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Abstract: Geotechnical engineers now have to take 

climate change uncertainties into consideration when 

designing infrastructure and buildings. Engineers have 

long taken historical precedent—such as few, 

protracted flood events—into account when designing. 

However, we now have to acknowledge that these might 

occur more frequently. Other regions may experience 

extended droughts with less frequent but more intense 

rainfall as a result of climate change. Because of these 

consequences, geotechnical engineers are now required 

to take into consideration various circumstances that 

take into account a continuously shifting environment 

over the structure's existence. In order to attain the 

necessary design life when the conditions that are 

currently faced and for which they are intended 

eventually change, geotechnical engineers must also 

exercise caution while choosing materials. These 

concerns are covered in this study along with how 

geotechnical engineers might include climate change 

into their designs. 
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INTRODUCTION 

Climate change has emerged as one of the most 

important issues of the twenty-first century, with far-

reaching consequences for many sectors. 

Geotechnical engineering is one field where climate 

change has had a significant impact. Understanding 

soil behaviour and how it interacts with structures is 

fundamental to geotechnical engineering. It is critical 

to the design and building of infrastructure. As 

climate change worsens, this area faces new issues 

that demand novel answers. This article examines the 

influence of climate change on geotechnical 

engineering and emphasizes the role of this field in 

reducing its impacts. 

An Overview of the Mechanisms Underpinning 

Climate Change 

• Definition of Climate Change: Caused mostly by 

human activities like the burning of fossil fuels and 

deforestation, climate change is defined as notable 

changes in temperature, precipitation, and other 

atmospheric conditions over long periods of time. 

• Impact causes: Rising sea levels that have the 

potential to submerge coastal geotechnical sites, 

changed weather patterns that affect soil moisture, 

and increased greenhouse gas emissions that cause 

global warming are some of the main causes. 

• Relevance to Geotechnical Engineering: Since these 

mechanisms affect soil behavior, stability, and 

infrastructure design to survive climate-related 

issues, an understanding of them is essential for 

geotechnical engineers. 

GEOTECHNICAL RISKS  

Geotechnical failures typically occur due to a small 

number of reasons: 

• design: either the structure is not properly analyzed, 

or the design does not take into consideration the 

probable ground or loading conditions over the 

structure's lifetime. 

Slopes are cut too steeply during construction, 

ground support may not be put in place in time, or the 

wrong materials are utilized. Unexpected changes in 

loads are also prevalent. Among the examples are: 

increased groundwater levels as a result of heavy 

rainfall; a new building using an extra burden, or 

fresh work like excavating in front of a retaining wall. 

• alteration of material characteristics, which may 

include things like erosion or shrinkage, as well as 

increased groundwater levels brought on by heavy 

rainfall; a new arrangement using an extra 

Climate Impacts and Risks 

Generally speaking, geotechnical structures are 

sensitive to their surroundings. For instance, the 

majority of inground constructions and earthworks 

are impacted by surface water flows and groundwater 

levels.  
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The effects of climate change fall into two main 

categories: 

• precipitation, including floods, storms, and heavy 

rain 

• rising temperatures due to wildfires and drought 

 

Nonetheless, there are clear similarities between the 

two categories. For instance, higher water 

temperatures trigger hurricanes, which can lead to 

more precipitation and floods as a result of storm 

surges. 

LITERATURE REVIEW 

1. C.A. Bridges* (2024)[1] studies Codes, 

standards and specifications are retrospective by 

nature and climate change impact challenges the 

geotechnical engineer to develop solutions not 

based on precedence but to think through the 

possible environmental conditions their 

structures will face. 

 

2. Nazanin Nafici, M. F. M. Zain (2012)[2] 

examine Climate is changing, due to the 

increasing of human produced carbon pollution. 

These changes enhance the global average air 

and ocean temperature, widespread melting of 

snow and ice and rising global sea levels and 

extra heat in the climate system have other 

impacts, of climate change. The green 

infrastructure offer many benefits to an urban 

area and existing environment, benefit to both 

micro climates of indoor environment and 

surrounding outdoor environment of the 

building. It contributes to reducing energy 

consumption for cooling load, also reduces the 

effect of global warming by controlling the CO2 

level. 
 

3. Tamara Braˇcko, Bojan Žlender * and Primož 

Jeluši (2022) )[3]  studies The importance of 

climate change to slope stability is determined 

through a sensitivity stability analysis of the 

slope. Climate change as expected future 

extreme rainfall events are important because 

they affect the net infiltration of water into the 

slope. Conditions of water permeability and 

groundwater flow in the slope are important. 

Conditions of water permeability and 

groundwater flow are important. When soil 

permeability is low, the fac-tor of safety for rain 

events on subsequent days decreases. When 

permeability is higher, safety decreases more 

rapidly  

Precipitation causes water net infiltration, 

depending on conditions of evaporation, 

transpiration, and surface water runoff. In 

conjunction with climate change, the increase in 

net infiltration of water may be the most critical 

factor in slope instability. The results of the 

analysis indicate that adaptation measures have 

to be implemented for the presented example of 

geological and geotechnical conditions of the 

slope. These can often be achieved quite simply 

with the planting of trees and shrubs and with 

well-regulated surface water runoff, which is 

usually a low cost compared to the cost of 

landslide removal. Therefore, it makes sense that 

in the future all slopes should be analysed 

according to the expected climate change, taking 

into account climate change, similarly to the 

procedure shown in this article 

 

4. Qi He1 , Fei Tan et .al(2022) [4]  figure out The 

Fenghuo Village was selected as a typical karst 

ground subsidence area for the research. From 

the geological section and 3D geological model, 

karst cavities were found in the limestone of this 

village, and the Quaternary soil layer was an 

artificial filling soil layer, which was relatively 

loose. Under normal conditions, the karst water 

level in the region was lower than the pore water 

level, and the pore water supplied karst water 

downward, which was in a stable state. The area 

is filled with engineering activities. Karst water 

had been extracted for engineering construction, 

and the water level dropped. At this time, the 

karst cavity continued to expand under the effect 

of permeability until the coating soil layer on the 

top of the cave reached its critical height. Under 

the action of traffic load acting on the road, the 

collapse force of the soil arch was greater than 

the anti-collapse force, and the soil arch was 

destroyed, ultimately leading to collapse 
 

5. Philip J. Vardon(2017) [5]  studies A range of 

potential, best-estimate, climate-change-driven 

processes that could affect the stability of 

geotechnical infrastructure have been identified. 

Geotechnical failures can be highly expensive in 

terms of damage and consequence; however, 

they are also rare. Therefore, changes in risk and 

vulnerability can be utilised. The major climatic 

changes that are likely to affect geotechnical 

infrastructure are increasing temperature 
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(causing soil drying), increasing mean rainfall 

(causing reduction in soil suctions), increasing 

drought events (leading to soil desiccation) and 

increasing intense precipitation (causing soil 

erosion, flooding and hydro-mechanical failure) 

 

6. Zsombor Illés (2022) [6]  studies in regions with 

heavy drought, the deterioration of flood 

protection embankments caused by desiccation 

can be as relevant as the damage caused by 

floods. When aridity (heavy and very heavy 

drought zones I. and II.) is associated with a 

reach swelling embankment material and high 

plasticity soils, the desiccation fissures are more 

pronounced. This observation is supported by 

the cases documented in Hungary and by the 

 

CONCLUSION 

To ensure the long-term performance of geotechnical 

constructions, several approaches can be used. As an 

illustration, some choices for embankments are as 

follows (Figure 2): 

• Shoulders of embankments that are shallower and 

wider 

Higher embankment heights to keep the 

infrastructure above flood levels; surface and inner 

drainage; and softer erosion protection for batters on 

shallower slopes and stronger protection for batters 

on steeper slopes 

The main things to consider for cut slopes are surface 

drainage and erosion control, together with sub-

horizontal drains to lower groundwater levels. 

Table 1 summarizes the possible effects of climate 

change on geotechnical structures and offers 

examples of how it might affect an earth 

embankment. 

Geotechnical engineers are challenged by the 

influence of climate change to build solutions that 

consider the potential environmental conditions their 

structures may encounter rather than relying on 

precedent because codes, regulations, and 

specifications are inherently retroactive.  
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