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INTRODUCTION:
THE HIDDEN
FOUNDATION OF

THE BUILT WORLD

Every skyscraper,
every bridge, every
dam, and every

roadway depends on a
silent partner: the
ground beneath it.
While architecture and
structural engineering
often capture the
imagination with
soaring designs and
visible frameworks, it is
geotechnical

that
these

engineering
ensures
creations remain
stable, safe, and
durable. At its core,
this discipline is about
understanding how soil
and rock interact with
human-made

structures. Whether
you are a student
exploring career

options, a practicing
engineer looking to

refresh your
knowledge, or simply a
curious reader,
grasping the

fundamentals of
geotechnical

engineering is
essential for


https://old.setefer.com/

appreciating how our
built environment
stands firm against the
forces of nature. This
article provides a
comprehensive yet
accessible overview of
the key principles, from
soil formation and
classification to
advanced concepts like
effective stress and
bearing capacity.

WHAT IS
GEOTECHNICAL
ENGINEERING?

Geotechnical

engineering is a branch
of civil engineering
that focuses on the
behavior of earth
materials. It applies the
principles of soil
mechanics and rock
mechanics to solve
real-world problems,
such as designing
foundations, retaining

geotechnical
engineering rest on
the premise that soil is
a complex, multiphase
material composed of
solid particles, water,
and air. Unlike steel or
concrete, soil is highly
variable, anisotropic,
and its properties can
change dramatically
with moisture content
and stress history.
Therefore,
understanding these
basics is not merely
academic; it is a
practical necessity for
safe and economical
construction.

THE ORIGINS OF
SOIL: FORMATION
AND TYPES

To understand soil
behavior, one must
first know where soil
comes from. Soil is the
product of weathering

walls, tunnels, and and the breakdown of
embankments. The parent rock. This
fundamentals of process can be
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physical, chemical, or
biological. The
resulting soil deposits
are broadly classified
into two main
categories based on
their mode of
formation: residual
soils and transported
soils.

Residual
Solls

These soils form in
place as the underlying
bedrock weathers over
thousands of years.
Their properties often
mirror the parent rock
and vary with depth.
Residual soils are
common in tropical and
subtropical regions,
where deep weathering
profiles are typical. A
key characteristic is
that they are often
unsaturated near the
surface and can exhibit
significant strength

loss when saturated.

Transport
ed Solls

These soils are moved
from their origin by
natural agents such as
water, wind, ice, or
gravity. Transported
soils have been sorted
and deposited in ways
that create distinct
layers. Common types
include:

e Alluvial soils:
Deposited by
rivers and
streams. They
often display
layering and can
include gravel,
sand, silt, and
clay.

* Glacial soils:
Formed by
moving ice,
these soils are
often poorly
graded and can



contain a wide
mix of particle
sizes, from
boulders to fine
clay.

¢ Aeolian soils:
Carried and
deposited by
wind. Loess is a
well-known
example,
consisting
primarily of silt-
sized particles.

¢ Marine soils:
Settled in ocean
or lake
environments,
these deposits
tend to be fine-
grained and
uniform.

FUNDAMENTAL
SOIL PROPERTIES

Any discussion of the
fundamentals of
geotechnical

engineering must
include the basic
physical properties
that define soil. These

properties are used to
classify soil and predict
its engineering
behavior. The most
important are water
content, void ratio,
porosity, and unit
weight. However, two
properties deserve
special attention.

Particle
Size
Distributi
on

Soil is a collection of
particles ranging from
boulders (over 300
mm) to clay (less than
0.002 mm). The
distribution of these
particle sizes
dramatically influences
how the soil behaves.
A sieve analysis is used
for coarse-grained
soils, while hydrometer
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analysis is employed
for fine-grained soils.
The shape of the grain
size distribution curve
tells engineers whether
the soil is well-graded
(having a wide range of
particle sizes) or poorly
graded (dominated by
one particle size). Well-
graded soils generally
compact more densely
and exhibit higher
strength.

Atterberg
Limits

For fine-grained soils
like silts and clays, the
water content governs
their consistency. The
Atterberg limits define
the boundaries
between solid, semi-
solid, plastic, and liquid

states. The key limits
are:

e Liquid Limit
(LL): The water

content at which
soil behaves as a
liquid.

¢ Plastic Limit
(PL): The water
content at which
soil begins to
crumble when
rolled into
threads.

e Plasticity Index
(PI): The
numerical
difference
between LL and
PL. A high PI
indicates highly
plastic clay that
is sensitive to

moisture

changes.
These limits are
essential for
classification and for
predicting

compressibility,
permeability, and
shear strength in fine-
grained soils.




studyingSOIL the

CLASSIFICATI®ONamentals of

SYSTEMS
Engineers use
classification systems

to group soils with
similar behavior. The
two most widely used
systems are the
Unified Soil
Classification ~ System
(USCS) and the
AASHTO classification
system. Both rely on
particle size and
plasticity. In the USCS,
soils are designated by
two letters: the first
indicates the primary
component (G for
gravel, S for sand, M
for silt, C for clay), and
the second refines the
description (W for well-
graded, P for poorly
graded, C for clayey, M
for silty, H for high
plasticity, L for low
plasticity). Learning
these symbols is a rite
of passage for anyone

geotechnical
engineering.

THE PRINCIPLE OF
EFFECTIVE STRESS

Perhaps the single
most important
concept in soil
mechanics is effective
stress, formulated by
Karl Terzaghi, the
father of modern soil
mechanics. The
principle is
straightforward but
profound: the strength
and deformation of soil
depend not on the total
stress applied, but on
the stress carried by
the soil skeleton
itself—the effective
stress. Total stress at
any point is the sum of
effective stress and
pore water pressure.
When water fills the
voids between
particles, it takes a
portion of the load.
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Only the stress
transferred through
particle contacts, the
effective stress,
controls volumetric
changes and shear
resistance. This
principle explains
phenomena such as
quick sand, slope
failure after heavy rain,
and settlement of clay
layers under loading.

CONSOLIDATION
AND SETTLEMENT

When a load is applied
to a saturated clay
layer, the soil skeleton
initially cannot deform
because the water in
the pores is
incompressible. Over
time, water is expelled,
the void volume
decreases, and
settlement occurs. This
time-dependent
process is called
consolidation.
Understanding
consolidation theory is

critical for predicting
how much a building
will settle and how long
that settlement will
take. The consolidation
test, performed in an
oedometer, provides
key parameters: the

compression index
(Cc), the
recompression index
(Cr), and the
coefficient of
consolidation (Cv).
These parameters

allow engineers to
estimate both
immediate and long-
term settlement.
Differential settlement,
where different parts of
a structure settle by
unequal amounts, can
lead to cracking and
structural distress.

SHEAR STRENGTH
OF SOILS

Shear strength is the
soil's ability to resist
sliding along internal
surfaces. It is governed



by the Mohr-Coulomb
failure criterion, which
relates shear strength
to effective normal
stress and two
parameters: cohesion
(c') and angle of
internal friction (¢'). In
simple terms, cohesion
represents the inherent
stickiness of the soil
(important for clays),
while friction arises
from interlocking and
sliding resistance
between particles
(important for sands).
The shear strength is
measured using direct
shear tests, triaxial
tests, or unconfined
compression tests.
Geotechnical engineers
use these parameters
to assess slope
stability, bearing
capacity of
foundations, and earth
pressure against
retaining walls. Without
a firm grasp of shear
strength, none of the

fundamentals of
geotechnical
engineering can be
applied safely.

SITE
INVESTIGATION:
THE CRITICAL
FIRST STEP

No geotechnical design
is better than the data
on which it is based.
Therefore, site
investigation is a
cornerstone of the
discipline. A thorough
subsurface exploration
program includes
drilling boreholes,
collecting undisturbed
and disturbed soil
samples, performing
in-situ tests like the
Standard Penetration
Test (SPT) or Cone
Penetration Test (CPT),
and establishing
groundwater

conditions. The data is
compiled into a
geotechnical report
that describes soil
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stratigraphy, provides
engineering properties,
and makes
recommendations for
foundation type, depth,
and allowable bearing
pressure. Cutting
corners on site
investigation is a false
economy that can lead
to catastrophic failures
or costly over-design.

APPLICATIONS IN
FOUNDATION
ENGINEERING

The fundamentals of
geotechnical
engineering directly
inform foundation
design. Foundations
are broadly classified
as shallow or deep.

Shallow
Foundatio

ns

These include spread
footings and raft
foundations. They
transfer loads to the
soil at a shallow depth,
typically within 3
meters of the surface.
The primary design
criterion is bearing
capacity: the soil must
not fail in shear, and
settlement must
remain within tolerable
limits. Terzaghi's
bearing capacity
equation is a classic
tool for calculating the
ultimate bearing
capacity for a strip
footing.

Deep
Foundatio



ns

When near-surface
soils are weak or when
loads are extremely
high, deep foundations
such as piles or drilled
shafts are used to
transfer loads to
deeper, stronger
strata. Piles can be
end-bearing, skin
friction, or a
combination of both.
The design of pile

groups involves
complex interactions
between individual
piles and the
surrounding soil, often
requiring advanced
methods.

SLOPE STABILITY
AND RETAINING
STRUCTURES

Natural and man-made
slopes must be stable
to prevent landslides or
collapses. Slope
stability analysis uses

10

limit  equilibrium
methods to calculate a
factor of safety against
failure. Factors such as
soil strength,
groundwater level, and
slope geometry are
considered. Similarly,
retaining walls are
designed to hold back
earth masses and
resist lateral earth
pressures. The Rankine
and Coulomb theories
provide the basis for
estimating active and
passive earth
pressures.
Understanding these
applications unifies all
the fundamentals of
geotechnical
engineering into
practical, life-saving
designs.

GROUND
IMPROVEMENT
TECHNIQUES

Often, the soil at a
construction site is not
ideal. Rather than
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resorting to deep
foundations,
geotechnical engineers
can improve the
ground itself. Common
techniques include
mechanical
compaction,
vibroflotation,
preloading with vertical
drains, deep soil
mixing, and grouting.
Each method alters the
soil fabric or density to
enhance strength,
reduce permeability, or
accelerate
consolidation. Ground
improvement is both
economical and
environmentally
sustainable, making it
a growing area within
the field.

THE ROLE OF
WATER IN
GEOTECHNICAL
ENGINEERING
Water is both a
blessing and a
challenge in

11

geotechnical practice.
Seepage, or the flow of
water through soil,
affects stability,
settlement, and the
design of drainage
systems. Darcy's law
governs flow through
porous media, and flow
nets are used to
visualize seepage
patterns. The presence
of water reduces
effective stress, can
cause piping (internal
erosion), and triggers
frost heave in cold
climates. A thorough
understanding of
hydraulic conductivity
and seepage forces is
indispensable for every
geotechnical engineer.

EMERGING TRENDS
AND
TECHNOLOGIES

The field is not static.
Modern geotechnical
engineering

increasingly relies on
numerical modeling,




such as finite element
and finite difference
methods, to simulate
complex soil-structure
interactions.
Geosynthetics—materi
als like geotextiles and
geogrids—are
revolutionizing soil
reinforcement and
drainage. Sustainability
is driving the use of
recycled materials and
low-carbon ground
improvement methods.
Additionally, real-time
monitoring using fiber
optics and wireless
sensors is providing
unprecedented insights
into subsurface
behavior. Yet, despite
these advances, the
core fundamentals of
geotechnical
engineering remain
as relevant as ever.
New tools simply allow
engineers to apply
these principles with
greater accuracy and
confidence.

12

CONCLUSION: WHY
THE
FUNDAMENTALS
MATTER

The fundamentals of
geotechnical

engineering are not
merely academic
concepts; they are the
essential tools that
allow engineers to
interact safely and
responsibly with the
earth. From
understanding how a
clay deposit will settle
under a new building

to designing a
retaining wall that will
withstand lateral

pressures for decades,
these principles form
the invisible framework
of our infrastructure.
Soil is the most
variable, unpredictable
construction material
we work with, and
mastering these basics
is the first step toward
taming that
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unpredictability. toward a safe,
Whether you are economical, and

designing a foundation
for a high-rise tower or
assessing slope
stability for a highway
cut, returning to the
fundamentals will
always guide you
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sustainable solution.
The ground beneath
our feet may be
hidden, but its
behavior must never
be overlooked.



