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Life in the Libyan Desert in the first half of the twentieth
century through the writings of foreign travelers

Rosita Forbes as a model (1920-1921)

Dr. Ghalia Younis Muhammad,

Department of History, Faculty of History and Civilization, Sir Muhammad
bin Ali Al-Senussi Islamic University, Al-Bayda.

Abstract

Many foreign travelers roamed the Libyan desert at various historical
stages. For many reasons, one of these travelers was: the English writer and
explorer Rosetta Forbes, who roamed the Libyan desert and reached the Kufra
Oasis, the Sanusi stronghold at that time, and recorded her observations in her
famous book (The Secret of the Sahara Desert).

Through research, we will learn about the features of life in the Libyan
oases during the first half of the twentieth century through that book, and the
method will be the historical and analytical method.

Keywords: Senussi movement, foreign travelers, Rosita Forbes, the Libyan
desert, the twentieth century, Kufra.
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Geographical analysis of the reality of private schools in
Gharyan (Taghsat as a model) for

the academic year 2024-2025

Monir Bashir Sghaier Omar

Department of Geography, Faculty of Education, Kikla, Gharyan
University, Libya

Abstract

Private education contributes to the advancement of the sustainable
educational development process, which in turn contributes to the
development of social, economic, and health aspects of life. Therefore, good
planning for educational uses and services according to precise and clear
scientific indicators is necessary to achieve the desired benefit. The private
education sector in the city of Gharyan has expanded significantly since 2012,
which may be attributed to the ease of obtaining permits for establishing
schools. The study aims to understand the reality of private education in the
city for the academic year 2024-2025. The study relied on the analytical
method and used statistical methods and personal interviews with officials
related to the study topic. One of the most important findings of the study is
that the average number of students in private schools in the city reached 211
students per school."

Keywords: Private schools, geographical analysis, Gharyan city.
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Judicial Oversight of the Element of Cause in Exceptional
Circumstances

Abdulrazzaq Ali Al-Zarrouq
PhD Student, Libyan Academy of Graduate Studies
abdurazzag.zarrug@gmail.com
Abstract

Since the events of 2011, the Libyan state has undergone a series of
political, economic, and security transformations. These changes
prompted the administration to issue numerous administrative
decisions aimed at maintaining stability in the country and ensuring
the continuous and orderly operation of public services. Amid these
developments, the exceptional circumstances themselves became a
justification for issuing many of these decisions. Here, the element
of cause emerges as the driving factor behind administrative
intervention, necessitating careful scrutiny by the issuing authority.
To avoid being hindered by the expanded powers during such
conditions, the judiciary succeeded in extending its oversight to the
cause  of  administrative  decisions  issued in  exceptional
circumstances. It also established clear standards for reviewing this
element, thereby upholding the principle of legality.

Keywords: Exceptional circumstances, judicial review, element of
cause.
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Grmmatical and Syntactic Factors According to Ancient and
Modern Arabic Scholars

Mosa Omar Mohmmad Krer

Department of Arabic Language (Linguistics), Faculty of
Education, Gharyan University, Libya

Email : mosa.krer@gmail.com
Abstract:

This research aims to study the theory of the grammatical factor
and syntax. The research methodology consists of studying the
definition of the factor its divisions and importance and examining
the opinions of Arabic scholars on the factor and their differences
in terms of acceptance and rejectiOn. The research was divided into
two section was entitled The Grammatical Factor According to
Ancient and Modern Scholars. Lt includes the definition of the
grammatical factor linguistically and technically the theory of the
factor its origin and importance the types of factors and their
divisions the grammatical factor according to modern scholars.
The second section was entitled syntax According to Ancient and
Modern Scholars. It includes the definition of syntax linguistically
and technically syntax and its relationship to meaning the
phenomenon of syntax according to ancient and modern scholars
and the method followed in the research is the descriptive and
analytical method The research reached asset of important results
the most important of which are: Ibn Jinni in his book Al-Khasais
devoted sections to the factor that prove his interest in it.

| relied in the research on a set of sources and references the
most important of which are the holy Quran the book AL-
Sibawayh AL-Khasais by Ibn Juti even AL-Radi's explanation of
Ibn AL-Hajib's AL-Kafiyah and lhya AL-Nahw by Ibrhim
Mustafa.

Keywords: ancient syntax, grammatical factor, modern.
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The Effect of Smoking on Hemoglobin Levels in the Blood (A Field
Study Case in Libya)

Rouida Moftah Hassan'*, Maryam Yunis Al-bahlol?

!Libyan center for studies and Research in Environmental Science and
Technology, Sabratha, Libya

2 Department of Chemistry, Faculty of Science, University of, Sabratha,
Libya

Abstract:

Smoking is one of the most prevalent health problems that directly affects
human health, as it causes the spread of many diseases and damages various
organs of the body. Smoking is considered one of the most important factors
influencing hemoglobin concentration in the blood. This study was conducted
to investigate the effect of smoking on hemoglobin levels.

The research sample included 170 people, divided into two groups: 85
smokers and 85 non-smokers, with ages ranging between 20-50 years. Blood
samples were collected, and hemoglobin concentration was measured using
the CBC device (Complete Blood Count). The data were analyzed statistically
using SPSS software (version 25), and results were compared between the
two groups.

The results showed a statistically significant increase in hemoglobin
concentration among smokers compared to non-smokers (P<0.00). This
increase in hemoglobin levels in smokers is due to the body’s attempt to
compensate for the decrease in oxygen levels caused by the presence of
carbon monoxide in the blood, which binds with hemoglobin to form
carboxyhemoglobin. This may lead to an increased risk of cardiovascular
disease, respiratory diseases, and other chronic illnesses.

This study highlights the harmful effects of smoking and emphasizes the
importance of raising awareness and implementing prevention programs
regarding the dangers of smoking, especially among young people and the
general population.

Keywords: Hemoglobin in the blood — Age — Smoking — Respiratory system
diseases- Heart disease — Carboxyhemoglobin .
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The paranormal and myth in One Thousand and One Nights: A Study
of the Employment of Fantasy Elements

Abstract

Objectives: This study analyzes the use of supernatural elements (jinn,
magic, mythical creatures, dreams) in "One Thousand and One Nights,"
examining their role in constructing rich narrative worlds and providing
symbols that reflect moral and philosophical insights into human nature and
medieval Islamic society.

Methodology: The research employed a descriptive analytical approach
through critical reading of selected texts. Supernatural elements were
classified and their narrative/symbolic functions analyzed using discourse
analysis tools, contextualized within socio-cultural frameworks.

Results: The study revealed that supernatural elements: Drive plot dynamics
by creating conflicts and resolutions (e.g., jinn interventions, breaking spells).
Mirror human fears (death, the unknown) and desires (immortality, power).
Embody ethical conflicts (good vs. evil in Solomon's magic vs. Pharaoh's
sorcerers). Form a symbolic system conveying societal values (justice, faith)
and exploring philosophical issues (fate, free will).

Conclusions: Findings confirm that supernatural elements in "One Thousand
and One Nights" transcend entertainment to serve as profound narrative tools
expressing human concerns and reinforcing religious/social values. The study
recommends examining these elements as epistemological symbols in
classical Arabic literature.

Keywords: Arabian Nights, Supernatural phenomena, Arabic narrative,
Literary symbolism, Analytical methodology, Metaphysics, Islamic heritage.
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Conclusion

In conclusion, it becomes clear that the science of al-Jarh wa al-
Ta‘dil is a precise and profound science that plays an important
role in verifying the authenticity of the Prophetic Hadiths and
ensuring their transferal with integrity and credibility. It reflects
the scholars’ keenness to preserve the Sunnah of the Prophet &
and protect it from distortion and falsification. In light of this
science, it becomes evident to me the importance of the precise
evaluation of narrators, along with the necessary conditions and
requirements for issuing judgments about them. This strengthens
the credibility of Hadith sources and supports the originally of
Islamic jurisprudence. Therefore, this science is not limited solely
to evaluating narrators; rather, it extends to being an integral part
of constructing a precise knowledge system aimed at preserving
the Islamic religion and protecting it from any alteration or
addition. Based on this, it can be said that al-Jarh wa al-Ta‘dil is
not merely a tool for classifying Hadiths, but a safeguard for
preserving the noble Prophetic Sunnah. For this reason, every
researcher in this field must adhere to precise standards and sound
evidence to ensure the accurate and reliable knowledge transfer.
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The Economic Impact of Islamic Civilization in Europe
During the Middle Ages
(Timeline) (92 AH - 897 AH / 711 AD - 1492 AD)
Dr. Salma Khalifa Saad Al-Shawin
Department: History Faculty: Arts University: Gharyan

Abstract

This study aims to shed light on the profound impact that Islamic
civilization had on the formation of the European economic system during
the Middle Ages .The Islamic civilization through Andalusia ,Sicily and the
Levant contributed to the introduction of Europe into new modes of
production ,trade ,and financial organization ,through the transfer of
advanced knowledge in agriculture ,industry ,and commerce In the late
Middle Ages.

Keywords: Civilization / Middle Ages / European Economy / Trade/
Andalusia
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SIMULATION OF NATURAL GAS SWEETING PROCESS USING MONOETHANOLAMINE (MEA))
Conclusion:

The simulation of H2S and CO2 absorption from natural gas using
the primary amine MEA was successfully completed, achieving a
satisfactory material and energy balance. This process resulted in
a sweet gas that meets the required specifications. Operating at low
temperatures helps to prevent amine degradation and avoids
COITOSION 1SSues.
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Temperature vs. Tray Position from Top

The figure 5 shows the pressure increase from the 1 tray to the 18

trays. While equals at (0-1) trays and (18 -19) trays.

Pressure vs. Tray Position from Top
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Lastly, the results related to the reboiler and condenser of the

generator column are exposed in Table 5

Table 5 condition of reboiler and condenser in regenerator column

Parameter Reboiler Condenser
Temperature, C 122.9 44.99
Pressure, bar-g 0.655 0.62
Heat duty, KJ/h 1.477¢+007 1.362e+007

Output flow rate,
MMscfd 5.177 6.034
42 (




SIMULATION OF NATURAL GAS SWEETING PROCESS USING MONOETHANOLAMINE (MEA))
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Temperature vs. Tray Position from Top
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Figure 4 shows the pressure differences, the tower pressure
increases from the upper to the lower trays

Pressure vs. Tray Position from Top
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Regenerator results:

Temperature changes in the regenerator Column are illustrated in
Figure 3. In the regenerator Column, too many temperature changes
are observed in the initial trays, while there are not many
temperature changes between 1 to 8 trays then increase temperature
from 8 to 9 trays, in contrast, the temperature stabilizes across the
trays from 9 to 18, While it increases in trays 19

) 4



Table 4 shows the recovery rates of the component for

absorption column

Component Sweet gas Rich amine
Methane 1 0.0012
Ethane 1 0.0003
Propane 1 0.0001
1-Butane 1 0.0001
n-Butane 1 0.0001
i-Pentane 1 0
n-Pentane 1 0
Hexane 1 0
Nitrogen 1 0
CO2 4.452¢-006 0.9999
H>S 1.29¢-005 0.9999
H>O 0.0014 0.9986
MEAmine 2.987e-003 0.997

Simulation Results:
Absorber Result

Figure 3 illustrates the temperature variations. As expected, the
tower temperature increases from the upper to the lower trays. The
reason for the lower temperature variations in the absorption tower
1s that the amine enters the tower from the top, which significantly

affects its temperature.
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SIMULATION OF NATURAL GAS SWEETING PROCESS USING MONOETHANOLAMINE (MEA))

Sour gas Le?n Sweet gas RI.Ch Acid gas| L/HE
amine amine
Heat - - - - - -
flow, 1.298e+ | 7.335e+ | 1.188e+ | 7.445e+ | 1.038e+ | 7.121e+
KJ/h 007 007 007 007 006 007
Component Molar flow, MMscfd
Methane 2.1261 0 2.1197 0.0063 0 0
Ethane 0.3894 0 0.3881 0.0016 0 0
Propane 0.2220 0 0.2213 0.0005 0 0
i-Butane 0.0360 0 0.0357 0.0005 0 0
n-Butane | 0.0684 0 0.0682 0.0005 0 0
i-Pentane | 0.0195 0 0.0193 0 0 0
n-Pentane | 0.0129 0 0.0129 0 0 0
Hexane 0.0216 0 0.0217 0 0 0
Nitrogen | 0.0360 0 0.0360 0 0 0
CO, 0.0501 0.0565 0 0.1066 0.0500 0.0564
H>S 0.0120 0.0005 0 0.0126 0.0120 0.0005
H>O 0.0060 3.9244 0.0044 3.9253 0.0039 3.9216
MEAmine 0 1.1987 0 1.1985 0 1.1985

Figure 3 summarizes the most important values from the
simulation using the MEA aqueous solution. In the absorber, the
CO; content was reduced from 1.67% to 4.452e-006 % and the
H,S content was reduced to 9.169e-002 ppm trace. This
corresponds to a 99.99% recovery of CO, and a 99.99% recovery
of H,S exiting the bottom of the column with the rich amine.

Absorption column:

Table 4 shows the recovery rates of the components at the top and
bottom of the column. A change is observed in stream of rich
amine from the bottom. This corresponds to a recovery of 99.99%
for carbon dioxide and 99.99% for hydrogen sulfide.
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Table 3 shows the results by stream of the steady state material
and energy balance.

Table 3 material and energy balance for natural gas sweeting plant

Sour gas Lefm Sweet gas RI.Ch Acid gas| L/HE
amine amine

Vapor I 0 I 0 1 0
fraction
Temperat | 3726 | 4065 | 4070 | 4892 | 4499 | 122.9
ure, °C
Pressure, | 410 | 4275 | 4137 | 43.09 0.62 0.655
bar-g
Molar
flow,
MMSCE | 300 5.18 2927 | 5252 | 0.0659 | 5.177
D
Mass
flow, 8320 | 1750 | 7978 | 1784 | 3206 | 175.0
tonne/d
volume
flow, 1418 1096 1389 1126 | 2551 1096
barrel/d
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SIMULATION OF NATURAL GAS SWEETING PROCESS USING MONOETHANOLAMINE (MEA))

Component Mole %
Nitrogen 1.2
CO2 1.67
H»S 0.4
H>O 0.2

Table 2 The conditions of sour gas and absorbent flow

Temperature, °C | Pressure, bar-g Molar flow
Sour gas 37.5 44.75 3.0 MMscfd
absorbent 41.09 42.75 1100 bbl/d

Simulation:

Fig 2 shows flow diagram for the natural gas sweeting process
plant installation of a flash tank for rich amine may be very useful
in order to avoid any technical problems that might be caused by
rich amine impurities. Besides, the ADJUST function is also
important to adjust the mass flow rate of lean amine with the H2S
molar function in sweet gas stream.[1] In gas sweeting makeup
refer to adding fresh amine solution to the system to replenish
losses due to evaporation, reactions, or other factors. This ensures
the amine solution maintains its desired concentration and ability
to absorb acid gases like H,S and CO,. The simulation process is
done and process achieved high acid gas removal which will be
discussed in results and discussions
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mixture is passed to a regenerating column, where the acid gas is
separated at the top and the lean amine at the bottom. Figure 1
shows the basic flow diagram of a natural gas sweeting unit using
amine

Sweet Gas Acidic Gases
——
Condenser
Ritar
Mach Amine [T
Abiow ba Ragansiatse
Steam
— Reboller |
Sour Gas ( : ; ?
U \/
Lean Amine
Condensate

Figure 1 General flow diagram for gas sweeting process by amine
solution

b) The natural gas composition and operating conditions are
shown in Table 1 and Table 2 respectively.

Table 1 natural gas composition

Component Mole %
Methane 70.87
Ethane 12.98
Propane 7.4
1-Butane 1.2
n-Butane 2.28
i-Pentane 0. 65
n-Pentane 0.43
n-Hexane 0.72
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SIMULATION OF NATURAL GAS SWEETING PROCESS USING MONOETHANOLAMINE (MEA))

monoethanolamine (MEA), MEA is a primary amine with the
chemical formula HOCH,CH,NH,, a colored liquid clear,
transparent and hygroscopic with a slight ammoniacal odor; it is
the strongest, most reactive and simplest base of all the amines, its
molecular weight considered as small allows greater transport
capacity of acid gases which means lower MEA circulation rate.
However, values higher than 15% lead to high corrosion of the
system and foam formation [4]. The ASPEN HYSYS
computational tool was used for the simulation.

Hernan and Natalia, in this research was carried out the absorption
of CO2 and H2S extent in the natural gas wused in the ASPEN
PLUS process simulator with its thermodynamic package for
amins, using as an absorb an aqueous solution of
monoethanolamine (MEA), at the end in the research, was
obtained sweet gas with required specifications.[4]

I1. Material and methods

A) Description of the gas sweeting process natural using
monoethanolamine.

The sweeting process is carried out in a system composed of an
absorber tower and a regenerator tower. The first unit is where the
acid gas is absorbed, that is, where the sweet or treated gas is
obtained. The second unit is necessary to recover and recondition
the amine. The sour gas enters the absorption column through the
bottom, and the lean amine aqueous solutions enters though the
top, and both streams come into contact, resulting in the absorption
of acid gases. The sweet or clean gas exits through the top of the
column, and a liquid called rich amine exits through the bottom of
the column. This rich amine contains the absorbed acid gas
(CO,tH;S). to separate CO, and H,S of the rich amine, this
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Introduction:

The demand for natural gas has significantly increased in recent
decades, playing a crucial role in the global economy and
development. However, natural gas often contains various
impurities, such as acid gases, which must be removed to meet
pipeline specifications. According to regulations limit H2S
content to approximately 4 ppm and CO2 to about 2% in natural
gas streams. Natural gas is a fossil fuel derived from oil deposits.
It contains methane, ethane and other hydrocarbons. It also
contains contaminants such as nitrogen, water, CO,, H,S [2]. The
content CO, and H,S in natural gas converts it you in a bitter ga.
These substances are undesirable since if the H,S is present in
natural gas then it causes a corrosion to pipe, turbines, compressors
and other equipments.[3], also, H2S is a toxic and poisonous
chemical substance, and if exposed to the environment through
leakage, it causes harm to humans and animals in the surrounding
area. On the other hand, natural gas with a high CO, content it
reduces its calorific value and is also responsible for corrosion
problems since it forms carbonic acid when it reacts with water
vapor. Once this substance (CO,+H,S) the gas is called sour gas.
The marketing of natural gas is restricted the H»S less than 4 ppm
and CO2 less than 2%. Because of this, it is necessary to perform
a sweeting treatment so that the natural gas meets specification and
can be transported. Natural gas sweeting processes arise with the
objective of removing theses acid gases from the gas stream. Gas
sweeting by amine s considered the most popular process among
natural gas sweeting methods, in fact, the natural gas sweeting
process by amine has several advantages, it a continuous process
and with the capacity to regenerate the solvent. The purpose of this
work is it to simulate the natural gas sweeting process using
34 (
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Abstract:

The process of remove acid component for natural gas is called
gas sweeting, this is attained by absorbing them with basic solution
such as alkanolamines, through a reversible exothermic reaction
that subsequently allow for their regeneration. In this theoretical
investigation, the absorption of CO, and H,S present in natural gas
using the ASPEN HYSYS V.14 process simulator with chemical
solvent package for amines, using an aqueous monoethanolamine
solution (MEA) as an absorber. The ASPEN HYSYS is a good
tool for calculating process operating variables. Thus, fitting
results were obtained absorption when the flow rate and
concentration of amine are increased. The process absorption
proceeds best at low temperature and high pressure; conversely,
the desorption process improves at high temperatures and low
pressure.

Keywords: sweeting process, natural gas, MEA, simulation

32 (



Theoretical, Numerical, and Experimental Analysis of Thin-Walled Pressure Vessels for Structural Integrit@

sensitivity analysis supporting the selection of a 5-element configuration for
optimal accuracy.

Theoretical calculations using Lame’s equations showed strong agreement
with FEA results, reinforcing the reliability of simplified analytical models
when supported by empirical data. The study demonstrates that even basic
numerical modelling, when combined with experimental validation, can yield
meaningful insights into vessel performance.

Implications

The findings have practical relevance for industries relying on pressure
vessels, particularly in contexts where access to advanced simulation tools is
limited. The methodology offers a cost-effective and reliable means of design
validation.

Limitations

The study assumes idealized geometry and isotropic material behavior, which
may not fully capture real-world complexities. Boundary conditions were
simplified, and dynamic or thermal effects were not considered.
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The FEA simulations captured the stress concentration zones accurately, with
plastic onset occurring near 2.93 MPa. The mesh sensitivity study confirmed
that a 5-element configuration offers a practical balance between precision
and computational efficiency. The stress contours and deformation patterns
aligned well with experimental fracture locations, reinforcing the validity of
the numerical model.

The theoretical comparison using Lame’s equations yielded stress values that
closely matched the FEA results. The calculated von Mises stress confirmed
that the vessel design remains within safe operational limits under the applied
pressure.

Despite the overall consistency, certain limitations must be acknowledged.
The numerical model assumes idealized geometry and isotropic material
behavior, which may not fully represent real-world conditions. Additionally,
boundary conditions were simplified, and dynamic effects were not
considered.

Comparing these findings with recent literature, such as Zhang et al. (2021)
and Al-Mansour et al. (2022), reveals that while advanced simulations offer
higher fidelity, simplified models combined with empirical validation can
provide equally reliable insights for practical engineering applications.

The observed stress concentration at the mid-wall and the onset of plasticity
near 2.93 MPa are consistent with theoretical expectations. However, future
studies should explore the influence of weld zones, residual stresses, and
thermal effects to enhance model realism.

Conclusion

This study presents a comprehensive evaluation of thin-walled pressure
vessels using a combined theoretical, numerical, and experimental approach.
The integration of classical stress analysis, finite element modelling via
ABAQUS, and laboratory testing provides a robust framework for assessing
structural integrity under internal pressure.

The experimental results confirmed the material’s ductile behavior and
revealed minor anisotropy due to fabrication effects. Hardness-based strength
estimations aligned closely with tensile-derived values, validating the use of
empirical relations such as Meyer’s index. The numerical simulations
accurately predicted stress concentrations and plastic onset, with mesh
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the numerical model for design validation. Calculated hoop and axial stress
using thin-wall pressure vessel formulas:

Pixr
e Hoop Stress: g, = =
. Pixr
e Axial Stress: , g, = ;t

o Comparison at operating pressure of 1.925 MPa:

Table 7 : Comparison Between Analytical and ABAQUS Stress Results

Parameter Analytical Value | ABAQUS Value %

(MPa) (MPa) Error
Hoop Stress ~101.1 ~102.7 ~2.5%
Axial Stress ~50.5 ~50.6 ~0.2%
Von Mises | ~87.5 ~90.4 ~3.3%
Stress

Results indicate strong correlation between theoretical predictions and
numerical

Discussion

The results obtained from the experimental, numerical, and theoretical
analyses demonstrate a strong correlation in predicting the structural behavior
of thin-walled pressure vessels under internal pressure. The agreement
between tensile-derived yield strength, hardness-based estimations, and FEA
predictions validates the hybrid methodology adopted in this study.

The stress-strain curve from the tensile test revealed a distinct yield point and
strain hardening region, confirming the ductile nature of the material. The
slight anisotropy observed between longitudinal and circumferential samples
suggests that fabrication processes influence mechanical behavior, a factor
often overlooked in purely theoretical models.

The hardness test results, while slightly lower than tensile-derived values,
provided a rapid and non-destructive means of estimating strength. The +3%
deviation falls within acceptable engineering limits, and the use of Meyer’s
index proved reliable for this material type.
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Table 5: 4 Hardness-Based Strength Estimation
Sample | VHN | Estimated UTS (MPa) Estimated Yield (MPa)

A 134 | ~470 ~246
B 152 | ~532 ~279

The differences between samples were attributed to slight variations in
surface preparation and indentation depth. Figure 2 includes labeled bars and
reference lines based on British Standards.

FEA Results via ABAQUS

The simulation revealed peak hoop stress near the mid-wall region, consistent
with theoretical predictions. Plastic onset occurred at approximately 2.93
MPa, as indicated by the stress contour.

Mesh sensitivity was validated through convergence analysis. Figure 4 above
presents the error trend across different mesh densities. The 5-element
configuration yielded a stress prediction within 2.5% of the analytical value.

Mesh Sensitivity Study
Table 5 summarizes the error percentages for different mesh configurations.

Table 6: Mesh Sensitivity Comparison between Axisymmetric and 3D
Models

Elements Through Axisymmetric Von Mises | 3D Von Mises %
Thickness (MPa) (MPa) Difference
3 163.3 164.5 0.73%
5 164.3 164.3 0%
6 165.4 164.4 ~0.6%

the 5-element mesh was selected for its balance between accuracy and computational time.
Theoretical Comparison

Using Lame’s equations, the hoop and axial stresses were calculated and
compared with FEA results. The von Mises stress was derived and found to
be within acceptable engineering tolerance. This confirms the reliability of
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Stress (MPa) Stress-Strain curve with offest 0.2%
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Figure S: Yield point at 0.2% offset in circumferential sample

Table 4: summarizes the mechanical properties derived from the test.

Parameter Value | Unit | Std. Dev.

Yield Strength 310 MPa | £5

Ultimate Tensile Strength (UTS) | 310 MPa | +7

Elongation at Break 22 % +1.2

The results confirmed material anisotropy, with circumferential specimens
showing slightly higher elongation than longitudinal ones. This behavior is
attributed to fabrication-induced grain orientation.

Hardness Test Results

Figure 2 illustrates the Vickers hardness values for samples A and B.
Sample A showed a VHN of 160, while sample B recorded 155. The
conversion to strength was performed using Meyer’s empirical relation:

oy = @(0.1)01_2)
Where:

n= Meyer's index

VHN= Vickers Hardness Number

The +3% error margin was validated through comparison with tensile-
derived strength values. Table 4 presents the converted strength values.
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Mesh Sensitivity Analysis

A mesh refinement study was conducted using 3, 5, and 7 elements across the
wall thickness. The percentage error in stress prediction was calculated
relative to the analytical solution using Lame’s equations. Figure 4 presents
the error trend, and Table 2 summarizes the results.

Table 3: % Error through the thickness using different meshes

Thickness

% Error between 3 and
5 elements

% Error between 5 and
6 elements

% Error between 6 and
7 elements

0

2.091972893

0.016092086

-0.003974152

2.99928

1.795183739

-0.016201467

0.020145721

N— Variation percentage between different meshes

2.5

3 s— 5 error

between 3 and
5 elements

000"
between 5 and
6 elements
Yoerror
between 6 and
7 elements

1.5

1

0.5

0 - g " —

0.5 1 1.5 2 25 3 35 Thickness(mm)

-0.5

Figure 4: Variation percentage through the thickness using axisymmetric model

Due to the figure 4 the 5-element configuration was selected for final analysis.
Results and Analysis

This section presents the findings from the experimental tests and numerical simulations,
followed by a comparative analysis with theoretical predictions. All figures and tables are
referenced explicitly, and data variability is addressed through statistical measures.

Tensile Test Results

Figure 1 displays the stress-strain curve obtained from the tensile test. The curve shows a
clear elastic region followed by yielding and strain hardening. The yield strength was
identified using the 0.2% offset method.
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count, balancing accuracy and computational efficiency. Figure 3 shows the
meshed geometry with boundary conditions applied.

el L
L)

Figure 3: meshed geometry with boundaronditions applied

The mesh consisted of linear quadrilateral shell elements (S4R) for the 3D
model and axisymmetric elements (CAX4R) for the simplified case. Element
sizes ranged from 1 mm to 5 mm, and convergence was verified through stress

stability and displacement consistency.
Material Model and Boundary Conditions

The material was defined as isotropic and -elastic-plastic, using the
experimentally derived properties listed in Table 1. The yield criterion was
based on von Mises stress, and plastic deformation was modeled using a

bilinear hardening approach.

Table 2: Material properties used in numerical analysis

E Young Modulus (steel) 200GPa
Y Poisson's Ratio (steel) 0.3

aY Yield stress. From experiment 166 MPa
UTS Ultimate tensile stress. From experiment | 285 MPa

Boundary conditions included fixed constraints at one end and internal
pressure applied uniformly on the inner surface. Symmetry conditions were
used where applicable to reduce computational load.
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Hardness Test Procedure

Vickers hardness tests were performed on two samples (A and B) using a
digital hardness tester. The conversion from VHN to strength was based on
empirical relations, including Meyer’s index. The +3% error margin was
justified through repeated trials and comparison with tensile-derived strength
values.

Sample identities and preparation methods were clarified to ensure
reproducibility.
The Device used in this method is a Vickers Hardness Tester digital auto

tueert, Model: 452SVD, the serial number is V52D081 as show in figure 2
below:

Figure 2: The Micro-Vickers hardness tester

Numerical Modelling (Finite Element Analysis)

Numerical simulations were conducted using ABAQUS to evaluate the stress
distribution and deformation behavior of thin-walled pressure vessels under
internal pressure. The model was developed with simplified geometry and
boundary conditions to reflect the experimental setup.

Geometry and Mesh Configuration

Two types of models were constructed: a 3D cylindrical shell and an
axisymmetric representation. The vessel dimensions were based on the actual
specimens, with inner radius (r = 100 mm) and wall thickness (t = 3 mm).
Mesh sensitivity analysis was performed to determine the optimal element
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Table 1 :The material properties

Property Symbol Value Unit
Density p 7850 kg/m?
Young’s Modulus E 210 x 10° Pa
Poisson’s Ratio Y 0.3 -
Yield Strength 310 MPa
Ultimate Tensile Strength UTS 450 MPa
Elongation at Break 22 %
Vickers Hardness Number VHN 160 -

Tensile Test Procedure

Cylindrical specimens were prepared according to standard dimensions. The
tests were conducted using a universal testing machine (UTM), The number
of the machine used in this test is 2015001 under controlled strain rates as
shown in figure 1. The stress-strain behavior was recorded, and key
parameters such as ultimate tensile strength (UTS), yield strength, and
elongation were extracted.

Figure 1: Hydraulic system machine used in tensile test

Standard deviations were calculated for each parameter to assess data
variability. The results confirmed material anisotropy, with differences
observed between longitudinal and circumferential samples.
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experimental—within a single framework. By bridging this gap, the study
aims to provide a practical reference for engineers and researchers working
on pressure vessel integrity, especially in contexts where access to high-end
simulation tools may be limited.

The objective of this research is to evaluate the structural integrity of thin-
walled pressure vessels using a simplified yet comprehensive methodology
that integrates theoretical calculations, finite element analysis, and
experimental validation.

Methodology

This research comprises two approaches experimental work and numerical
modelling (FEA)

Experimental Work

The experimental analysis was conducted to determine the mechanical
properties of the vessel material and validate the theoretical and numerical
findings. Two primary tests were performed: tensile testing and hardness
measurement, the tensile test was performed as follows:

e Conducted on 20 samples (10 longitudinal, 10 circumferential) per BS
EN ISO 6892-1 standard.

e Specimens were milled and prepared with gauge lengths of 180 mm.
e Hydraulic tensile machine used for load application; strain monitored

via extensometer.

: . . F AL
e Stress and strain derived using formulas: ¢ = g
0 0

e Yield stress determined by 0.2% offset method.
Material Specification

The pressure vessel specimens were fabricated from low-carbon steel,
commonly used in LPG applications. The material properties were
determined experimentally and are summarized in Table 1.
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Introduction and Literature Review

Thin-walled pressure vessels are widely used in industrial applications such
as gas storage, chemical processing, and energy systems. Their structural
integrity under internal pressure is critical to ensuring operational safety and
reliability. Traditional design approaches often rely on simplified analytical
models, which may not fully capture complex stress distributions or material
behavior under loading. Recent advances in computational tools and
experimental techniques have enabled more comprehensive assessments of
vessel performance.

This study adopts a hybrid methodology combining theoretical analysis,
numerical simulation, and experimental testing to evaluate the structural
behavior of thin-walled vessels. The theoretical framework is based on
classical equations for hoop and axial stress, while the numerical model is
developed using ABAQUS with basic mesh configurations and boundary
conditions. Experimental validation includes tensile and hardness tests to
assess material properties and failure thresholds.

Previous studies have addressed various aspects of pressure vessel design.
For instance, Shigley’s Mechanical Engineering Design and Moss’s Pressure
Vessel Design Manual provide foundational equations for stress analysis.
However, many existing works focus either on advanced finite element
modelling or purely experimental approaches. The originality of this study
lies in its integration of simplified numerical modelling with practical
laboratory validation, offering a balanced and accessible methodology for
structural assessment.

Recent literature emphasizes the importance of mesh sensitivity, material
anisotropy, and failure prediction in vessel analysis. Studies such as Zhang et
al. (2021), Kumar and Singh (2020), and Al-Mansour et al. (2022) have
explored these themes using advanced simulation techniques. This work
contributes to the field by demonstrating that even basic modelling, when
combined with empirical data, can yield reliable insights into vessel
performance.

The research gap addressed here involves the limited availability of studies
that combine all three approaches—analytical, numerical, and
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Abstract

This study investigates the structural integrity of thin-walled pressure vessels
through a combined theoretical, numerical, and experimental approach. The
theoretical analysis employs classical stress and strain equations, while the
numerical simulation utilizes a simplified finite element model developed in
ABAQUS. Experimental validation is conducted via tensile and hardness
tests on cylindrical specimens. The results demonstrate a consistent
correlation between theoretical predictions, numerical outputs, and
experimental findings, particularly in identifying stress concentrations and
plastic onset. The study highlights the practical relevance of integrating basic
modelling techniques with laboratory testing to assess vessel performance
under internal pressure. The acronym LPG refers to Liquefied Petroleum Gas,
which represents the typical application context of the studied vessels.

Keywords

Thin-walled pressure vessels, structural integrity, finite element analysis,
experimental validation, stress distribution
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the 4mx4m foundation, (qan) increased from 348 kPa at the surface to 403 kPa
at a depth of 1.5 m.

In summary, the results of this study have proven beyond a doubt that
increasing the embedment depth of the foundation provides a noticeable and
useful increase in both ultimate bearing capacity and allowable design bearing
capacity of all the foundation sizes discussed. The increase in bearing
capacity is due to increased confinement and resistance of the surrounding
soil depth at a deeper embedment. Increases in overburden pressure at depth
improve the capacity of soil to resist applied loads, which results in increases
in bearing capacity.

5. Recommendations for Future Research:

1. Based on the results of this research, here are our recommendations for
future research efforts in sandy soils:

2. Examining the performance of foundations under dynamic loading to
simulate more realistic scenarios.

3. Additional full-scale field tests will be conducted to help validate the
results of this study and extend the variability of the soil properties.

4. Examining the impact of heterogeneity and anisotropic soil on the analysis
to improve bearing capacity prediction.

5. Comparing the behavior of deep foundations versus shallow foundations
to determine the differences in performance.

6. Conducting a cost analysis of the various foundation designs, including
initial construction costs, and evaluating the long-term maintenance costs.

7. Creating more advanced models for predicting settlement with a better
understanding of soil compressibility and stress history.

8. Exploring other advanced numerical methods of finite element analysis to
develop the modeling of foundations interacting with sandy soils.
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Figure (16a, b): Effect of depth on bearing capacity of 4 m x 4 m foundations.

In each of the three scenarios, the allowable design bearing capacity
(qan) was determined by the settlement criterion (S2smm) and increased with
depth. For example, for the 2mx2m foundation (qan) increased from 530 kPa
at the surface to 767 kPa at a depth of 1.5 m. For the 3mx3m foundation, (qar)
increased from 419 kPa at the surface to 515 kPa at a depth of 1.5 m, and for
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Figure (13a, b): Effect of depth on bearing capacity of 3 m x 3 m foundations.

For the 4m x 4m foundation, (qu) increased from 4600 kPa at the surface

to 12250 kPa at a depth of 1.50m (Table 5, Figures 14 to 16).

Table 5: Bearing capacity of foundation size (4m x 4m) with varying depth.

Foundation size (4mx4m)

Ultimate Allowable | Allowable d‘:lli‘;:ilce.
D¢ (m) B.C. (Kpa) B.C. (Kpa) B.C. (Kpa) (Kpa)
qu qu/ 3 S25mm qan
0 4600 1533.33 348 348
0.5 7200 2400 370 370
1 9800 3266.67 387 387
1.5 12250 4083.33 403 403
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Table 4: Bearing capacity of foundation size (3m x 3m) with varying depth.

Foundation size (3mx3m)

Ultimate B.C.  Allowable | Allowable (Qi‘;:"}‘;lé
K; B.C. (K B.C. (K o
Dy (m) (Kpa) (Kpa) (Kpa) (Kpa)
JQu qu/3 sZSmm (all
0 3520 1173.33 419 419
0.5 6250 2083.33 465 465
1 8650 2883.33 488 488
1.5 10950 3650 515 515
Bearing Capacity (Kpa)
0 2000 4000 6000 8000 10000 12000 14000
0 —— 2 ® Df=0.00 m
i #Df=0.50m
600 - 2
;2 Df=1.00 m
£ 1200 | . Df=1.50 m
‘E' e
é 1800 1 e
2 ngs
2400 R e
—Df=0.00 m Ecs
—Df=0.50 m i_ll 28%2 28%%
01 DE1.00m [T -
— Df=1.50m qu qu/3 S25mm qall
3600 Ultimate B.C. Allowable B.C. (Kpa) Allowable
(Kpa) Design B.C.
Kpa)
Figure (11): Bearing capacity— Figure (12): Ultimate and allowable
settlement behavior of 3 m x 3 m bearing capacity of foundation size
foundations at varying depths. (3m x 3m) at varying depth.
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Figure (10a, b): Effect of depth on bearing capacity of 2 m x 2 m foundations.
For the 3m x 3m foundation, (qu) increased from 3520 kPa at the surface to

10950 kPa at a depth of 1.50m (Table 4, Figures 11 to 13).
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Figure 7 illustrates the percentage increase of allowable design bearing
capacity with increasing depth of foundation.
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Figure (7a, b): Effect of depth on bearing capacity of 1 m x 1 m foundations.
Similar behaviors were recorded for the 2m x 2m foundation at the

surface, the ultimate bearing capacity (qu) is 2650 kPa, and at a depth of 1.50m
is 13370 kPa (Table 3, Figures 8 to 10).

Table 3: Bearing capacity of foundation size (2m x 2m) with varying depth.

Foundation size (2mx2m)

Ultimate B.C. Allowable Allowable (;:illcz;\;lva]:lce
D¢ (m) (Kpa) B.C. (Kpa) B.C. (Kpa) (Kpa)
qu qv/3 Sa5mm all
0 2650 883.33 530 530
0.5 6500 2166.67 680 680
1 9360 3120 708 708
1.5 13370 4456.67 767 767



Table 2: Bearing capacity of Im x 1m foundations at varying depths.

Foundation size (Imx1m)

All 1
Ultimate B.C. Allowable Allowable desi(;:]zll:(e?
K B.C. (K B.C. (K o
Dr (m) (Kpa) (Kpa) (Kpa) (Kpa)
Qu qu/ 3 So25mm (all
0 1540 513.33 730 513.33
0.5 4350 1450 1009 1009
1 7250 2416.67 1090 1090
1.5 10300 3433.33 1130 1130
Bearing Capacity (Kpa)
0 2000 4000 6ODO 8000 10000 12000 1400(
0 : ' : . : : < ® Df=0.00 m
200 = ® Df=0.50 m
Df=1.00 m
400 1 b i
T = Df=1.50 m
£ 600 -
E 800 1 ¥ S;:
2 2 =51
1000 1 g -2 282 =283
1200 1 —Df=0.00 m i | i: :”
—Df=0.50 m qu qu/3 S25mm qall
1400 1 —Df=1.00 m Ultimate B.C. | Allowable B.C. (Kpa) Allowable
—Df=1.50 m (Kpa) Design B.C.
1600 {Kpa)
Figure (5): Bearing capacity— Figure (6): Ultimate and allowable
settlement behavior of I m x 1 m bearing capacity of foundation size (Im
foundations at varying depths. x 1m) at varying depth.

Quantitatively, the ultimate bearing capacity increased substantially
from 1540 kPa at the surface (Dr= 0.00m) to 10300 kPa at a depth of 1.50m.
In this case, the allowable design bearing capacity (qan) was controlled by
(S25mm) for depths from 0.50 m to 1.50 m. Similar to ultimate bearing
capacity, the allowable design bearing capacity increased with depth from a
value of 513.33 kPa at the surface to a value of 1130 kPa at a depth of 1.5 m.
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from 3m x 3m to 4m x 4m, a 31.82% decrease in allowable design bearing
capacity again under the Im x 1m condition. The data presented illustrates a
non-linear relationship, and suggests that increasing the size of a foundation
beyond 2m x 2m does not guarantee an increase in allowable design bearing
capacity. The influence of settlement limitations can begin to dominate and
influence allowable design bearing capacity.

5 3.25

-20 4 -18.77

25 4

-30 A

Variations in Allowable Design Bearing Capacity in (%)

s -31.82

B ImxImvs 2mx2m ® Imx1mvs 3mx3m = IlmX1mvs 4mx4m

Figure (4): Effect of foundation dimensions on
bearing capacity.

4.2. Effect of Foundation Depth:

The foundation depth effect on the bearing capacity was analyzed for
four foundation sizes, I mx I m,2mx2m,3mx 3 m, and 4 m x 4 m. The
depth of the foundation was systematically varied from Om (which represents
a surface foundation) to 1.5m. The foundation depth was doubled at each
interval of 0.5 m (0.5 m, 1.0 m, and 1.5 m), and the foundation width is
constant. For instance, while varying the depth of the 1m x 1m foundation,
the ultimate bearing capacity (qu) and allowable bearing capacity (qu/3)
increased significantly and consistently as the foundation depth increased
(Table 2 and Figures 5 and 6).
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relationship, meaning that as the foundations became larger, they could
support larger loads, but at a given load intensity, would settle further. The
settlement limitations in the design of foundations must be considered. The
allowable design bearing capacity (qan) is defined as the smaller value of
allowable bearing capacity based on a factor of safety (qu./3), and allowable
bearing capacity based on the allowable settlement criterion (S2s5mm). For the
large foundations used in this study, namely, 2m x 2m, 3m x 3m and 4m x
4m, it can be seen that allowable design bearing capacity (qan) is governed by
allowable settlement criterion (S2smm). Specifically, the allowable design
bearing capacity of 530 kPa for the 2m x 2m and 417 kPa for the 3m x 3m
foundation, and 350 kPa for the 4m x 4m foundation. This observation
distinctly highlights the importance of considering settlement when designing
foundations on sandy soils, especially foundations on large structures where
settlement can be the limiting factor.

Bearing capacity (Kpa)

0 1000 2000 3000 4000 5000 6000
0 L L L L .
o B Imxlm
&
=
u2mx2m
800 4 §
o 3m*3m
g g
E 1600 z 4mx4m
g | 7
] b 2 RE;
- 7, - puiy
ﬁ 2400 - % = - @
o 2 =] o
—Footing Size (Imx1m) b | S 2 gt E =
~ Tt 5 B
3200 { —Footing Size (2m*2m) I I I
—Footing Size (3Im*3m) qu qu3 525mm qall
i i w Ultimate B.C. Allowable B.C. (Kpa) Allowable
Footing Size (4m=4m) (Kpa) Design B.C.
4000 (Kpa)

Figure (3): Ultimate and allowable
bearing capacity of foundations with
varying dimensions.

Figure (2): Bearing Capacity —
Settlement Behavior of Foundations
with Varying dimensions.

Figure 4 illustrates the percentage change in allowable design bearing
capacity as the foundation size is scaled. Size was ultimately changed from
Im x Im to 2m x 2m, which only resulted in a 3.25% increase in (quar).
Increasing size from 2m x 2m to 3m x 3m influenced a decrease of 18.77%
in allowable design bearing capacity, still under the Im x 1m condition. Then,
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summary of the main findings.
4.1. Effect of Foundation Area:

An interesting and measurable relationship between foundation area
and ultimate bearing capacity (qu) was evident during the analysis. As the
foundation areas increased from Im x 1m to 4m x 4m, the ultimate bearing
capacities correspondingly increased to a considerable degree. The ultimate
bearing capacity increased from 1540 kPa for the 1m x 1m foundation to 4570
kPa for the 4m x 4m foundation as shown in Table 1.

Table 1: Bearing capacity of foundations with varying dimensions.

Bearing capacity of foundations

Footing size | UMmale BC. Allowable | Allowable d’:g‘;:"}‘;lg
(Kpa) B.C. (Kpa) B.C. (Kpa) (Kpa)
JQu qu/3 SZSmm (all
Imx1m 1540 513.33 730 513.33
2mx2m 2640 880 530 530
3mx3m 3540 1180 417 417
4mx4m 4570 1523.33 350 350

This significant change is clear proof that larger foundations can
support greater loads before failure, which is completely consistent with
classical soil mechanics principles. The trend of increased foundation size
leading to increased ultimate bearing capacity is illustrated in Figures 2 and
3, which illustrate the behavior. The allowable bearing capacity, which was
designated as qu/3, and which was determined from ultimate bearing capacity
by applying a factor of safety of three, was positively correlated with
foundation size, and essentially had the same pattern of behavior as the
ultimate bearing capacity. The allowable bearing capacity (qu/3) increased
from 513.33 kPa for the Im x 1m foundation to 1523.33 kPa for the 4m x 4m
foundation. In contrast, the allowable bearing capacity based on a settlement
criterion of 25mm (S2smm) exhibited distinctly different behaviors. More
specifically, (S2smm) decreased as size increased; indeed, the allowable
bearing capacity decreased from 730 kPa for the Im x 1m foundation to 350
kPa for the 4m x 4m foundation. The (S2smm) relationship was an inverse

) 9
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(2022) was calculated as 13.675%. This relatively high error indicates that
the results are very sensitive to the initial assumptions used in the data
modeling process. This sensitivity is primarily due to factors such as changes
in soil density caused by compaction processes or variations in relative
density, as well as the accuracy of the selected plasticity model in representing
the actual behavior of granular materials.

3.3. Full-Scale Foundation Modeling (Study
Model):

Four full-scale valued footings, with dimensions of I mx 1 m,2 m x 2
m, 3 mx 3 m, and 4 m x 4 m, each of uniform thickness of 0.50 m were
evaluated for structural behavior and performance under loading. The sandy
support soil was representative of a cohesionless material exhibiting a high
permeability indicative of well-drained conditions. The soil was modeled
based on the Mohr-Coulomb constitutive model with the following
parameters of yary = 20 kN/m?, E = 50000 kN/m? v = 0.34, ¢ = 39°, C =1
kN/m?, y =9°, and R inter = 1. The concrete footing was modeled as a linear
elastic material with the following parameters of y = 24 kN/m?, E =25 x 10°
kN/m? and v = 0.15. A two-stage sensitivity analysis was conducted to
determine the optimum dimensions of the numerical domain. The dimensions
that were used for the numerical domain have lateral boundaries of 13B x 13B
(where B is the footing width) and a vertical depth of 10 B. To achieve
properly refined meshes, at the appropriate high level of accuracy required
for numerical simulations, models were created using a fine mesh with each
of the footing sizes containing the associated number of elements as follows:
I m x 1 m footing - 30706 elements; 2 m x 2 m footing - 26572 elements; 3
m X 3 m footing - 25481 elements; 4 m x 4 m footing - 23889 elements. The
bearing capacity of the footings was assessed at different embedment depth
levels (Dr), which included Dr= 0.00 m, 0.50 m, 1.00 m, and 1.50 m.

4. Results and Discussion:

The present study rigorously explored the effect of foundation width
and depth of embedment on the bearing capacity of shallow foundations in
sandy soils. In the following discussion, we will provide a comprehensive
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Drained analysis represents cases where supersaturated pore water pressures
have been entirely removed, which applies to granular soils and assessments
of long-term stability.

3.2. Validation of the Soil Models:

A validation step was taken to investigate the soil models' accuracy and
dependability. The sandy soil properties were taken from published literature,
and the reference studies were numerically replicated with PLAXIS 3D to
recreate their soil conditions and loading situations. The bearing capacity
predictions extracted from the PLAXIS 3D run were compared to the findings
of the original study to validate the model. Essentially, the reliability of the
numerical models was established through a validation procedure, where
sandy soil properties and experiments were replicated from the previous
studies in PLAXIS 3D. The process for this replication involved several steps.
First, the soil domain and foundation geometry were defined to represent the
original experiment's configuration with a square domain of 30B x 30B with
a depth of 10 B. The circular footing had a diameter (D) of 1.00 m and a depth
0f 0.20 m in the first two validation cases. Second, displacement (downward)
was applied to simulate loading conditions. Specifically, for the sandy soil
validation, the maximum surface displacement of 150 mm noted by Alasadi
& Mustafa (2022) was applied downward. Thirdly, a mesh sensitivity analysis
was completed to evaluate the effects of mesh refinements on the numerical
results. This entailed refining the mesh to the point of an apparent change in
bearing capacity. The mesh was refined until the refinements resulted in an
insignificant difference in numerical change in bearing capacity. The four
mesh levels included were: very coarse (1718 elements), coarse (3788
elements), medium (9167 elements), and fine (23521 elements). The bearing
capacity reached a steady state at approximately 1330 kPa in medium
refinement. The validated predictions of bearing capacity were then compared
to the experimental studies and numerical evaluations. The bearing capacity
for sandy soil in the previous research by Alasadi & Mustafa (2022) and the
overall bearing capacity from the PLAXIS 3D simulated results were 1170
kN/m? and 1330 kN/m?, respectively. An error analysis was conducted to
compare the different numerical results from PLAXIS 3D to previous studies.
The error percentage from the PLAXIS 3D results and Alasadi & Mustafa

) 7



elements was adjusted based on the footing size to maintain solution accuracy
and computational efficiency.

¢ Boundary Conditions: As few border effects as possible were set on
the simulation results by detining custom boundaries. Boundaries were placed
at a distance from where deformation is expected to be large enough not to
affect the deformation zone. Specifically, the validation model quadratically
bounded the horizontal plane set as 30B x 30B while the depth remained
unchanged at 10B, which was already set by Alasadi and Mustafa (2022).
Proper fixities were set to model with a standard bound within PLAXIS 3D
so that the edges would be definable.

e Material Model: A suitable constitutive model was implemented for
the mechanical behavior of the soil. For the geotechnical framework of this
research that deals with sandy soil, the Mohr-Coulomb (MC) model was used.
The MC model simplifies a linear elastic-perfectly plastic constitutive
relation, which is one of the most popular ones used to model the behavior of
soils under different loading conditions.

e Material Properties: The Mohr-Coulomb model is defined by five
fundamental parameters: Young’s modulus (E), Poisson’s ratio (v), internal
friction angle (¢), cohesion (c), and dilatancy angle (). In the case of sandy
soil used in this study, these values were assumed as follows: E=50000
kN/m?, v=0.34, $=39°, c=1 kN/m?, y=9°, which were already set by Alasadi
and Mustafa (2022).

e Numerical Simulation Procedure :The simulation of this study was
performed in stages. As a first step, the in-situ stress state of the soil is set
before the application of the foundation load. This part was done utilizing the
Ko procedure (Bentley Systems, 2016).

6'v=Ko o'y (1)

The coefficient of lateral earth pressure at rest (Ko) was estimated using
Jaky’s formula:

Kozl_Sil’l(q)) (2)
PLAXIS 3D provides drained analysis and undrained analysis options

to consider various soil behaviors and drainage conditions. Since the soil type
in this case study was sandy, drained conditions were assumed to be relevant.

6 (
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Figure (1): Research Methodology
3.1. PLAXIS 3D Model Setup:

The numerical model was formulated in PLAXIS 3D, which uses the
meshing technique where the computational domain is cut into smaller
partitioned boxes called elements or meshes.

e Mesh Generation: To achieve correct numerical results, a sufficiently
refined mesh was generated. A mesh convergence check was undertaken,
where multiple refinements were made, retesting the outcome, until further
refinements led to no meaningful changes. The model was composed of 10-
node tetrahedral elements, the model had 4 Gauss points. The model utilized
10-node tetrahedral elements, each with 4 Gauss points. The number of
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and Alsirawan (2024), who showed that nontraditional designs of the
foundation distinctly improved the bearing capacity when compared to square
footings, thus presenting more efficient design proposals for future
applications. These studies together offer a comprehensive understanding of
the relationship between the form of the foundation and the load-bearing
capacity, which poses fascinating possibilities for applications in
geotechnical engineering.

2. Problem and Significance:

Given the insights obtained through prior research, one can say that the
prediction of the bearing capacity of shallow foundations is still a complex
problem to navigate. This capacity strongly depends on the dimensions of the
foundation, particularly its width and depth of embedment. The studies
already cited suggest that the relationship between a foundation’s size and its
bearing capacity is not linear, meaning that an increase in bearing dimensions
does not proportionally increase bearing capacity. This relationship is
challenging, alongside factors such as the friction angle internal variability
with stress level changes, and the failure zone shrinkage with increasing foot
load. Having knowledge on how foundation dimensions proportionally alter
bearing capacity is fundamental in the design of structures. There are
significant consequences, either way, when underestimating or
overestimating bearing capacity which leads to over designed conservative,
costly and failed structures. Improvements to structural design practices and
safety require research to make predicting the bearing capacity of shallow
foundations more accurate.

3. Methodology:

This study examined the bearing capacity of shallow foundations
through numerical modeling using the finite element method (FEM) in
PLAXIS 3D. The approach allowed for a detailed simulation of the
interaction between soil and foundation. The following sections describe the
PLAXIS 3D model setup, covering mesh generation, boundary conditions,
material properties, and the simulation process. An overview of the adopted
methodology is illustrated in Figure 1.
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that the most critical factors are the size and depth of burial of the foundation
concerning soil structures.

Mohamed and Vanapalli (2015) conducted studies on the sandy sea and
found a nonlinear exponential relationship linking bearing capability to
supporting width. Their findings indicated that, indeed, greater spans of
foundation width boost bearing capacity, but the rate of improvement
becomes slower with wider extremes. Furthermore, their study found that the
zone of influence beneath the foundation increases with the width of the
foundation to a depth of 1.5 times the width of the foundation (1.5B). Chen
et al. refined their results further. Focused on the aspect in 2020 on (y'D/pat)
components, their finite element analysis revealed that with an increase in
size, the bearing capacity factor (Ny) decreases significantly; this
phenomenon is attributed to the transformation of failure mechanisms from
general shear to punching shear. Garakani et al. Support these findings.
Analytical and 3D numerical modeling were utilized in 2020 in the research
on unsaturated soil foundation performance. Their values also demonstrated
that increasing the foundation width from 0.1 m to 0.15 m augmented bearing
capacity by 30%, while increasing the embedment depth to D/B = 1 produced
a 40% improvement. Al-Dawoodi et al. corroborated these results. (2021)
who observed that a width increase of 12.5 times resulted in an astonishing
average bearing capacity increase of 278%.

These claims were supported by Raheem’s (2022) study on the
settlement characteristics of cohesionless soils, which observed a decrease in
settlement with an increase in foundation breadth. This also recalls the earlier
work by Hasan et al. (2022), which illustrated the size of the isolated footing
and the ultimate bearing capacity to have a non-linear inverse relationship for
reasonable settlement rates. Igbal et al. (2023) provided additional analysis
supporting the inverse correlation of sandy soil’s bearing capacity with the
footing width and emphasizing the fall of the bearing capacity factor (Ny)
with increasing dimensions. In comparing bearing capacity theories,
Pantelidis (2024) integrated these findings and demonstrated that while
increasing the foundation width does improve the foundation’s capacity,
albeit at reduced rates, the embedment depth has a more significant impact on

narrower foundations. This body of work was finally completed by Alnmr
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Shallow Foundations in Sandy Soils: A Numerical Study Using PLAXIS
3D
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Abstract

This study considers the shape, width, and depth effects on the bearing
capacity of shallow foundations in sandy soils using numerical modelling
with PLAXIS 3D. Past studies on the relationship between the size and shape
of foundations, embedment depths, and bearing capacity have shown a non-
linear relationship between size and bearing capacity, with embedment depth
having the highest influence on bearing capacity. A validated finite element
model was made to analyze four full-scale footings (1 mx1 m to 4 mx4 m) to
a 0—1.5 m depth. The analysis concluded that increasing the footing width
increased the ultimate bearing capacity, but once a footing became larger, the
capacity to limit settlement would become the overriding design criterion.
Although more embedment depth on the footings caused more ultimate and
allowable bearing capacity, this was primarily due to superior confinement of
the soil. Ultimately, larger foundations in the area, particularly shallow
foundations, would require a method of design that would allow settlement to
guide the allowable bearing capacity. This research provided a framework for
alternative shallow foundation design solutions in cohesionless soils.

Keywords: Shallow foundations, Sandy soils, Bearing capacity, Embedment
depth, PLAXIS 3D.

1. Introduction:

Shallow foundations are critical parts of a structure in Civil Engineering
as they transfer loads of a building onto the soil. Designing and performance
of shallow foundations take into consideration various factors which include
geometric aspects of the soil structure, loading conditions, and the soil
property itself. However, several experimental and numerical studies show
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