right angles
to the direction of flow
k : hydraulic conductivity (otherwise known as the coefficient of
permeability)

V = k.i ou      q = A.k.i
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Hydraulic Conductivity

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

� The hydraulic conductivity of soils 
depends on several factors: fluid 
viscosity, pore-size distribution, grain-
size distribution, void ratio, roughness of 
mineral particles, and degree of soil 
saturation. 

� In clayey soils, structure plays an 
important role in hydraulic conductivity. 

Hydraulic Conductivity

� Other major factors that affect the
permeability of clays are the ionic
concentration and the thickness of layers
of water held to the clay particles.

� The hydraulic conductivity of
unsaturated soils is lower and increases
rapidly with the degree of saturation.

� The hydraulic conductivity of a soil is 
also related to the properties of the fluid 

Hydraulic Conductivity
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� Hydraulic gradient

� Hydraulic gradient
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(2020) L’eau dans le sol. 
Techniques de l’Ingénieur C 212
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Flow under the base of a concrete 
dam 
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Laplace’s Equation of Continuity

Flow line / Equipotential line 
/Flow Nets 

� A flow line is a line along which a water
particle will travel from upstream to the
downstream side in the permeable soil

medium. (Nf number of flow channels)

� An equipotential line is a line along
which the potential head at all points is

equal. (Nd : number of potential
drops)

� A combination of a number of flow lines
and equipotential lines is called a flow
net.

Flow line / Equipotential line 
/Flow Nets 

� Flow nets are constructed for the calculation of groundwater
flow and the evaluation of heads in the media.

� The equipotential lines intersect the flow lines at right angles.
(Nf number of flow channels) (Nd : number of potential drops)

� The flow elements formed are approximate squares.
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Source : Jean-Pierre MAGNAN 
(2020) L’eau dans le sol. 
Techniques de l’Ingénieur C 212
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Source : Jean-Pierre MAGNAN (2020) L’eau 
dans le sol. Techniques de l’Ingénieur C 212

The pumping test is designed to estimate the
overall or “large-scale” permeability coefficient
of the soil, as well as the storage factor and the
pumping range. It is carried out in awell with a
diameter large enough to accommodate a pump
or strainer. Piezometers are placed around the
well. Pumping is then carried outat a constant
flow rate and the lowering of the water table n
the well and in the piezometers is monitored.
The test can be carried out in transient or
steady-state conditions.
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The principle involves
injecting or pumping water
at a constant flow rate into
a cavity bounded laterally
and at the bottom by the
borehole wall and, at the
top, by a watertight plug.

Source : Jean-Pierre MAGNAN (2020) L’eau 
dans le sol. Techniques de l’Ingénieur C 212
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In compact and fissured
formations, the point test is
carried out under pressure in
a section of borehole limited
either by the bottom and a
plug, or by two plugs. This is
known as the Lugeon test.
Lugeon testing is a delicate
operation. Ground
permeability is expressed in
Lugeon units. It characterizes
above all the state of
fissuring of the massif and
the possibility of water
circulation.

Source : Jean-Pierre MAGNAN (2020) L’eau 
dans le sol. Techniques de l’Ingénieur C 212
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Open Piezometer

Soil pore pressures are

measured using piezometers.
The simplest piezometer
consists of a tube, the lower

part of which is cored
(perforated) to allow water to

enter the tube. The cored part
of the tube must be isolated
from the rest of the water

table by a watertight plug, in
order to limit the size of the
zone where pressure is

measured.
Source : Jean-Pierre MAGNAN (2020) L’eau 
dans le sol. Techniques de l’Ingénieur C 212

175Closed hydraulic piezometer
Piézomètre fermé de type hydraulique

Source : Jean-Pierre MAGNAN (2020) L’eau 
dans le sol. Techniques de l’Ingénieur C 212

When the head or pressure varies over time,
thewater level in the tube varies after water
exchange with the ground.If the ground is highly
permeable (typically, for a permeability coefficient
greater than 10–5 m/s), these variations are
instantaneous.Otherwise, they require a certain
amount of time, known as the piezometer response
time, which must be limited if rapid variations in
water pressure are to be measured. The response
time can be reduced in two ways: either by reducing
the diameter of the measuring tube, or by using
closed piezometers, whose measuring cavity is
limited to a few cubic centimeters.
There are several types of closed piezometers:
— hydraulic piezometers
— membrane piezometers
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