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1. Introduction

Climate change is increasingly influencing the performance, safety, and
durability of geotechnical structures. Changes in temperature, rainfall
patterns, sea level, and extreme weather events directly affect soil
behavior and ground-structure interaction. Geotechnical engineers must
now account for long-term climate variability and extreme conditions in
design, construction, and maintenance.

This document provides a structured and engineering-focused explanation
of how climate change impacts geotechnical structures, linking soil
mechanics fundamentals to real-world infrastructure challenges.
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Figure - Climate Change Effects on Geotechnical Structures,
Source - MDPI
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2. Changes in Rainfall Patterns and Infiltration

Climate change is associated with more intense rainfall events and longer dry
periods.

Soil behaviour changes:

Rapid infiltration increases pore water pressure
Reduction in effective stress

Softening of clayey soils

Increased erosion and surface instability

Key relationship:

Effective stress: o' = 0 - u

Increased pore pressure (u) during heavy rainfall directly reduces soil strength.
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Figure - Climate Change Effects on Geotechnical Structures,

Source - MDPI
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3. Impact of Temperature Variations on Soils

Rising and fluctuating temperatures influence soil properties, especially near the
ground surface.

Geotechnical effects:
® Thermal expansion and contraction of soils
* Changes in pore water pressure
* Alteration of soil structure in sensitive clays
* Degradation of frozen ground and permafrost

Engineering concern: Thermal cycles can induce differential settlement and cracking
in foundations and pavements.
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Figure - Temperature Variations on Soils, Source - ResearchGate
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4. Climate Change and Geotechnical
Engineering

Climate change affects geotechnical systems primarily through:

* Increased temperature variations

e Changes in precipitation intensity and frequency

* Rising groundwater levels

e Sea-level rise and coastal flooding

* Increased frequency of extreme events (storms, droughts)

These factors alter soil moisture, effective stress, strength, and deformation behavior.

5. Slope Stability and Landslides

Slopes are highly sensitive to climate-induced changes.

Climate-driven triggers:
* Prolonged rainfall
* Rapid drawdown in reservoirs
* Freeze-thaw cycles

Geotechnical implications:
* Reduction in shear strength
* Increase in driving forces
e Higher probability of shallow and deep-seated failures

Shear strength relationship:
e T=Cc+0 tan @
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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
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Master in Geotechnical Applications

PLAXIS Training Course Online

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

Geotechnical structural modeling and analysis work in this live online training course

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

Get More Info l
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6. Effects on Foundations

Climate change alters both shallow and deep foundation performance.

Observed impacts:
* Increased settlement due to softening soils
* Loss of bearing capacity in saturated soils
* Changes in skin friction for piles

Engineering concern: Design assumptions based on historical climate data may no
longer remain valid over the structure’s life.

7. Expansive and Shrink-Swell Soils

Expansive soils are particularly vulnerable to climate variability.

Climate influence:
* Longer dry seasons cause shrinkage
* Intense rainfall causes rapid swelling

Geotechnical consequences:
* Heave of foundations and pavements
* Cracking of structures
e Serviceability failures

Proper moisture control and soil treatment are essential in climate-resilient design.
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8. Permafrost Degradation and Cold Regions

In cold regions, rising temperatures cause permafrost thaw.
Geotechnical risks:
* Loss of soil strength
* Excessive settlement
* Failure of pile foundations
Infrastructure in polar and high-altitude regions is especially vulnerable to climate

warming.
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Figure - Permafrost Degradation and Cold Regions, Source -
MDPI
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Reference Links

e |[PCC Climate Change Reports: https://www.ipcc.ch/

e FHWA - Climate Resilience in Geotechnical Engineering:

https://www.fhwa.dot.gov/

e Engineering LibreTexts - Geotechnical Engineering:

https://eng.libretexts.org/Bookshelves/Civil Engineering/Geotechnical Engin

eering
e US Army Corps - Climate Preparedness and Resilience:

https://www.usace.army.mil/

e NPTEL - Advanced Geotechnical Engineering: https://nptel.ac.in/
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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

Connect with PIGSO LEARNING
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