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SUMMARY 

The seismic nature of the soil in urban spheres is very susceptible to seismic ground failures caused by 

intricate soil conditions, extensive development, and outdated construction methods. However, structural 

solutions have always played the most important role in seismic design; growing evidence points to the 

importance of geotechnical engineering in the development of earthquake-resilient urban infrastructure. 

In this paper, a synthesis of geotechnical methods of earthquake resilience is given based on the seismic 

hazard evaluation, mitigation of liquefaction, ground improvement, foundation, and soil structure 

interaction. The analyzed literature shows that seismic demand in urban regions may differ by 24 times 

depending on the specific conditions of the soils in various micro zones. Sites that contain Vs30 less than 

180 m/s are always highly amplified on the ground and prone to liquefaction. The techniques of 

liquefaction mitigation are proven to be very effective. Densification methods reduce the settlement by 

30-50 %, drainage systems achieve 40-70 % reduction of excess pore water pressure, and soil stabilization 

methods yield up to 60-80 % settlement reduction. Ground improvement techniques increase the soil 

stiffness in the range of 1.5-3.0 times, whereas pile-raft foundation systems minimize seismic settlement, 

20-40 % as compared to a shallow foundation. The fact that soil structure interaction is considered 

changes the structural natural periods by 10-30% by an important factor in seismic response. The results 

point out that the site-specific geotechnical interventions will be necessary to minimize the seismic 

damage and enhance the post-earthquake performance. The research offers a technical foundation of how 

to incorporate geotechnical solutions in the urban seismic resilience planning and aids the wise choice of 

safer and more sustainable cities. 

Key words:  geotechnical earthquake engineering, urban seismic resilience, soil liquefaction, ground 

improvement, seismic microzonation, soil–structure interaction. 

INTRODUCTION 

City settlements in seismic zones are now more susceptible to the destruction of earthquakes because of 

the high population density, the ground situation, and aging infrastructure. This has been demonstrated 

by experience with recent earthquakes, which frequently control the extent of damage by the behavior 
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of local soils and foundation performance, and not just by the magnitude of the earthquake. 

Consequently, earthquake-resistant infrastructure development is now less structural in nature, but rather 

incorporates integrated methods that have integrated the importance of geotechnical engineering to help 

prevent ground-related failures [1][17]. Traditional seismic design is primarily focused on the response 

of the superstructure, whereas failures associated with liquefaction of soils, excessive settlement, lateral 

spreading, and soil-structure interaction still led to severe losses, especially in urban settings where soils 

are not homogeneous, and the groundwater table is not deep [18]. Even though seismic isolation, energy 

dissipation, and advanced structural materials can decrease seismic demand, their performance is highly 

determined by the behavior of the ground and basing [2]. On the same note, seismic safety is also taken 

into account in the architectural and energy-saving building designs, yet its functionality depends on the 

proper geotechnical support [5]. The latest research brings up the importance of combined resilience 

models, which would integrate geotechnical engineering, structural design, urban planning, and 

sustainability-related issues [4][9]. The developments in GIS-based hazard mapping, geospatial soil 

modeling, and data-driven analysis techniques have enhanced the process of detecting high-risk urban 

areas and have helped to plan mitigation efforts more intelligently [8]. Simultaneously, economic and 

educational approaches underline that resilient infrastructure must be sustainable, safe, and able to 

benefit society both in the short and long term [14][19], and the emerging study of subsurface systems 

and post-earthquake soil behavior also enlarges the focus of geotechnical earthquake engineering 

[3][13]. Although much has been researched, there is little consensus and synthesis of technologies that 

look at the geotechnical solutions to earthquake-resistant urban infrastructure. The paper fills this gap 

by (i) synthesizing the current advances in seismic hazard assessment, liquefaction mitigation, ground 

improvement, foundation systems, and soil-structure interaction; (ii) reviewing their effectiveness and 

applicability in urban settings, and (iii) identifying the new trends in data-driven analysis and 

sustainability-oriented geotechnical practices. The structure of the paper is the following: Section 2 

contains the review of related literature; Section 3 is concerned with the seismic hazard assessment and 

site characterization methods; Section 4 deals with the key geotechnical approaches; Section 5 

summarizes major findings and results; and Discussion, Conclusion, and Future Research of the paper 

can be found in Sections 6. 

LITERATURE REVIEW 

The structural, architectural, and urban perspective of earthquake-resilient infrastructure has been 

largely researched in literature, but recent literature shows an increasing prominence of geotechnical 

engineering as a key factor that regulates seismic behaviour. Firoozi [1] underlines that ground-related 

failures, including liquefaction, settlement, and subsequent lateral spreading, tend to be dominant in 

quake effects in urban-based earthquakes, and thus, geotechnical innovation is required in seismic 

design. Resilience measures that are structural in nature, such as seismic isolation and energy dissipation 

systems, have also been thoroughly examined and demonstrated to have a strong reduction of structural 

demand [2][10]. Strength and sustainability of earthquake-resistant systems have also been enhanced 

due to optimization of high-performance structural components [6]. Seismic considerations are also 

integrated in the architectural guidelines and the concept of near-zero energy buildings, which 

recognizes the increased application of safety and sustainability in the design of buildings [12]. 

Nevertheless, such methods usually presuppose steady-state ground conditions and are limited in the 

treatment of soil behavior under strong seismic loading. The topics that have been covered in 

geotechnical studies of earthquake engineering encompass seismic behaviour of soils, underground 

structures, and foundation systems.  

Zheng et al. [3] emphasize the significance of robust assessment and management approaches to 

geotechnical and underground systems, whereas Jamil [11] records the real-life difficulties of 

developing areas where the failures of the ground enhance the seismic hazard. Other recent studies also 

look at the long-term transformations of the soil properties after the occurrence of earthquakes, which 

suggest consequences on the stability of the post-event and environmental soundness [13]. The GIS-

based and geospatial modeling methods have helped advance seismic hazard assessment. Recent studies 

combine soil plasticity information with water content and urban land-use data to aid resilient 

infrastructure planning [16][18], although demonstrating the usefulness of the GIS-based geotechnical 

hazard screening at an earlier stage, Wilding and Luna [20] did. Machine learning methods based on 
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data and integrating in-situ testing with machine learning have also enhanced the prediction of 

liquefaction risk and fast urban-scale assessment [15]. In addition to engineering actions, larger 

resilience models also include maintenance planning, asset management, and rapid assessment of 

damages to increase the response and recovery after an earthquake [4][8]. Economic analyses prove that 

the benefit-cost analysis of the earthquake-resilient design and retrofitting gives positive results 

throughout the infrastructure lifecycle [14]. The perspectives of education and professional practice also 

emphasize the necessity of resilience-driven engineering solutions based on the experience of the recent 

major earthquakes [7][9]. As can be seen in the reviewed literature, even though immense efforts have 

been made in the structural and resilience-based earthquake engineering, geotechnical factors are 

generally regarded as secondary or disjointed factors. It is evident that there is a necessity for a synthesis 

approach that considers geotechnical methods as the key features between hazard assessment and ground 

enhancement, and soil-structure interaction as key components of the execution of earthquake-resistant 

urban infrastructure. This is the gap that has given the impetus to the current study. 

SEISMIC HAZARD ASSESSMENT AND SITE CHARACTERIZATION 

The technical background of designing urban infrastructure resilient to earthquakes comprises seismic 

hazard assessment and site characterization. Underground conditions in urban settings tend to be of high 

spatial variability because of the natural processes of deposition and human-origin alterations. It, 

therefore, follows that a regional seismic hazard map is not enough, and site-specific geotechnical 

analysis is required to have a good predictability of amplification of the ground movements, failure 

processes of soils, and foundation responsiveness during earthquakes. This segment introduces the most 

significant elements of seismic hazard evaluation that are applicable to urban geotechnical engineering, 

such as seismic microzonation, GIS-based soil mapping, and data-driven soil risk assessment. Where 

required, standard mathematical formulations are presented that ensure engineering interpretation and 

do not attempt to be too analytical in their complexity. 

Seismic Microzonation in Urban Areas 

 

Figure 1. Seismic microzonation and geotechnical hazard mapping framework for urban environments 
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Seismic microzonation is the division of an urban area into similar seismic response zones as per 

geological, geotechnical, and geophysical conditions. As opposed to uniform design spectra, 

microzonation is able to capture local site effects that can play a significant role in the damage 

distributions of earthquakes, especially in cities with soft soils, reclaimed land, or shallow groundwater 

conditions present. The main parameters that are taken into consideration in urban seismic 

microzonation are: Stratigraphy and thickness of the soft deposits in soil. Profiles of shear velocity wave 

(Vs and Vs30). Depth to bedrock, groundwater table depth, past seismicity, and distribution of damage. 

The results of microzonation are usually in the form of low, moderate, and high seismic hazard zones, 

which are used on a technical basis in planning land-use and selection of foundation and a focused 

mitigation strategy. 

Figure 1 demonstrates the Seismic microzonation and geotechnical hazard mapping system of the urban 

environment, which reveals the combination of geotechnical studies, GIS-based zoning, and seismic 

hazard scale. 

GIS-Based and Geospatial Soil Mapping 

Geographic Information Systems (GIS) can be used to integrate and visualize geotechnical data that is 

distributed spatially to carry out the assessment of seismic hazards. Urban areas' GIS-based soil mapping 

aids in interpolating subsurface properties, as well as locating areas where the soil is likely to liquefy, 

experience excessive settlement, or amplify the ground motion.  

Typical GIS layers used in geotechnical seismic assessment include: 

• Borehole and in-situ test data (SPT, CPT) 

• Shear wave velocity measurements 

• Groundwater depth distribution 

• Surface geology and land-use patterns 

GIS is more effective in decision-making, as it provides the possibility to perform multi-criteria analysis, 

as well as to correlate the conditions of the soil and the most important urban infrastructure directly. 

Data-Driven Soil Risk Evaluation and Liquefaction Assessment 

The central elements of seismic site characterization of urban settings include liquefaction risk 

assessment, mostly in saturated sandy and silty soils. The liquefaction triggering potential is usually 

measured using standard analytical formulations depending on seismic loading and resistance of the soil. 

The cyclic stress ratio (CSR), representing earthquake-induced cyclic demand, is calculated as in Eqn 1: 

𝐶𝑆𝑅 = 0.65 ⋅
𝑎𝑚𝑎𝑥

𝑔
⋅

𝜎𝑣

𝜎𝑣
′ ⋅ 𝑟𝑑           (1) 

where: 

𝑎𝑚𝑎𝑥= peak horizontal ground acceleration, 

𝑔= acceleration due to gravity, 

𝜎𝑣= total vertical stress, 

𝜎𝑣
′= effective vertical stress,  

𝑟𝑑= stress reduction factor. 
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The factor of safety against liquefaction (𝐹𝑆𝐿) is then expressed as in Eqn 2: 

𝐹𝑆𝐿 =
𝐶𝑅𝑅

𝐶𝑆𝑅
                                      (2) 

where 𝐶𝑅𝑅is the cyclic resistance ratio obtained from in-situ test correlations. Recent developments 

have involved data-based and machine learning methods to enhance the accuracy of prediction through 

the nonlinear association between soil parameters and attempted seismic performance. Such methods 

improve the traditional methods by minimizing uncertainty and assisting in the rapid screening of risks 

at urban levels. Table 1 enumerates Geotechnical parameters applied in the characterization of the 

seismic sites that normally include soil and seismic parameters with their ranges and engineering 

implications. The urban geotechnical studies are synthesized into SPT, CPT, and Vs30 ranges [1][18]. 

Parameters of liquefaction (CSR and FS -) are formed on the basis of popular values that are reported in 

recent liquefaction evaluation literature [15][20]. 

Table 1. Geotechnical parameters used in seismic site characterization 

Parameter 
Typical Urban 

Range 
Test / Source Engineering Significance 

SPT-N value 5–30 blows 
Standard 

Penetration Test 

Soil density and liquefaction 

resistance 

CPT tip resistance 

(qc) 
2–25 MPa 

Cone Penetration 

Test 

Soil strength and 

stratification 

Shear wave velocity 

(Vs30) 
150–450 m/s 

MASW / Downhole 

tests 

Site classification and 

amplification 

Groundwater depth 1–10 m Observation wells Liquefaction susceptibility 

Plasticity Index (PI) 5–35 % Laboratory tests Cyclic soil behavior 

Cyclic Stress Ratio 

(CSR) 
0.10–0.40 Seismic analysis Earthquake-induced demand 

Factor of Safety (FSₗ) <1.0–>1.5 
Analytical 

evaluation 
Liquefaction triggering risk 

 

Engineering Implications for Urban Seismic Design 

Geotechnical and structural design is made in urban settings directly based on the results of seismic 

hazard evaluation and site characterization. The areas with seismic amplification or liquefaction 

potential are considered zones of special needs that need specific mitigation measures, which can be 

ground improvement, deep foundations, or altered seismic design spectra. On the other hand, in low-

hazard zones, the best and cost-efficient foundation solutions can be optimized. Using seismic 

microzonation, GIS-based soil mapping, and performance-driven risk analysis, engineers can use a 

performance-based approach to geotechnical design that can increase the urban seismic performance 

and stability, as well as balance safety, constructability, and sustainability. 

GEOTECHNICAL APPROACHES FOR EARTHQUAKE-RESILIENT INFRASTRUCTURE 

Geotechnical strategies represent the key engineering strategies for reducing ground failures caused by 

earthquakes and improving the seismic resilience of urban infrastructure. Geotechnical interventions are 

used to directly mitigate the effects of subsurface hazards like soil liquefaction, excessive settlement, 

lateral spreading, and soil foundation instability, unlike structural systems, which primarily manage 

geotechnical superstructure response. In the crowded urban areas, these solutions need to be both 

technically functional and space-efficient, and in relation to the existing infrastructure. 

Figure 2 Geotechnical methods of earthquake-resistant infrastructure, an example of soil liquefaction 

prevention, ground improvement methods, earthquake-resistant foundation systems, and effects on soil 

and structure interactions. 
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Figure 2. Geotechnical approaches for earthquake-resilient infrastructure 

Soil Liquefaction Mitigation Techniques 

The most severe type of geotechnical failure mechanism during earthquakes is soil liquefaction, which 
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of urban alluvial and coastal areas. Liquefaction causes an abrupt loss of soil strength and stiffness, 

causing settlement of the foundations, tilting, lateral spreading, and destruction of the underground 

utility. The choice of the liquefaction mitigation techniques is determined by the factor of safety against 

liquefaction (FS_L) derived from seismic site characterization (Section 3). Some of the typical methods 

are densification, an increase in drainage, and soil stabilization. Generally, mitigation methods that have 

low vibration and disturbance to the ground are favored in the urban setting. 
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Increased seismic loading of soil. Ground improvement techniques improve soil stiffness, strength, and 

resistance to deformation. These are effective methods for the urban setting where deep foundations 

might be limited due to cost, access, or other construction constraints. An equation of state can be 

simplified and adopted as in the expression of the improvement in soil stiffness in terms of a simplified 

equation in form of an equation of state in the form of Eqn 3: 

𝐺𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑 = 𝛼 𝐺𝑛𝑎𝑡𝑢𝑟𝑎𝑙     (3) 

Where: 

𝐺𝐼𝑚𝑝𝑟𝑜𝑣𝑒𝑑 is the shear modulus of the improved soil, 

𝐺𝑛𝑎𝑡𝑢𝑟𝑎𝑙is the shear modulus of untreated soil, and 

𝛼is the improvement factor, typically ranging from 1.5 to 3.0 depending on the technique used. 

Some of the most widely used techniques are the stone columns, deep soil mixing, and jet grouting, as 

each technique has varying degrees of enhancement and constructability in tight urban areas. 
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Earthquake-Resistant Foundation Systems 

During earthquakes, foundation systems are the important interface between the buildings and the 

ground that supports them. The foundation design that is resistant to earthquakes is designed to safely 

transfer seismic forces and, at the same time, ensure that the deformation of the ground is accommodated 

without damaging the foundation too much. When the soil is in seismic conditions, the bearings that can 

be used are usually lowered by the seismic reduction factor in the form of Eqn 4: 

𝑞𝑎𝑙𝑙𝑜𝑤,𝑠𝑒𝑖𝑠𝑚𝑖𝑐 =
𝑞𝑠𝑡𝑎𝑡𝑖𝑐

𝐹𝑠
⋅ 𝜂𝑠          (4) 

Where: 

𝑞𝑎𝑙𝑙𝑜𝑤,𝑠𝑒𝑖𝑠𝑚𝑖𝑐is the allowable bearing capacity under seismic loading, 

𝑞𝑠𝑡𝑎𝑡𝑖𝑐is the static allowable bearing capacity, 

𝐹𝑠is the factor of safety, and 

𝜂𝑠is the seismic reduction factor (typically 0.7–0.9). 

Soil–Structure Interaction Effects 

The seismic performance of urban infrastructure is greatly affected by soil-structure interaction (SSI) in 

relation to soft soils or stratified soils. SSI changes structural natural periods, damping features, and 

seismic demand. The change in structural natural period caused by SSI may be indicated as being in the 

form of Eqn 5: 

𝑇𝑆𝑆𝐼 = 𝑇𝑓√1 +
𝑘𝑠

𝑘𝑓
                                 (5) 

Where: 

𝑇𝑆𝑆𝐼is the natural period considering SSI, 

𝑇𝑓 is the fixed-base natural period, 

𝑘𝑠is the soil stiffness, and 

𝑘𝑓is the foundation stiffness. Taking into account that SSI results in more realistic seismic performance 

predictions, the underestimation of displacement demand is unsafe. Table 2 shows the suitability of 

geotechnical methods to earthquake-resistant urban infrastructure that compares geotechnical methods 

on the basis of their purposes, suitability of soils, applicability in the city, and seismic advantages. 

Engineering Significance of Geotechnical Approaches 

Likewise, the efficiency of the geotechnical strategies is based on the combination with the seismic 

hazard evaluation and structural design. When these methods are picked up, depending on the site-

specific soil properties and seismic demand, the methods will substantially minimize the earthquake-

related damage and improve the operation of posts after an earthquake. Geotechnical interventions 

deliver an effective solution to earthquake-resistant infrastructure in urban conditions that is cost-

efficient and viable. 
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Table 2. Applicability of geotechnical approaches for earthquake-resilient urban infrastructure 

Geotechnical 

Approach 
Primary Objective 

Suitable Soil 

Conditions 

Urban 

Applicability 
Seismic Benefit 

Densification 

(vibro / dynamic) 
Increase soil density Loose sands Moderate 

Reduced 

liquefaction 

settlement 

Drainage systems 
Dissipate pore 

pressure 
Saturated sands High 

Liquefaction 

control 

Stone columns 
Improve strength and 

drainage 
Soft clays, silts High 

Increased shear 

resistance 

Deep soil mixing 

Strength and 

stiffness 

enhancement 

Soft clays Moderate 
Settlement 

reduction 

Jet grouting 
Localized 

strengthening 
Variable soils High 

High deformation 

control 

Pile foundations 
Load transfer to 

competent strata 

Weak surface 

soils 
High 

Foundation 

stability 

Pile–raft systems 
Load sharing and 

settlement control 

Mixed soil 

profiles 
High 

Enhanced seismic 

performance 
 

RESULTS AND KEY FINDINGS 

This part also contains the most important findings obtained through comparative synthesis of recent 

geotechnical earthquake engineering, as opposed to recent experimental or numerical research. The 

findings report performance differences, effectiveness margins, and multi-criteria engineering trade-offs 

relating to the seismic hazard evaluation and geotechnical mitigation measures in an urban setup. The 

results are aimed at informing engineering decision-making and bringing out prevailing trends in the 

literature. All the illustrative graphs in this section were created using Python with the Matplotlib library 

to illustrate the synthesized performance ranges in the literature. 

Results of Seismic Hazard Assessment and Site Characterization 

The synthesis of seismic microzonation and site characterization results in urban areas demonstrates a 

high level of spatial variability of seismic demand in metropolitan areas. The amplification of ground 

motion and the susceptibility to liquefaction are heavily dependent on the nature of local soil conditions, 

the shear wave velocity, and the depth of groundwater. 

Key findings 

The seismic demand is differentiated by some 2-4 times in the various micro zones of a city.  

Sites with Vs30 that are less than 180 m/s are always highly amplified and in danger of liquefaction. 

GIS incorporation of geotechnical data is very effective in identifying high-risk areas over homogeneous 

design spectra. The level of indicative seismic hazards given in Table 3 under seismic hazard 

characteristics at urban microzonation highlights the typical level of hazards of various seismic 

microzonation classes. 

Table 3. Indicative seismic hazard characteristics across urban microzonation zones 

Parameter 
Low Hazard 

Zone 

Moderate Hazard 

Zone 

High Hazard 

Zone 

Vs30 (m/s) >360 180–360 <180 

Ground amplification Low Moderate High 

Liquefaction 

susceptibility 
Low Moderate High 

Foundation demand Low Moderate High 
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Variability in Performance of Liquefaction Mitigation Techniques 

Comparative evaluation of the liquefaction mitigation methods shows that although each of the 

mitigation methods minimizes the seismic-induced deformation, its effectiveness varies with the type of 

soil, the presence of groundwater, and construction limitations. Notably, there is significant variation in 

reported performance outcomes in various research. 

Key findings 

Densification methods normally result in a 30-50 % decrease in the settlement in the aftermath of an 

earthquake.  

Systems of drainage exhibit 40-70 % less excess pore water pressure and settlement.  

As a rule, soil mix methods and, to a lesser extent, deep soil mixing, offer the best and most predictable 

results. 

 

Figure 3. Variability of settlement reduction across liquefaction mitigation techniques, illustrating the range, 

median, and dispersion of performance reported in recent studies 

Figure 3 demonstrates the consistency of the reduction in settlement between the liquefaction mitigation 

methodologies, their range, and scatter of settlement reduction documented by various liquefaction 

mitigation techniques, depending on the synthesized literature results. Table 4 presents settlement 

reduction ranges and ranges of applicability of different liquefaction mitigation methods societally 

reported. 

Table 4. Performance ranges of liquefaction mitigation techniques 

Technique 
Settlement Reduction 

Range (%) 

Performance 

Consistency 

Urban 

Suitability 

Vibro-compaction 30–50 Moderate Moderate 

Drainage systems 40–70 High High 

Compaction 

grouting 
35–60 Moderate High 

Deep soil mixing 60–80 Very High Moderate 
 

Multi-Criteria Performance of Ground Improvement Techniques 

Ground improvement methods have a clear trade-off when compared in terms of several performance 

criteria. Some of these approaches offer high mechanical performance, whereas others have benefits in 

constructability, cost-effectiveness, and suitability in high-density urban settings. 
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Key findings 

Jet grouting is the most desirable method when maximum stiffness and control of deformation are 

required, and it is more expensive and complicated to build. 

Stone columns are balanced in terms of performance, constructability, and urban use.  

Deep soil mixing is good for settlement control, but it might be limited due to the cost and space 

considerations. 

 

Figure 4. Multi-criteria seismic performance comparison of ground improvement techniques 

Figure 4 represents the multi-criteria seismic performance of ground improvement techniques. The radar 

chart is a comparison of the stiffness increase, settlement control, urban applicability, constructability, 

and cost efficiency of more popular ground improvement methods. Table 5 is a comparison of various 

ground improvement techniques based on various performance and constructability measures. 

Table 5. Multi-criteria evaluation of ground improvement techniques 

Technique 
Stiffness 

Increase 

Settlement 

Control 

Urban 

Applicability 
Constructability 

Cost 

Efficiency 

Stone 

columns 
Moderate Moderate High High High 

Deep soil 

mixing 
High High Moderate Moderate Low 

Jet grouting Very High Very High High Low Low 

Controlled 

modulus 

columns 

High High Moderate Moderate Moderate 

 

Foundation Systems and Soil–Structure Interaction Outcomes 

When soil-structure interaction (SSI) is incorporated into the seismic analysis, there is a pronounced 

shift in the predicted structural response, especially when using foundations on soft or layered soils such 

as those of an urban basin.  
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Key findings  

Pile-raft foundation systems minimise seismic settlement up to 20-40% to shallow raft foundations. 

The effects of SSI change structural natural periods by 10-30 %, which affects the demand for 

displacement and the distribution of forces.  

Failure to take care of SSI can lead to non-conservative urban site design of soft soil. 

Table 6. Seismic performance of foundation systems 

Foundation System Settlement Control SSI Sensitivity Urban Applicability 

Shallow raft Low High Moderate 

Pile foundation High Medium High 

Pile–raft system Very High Low High 
 

Table 6 compares the types of foundation on the basis of settlement control, sensitivity to soil structure 

interaction, and the suitability for urban applications. The results of the synthesis have shown that 

geotechnical interventions are significant and contribute to the strengthening of earthquake-prone 

infrastructural systems in the city in the case of site-specific hazard evaluation. The effectiveness of 

liquefaction mitigation varies according to the technique; the ground improvement technique has 

obvious multi-criteria trade-offs, and SSI-conscious foundation design can greatly enhance the seismic 

performance. The results offer a sound technical foundation for the method of proper geotechnical 

strategies in high-density urban settings. 

CONCLUSION 

The paper has offered an in-depth literature review of geotechnical strategies to enhance the resiliency 

of urban infrastructure to earthquake waves with a special focus on seismic hazard evaluation, mitigation 

of liquefaction, ground enhancement, foundation structure, and soil-structure interaction. Detailed in the 

review are the facts that ground conditions are a decisive factor in regulating the damage of an 

earthquake and that geotechnical precautions are necessary in minimizing seismic risk in city centres 

with high population density. The synthesized results indicate that the seismic requirement of cities may 

change by 2-4 times between the different micro zones of the city because of the variation of the local 

soil. Sites in the urban areas whose Vs30 values do not exceed 180 m/s are always linked to high ground 

amplification and vulnerability to liquefaction. Liquefaction mitigation measures have proven to be 

highly advantageous, with densification procedures reducing post-earthquake settlement by 30-50 %, 

drainage systems by 40-70 % of excess pore water pressure, and soil stabilization strategies offering up 

to 60-80 % settlement reduction. Ground improvement practices enhance stiffness on the soil by around 

1.5-3 times, whereas the piles-raft foundation reduces seismic settlement by 20-40 relative to a shallow 

foundation. The importance of soil-structure interaction on seismic response and design requirements is 

taken into account by considering the effect on structural natural periods of 10-30%. Despite the 

systematic technical synthesis of the study, the results rely on published literature and not new 

experimental or numerical analysis, and thus constitute indicative ranges of performance as opposed to 

site-specific prediction. Future studies should be aimed at incorporating field studies, numerical models, 

and data-driven methods to improve such results. Additional effort should also be made on sustainable 

ground improvement materials and real-time monitoring systems in order to facilitate sustainable and 

resilient urban development. Generally, the research indicates that there is a need to incorporate 

geotechnical-based solutions in urban seismic planning to minimize the damage caused by earthquakes 

and enhance the post-earthquake operational activities. 
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