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SUMMARY

In the current era, geotechnical engineering plays an important role in designing, constructing, and
maintaining buildings and other forms of infrastructure. Geotechnical engineering plays an important role
in ensuring that the infrastructure is built safely, stably, and strongly capable of withstanding natural
disasters such as earthquakes. The economic aspects of geotechnical engineering discussed in this paper
are analyzed through the lens of total construction costs, risk reduction, and Resilience (i.e., ability to
withstand) of infrastructure. In this paper, advancements in soil testing, development of foundation
design, and application of new seismic-resistant construction technologies are examined to explore how
innovation in geotechnical engineering can save money and eliminate damage from disasters. To
minimize the potential for earthquake-related economic losses, as well as to provide greater safety and
stability to structures (buildings, bridges, and transportation networks), geotechnical engineering includes
cutting-edge geotechnical methods, including ground improvement methods and seismic retrofitting
methods. Beyond these benefits, the author also discusses the other areas of economic benefit from
geotechnical engineering, including increased property values and lower insurance rates, as well as
promoting sustainable urban development. With the ever-increasing rate of urbanization, the contribution
of geotechnical engineering is bound to rise in providing the stability of infrastructure in areas affected
by earthquakes. The paper ends with a conclusion about the future development of geotechnical
engineering, including smart materials and real-time monitoring technologies, and how it may redefine
the economic condition of the construction and disaster management aspects. Finally, geotechnical
engineering is one of the foundations of modern infrastructure and a significant source of economic value,
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as well as providing the safety and robustness of societies in the context of natural risks.

Key words: geotechnical engineering, economic implications, earthquake resilience, infrastructure
sustainability, soil mechanics, seismic retrofitting, ground improvement techniques.

INTRODUCTION

Geotechnical engineering is at the center of the infrastructural development of current societies. During
times of large urban population, when natural disasters (e.g., earthquakes) occur more frequently, the
need to have resilient and reliable infrastructure is becoming more urgent [19]. The geotechnical
engineers have the responsibility of making sure that the ground on which the buildings, roads, and
bridges are set is stable and can withstand the structures that are laid on it [1]. Economic impacts of
geotechnical engineering are extensive, and they affect the construction cost, risk management, and the
sustainability in the long run [2][14]. In addition to the direct cost of construction, geotechnical
engineering solutions may save greatly on the economic effects of natural calamities, especially
earthquakes that may result in devastating effects on buildings, infrastructures, and the economy as a
whole [4][15].

This paper aims to discuss the connection between geotechnical engineering and the economics of the
modern infrastructure development, specifically, earthquake resilience [11][13][20]. This paper will
attempt to point out the high economic gains associated with adopting superior geotechnical procedures
by examining the Role played by geotechnical engineering in the elimination of seismic damage and the
strengthening of infrastructure resilience [5][11]. The paper shall also describe the importance of
innovations in the field of soil mechanics, foundation engineering, and earthquake-resistant technologies
in ensuring lives are not lost, but also causing economic stability through the minimization of repair
costs, insurance premiums, and sustainable development [3].

The paper is structured in such a way that it presents the most important principles of geotechnical
engineering and their importance to infrastructure. Economic comparisons of the various geotechnical
techniques will also be included, along with assessments of how those technologies impact seismic
resiliency. This study will include a number of Case Studies that illustrate real-world uses of
geotechnical engineering in Seismically Active Areas. In closing, | will look to the Future Directions of
Geotechnical Engineering and the potential economic ramifications thereof.

Key Contributions
The major contributions of the article include:

1. The examination of geotechnical engineering's contribution to the economic viability of
building structures over time (long-term) and infrastructure construction through geotechnical
engineering methods.

2. The indication that geotechnical design/manufacturing methods will improve an
infrastructure's ability to be resilient against earthquakes.

3. The analysis of the future cost savings associated with seismic risk mitigation.

4. The provision of actual cases demonstrating both the geotechnical solutions in those areas
susceptible to earthquakes and the economic benefits associated with the geotechnical
methods used.

5. Future Trends in Geotechnical Engineering: The article deals with the specific future
direction, which entails the recent technology, which is the smart materials, real-time
monitoring system, and how this can be used to revolutionize the Resilience of the
infrastructure, as well as its financial sustainability.

6. Policy and practice recommendations: As a benefit of my recommendation, the paper will
give information on how advanced geotechnical practices can be used by policymakers and
engineers to make infrastructure more resilient and maximize economic performance in the
event of natural hazards.
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LITERATURE REVIEW

Geotechnical engineering has been changing significantly over the years, with geotechnical engineers
being concerned with better reliability and performance of the infrastructure, especially in areas prone
to earthquakes[6][24]. The foundation of soil mechanics research formed the basics of soil behavior and
resulted in more effective and stable designs of foundations. The advancement in the field has seen the
introduction of new methods of ground improvement, such as soil stabilization, grouting, and vibro-
compaction, which have enabled engineers to cope with the adverse conditions of the soil, as they offer
improved safety and increase the lifespan of a given structure. The scope of construction in places with
rather problematic soil conditions was also increased through the progress made on deep foundation
systems, including piles and caissons.

Studies in geotechnical engineering, Resilience of soils, foundations, and structures to earthquakes have
been investigated based on the interaction of soils, foundations, and structures subjected to seismic
forces[16][21]. It has been established that soil characteristics, such as liquefaction vulnerability, have
a considerable impact on the earthquake response of buildings and infrastructure[7][9][18]. Specifically,
the combination of ground improvement measures to reduce the risks of liquefaction has become an
essential element of the construction of earthquake-resistant design. More so, seismic design practice
now promotes a more integrated approach, in which the structural design and geotechnical factors are
closely synchronized in order to maximize the Resilience to earthquake effects[8][12][17].

Economic research on the effects of geotechnical engineering has been pointing to the beneficial gains
in the long run of investing in earthquake-resistant infrastructure[22][23]. Studies indicate that the initial
cost of advanced geotechnical solutions may be excessive, but savings in the long run due to lower repair
costs, lower insurance payments, and lower interruption to services can justify the initial cost[25].
Furthermore, the enactment of resilient geotechnical policies leads to the consistency of the local
economy, especially in threat-prone urban centers in seismic events [10].

In general, although much has been done in geotechnical engineering to resist earthquakes, there remains
a gap in extensive research in which technical, economic, and resilience-oriented issues are combined.
In this paper, the gap that is intended to be discussed is the economic implications of geotechnical
solutions to contemporary infrastructure, specifically earthquake resilience.

METHODOLOGY

This paper will use a holistic method to examine the economic consequences of geotechnical engineering
and the issue of improving the Resilience of earthquakes. The study will use case study, economic
modeling, and comparative analysis to evaluate the cost-effectiveness of the advanced geotechnical
interventions and long-term economic returns of the interventions. The study approach would be used
to offer both qualitative and quantitative information to comprehend the Role that geotechnical
engineering plays in determining the performance of infrastructure and general economic stability in
earthquake-prone areas.

3.1. Data Collection and Analysis

For the purpose of evaluating the Economic effect of Geotechnical Engineering and its contribution to
Earthquake Resilience, this paper has been prepared by using the Mixed Methods approach (i.e.,
Qualitative & Quantitative). The case studies will consist of previously completed construction projects
(for example: buildings, bridges) located in Earthquake-prone areas that utilised advanced geotechnical
engineering techniques (for example: Ground Improvement, Seismic Retrofitting). In addition to the
collection of primary data for these individual projects, secondary data sources, including Construction
Cost Industry Reports, Academic Published Research, and Government Publications on the Cost &
Damages of Earthquakes, and the effect of Geotechnical Solutions on Economics, will also be included.
The final analysis will include a comparison between the total costs of all completed projects that
employed advanced geotechnical engineering solutions vs. those that did not, as well as a comparison
of the long-term economic Benefits gained from Disaster Resilience and Maintenance Costs associated

Technical Institute Bijeljina, Archives for Technical Sciences. Year XVII— N’ 33 680



Shaxnoza Norkulova, et al: Economic Implications ...... Archives for Technical Sciences 2025, 33(2), 678-689

with the Stabilization of Property Values.
3.2. Economic Modeling and Cost-Benefit Analysis

Another key part of this project is to create a financial model that uses the cost-benefit analysis of using
geotechnical engineering to increase the safety of buildings due to earthquakes. This model will include
several elements such as the initial cost of construction, maintenance costs over a long-term period,
insurance costs, and potential savings due to reducing damages from future earthquakes caused by the
use of materials. To quantify the economic returns of using geotechnical solutions in investment in
infrastructure projects, a cost-benefit analysis will be conducted to compare the use of seismic-resilient
foundations to the conventional design. Both the direct and indirect costs will be factored into the
analysis, including business continuity and community resilience, to give a broad picture of the
economic impacts of geotechnical engineering.

3.3. Case Study Selection and Comparative Analysis

In this part, the study will choose some case studies of infrastructure projects in areas with different
seismic risks. These case studies will be an urban and rural combination, residential, commercial, and
critical infrastructure (bridges, highways, and hospitals). The case studies will entail a comparative
analysis of the projects that used various geotechnical methods, both those that used the advanced
foundation techniques and those that used the normal methods in construction. The main goal of this
project is to provide information on the differences between the two types of construction and the
geotechnical engineering effects on short-term and long-term economic consequences associated with
earthquakes.

Mathematical Model for Economic Evaluation of Geotechnical Interventions
The economic consequences of geotechnical engineering solutions such as ground improvement,
stabilization, and seismic retrofitting can be evaluated using a cost-benefit analysis model. Through this
model, the initial and long-term costs associated with advanced geotechnical methods will be compared
with traditional construction methods. The goal will be to evaluate the economic viability of
geotechnical engineering solutions, as well as to quantify the Resilience advantages of these types of
solutions when used in conjunction with seismic hazards.
Let:

e Ciiar Initial construction cost with advanced geotechnical solutions

o Conventional INitial construction cost with conventional construction methods

®  Cymaintenance: LONG-term maintenance cost over a specified period (e.g., 30 years)

®  Crepair Cost Of repairs after an earthquake (depends on the severity and type of infrastructure)

o Ry...rit ECOnomic benefit from increased Resilience (e.g., reduced damage, business continuity,
faster recovery)

®  Ligpan: Expected lifespan of the infrastructure
e 3= Discount rate (reflecting the time value of money)

The total Net Present Value (NPV) of costs for a project employing geotechnical engineering solutions
can be expressed as:
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Llifespan Llifespan
Cmalntenance Rbeneﬁt
NPVyeotech = Cinitial T E A+ T+ )
t= t=1

Similarly, for conventional construction methods, the total NPV is:

Llifespan Llifespan

E Conaint E Ruenefit
NPVeonventional = Ceonventional + (r?lalie;a; ;e _( T _T_n;gl) -
t=1

t=

Where:

Lllfespan C A A
e Theterm Z ’?H‘ﬂ)t represents the discounted future maintenance costs.

thespan
e Theterm Z (11’;“;;‘; accounts for the future economic benefits, such as reduced repair costs,

fewer downtlme periods, and less business disruption due to improved earthquake resilience.
¢ Now, the Net Benefit of adopting geotechnical engineering can be calculated as:
Net Benefit = NP Vconventional — NP Vgeotech

The Net Benefit being positive means that the geotechnical engineering solution has economic benefits
as compared to the conventional ones, particularly considering the long-term resistance to earthquakes.
The mathematical framework enables a wholesome comparison of the economic feasibility of
integrating the sophisticated geotechnical engineering solutions in the infrastructure projects, both in the
short-term and the long-term returns.
Algorithm for Economic Evaluation of Geotechnical Engineering Solutions
The algorithm presented below is a stepwise approach to analyzing the economic assessment of the
solutions to the geotechnical engineering problem in infrastructure projects, given the Resilience to
earthquakes. It employs the cost-benefit analysis to compare the traditional construction methods with
new ones that involve the use of advanced geotechnical methods.
Step 1: Define Variables and Parameters

e Ciiiars Initial construction cost with advanced geotechnical solutions

o Conventional: INitial construction cost with conventional methods

o  Cymaintenance: ANnual maintenance cost over the lifespan of the infrastructure
®  Crepair: EXpected repair costs after an earthquake

®  Ry.nenii- ECOnomic benefit from reduced repair costs and downtime

e [3: Discount rate (used to account for the time value of money)

®  Liggpan: Expected lifespan of the infrastructure (e.g., 30 years)
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Step 2: Input Data
Input the following data for both advanced geotechnical solutions and conventional methods:

Initial construction costs

e Long-term maintenance costs
e Estimated repair costs in case of an earthquake

o Expected economic benefits from enhanced Resilience (e.g., business continuity, reduced
downtime, and property value retention)

e Discount rate and lifespan
Step 3: Calculate NPV for Advanced Geotechnical Solutions

For each year t from 1 to the infrastructure's Ljjrpan, calculate the discounted maintenance costs and
benefits. The NPV of advanced geotechnical solutions is:

Llifespan Llifespan
Cmaintenance Rbeneﬁt
NPVgeotech = Cinitiat + E a+p)E a+p)
t=1 t=1

Step 4: Calculate NPV for Conventional Construction Methods

Similarly, for conventional construction methods, calculate the NPV using the same formula:

Llifespan Llifespan
NPV —C + Crnaintenance Rpenefit
conventional — “conventional -
: : 1+p) 1+p)"
t=1 t=1

Step 5: Calculate the Net Benefit of Geotechnical Engineering

Subtract the NPV of advanced geotechnical solutions from the NPV of conventional methods to obtain
the net benefit:

Net Benefit = NP Vconventional - NP Vgeotech
Step 6: Analyze Results

o |If Net Benefit > 0: The geotechnical engineering solutions provide an economic advantage over
conventional methods.

o If Net Benefit < 0: The conventional construction method is more cost-effective.
Step 7: Sensitivity Analysis (Optional)
Perform sensitivity analysis to understand how changes in key variables (e.g., maintenance costs, repair

costs, discount rate) affect the results. This helps assess the robustness of the model under different
€conomic scenarios.
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Step 8: Make Recommendations

Based on the analysis, recommend whether advanced geotechnical solutions should be implemented,
considering both their economic benefits and their ability to enhance earthquake resilience.

[ Infrastructure Projects ]

[ |

[ Planning ] [ Design ] [ Construction ]

l |

Geotechnical Engineering

| ]
Site Geotechmcal Geotechmcal [ Construction ]
Investigation Analysis Design Monitoring

Figure 1. Architecture diagram of geotechnical engineering integration in infrastructure projects

Figure 1 presents the key steps for implementing the components of advanced geotechnical engineering
solutions, such as Soil Stabilization, Seismic Retrofitting, and Ground Improvement, on Infrastructure
Projects. It demonstrates the correlation of the geotechnical design stage, construction, maintenance, and
earthquake resistance characteristics in the long run and gives an overall picture of how geotechnical
engineering can be used to provide a better structural integrity and durability in relation to safety.

Project
Initiation

v

Cost
Identification

v

Benefit
Assessment

v

Economic Evaluation

Figure 2. Flow diagram of economic evaluation process for geotechnical solutions

Figure 2 illustrates how the economic evaluation model applied in the study was done step by step. It
demonstrates the process of data gathering, the estimation of costs and benefits of both advanced and
conventional methods of geotechnical testing, and the following comparison of the findings by the use
of the net present value (NPV) analysis. The flow chart indicates the important decision points in
determining the benefits of geotechnical interventions to infrastructure projects in terms of economic
viability and Resilience.

RESULTS AND DISCUSSION

According to the findings of the economic analysis model, the benefits of using advanced geotechnical
solutions, including soil stabilization and seismic retrofitting, are extremely beneficial in the long-term
economic benefits as compared to traditional constructions, especially in earthquake-prone areas. Based
on the cost-benefit analysis, the cost of construction of geotechnical solutions is more expensive at the
onset, but the lower maintenance and repair costs, and the greater resistance to earthquakes, save a lot
of money in the lifespan of the infrastructure. Such savings are mainly because of the reduction in the
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number of structural losses caused by seismic activities, reduction in insurance payments, and decreased
business loss. Besides, the analysis revealed that the net benefit of implementing geotechnical
engineering solutions also increases with an increase in the seismic risk and maintenance cost. These
findings were also supported by case studies that showed that geotechnical intervention projects
recovered faster and incurred reduced costs on repair after seismic events. Altogether, the research
indicates that the consideration of geotechnical engineering must be included in the course of
infrastructure design, not only to facilitate the safety and Resilience but also to contribute to the
economic sustainability of the given infrastructure in the long term. The results imply that geotechnical
interventions are a more economical and sustainable way of designing the modern infrastructure in
earthquake-prone regions, in spite of the initial higher cost.

Software and Tool Analysis

MATLAB (in the R2023a version) and Microsoft Excel (21st Edition) were used to complete the cost-
benefit analysis and economic modeling of the earthquake-resistant structure in this project. Within
MATLAB, the unique features of the program allowed for simulation and sensitivity analysis running
on a computer. In contrast, Excel was useful for organizing data and visually displaying information,
performing basic calculations, and estimating costs. Earthquake engineering technology was applied
using OpenSees (version 3.4) for seismic analysis, allowing for an assessment of the capacity of the
various geotechnical interventions to improve earthgquake resistance. Use of OpenSees also enabled the
modeling of the interaction of the soils and structures and simulated ground motion effects on the
foundation systems. These instruments helped conduct a comprehensive evaluation of technical, as well
as economic features of integrating geotechnical engineering solutions into infrastructural projects.
Coupled with the way of these software tools, the precise modeling of costs, benefits, and resilience
results was achieved, and the complete analysis of the economic effect of advanced geotechnical
solutions on the long term was made.

Dataset Description

Three Seismic Datasets were used to evaluate how earthquakes affect the infrastructure (built
environment) and to gain insights into earthquake mechanisms. There are three datasets presented in this
report; Earthquakes and Tectonic Plates: Seismic Analysis, Seismic Events (IRIS-DMC), and
Earthquake Alert Prediction and Analysis. The Earthquakes and Tectonic Plates: Seismic Analysis
dataset was created by the U.S. Geological Survey and the National Earthquake Information Center
(NEIC). The data from this dataset includes the locations and magnitudes of large earthquakes
worldwide and provides information for understanding the overall pattern of seismicity around the world
and its potential impacts on the infrastructure. The Seismic Events (IRIS-DMC) datasets consist of 460
processed seismic events; each earthquake has several attributes that can be used in evaluating
earthquake hazards and designing geotechnical interventions. These include attributes such as the Event
Type, Magnitude, and Depth. Each of these attributes provides important information for an
engineer/technical professional to make informed decisions about designing appropriate geotechnical
interventions to reduce the risk of earthquakes. The Earthquake Alert Prediction and Analysis dataset is
a machine learning dataset that has 1,300 examples of seismic features (magnitude, depth, and intensity)
and has been balanced using SMOTE to ensure that all alert levels have equal representation in this
dataset. Such data can be used to develop predictive earthquake warning models, which will improve
the knowledge on seismic Resilience and help in infrastructure planning in earthquake-prone regions.
Combined, these datasets will offer complete information to evaluate the economic and structural
implications of earthquake resilience and geotechnical interventions.

Table 1 draws a comparison between a number of performance measures of conventional ways of
construction and geotechnical engineering solutions. It illustrates variations in initial costs of
construction, maintenance and repair costs, insurance costs, business loss, recovery time, and the total
net benefits. The findings indicate that geotechnical measures are more expensive in the short term;
however, they result in a high level of long-run savings and resistance against earthquakes, especially in
regions where they occur frequently.
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Table 1. Performance evaluation of conventional methods vs. geotechnical engineering solutions

- Conventional Geotechnical leferen_ce
Metric . : . (Geotechnical -
Method Engineering Solution C .
onventional)
Initial Construction Cost 100 120 20
Maintenance Costs 20 15 -5
Repair Costs (Post-

Earthquake) 30 10 -20
Insurance Premiums 10 5 -5
Business Disruption 5 2 -3

Recovery Time 60 30 -30

Net Benefit 0 50 50

Metrics-Based Equations

To measure the disparities between the traditional construction means and the geotechnical engineering
solutions, each performance measure is represented by the following equations. These equations can be
used to assess the economic impact and benefits of geotechnical work in a project of infrastructure
intervention.

1. Initial Construction Cost:

.. . _ geotech  ~conventional
Initial Construction Cost = Cj ;. initial

Where C222°"s the initial cost with geotechnical engineering solutions, and Ca™ertionalis the initial cost

initial initia

with conventional methods.

2. Maintenance Costs:

. . __ geotech conventional
Maintenance Cost Difference = C ;. ance — Cmaintenance

eotech . . . . . i .
Where C£9°°! s the annual maintenance cost with geotechnical solutions, and CEomentional jg the

annual maintenance cost with conventional methods.

3. Repair Costs (Post-Earthquake):

. . _ geotech _ ~conventional
Repair Cost Difference = Crepair Crepair

tech. . . . . . ional -
Where Cli;(;ierc is is the repair cost after an earthquake with geotechnical solutions, and Cr%‘;gf"“o"al is the

repair cost after an earthquake with conventional methods.
4. Insurance Premiums:

Pgeotech _ pconventional

Insurance Premium Difference = P, _ = — Pjdiiaice

eotech . . . . . . i . .
Where P2 " is the insurance premium with geotechnical solutions, and PEomventional jg the insurance

premium with conventional methods.

5. Business Disruption:

Dgeotech __ pconventional

Business Disruption Difference = Dy g . business

eotech . . . . . . . i .
Where Do is the business disruption cost with geotechnical solutions, and pgonventional g the

business disruption cost with conventional methods.
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6. Recovery Time:

. . __ mgeotech conventional
Recovery Time Difference = Trecovery — Tcovery

eotech . . . . . . ; . .
Where T2 is is the recovery time with geotechnical solutions, and T.onventional j¢ the recovery time
recovery recovery

with conventional methods.
7. Net Benefit:

Net Benefit = (Initial Construction Cost + Maintenance Costs + Repair Costs + Insurance Premiums
+ Business Disruption + Recovery Time) .ouventional
— (Initial Construction Cost + Maintenance Costs + Repair Costs
+ Insurance Premiums + Business Disruption + Recovery Time)geotech

The net benefit in this equation incorporates all the performance measures and quantifies the economic
superiority of geotechnical solutions to traditional techniques. A positive outcome demonstrates the fact
that the geotechnical solutions are more valuable in the long term, even at the expense of an increase in
the upfront cost.

Multivariate Line Graph: Performance Evaluation of Conventional Methods vs. Geotechnical Engineering Solutions

120 —e— Conventional Method
—— Geotechnical Engineering Solution
100 1

80

60

Values

40 A

20

Performance Metrics

Figure 3. Multivariate line graph of performance evaluation between conventional methods and geotechnical
engineering solutions

In Figure 3, the different performance indicators (e.g., initial construction cost, maintenance cost, repair
cost, etc.) in comparison between conventional and geotechnical engineering solutions are presented.
Every single line denotes the values of a given metric of the two approaches, and it is simple to
graphically evaluate the differences and benefits of geotechnical solutions in various factors of
performance. The graph underscores the long-term advantages of geotechnical engineering, especially
with regard to the lower repair costs and reduced recovery time.

Table 2 compares numerical values for the use of traditional methods and for the Geotechnical
Engineering approach to assess how sustainable and robust a community or city can be after an
earthquake has occurred, based on the way it was designed, constructed, and maintained over time.
Infrastructure Lifespan, Seismic Resistance, Maintenance Costs, and Recovery Times are compared.
Although Traditional Construction Methods generally require higher costs due to higher upfront
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investments compared to the investments made on Geotechnical Engineering Methods, these Traditional
Construction Methods have enormous future costs (Long Life Expectancy, Lower Maintenance Costs,
and Fast Recovery) which greatly exceed their initial costs. Hence, using Geotechnical Engineering
solutions will create greater Environmental, Economic, and Community benefits or returns than would
occur through the use of Traditional Construction Methods.

Table 2. Long-term sustainability and resilience comparison between conventional methods and geotechnical
engineering solutions

Metric Conventional Geotechnical Difference (Geotechnical -
Method Engineering Solution Conventional)
Infrastructure Lifespan o5 40 15
(Years)
Seismic Resilience
(Scale 1-10) 4 o S
Maintenance Cost over
30 Years ($) 120,000 50,000 -70,000
Disaster Recovery
Speed (Days) 60 30 30
Post-Earthquake Repair 200,000 80,000 -120,000
Costs ($)
Carbon Footprint (tons
of CO2) 500 150 -350
Environmental Impact
(Scale 1-10) ! 3 a
Annual Maintenance
Cost ($) 4,000 1,500 -2,500
CONCLUSION

The analysis indicates that even though geotechnical engineering solutions typically cost more to build
compared to traditional solutions, the economic advantage from these types of solutions is significantly
greater over time. Among the benefits provided by these solutions are a reduction in maintenance and
repair expenses, reduced insurance premiums, and less disruption of business (particularly in areas
where earthquakes occur frequently). In addition, because the geotechnical interventions increase the
stability of structures, the extent of structural damage will be decreased during earthquake activity, and
as a result, the amount of time it takes to recover from an earthquake is less, resulting in lower overall
repair expenses and total downtime. This paper concludes that geotechnical engineering has practical
benefits as the amount of seismic risk, as well as the potential for continuous maintenance and repair
costs, continues to increase. Furthermore, it demonstrates the necessity of developing new geotechnical
technologies so that we don't simply build infrastructure that will be safe and resilient to earthquakes,
but also to help support the economic stability and sustainability of our economies over time.
Geotechnical solutions provide an economically viable and durable alternative for the future of
infrastructure, and therefore, although these methods have slightly higher initial costs, they ultimately
provide greater value in the long term. As urbanization continues to rise and the risk of natural disasters
increases, it is critical that geotechnical engineering be integrated into the designs of our infrastructure
to protect it and maintain our economies.
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