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Abstract— The main aim of this study is to investigate how 

artificial intelligence is used to estimate pile capacity and load-

settlement behavior of piles implanted in sand and mixed soils. 

Pile foundation analysis and design in unsaturated soils require 

consideration of the mechanical characteristics of the soil and 

the soil-pile interface. Artificial neural networks have been 

extensively employed in the last two decades to construct 

effective empirical models for various geotechnical issues [1]. 

Pile foundations are often utilized when the higher soil layers 

are weak and unable to sustain the super-structural loads. For 

the super-structural loads, piles are used. Consequently, a 

structure's stability and safety rely heavily on its piles' 

performance. Pile behavior is accurately predicted to guarantee 

that the structure and serviceability meet expectations. Once the 

field equipment is in situ, the behavior of the affected ground's 

Settlement and its subsurface environment are periodically 

observed. The surface settlement markers were installed, 

allowing us to see what was happening underneath and what was 

happening on top during Vibro-compaction. When the magnets 

are placed at various heights on the spider magnet 

extensometers, it is easy to see which soil strata are caused 

during load settlement. 

Keywords: Pile capacity, load settlement, artificial 

intelligence, Sandy soil, mixed soils, sensitivity analysis; pile 

load settlement. 

 

I. INTRODUCTION 

Water absorbed by and lost to the atmosphere causes 

heaving and downward movement in structures located on 

expansive soils. It is possible to regulate the movement of 

buildings erected on the clay strata using different treatment 

procedures, such as chemical stabilization. With superstructures 

putting pressure on this clay stratum, it is necessary to know how 

much weight they can bear in fluctuating moisture levels to 

predict how these strata would behave. Piles have been utilized 

as a structural foundation for a long time. Since so many 

variables impact the capacity and their uncertainty, it has proven 

challenging to anticipate the capacity. Recent soil mechanics and 

foundation engineering advancements have offered necessary 

knowledge on the parameters that impact bearing capacity. 

However, incorporating these aspects into analysis and design is 

impracticable, and as a result, most theoretical methods have 

primarily been based on simplifying assumptions and 

assumptions [1]. Pile load testing has been widely acknowledged 

as the best method for predicting bearing capacity [1] because of 

these challenges. Engineers have created a link between pile load 

test findings and in-situ testing like the standard penetration test 

(SPT) and cone penetration test because pile load tests have been 

limited by time and cost despite their dependability (CPT). The 

use of artificial neural networks (ANN) to solve geotechnical 

engineering problems has been increasing in recent years, with 

some success [2]. Because of these challenges, pile load testing 

has become widely acknowledged as the best method for 

accurately predicting bearing capacity. Engineers have built a 

correlation between pile load tests and in-situ testing like SPTs 

and cone penetration tests (CPT) because pile load tests are time-

consuming and expensive, despite their dependability. Artificial 

neural networks (ANN) in geotechnical engineering have shown 

some promise in recent years [2, 3]. Engineers have created a 

link between pile load test findings and in-situ tests like the 

standard penetration test (SPT) and the cone penetration test 

because pile load analyses have been limited by time and price 

despite their dependability (CPT). Soil characteristics and pile 

geometry are the primary focus of most studies on pile bearing 

capacity prediction when it comes to driven piles; little study has 

been done on bored piles. As a result, artificial neural networks 

were tested to see whether they could accurately forecast the 

bearing capacity of drilled piles [4]. 

Numerous academics have identified the need for proper 

calculation of the pile carrying capacity and settling of these 

structures under working loads as a significant issue for offshore 

operating businesses when building offshore structures. This 

combination of end bearing and mobilized shaft resistance 

develops in the effective stress zone of piles used in maritime 

constructions to transmit loads. Mobilized skin friction 

resistance becomes the most critical component in pile bearing 

capacity when uplift loads dictate the foundation design 

process[5]. As a result, piles exposed to axial compression loads 

must be driven deeper to obtain good mobilized resistance. The 

computation of the pile bearing capacity is the ultimately applied 
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load that may be divided by a specified safety factor, considering 

the structure's strength and serviceability [5]. 

On the other hand, associated pile settlement may be 

ascribed to an increase in effective stress, which results in elastic 

compression and a loss in soil volume in the effective stress zone. 

The subsoil profile may be divided into multiple parts to 

determine pile settling using traditional methods. Settlement 

equals the sum of the compression in the soil layers [6]. Soil 

stress history and nonlinear correlations between strain and soil 

stress-strain are among the characteristics that have been 

mentioned as a barrier to accurately measuring the bearing 

capacity of piles and their accompanying settlements [7,8]. So 

there has been a surge in experimental and numerical research 

on pile bearing capacity lately. As a result, many assumptions 

have been made on the main characteristics that regulate pile 

settling. Thus, most existing methods of pile settlement have 

failed to offer a complete technique with a consistent degree of 

effectiveness. 

Other modeling techniques have been tested and proved to 

be less reliable and accurate when using artificial neural 

networks (ANNs) for computational intelligence (CI) [8,9]. 

Artificial neural networks, or ANNs, are inspired by biological 

systems to stimulate the brain and nervous system. Many 

engineering challenges, including materials modeling, 

hydrologic and hydraulic modeling, offshore structures, and 

geotechnical modeling, have been successfully solved using 

artificial intelligence (AI) technology. The Moving Least Square 

(MLS) technique, which uses a soft machine learning principle, 

has effectively simulates complicated materials[9]. One way to 

forecast pile capacity, shaft resistance, and end bearing capacity 

for varied pile and hammer parameters was to construct an ANN 

model utilizing an intelligent computerized system. A novel 

computational intelligence (CI) technique is used in this work to 

construct a fast, highly accurate predictive intelligent model for 

pile load-settlement reaction. This research proposes a novel 

method for modeling the load-settlement behavior of pile 

foundations buried in sand and mixed soils using artificial neural 

networks (ANNs) (subjected to axial loads). 

II. RESEARCH PROBLEM 

      The main problem this paper will solve is analyzing the 

artificial intelligence modeling to investigate the pile capacity 

and load-settlement behavior due to piles buried in sand and 

mixed soil. Highly excess pore pressures are created during 

normal to mildly overconsolidated clay pile drive because of soil 

disturbance and stress state changes. Because of this, as time 

passes, the dirt surrounding the piles tends to consolidate around 

them, increasing the pile's capacity. Setup is the term used to 

describe this step. Soil layering and the radial consolidation 

coefficient influence the pace at which excess pore pressure 

dissipates. Soil–pile interactions and soil property uncertainty 

make an accurate prediction of pile reaction to loads a 

challenging undertaking. The analysis of the link between pile 

load and Settlement is a conventional approach that either 

oversimplifies the issue or calls for characteristics that are 

impossible to establish in the laboratory. The suggested artificial 

intelligence model outperforms previous theoretical models in 

contrast to elastic and hyperbolic predictions[10]. 

 

 

 

 

 

 

 

 

III. LITERATURE REVIEW 

A. Pile models and the loads' Settlement 

The preceding calculation does not consider the influence of 

time on the capacity of the pile. Consider that in the 40-year-old 

platform, if you analyze the calculation, you will discover that 

its safety factor doesn't always match that recommended by the 

API, and the surroundings over time will undoubtedly alter the 

capacity of the pile. The increased adhesion between the pile and 

the outer layers is not considered since it is a normal 

phenomenon over time. Therefore, axial capacity in clay soil is 

studied to see how it changes over time. Piles are the most 

common foundation technique when both vertical and horizontal 

weights are supported. Piles have established procedures for 

determining their vertical capacity. Various techniques may also 

calculate pile deformations, bend moments, and shear forces. 

However, there is great variety in the outcomes produced by 

various models. Most piles exposed to lateral stresses are 

elastically anchored beams. FEM packages are often used to 

determine pile size, loads and moments, and reinforcing plans 

[10]. As a result, the linear elastic material simulations used in 

these structural modules are suited mainly for structure 

computations. Because the response of the soil is neither elastic 

nor linear, the reliability of the findings obtained from linear 

elastic modeling when applied to the construction of foundations 

is in dispute. The best tools for modeling these nonlinear three-

dimensional ground interaction challenges are full-3D 

geotechnical software. In most circumstances, a single row of 

piles is adequate for vertical load capacity. 

Nevertheless, dependable maximum bending tolerance for 

lateral loading is harder to accomplish. Because a hinge connects 

the beams and pylons of this kind of bridge, the foundation 

elasticity only modifies the bending moments, base shear, and 

perfectly natural pressure exerted on the structure. Alternative 

bridge designs with stiff deck-abutment connections, such as 

frames and integral bridges, are more affected by structural 

frame and soil texture interactions[10]. 

This kind of design necessitates more lateral capacity. Building 

towering embankments on poor soils is becoming more and more 

prevalent. In this scenario, it is necessary to have an accurate 

model of the response of the transverse reinforcement for the 

piles. This strategy is because not only do they need to be able 

to withstand lateral loads supplied to the structures, but they also 

need to be able to withstand embankment forces passed through 

the soil. The embankment-induced collapse mode poses a 

distinct set of design challenges and might be just as problematic 

as structural stresses. Soil-structure interaction may now be 

accurately simulated using modern geotechnical software[10]. 

The mechanical behavior of key important bridge issues is more 

favorable than was expected based on the results of standard 

bridge design simulations. The abutment piles exhibit fewer 

forces as predicted by Winkler-style models [1,]. Yet, the 

intermediate reinforcement piles experience more significant 

horizontal deformations and are susceptible to higher loads than 

expected. 

         A significant deal of attention must be taken when 

estimating foundation settlements for large, expensive structures 

such as skyscrapers, towers, power plants, and other comparable 

construction endeavors. There are few instances when soil 

settling calculations match up with the actual deformation that 

occurs when a load is applied. During the settling process, the 

soil shifts from its previous state of the body (or self-weight) 

pressure to a new one governed by the added load [1]. 

"Settlement" refers to a statistical measure of movement changes 

in the direction of interest. The fact that the soil characteristics 

are gathered on the building site before the project computation 
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is a significant element that substantially complicates foundation 

design. This strategy is because of this feature. Piles may be 

predicted by looking at their heel settlements and elastic 

deformations. Understanding the importance of settlement 

analysis in building foundations is crucial, even though very few 

contemporary structures have collapsed due to excessive 

settlements [8]. Too much Settlement and jerky motions can end 

up causing structures to warp and crack, particularly rotary 

equipment, which is particularly sensitive to misaligned bearings. 

That is to say; the current state-of-the-art design strategy may 

significantly lower the likelihood of settling issues without 

significantly increasing the cost of the foundation. 

 
Fig i: Load Settlement in soil 

B. Networks of artificial neurons (ANN) 

It has been possible to use ANNs to solve almost every 

prediction difficulty in the Settlement. Predicting the Settlement 

over time, on the other hand, is a relatively unexplored area of 

study. This article builds a neural network (ANN) model and 

compares two standard approaches. Artificial neural networks 

(ANNs) have recently been shown to be a viable solution for 

various geotechnical engineering modeling problems. When 

model piles are loaded axially, a higher-order neural network 

model is used to predict the load-settling behavior. The best 

architecture of the selected network was trained using two 

hidden layers with 14 input parameters. The design and training 

of the proposed network, inputs such as pile characteristics, and 

results of a standard penetration test (SPT) are entered. An 

improved artificial intelligence (AI) technique boosted by 

particle swarm optimization has been used in studies to predict 

the pile load-deformation response utilizing soft computing tools 

(PSO). [11,12] This model was created and trained using data for 

model piles contained in cohesive and non-cohesive soil. RMSE 

and R-squared were used to evaluate the trained model's 

performance. R stands for the correlation coefficient (RMSR). 

Both models are shown to be capable of accurately predicting 

the settling of pile load. The research provided in this publication 

differs from the previous prediction models in two ways. The 

preliminary investigation is carried out to identify the most 

critical individual variables (IVs) to be employed in the input 

layer space and complete statistical analysis to determine how 

much of an impact each IV had on research results. As a second 

part of the study, a unique and easy-to-build Levenberg-

Marquardt scheme that is self-tuning and enhanced with 

Hypothesis testing was implemented[12]. Many advantages of 

the above technique over other backpropagation (BP) algorithms 

include its ease of use, self-tuning (i.e., no user-dependent 

parameters), lower vulnerability to overfitting, quicker training 

speed, and more reliability. 

C. Analysis of pile foundation 

There is a similar amount of settling when the pile 

foundation is loaded. Soil resists the movement of a pile 

foundation. Due to the growth of skin friction around the pile 

shaft and tip bearing capacity, this resistance is caused by Skin 

friction being completely activated when pile settling is between 

5 and 10 mm relative to soil [13]. When a pile settles, its tip-

bearing capacity changes approximately linearly with it. At this 

point, the pile's tip bearing capacity reaches a maximum of 10% 

to 25% of the diameter. The sum of time-independent instant 

Settlement and time-dependent compaction of soil makes up the 

overall pile foundation settlement. Poulos and Davis [22] 

showed that the overall settling of pile foundations is mainly 

caused by quick Settlement. The suggested semiempirical 

methods[13] are used to estimate the imminent Settlement. Load 

transfer technique, elastic method, and finite element approach 

are the most often used methods for analyzing pile foundations. 

The time-consolidation characteristics of driven pipe piles 

supporting a structure are addressed in the design of the piles in 

the most common instance. According to a typical permanent 

offshore structure construction, the time it takes to load a 

platform might vary from a few weeks to a few months after the 

piles are installed. Engineers are informed if the commissioning 

and startup process begins early since this information might 

impact the foundation system's safety in the early phases of the 

consolidation process, which is a critical design variable.

 
Fig ii: Illustration of a Pile displacement on soil. 

D. A finite element method (FEM) model  

Analysis of soil-structure interactions is often done using the 

finite-element method (FEM). The soil mass is broken down into 

a limited number of components in this procedure. Nodal points 

are the sites where all of these components link to each other. 

This approach creates a collection of algebraic equations at the 

node [14]. Soil components and nodes are represented as a mesh 

in this model. The displacement of their nodal points displaces 

soil elements. Calculating the strain in soil elements is possible 

by calculating nodal displacements [14]. The friction in the soil 

composition and the elastic of the soil behavior is used to 

determine the degree of impact. When the constitutive 

relationship of the soil has been determined, the equilibrium 

equations of the soil components are solved to determine the 

elastic/plastic state and the stress level in each nodal point. The 

amount of shear strength mobilized depends on the size of the 

externally applied stress and the weight of the soil. Avoiding soil 

collapse is achieved when the maximum stress does not exceed 

the soil's shear strength [14,15]. The load-carrying ability of a 

pile foundation is determined primarily by a characteristic 

known as shear resistance. The pile was represented as a linear 

elastic material in the Mohr-Coulomb material model for soil 

with elastic-perfectly plastic behavior. It was supposed that the 

stiffness of the soil remained constant. 
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A suitably sizeable finite body model with a plane 

dimension ab and thickness H is used to mimic the ground with 

relatively homogenous layers, which is believed to be a semi-

infinite elastic region. There are N-layer components in this body. 

It is important to note that the elastic modulus E and Poisson's 

ratio I are material properties for an element with thickness ci 

that includes the upper and lower nodal surfaces, respectively. 

The body model's bottom support condition is considered stiff 

and rough, and the four side process parameters are supported 

[15]. Ground soil bearing and deformation qualities may be more 

appropriately studied using a composite ground FLM because it 

considers the impact of a pile structure on ground pressure. 

Improved efficiency in bearing capacity than a composite pile 

foundation, composite ground uses a cushion between piles to 

increase surface strength and minimize soil compressibility 

under a raft basement. Furthermore, settlement development 

increases the soil's resistance to pile skin friction for foundations 

under heavier loads. 

IV.  SIGNIFICANCE TO THE U.S 

Modeling of many material kinds, testing of complicated 

geometry, and the capacity to detect indirect effects operating on 

a tiny part of the design are all made possible via finite elements 

used in modeling. U.S. engineers can do a wide range of jobs 

using the finite element simulation platform they use daily. Skin 

friction and suctions created at the base of the pile are critical 

drivers of these piles' pull-out resistance in sandy soils. This 

modeling is critical in the planning and construction operations 

on sandy soils [16]. Excessive or suction pore tensions are 

generated as the soil is subjected to shear and volumetric forces. 

A gap opens up at the bottom as the pile goes upward, creating 

suction. Shearing at the edges of a pile may lead to excess pore 

pressures in loose soils and suction pore forces in thick soils 

when the pile is pushed quickly [16]. Changing the soil's 

effective stress state and, in turn, the pull-out resistance's skin 

friction factor will significantly impact these pore pressures. 

V. FUTURE IN THE UNITED STATES 

Future building projects in the United States will continue to 

rely on artificial intelligence. A robust technique in the 

engineer's toolbox, finite element analysis (FEA), may save 

firms time and money via mathematical prototyping [17]. 

Several more digital technologies are reshaping engineering in 

the years to come, including FEA. ANNs have been used 

successfully to solve various geotechnical engineering issues in 

the past two decades [18,19]. Geotechnical engineering issues 

have been modeled using ANNs [19]. Compared to more 

conventional techniques, this one can describe the problem's 

nonlinear and complicated interaction with the components that 

influence it without assuming a previous I formula of what this 

relationship may be. To overcome restrictions, ANNs rely only 

on data to define the model's topology and the unknown 

parameters. 

VI. CONCLUSION 

This study explored the use of artificial intelligence to 

simulate pile capacity and load-settlement behavior of piles 

buried in sand and mixed soils. Composite ground FLM may be 

utilized in realistic examples of pile foundation model testing to 

determine settlements and pile skin friction for single-pile and 

raft foundations. The findings of the experimental measurements 

and the calculated and measured match to a fair degree 

demonstrate that it is essential to consider structural components 

as the growing pressures of multilayered ground. The composite 

ground FLM proposed in this research is a realistic and practical 

way of addressing composite grounds. This model will develop 

a new technique for the interaction study of layered surfaces and 

foundational components. Everyone can benefit from a pile-raft 

foundation since it eliminates the need for further surface 

modification if the soil has a poor bearing capacity. 
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