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ABSTRACT

Gypsum soils, commonly found in semi-arid and arid regions, are susceptible to water exposure, which can
lead to cavities that significantly reduce their ability to sustain loads. This research examines the impact of
gypsum concentration, dissolution rates, and geometric parameters on the Bearing Capacity Ratio (BCR).
Four soils with varying concentrations of gypsum and dissolution rates were investigated for both
concentrated and eccentric load conditions using Finite Element Modeling (FEM). The results showed that
increasing the L/B ratio (ratio of the horizontal distance (L) between the cavity center and foundation
centerline to the foundation width (B)) improved the load distribution, especially for low-solubility soils,
and reduced the effect of cavities on the stress distribution. However, soils with more significant dissolution
rates, such as soil III (40% dissolution), did not perform well due to severe cavitation. The statistical
analysis revealed that the soil type and dissolution levels were the most significant factors controlling BCR.
The regression analysis enabled the creation of a predictive formula that incorporates essential factors,
such as geometric ratios and gypsum dissolution. Soil I (0% dissolution) always exhibited greater BCR
values, while soil III (40% dissolution) exhibited an extreme decline in BCR due to the extensive cavities
formed by dissolution mechanisms. The soil without gypsum dissolution showed the highest bearing
capacity ratio. Increased dissolution reduced the bearing capacity due to weakening caused by the
formation of cavities. Increasing the depth-to-horizontal distance ratios improved the load distribution and
bearing capacity, especially in soils with lower dissolution rates. The eccentric forces resulted in disparate
strain rates adjacent to the load, thereby decreasing the bearing capacity in cavities nearby. Especially in
settings with high gypsum concentrations, the study emphasizes the need to control the dissolution rates of
gypsum and optimise geometric ratios in foundation structures. For designers seeking to forecast and

mitigate foundation failure in gypsum-rich soils, the study provides valuable insights.
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I.  INTRODUCTION

Cavities are a factor in the analysis of shallow foundation
bearing capacity in geotechnical design. Cavities are often
formed by natural geological phenomena like gypsum
dissolution or karstification. They may pose serious risks to the
stability of structures, such as unexpected settlement,
foundation failures, and even the collapse of buildings on
gypsum-rich or karstic soils. The design and construction of the
foundation are made challenging by the inconsistent
distribution of these cavities as it interact with the foundation
loads. Therefore, using suitable analytical and numerical
techniques to estimate the ultimate bearing capacity of the
overlying cavities of foundations is crucial to providing the
safety and durability of such structures [1-2].

Many studies have been conducted to understand further
the connection between the underlying cavities and the
functionality of shallow foundations. The authors in [3], for
instance, modelled the impact of irregular voids in karstic soils
using the Upper Bound Finite Element Limit Analysis method.

They have noticed that the strip foundation bearing capacity
may reduce by as much as 40% when cavities form at shallow
locations from the ground surface compared to a no-void
condition. They employed Plaxis 2D to analyze further the case
of the ground cavities in sandy-clay soil that had been exposed
to both centred and eccentric loads. According to the findings,
eccentric loading significantly reduces bearing capacity;
however, this decrease can be mitigated by up to 25% with the
use of geogrid reinforcement. Hence, reinforcement offers a
way to lessen the instability caused by cavities [4].

Authors in [5] focused on the cavity size and spacing, while
applying the Randomised Particle Finite Element Method
(RPFEM) to analyze the bearing capacity of shallow
foundations over cavities. It was found that as the size of the
cavity increases, the bearing capacity decreases by about 30%,
which shows that the geometry of the cavity is an important
factor in stability analysis. Furthermore, the study
demonstrated that ANN techniques can accurately predict the
bearing capacity of reinforced soils with an accuracy of more
than 95%, which further highlights the capability of machine
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learning techniques as powerful tools for geotechnical analysis

[6].

Multiple voids beneath the foundation have also been
investigated [7]. According to [8], closely spaced cavities,
especially those aligned with the directions of stresses, may
reduce the bearing capacity by up to 50%. These findings
underscore the importance of employing advanced statistical
methodologies to assess the impact of cavity distribution on
foundation stability. Meanwhile, authors in [9] proposed an
integrated mathematical model for the EPR to predict the
cavity effects on bearing capacity with an accuracy of up to
97%, indicating the potential of data-driven approaches in
geotechnical engineering.

Despite such advances, some issues remain unaddressed.
For example, the gradual dissolution of gypsum soils and the
absence of well-established mathematical models for the
reliable estimation of BCR remain of great concern. Authors in
[10] investigated the behavior of strip footings on cohesionless
slopes with underlying circular voids under eccentric loads,
showing that the voids' proximity to the foundation's edge
promotes instability. Similarly, authors in [11-12] studied the
undrained bearing capacity of shallow foundations laid above
spherical cavities. They found that shallow cavities remarkably
decrease the bearing capacity, and the failure mechanisms are
related to the depth-to-diameter ratio of the cavities.

Developments in artificial intelligence have enhanced the
accuracy of the bearing capacity predictions. Authors in [13]
used ANN for predicting soil properties, such as bearing
capacity, internal friction angle, cohesion, and plasticity index,
in the soils of Baghdad, and their results supported the
reliability of ANN models when applied to the geotechnical
area. Moreover, authors in [14] investigated the effect of soil
cavities on the shallow foundation bearing capacity resting on a
reinforced sandy slope. The test results indicated that
geotechnical reinforcement, especially with carbon and glass
fibers, significantly reduces the instability due to cavities,
particularly when the depth of the cavity exceeds twice the
width of the foundation.

As urbanization and infrastructure development continue in
gypsum-rich areas, understanding the effects of gypsum
dissolution on foundation stability is becoming critical for
ensuring safe and durable construction. This research attempts
to fill the knowledge gap on BCR, which measures the ability
of soil to carry a load before failing, and is affected by factors,
such as the gypsum content and dissolution rate. This study
investigates the relationship between the BCR and key
parameters, such as the depth-to-width ratio (H/B), dissolution
levels, and horizontal cavity distance from the foundation
centre in gypsum rich soils. Given the unique mechanical
behavior of gypsum soils, which are susceptible to dissolution
in water, this research develops a reliable mathematical model
for BCR estimation. The correlations between these variables
and their influence on BCR was studied using multiple
regression analysis. The study provides an engineering tool for
assessing the mechanical behavior of cavernous soils under
various loading conditions, enabling better design efficiency
and reducing gypsum soil-related hazards.

II. METHODOLOGY

The impact of soil's gypsum content (X%) and dissolving
levels (D%) on foundation stability under varied loads has been
studied through modeling based on the cavity width beneath
the foundation and the amount of soil that may dissolve. For
this purpose, the soil was separated into four main categories,
as shown in Table I. This study utilized a 1 m x 1 m square
base for analysis. Three main types of cavitation places were
examined: cavitation directly below the foundation, cavitation
with partial displacement, and cavitation far from the
foundation centre. The impact of the cavitation at a distance 0.4
m was further tested by varying the vertical depth (H) and the
horizontal displacement (L). In addition, the effects of
concentrated and eccentric loads on soil performance were
assessed.

To investigate the deformations caused by a concentrated
load at X = 0 m, two scenarios of eccentric loading were
considered. The load was incrementally increased during the
analysis until failure occurred at displacements of 0.1 m and
0.2 m from the foundation center. To understand the
relationship between all elements influencing the foundation
stability, eighty-four simulation scenarios were developed,
encompassing various soil types, dissolving ratios, cavitation
sites, and different loading conditions. The gypsum content and
dissolution rates were chosen based on typical soil conditions
in arid regions, especially in areas like Iraq, where gypsum-rich
soils are abundant.

TABLE L SOIL PROPERTIES AND SPECIFICATIONS
Soil type (c}())lrl:tse:ill:l Dissolving Cohesion Friction
P D%) C(kPa) | angle (@)
0%

Reference soil 60% 0% 25 40
Soil I 60% 0% 25 40
Soil I 40% 20% 15 30
Soil 1T 20% 40% 10 18

II. NUMERICAL MODELING

FEM was employed in GeoStudio to simulate the
deformation behavior of a foundation located over gypsum soil
with cavitation. This technique was chosen for its ability to
capture the nonlinear soil-foundation interactions, cavitation
effects, and minimize the edge effects, all of which are deemed
important by previous studies. A three-dimensional numerical
model, with dimensions extending three to five times the
foundation width (B) [15], was used to eliminate the boundary
effect inaccuracies, as illustrated in Figure 1. A square
foundation with dimensions (B x B) was modeled on the soil
surface, with a cavity positioned at depth H and horizontal
offset L, to assess the effect of cavity location on the
foundation stability in gypsum soil.

A hybrid mesh comprising 4,243 nodes and 1,356 elements,
with combined quadrilateral and triangular components, was
employed to strike a balance between numerical accuracy and
computational performance, as proposed by the sensitivity
analysis in [16]. Figure 2 depicts the meshing pattern.
Quadrilateral elements were assigned to high-stress zones
(foundation edges and cavity regions) for improved stress
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resolution. In contrast, triangular elements were employed in
low-stress areas to ensure computational stability. Fixed
boundary constraints were imposed on the lateral and bottom
edges to avoid artificial displacements and ensure that the
model appropriately reflects the soil behavior beneath the
foundation. The soil-foundation contact was assigned to an
interface strength reduction factor (R = 1.0), representing the
high adhesion characteristic of gypsum soil, which reduces
separation under loading circumstances [15, 17].

Instead of traditional stress-strain methods, a load-
deformation analysis was employed, which enables a more
precise evaluation of the settlement behavior under applied
loads. This displacement technique provided important
information about cavity-induced deformations and gypsum
soil stability.

<B»
I load
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Fig. 1. (a) FEM model setup, (b) mesh configuration.

The Deviatoric Strain Distribution map, shown in Figure 2,
depicts the shearing of soil deformation due to different loading
conditions. The color gradient represents the strain intensity:
red for higher strain and blue for lower strain. This map
identifies the stress concentration zones, especially around
cavities, where soil failure or excessive settlement is most
likely to occur. The high-strain areas predefine the failure zone,
whereas the low-strain areas are stable.

The influence of the geometric ratio H/B and L/B on the
BCR of soils with a constant 60% gypsum content with
different degrees of dissolution were examined. The results
show that out of all samples, soil I, which had no disintegration
(0%), behaved the best. The lack of the dissolving effect
allowed for the stable mechanical characteristics of the soil,
strengthening its internal structure and ability to withstand
stress. BCR was enhanced significantly by raising H/B since
the cavity's direct impact on the foundation decreased as its

depth increased. Also, improving the stress distribution by an
increase in L/B, improved efficiency, as displayed in Figures 3-
5.

Compared to soil I, soil II, which had 20% solubility,
performed worse. The soil's internal framework became
relatively weak due to the mild voids created by dissolution.
However, while the increase in the depth and horizontal
distance reduced the influence of cavities on stress distribution
and foundation stability, the geometric ratios H/B and L/B
continued to help improve BCR. On the other hand, among the
three samples, soil III had the lowest BCR, with 40%
dissolution. Also, soil's stability to sustain high pressures was
significantly reduced due to the big voids created by the high
solubility. Even though raising H/B and L/B helped increase
BCR, solubility significantly impacted the soil's overall
reaction to improving the geometric ratios. These findings
demonstrate that the gypsum dissolution is the key element
controlling the soil stability. The soils containing insoluble
gypsum had the highest BCR and showed higher resistance to
deformation. However, higher solubility degrades the soil's
mechanical characteristics, diminishing its ability to distribute
loads and reducing its bearing capacity. This research
highlights the importance of managing the solubility rates and
mitigating their impact on soil stability to enhance structural
efficiency in areas with high gypsum content.

Deviatoric Strain | are— |
<0-0.005 :
0.005 - 0.01
0.01-0.015 @
0.015-0.02 '
0.02 - 0.025 :
0.025 - 0.03 :
0.03 - 0.035 '
0.035 - 0.04 :
20.04 ™ ‘;—|
Fig. 2. Deviatoric strain distribution.
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Fig. 3. BCR for soil I is under central load.

The impact of the H/B ratio on BCR at L/B = 0 with
concentrated load for the soil types I, II, and III can be seen in
Figure 6. The influence of direct cavitation on the stress
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distribution reduces with increasing H/B, with deeper
cavitation decreasing stresses from the load. Since soil I had no
dissolution (0%), greater depths helped maintain relatively
stable BCR levels. The effect of depth was more pronounced in
reducing stresses in soil II, which had 20% dissolution, but it
could not prevent the small performance drop due to cavitation.
Soil IIT (40% dissolution) was the least responsive to the effect
of depth, with structural weakening due to significant
dissolution remaining the primary factor in reducing BCR.
Opverall, the findings suggest that increasing the depth does not
appear to improve the performance, particularly at higher
dissolution ratios.
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Fig. 4 BCR for soil II is under central load.
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Fig. 6. BCR for all soil types is under central load.

IV. EFFECT OF LOAD ECCENTRICITY

Figures 7-9 portray the deformed shapes of the deviatoric
strain distribution in soil II at different eccentricities at e = 0 m,
0.1 m, and 0.2 m for which H/B =1 and L/B = 0. With the
increase in eccentricity, the strain distribution in the soil
became highly asymmetric, showing the concentration of
strains near the point of load application. The central load in
Figure 7 gives a symmetric distribution of the strains, mainly
beneath the cavity, while the eccentric loads in Figures 8 and 9
dislocate the strain to the side of the cavity that faces the
applied load.

The influence of increased loads on BCR and the cavity's
position relative to the foundation center was examined, as
shown in Figures 10-12. It is observed that BCR is highly
sensitive to the cavity location. When the cavity is located
close to the foundation's centre, for L/B = 0, the stress
concentrations are directly above the cavity, and the load-
carrying capacity of the soil decreases abruptly. For L/B =
0.25, the increase in the horizontal distance of the cavity leads
to a gradual improvement in BCR because the influence of the
cavity on the stress distribution beneath the foundation
diminishes, which results in increasing the stability of the soil.

BCR was influenced the most by the cavity position in soil
I, which had no dissolution. It is observed that the BCR shows
significant improvement for this soil at L/B = 0.5, indicating
mechanical stability to withstand stresses in the presence of
cavities. In soil II, which had 20% gypsum dissolution, a sharp
decrease in BCR was observed when the cavity was located
directly beneath the foundation (L/B = 0). This reduction is
primarily due to the voids formed by the dissolution process,
which weakened the soil structure, however, BCR improved as
L/B was increased. With shifting horizontal distance, the
cavity's effect on the stress delivery diminished. However, the
location of the cavities had the most significant impact on soil
III, which had 40% dissolution. Its BCR decreased
significantly for all L/B values, with little change at L/B 0.5.
This behavior shows that large-scale voids are created by high
its dissolution, which affects the soil's ability to handle loads.

These results indicate the crucial role cavity location plays
in determining soil behavior under loading conditions.
Concentrations of stress and a rapid decrease in bearing
capacity are caused by a cavity close to the center of the
foundation, L/B = 0. The ability of the soil has been enhanced
by a cavity located further away, L/B = 0.5, which offers a
more even distribution of stress. These results further highlight
the importance of considering cavity location and its impact on
stability when designing a foundation..
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Fig. 7. Deviatoric strain for soil II, with e =0, L/B =0, and H/B = 1.
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Fig. 8. Deviatoric strain for soil II, with e =0.1 m, L/B =0, and H/B = 1.
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Fig. 9. Deviatoric strain for soil II, with e = 0.2 m, L/B =0, and H/B = 1.

V. ESTIMATION OF BEARING CAPACITY RATIO

Figure 13 presents a statistical survey of the BCR
distribution, revealing an asymmetric pattern with a tail

extending toward higher values and a concentration of lower
values. The low values can be attributed to cavities in the
gypsum soil, which are generated by the rapid dissolution of
gypsum. These cavities reduce the bulk density of the soil and
weaken its internal structure, which leads to a reduction in
soil's carrying capacity. On the other hand, the tail that extends
to high values represents the outcomes of tests conducted on
gypsum soil that dissolves at a slower rate. This improves the
soil's bearing capacity by reducing the impacts of cavitation
and dissolution. This disparity underscores the significance of
reduced dissolution rates in enhancing the properties of gypsum
soils and ensuring their stability under loads while also
highlighting the substantial impact of the dissolution rate on the
geotechnical behavior of soils.
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Fig. 10. BCR for soil Il at H/B = 0.5.
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Fig. 11.  BCR for soil Il at H/B =0.5.
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Fig. 12.  BCR for soil I at H/B = 0.5.
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Also, violin plots, as presented in Figures 14-17, were used
for statistical evaluation, to assess how the engineering and
geotechnical issues were affected by the soil's bearing capacity.
This evaluation aims to characterize the data distribution
patterns for all variables by presenting the primary statistical
ranges and their corresponding sizes. It helps determine the
variation within the dataset and the extent to which each
parameter influences the outcomes. The reference soil
registered/had the most extraordinary mean bearing capacity
readings, accompanied by minimal fluctuation, suggesting
good performance stability. The narrow distribution and lowest
mean of soil III indicated widespread instability and low
reliability in its geotechnical properties. A broader spread was
observed in soils I and II, indicating efficiency variance due to
the variation in the physical and mechanical properties of the
samples, as shown in Figure 14.

20
>15
‘»
$ 10
0
54
0 } . . . |
00 02 04 06 08 10
BCR
Fig. 13.  Probability density distribution curve for BCR.

The concentrated loads performed better in terms of the
load location, as they exhibited a uniform stress distribution
and a comparatively small Interquartile Range (IQR), which
suggests consistent results throughout the tests. On the other
hand, the eccentric loads (Load 1 and Load 2) depicted in
Figure 15, show an increase in variability and a drop in the
average IQR, indicating that the stress was concentrated in
particular regions of the soil. A dense range of outcomes was
seen across every proportion as the influence of the height-to-
width ratio (H/B) was examined, as portrayed in Figure 16. The
mean bearing capacity gradually decreased as the ratio
increased, illustrating how the vertical strains affecting the soil
stability are influenced by the increasing relative height of the
load.

Regarding the proportion (L/B), the concentrated loads
(L/B = 0) performed most effectively since the stresses were
well distributed and the variation was minimal. The average
value was found to drop, and the variation was found to
increase as the L/B ratio increased, as presented in Figure 17.
This suggests that the greater distance impacts the unequal
transfer of stresses. These statistical findings indicate that the
current study enhances the understanding of the primary

elements governing the soil performance, demonstrating the
coupling between the engineering and geotechnical parameters.
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Fig. 14.  Bearing capacity violin plot for soil types.
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Fig. 15.  Bearing capacity violin plot for load.
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Fig. 16.  Bearing capacity violin plot for H/B.
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Fig. 17. Bearing capacity violin plot for L/B. Fig. 18.  Comparison of Linear, Ridge, and Elastic Net Regression models

VI. REGRESSION MODEL PERFORMANCE

The regression techniques enhance the analysis by
supporting the development of a predictive model for
estimating bearing capacity. In geotechnical engineering, the
Linear Regression, Ridge Regression, and Elastic Net
Regression models are used for modeling the relationship
between the independent and dependent variables [18-19].
Table II summarizes the regression formulas along with the
models' characteristics.

Figure 18 compares the performance of Linear Regression,
Ridge Regression, and Elastic Net Regression models in
predicting the data. As seen in Figure 18, Linear Regression is
the most stable method, with the lowest mean square error and
the highest coefficient of determination. Its ability to explain
the variance in data is reflected in its stability. Ridge
Regression, on the other hand, is stable and reduces variance
without losing important features. However, Lasso and Elastic
Net have poor performance, possibly due to the L1
regularisation, which may have removed important features
and negatively affected the model's accuracy. Therefore, Linear
Regression is used in the present study.

VII. LINEAR REGRESSION ANALYSIS

A linear regression analysis was conducted to study the
effects of H/B, L/B, soil type, and e/B on the bearing capacity
ratio. The results in Table III indicate that all variables have a
statistically significant effect on BCR (P < 0.05), with varying
signs of influence either positive or negative.

For H/B, the effect was adverse, with a coefficient of
—0.0502, indicating that increasing H/B slightly reduces BCR.
This behavior can be attributed to the increased vertical stresses
on the soil caused by higher relative heights, which reduces
stability. The P = 0.045 confirms the significance of this effect,
though, it is relatively small. Similarly, L/B also showed an
adverse effect, with a coefficient of —0.1664. This reflects the
uneven stress distribution on the soil as the length-to-breadth
ratio increases, reducing the soil's ability to bear loads. The P =
0.047 confirms the statistical significance of this effect.

for BCR prediction.

In contrast, the soil type exhibited the most substantial
positive effect, with a coefficient of +1.594, highlighting that
improving the soil conditions significantly enhances BCR.
Soils with good mechanical properties, such as cohesive or
dense soils, can withstand higher stresses. The near-zero P
value supports this conclusion.

For e/B, the effect was adverse, with a coefficient of
—0.5613. An increased eccentricity-to-breadth ratio reduces
BCR, likely due to asymmetric stress distributions caused by
eccentricity, which leads to reduced stability. The P = 0.008
confirms the significance of this variable.

Based on these findings, priority should be given to
improving the soil quality and minimizing the effects of
eccentricity by ensuring a balanced load distribution.
Optimizing the geometric design ratios (H/B and L/B) can also
help mitigate the adverse impacts on BCR.

This study underscores the importance of considering both
the sign and magnitude of the effects of influencing factors on
the soil performance. Further research is proposed to explore
factors, such as relative density and moisture content, for a
greater understanding of the bearing capacity.

The equation for the BCR of the soil is expressed by (Table
IV):

BCR = —0.46 + 0.05 (g) + 0.035 (g) +2.1(0%) —
e
0.044 (E) )
While the proposed model offers valuable insights into the
impact of the gypsum content, dissolution percentage, cavity
location, and loading conditions on the foundation stability, its
validity is limited to the specific soil types and controlled
conditions employed in this study. Therefore, the results should
not be generalized without further validation. Future work
should test the model under a wider range of field conditions
and soil types to ensure broader applicability.
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TABLE IL REGRESSION TECHNIQUES
Aspect Linear Regression Ridge Regression Elastic Net Regression
Establishes a linear relationship | A modified linear regression that C(lg?clibler;esehilii]::st?i):g ?1(1;62
Description between dependent and includes an L2 penalty term to ge)p )

independent variables.

reduce overfitting.

regularization and feature
selection.

None (pure Ordinary Least

Regularization type Squares - OLS).

L2 Regularization (Ridge
Penalty).

Combines L1 (Lasso) and L2
(Ridge) penalties for feature
selection and stability.

No shrinkage; all features

Impact on coefficients contribute equally.

Shrinks coefficients toward zero
but never precisely zero.

Some coefficients shrink to zero
(L1), while others remain small
(L2).

Prone to overfitting with high-

Overfitting handling dimensional data

Reduces overfitting by
penalizing significant
coefficients.

Balances feature selection and
stability, valid for collinear data.

Small datasets, low
Best use cases

High-dimensional data prevent

When feature selection and

multicollinearity. overfitting but retain all features. regularization are needed.
Used for ! nma.l B.CR estimations Applied when strong Ideal for high-dimensional
L and identifying the key . . .
Applications . . S correlations exist among the datasets with complex
influencing factors in soil . . .
behavior geotechnical parameters. relationships.

Linear Regression: Y = B, + 3, X5 + B, X, + -+ B, X, + €

Mathematical formula

Ridge Regression: Y = By + 2L, BiX; + AN, B2

Elastic Net Regression: Y = By + ¥ BiX; + X0 BiXi 1 X0, I Bill +A2 31,

B

TABLE IIL OUTPUT OF LINEAR REGRESSION MODEL
Coefficients St::_llg::_rd t-Stat P-value Lower 95% Upper 95% Lower 95.0% | Upper 95.0%
H/B -0.1 0.0 -2.0 0.0 -0.1 0.0 -0.1 0.0
L/B -0.2 0.1 -2.0 0.0 -0.3 0.0 -0.3 0.0
Soil type 1.6 0.1 18.0 0.0 1.4 1.8 1.4 1.8
e/B -0.6 0.2 2.7 0.0 -1.0 -0.2 -1.0 -0.2
corresponded with significant reductions in the load-bearing
TABLEIV.  REGRESSION STATISTICS capacity. The statistical analysis identified the dissolution rate
Multiple R 0964 as thf? dominant fagtor mﬂuenf:lng the variations in bearing
R square 0.930 capacity. A predictive regression model was developed to
Adjusted R square | 0914 quantify the combined effects of the cavity geometry and load
Standard error 0.152 position on the bearing capacity.
VII. CONCLUSIONS This research enhances the understanding of the mechanical

Despite considerable research on foundation performance
in soluble soils, the effects of cavity geometry—specifically,
cavity depth and horizontal position relative to foundation
centers—and load eccentricity on the bearing capacity are not
fully understood. This study addresses these gaps through
Finite Element Modeling (FEM) of gypsum soils with varying
degrees of dissolution.

The results indicate that increasing the cavity depth relative
to its horizontal offset reduces the direct impact of cavitation
on the stress distribution, decreasing the load-induced stress
concentrations and improving the bearing capacity, especially
in soils with low dissolution levels. Soils with higher
dissolution rates exhibited limited improvement due to the
structural weakening caused by extensive cavitation. Shifting
the load positions horizontally away from the cavities promotes
a more uniform stress distribution and higher bearing capacity,
while the loads applied directly above the cavities result in a
localized stress concentration and reduced performance.

Soils without dissolution consistently demonstrated the
highest bearing capacity, whereas increased dissolution levels

and geometrical influence on foundation performance in
gypsum soils, providing practical insights and predictive tools
to optimize the foundation design and mitigate failure risks in
soluble soil environments.
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