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Geotechnical Engineering:
Principles, Methods, and
Practical Pitfalls
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1. Introduction

Settlement analysis is one of the most critical aspects of geotechnical engineering
because most foundation failures are serviceability failures, not collapse failures.
Excessive or differential settlement can render a structure unusable even when
bearing capacity is adequate. This document explains settlement concepts in a clear,
practice-oriented way, supported by essential formulas, without excessive laboratory

or theoretical depth.
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2. What is Settlement?

Settlement is the vertical downward movement of the ground caused by the
application of load from structures such as buildings, embankments, pavements, or
tanks.

Settlement matters because:
e |t affects serviceability (cracks, tilting, malfunction)

* |t controls the long-term performance of structures
* |t often governs foundation design more than bearing capacity

3. Types of Settlement

3.1 Immediate (Elastic) Settlement
Occurs immediately after loading, without drainage of pore water.

* Dominant in sands and gravels
e Controlled by soil stiffness

Basic expression (conceptual):
Ss=qxBx(1-v?)/E

Where:
* q = net applied pressure
* B = foundation width
= Poisson’s ratio
= Young's modulus of soil

)
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3.2 Primary Consolidation Settlement

Occurs due to the dissipation of excess pore water pressure in saturated cohesive
soils.

e Time-dependent
* Most significant in clays

Terzaghi’s 1D consolidation equation:

Sc =(Cc/(1+e)) x Hx log(a'f / a'y)

Where:
e Cc = compression index
® ¢, = initial void ratio
 H = thickness of compressible layer
e o'y = initial effective stress
e of = final effective stress
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Figure - Terzaghi's consolidation theory GGU Software

@ www.pigsolearning.com @ info@pigsolearning.com e +91 95107 52409


https://api.whatsapp.com/send?phone=919510752409&text=Hi%2C%0AWelcome%20to%20PIGSO%20LEARNING.%0AHow%20can%20we%20assist%20you.%F0%9F%91%8B
https://www.sciencedirect.com/topics/materials-science/soil-mechanics
https://www.ggu-software.com/en/glossary/terzaghis-consolidation-theory

40\ =

[ PIGSO LEARNING <7 (» (O

Struggling with errors or delays in PLAXIS? You're not
alone - and we've built a step-by-step way out.

Follow Us: in f

AL, =
PIGSO LEARNING HOME LIVE TRAINING ~ PARTNERS »+ RESOURCES ~
4 ] |

Master in Geotechnical Applications

PLAXIS Training Course Online

Get trained by Industry experts for the Plaxis 2D/3D software to perform complex
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WATCH PREVIEW

PIGSO LEARNING offers hands-on training on PLAXIS Software,
470+ engineers skilled with PLAXIS
We offer,

e Live online classes with experts (15+ years experience)

* Real project assignments & case studies

Downloadable materials + recorded sessions
* Professional certification to boost your career
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3.3 Secondary Settlement (Creep)
Occurs after primary consolidation, at constant effective stress.
* Important for organic soils and soft clays

Secondary settlement:

S;: = Ca x H x log(t, / t,)

Where:
* Ca = secondary compression index
e t,, t, = time interval

4. Stress Increase in Soil Due to Foundations

Settlement depends on how stress spreads in soil.
Common approaches:

o 2:1 stress distribution method
e Elastic theory (Boussinesq)

method (simplified):

Ac =Q/[(B + z)(L + z)]

Where:
e Q = applied load
e 7z = depth below foundation
e B, L = footing dimensions
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5. Settlement Analysis Methods

5.1 Layered Soil Approach
e Soil profile divided into layers
e Settlement calculated for each layer

e Total settlement = sum of individual layers

S total = %S layer
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Figure - Layered Soil Model MDPI
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5.2 Elastic Theory-Based Methods

Used mainly for:
e Sands

e Raft foundations

Relies on modulus values from:
e SPT

e CPT
e Pressuremeter tests

5.3 Consolidation Theory-Based Methods

Used for:
e Soft clays

e |ong-term settlement prediction

Requires:
e Consolidation parameters

e Drainage conditions
e Time factor

Time factor equation:

Tv = (Cv X t) / Hd2

e C, = coefficient of consolidation
e Hd = drainage path length
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6. Differential Settlement - The Real Danger

Uniform settlement is usually tolerable. Differential settlement causes:

e Cracking
e Structural distortion
e Serviceability failure

Common causes:
e Non-uniform soil layers
e Uneven loading

e Adjacent excavations
e Variable groundwater conditions

7. Allowable Settlement Limits (Typical Values)

Structure Type Allowable Settlement

Isolated footing 25-50 mm
Raft foundation 50-75 mm
Machine foundation 10-20 mm
Differential settlement L/300 to L/500
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Thanks for growing your skills with PIGSO LEARNING!

Follow us for more technical tips, expert insights, and real-
world geotechnical guidance.

Drop a comment if you like this post, and suggest topics you'd
like us to cover next.

Got feedback or want to connect? Wed love to hear from
you!

— Team PIGSO LEARNING
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