
143ESP - Soil Physics for Engineers

September 19, 2022



Jakub Jěrábek
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1. Soil science

Soil Science

Soil Science deals with soil as a
natural resource on the surface of
the earth including soil formation,
classification and mapping; physical,
chemical, biological, and fertility
properties of soils; and these
properties in relation to the use and
management of soils.

Pedology soil genesis, morphology, classification, structure, texture,...
Soil chemistry
Soil Biochemistry
Soil physics studies the properties and processes of materials in the soil
from the physical description of soil particles, soil aggregates, into the
storage and transport phenomena of water, gas, heat, and solute in soil.

• soil mechanics

• soil hydrology(vadose zone hydrology or hydropedology)



Soil Physics; Lecture Notes; v2.2β, Autumn 2012; Kurt Roth



Covered topics

• Theory and application of water and miscible substances transport in
the soil.

• Heterogeneity and variability of soil hydraulic characteristics

• Conservative transport, advection, dispersion, characteristics of the
dispersion

• Description of chemical reactions, equilibrium and kinetic sorption.

• Modeling of transport process.



12 practicals

• Soil properties (today)

• Soil hydraulic properties and transport physics (1/3)
• retention curve, unsaturated hydraulic conductivity
• transport governing equations

• 1D modeling of water and miscible substances transport (1/3)

• 2D and 3D modeling of water and miscible substances transport
(1/3)



Conditions for passing the practicals

• Complete and hand in assignments in practicals.

• Hand in two larger homework’s.

• Presence at practicals - a maximum of 3 absences are allowed
(assignments have to be finished anyway).

Hand in your work at the end of each practical or via email
jakub.jerabek@fsv.cvut.cz with subject: 143ESP



Soil characteristics



3. Soil characteristics Soil characteristic: continuum approach

Soil characteristic: continuum approach

Real porous media (Li et al., 2019)

Discrete approach Continuous approach



3. Soil characteristics Soil characteristic: continuum approach

Soil characteristics

(dry) Bulk density: ρb = ms

VT
[kg/m3, g/cm3]

(wet, actual) Bulk density: ρ = mT

VT
[kg/m3, g/cm3]

Density of soil particles: ρs = ms

Vs
[kg/m3, g/cm3]

Porosity: n =
Vp

VT
[−,%]

Volumetric water content: θ = Vw

VT
[m3/m3,cm3/cm3]

Saturated VWC: θs = Vw

VT
[m3/m3,cm3/cm3]

Residual VWC: θr = Vw

VT
[m3/m3,cm3/cm3]

Degree of saturation: Sw = Vw

Vp
[−,%]

(Effective VWC) (θe)

ms Weight of dried soil

VT Volume of sample

Vs Volume of soil particles

in the sample

Vp Volume of pores

in the sample

Vw Volume of water

in the sample



3. Soil characteristics Soil characteristic: continuum approach

Darcy’s law

• Henry Darcy (1856)

• Water infiltration through sand column
in the water supply system in the city
of Dijon

Darcy’s law

q = −Ks
dH

dl
, v = q/n

q - darcy flux [m/s]
Ks - saturated hydraulic conductivity [m/s]
H - pressure gead [m]
l - length [m]
v - mean porous flow velocity [m/s]



4. Soil characteristics - Assignment I

You collected several soil undisturbed samples in the field. Samples were
taken from several depths in the soil profile. The lab fills in a form with
your results. You need to:

1. calculate soil characteristics (θ, ρb, n) based on the data in the form
(find form in figure 1),

2. plot calculated soil characteristics as a function of depth.

HINT: Height of the cylinder is 6 cm. Diameter of the cylinder is 5.5 cm.



Figure 1: Form with weighed samples.

data at storm.fsv.cvut.cz/.../soil-physic-for-engineers

http://storm.fsv.cvut.cz/pro-studenty/predmety/volitelne-predmety/soil-physics-for-engineers/?lang=cz


Figure 2: Samples in dryer





5. Darcy’s law - Assignment II

Piezometric data at locations A and B with mutual distance of 500 m are
shown in the table below. Confined groundwater table is in homogeneous
material with hydraulic conductivity of 0.05 cm/s and porosity of 30%

1. Calculate the hydraulic gradient between the piezometers and define
the direction of the flow.

2. Infer the time that it takes for the water to flow between piezometer
A and B (in years)

Piezometer altitude GWL bellow land surface

A 120 m 33 m

B 110 m 25 m
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