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The soil type of desert and desert areas is mainly uniform, poorly grained
sand with low density, and in areas where its formation is sedimentary,
the presence of a weak thin layer deep in the ground is likely. In order to
design a suitable foundation and safely transfer the load of the
superstructure to the ground, in addition to determining the physical and
strength characteristics of the soil and understanding the underlying
geological condition of the soil layers, it is necessary to identify small
inhomogeneities within the soil mass, such as weak thin layers, shear
bands, and slip surfaces, which can have negative effects on the failure
mechanism, ultimate bearing capacity of foundations, and safety factors
of geotechnical systems. According to the results of previous work, the
negative effect of a weak thin layer on the ultimate bearing capacity of
the foundation is evident, but very limited research has been conducted
to improve the ultimate bearing capacity of the foundation in the face of
this inhomogeneity in the soil mass. In this study, the effect of using
geosynthetic geogrid reinforcement to improve the bearing capacity of
individual foundations on sand bed and to find the best reinforcement
depth was investigated by constructing a physical soil-foundation model
on a laboratory scale of 65x70x100 cm under static vertical load.
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Introduction

Desert and arid regions frequently contain
sandy soils characterized by relatively low
density, poor gradation, and limited bearing
capacity. These geotechnical properties can
create significant challenges for foundation
design, particularly when thin, weak soil
layers occur beneath the foundation. Such
layers may alter the soil’s failure mechanism,
promote the development of shear bands and
slip surfaces, increase settlement, and reduce
ultimate  bearing capacity.  Therefore,
improving the mechanical behavior of these
soils is essential for enhancing foundation
stability and geotechnical safety.
Geosynthetic  reinforcement, particularly
geogrids, offers a potential solution by
improving soil performance and modifying
stress distribution within the foundation bed.
However, the influence of geogrid
reinforcement on foundations resting on sandy
soils containing thin weak layers requires
further investigation. This study examines the
effectiveness of geogrid reinforcement in
improving the ultimate bearing capacity of
foundations constructed on sandy soil with a
thin weak layer. The research combines small-
scale physical model tests with numerical
analysis using Abaqus to evaluate the effects
of reinforcement placement depth on bearing
capacity and settlement behavior under
vertical loading.

Methodology

The research employed small-scale physical
model tests and numerical simulations using
Abaqus to investigate geogrid reinforcement
in sandy soil containing a thin weak layer. A
square steel footing was subjected to static
vertical loading. Silica sand and a clay weak
layer were used, with the layer positioned at a
depth of twice the footing width. Geogrids
were installed at different depths to evaluate
bearing capacity and settlement behavior.
Results and Discussion

The findings revealed that the thin weak layer
positioned at a depth of twice the footing
width reduced the ultimate bearing capacity of
the sandy soil by approximately 22—23% and
increased settlement by about 22%. Geogrid
reinforcement significantly improved the
foundation’s bearing performance, although
its effectiveness depended on the installation
depth. Compared with the unreinforced soil
containing the weak layer, reinforcement

increased bearing capacity by approximately
53%, 58%, and 65% at different placement
depths. These improvements corresponded to
increases of approximately 19.2%, 24%, and
28%, respectively, compared with the uniform
sandy soil. The greatest improvement
occurred when the geogrid was positioned to
intersect the general failure surfaces within
the soil failure wedge. Numerical simulations
using Abaqus generally predicted higher
bearing capacities than the physical model
tests. For uniform sandy soil, the numerical
result was approximately 179 kPa, compared
with 157 kPa in the physical experiments,
representing a difference of about 14%. The
results demonstrate that geogrid
reinforcement can compensate for the adverse
effects of thin weak layers and improve
foundation performance. However,
differences  between  numerical  and
experimental ~ outcomes indicate  that
settlement behavior and scale effects require
careful consideration when applying these
findings to practical geotechnical engineering
projects.

Conclusion

The findings of this study demonstrate that
thin weak soil layers can significantly reduce
the ultimate bearing capacity of foundations
constructed on sandy soils in desert and arid
regions. The presence of a weak layer at a
depth of twice the footing width reduced
bearing capacity by approximately 22-23%
and increased settlement by about 22%. These
results  highlight the importance of
considering subsurface soil stratification
when evaluating foundation stability and
designing safe geotechnical structures.
Geogrid reinforcement proved effective in
improving foundation performance by
increasing bearing capacity by approximately
53%, 58%, and 65%, depending on the
reinforcement placement depth, compared
with the unreinforced soil containing the weak
layer. The corresponding improvements
relative to uniform sandy soil were
approximately 19.2%, 24%, and 28%. The
effectiveness of reinforcement was strongly
influenced by its position within the soil mass,
with better performance observed when the
geogrid intersected the general failure
surfaces within the failure wedge. Numerical
simulations conducted using Abaqus also
provided  useful comparisons  with
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experimental observations, although the
predicted bearing capacity was approximately
14% higher than that measured in the physical
model for wuniform sandy soil. These
differences indicate that numerical predictions
should be interpreted carefully, particularly
when evaluating settlement and transferring
laboratory results to field conditions. Overall,
the study confirms that geogrid reinforcement
can mitigate the negative effects of thin weak
layers and enhance the bearing capacity of
sandy  foundations. = Nevertheless, the
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  5 𝛾 B N 𝛾


  N q =   tan 2 ⁡  φ ( 45 + φ / 2 )   e  𝜋 t a n 𝜑


  N 𝛾   =   0 . 5   tan φ  (   K p y    c o s  2 φ − 1 ) ⁡ 


  N 𝛾 =  ( N q − 1 ) t a n 1 . 4 𝜑


  N 𝛾 = 2  ( N q + 1 ) t a n 𝜑


  N 𝛾 =  ( N q − 1 ) t a n 1 . 32 𝜑


    φ


  q u l t 1 = 0 . 5 𝛾 B N 𝛾 − 1 . 77   H  B . c . C +  (  h  H . R g ) D      


  q u l t 2 = 0 . 5 𝛾 B N 𝛾 −   H  B  ( c + 𝜎 t a n 𝜑 ) 1 . 77 +  (  h  H . R g ) D


  q u l t 3 = 0 . 5 𝛾 B N 𝛾 −   H  B  ( 𝜎 t a n 𝜑 ) 1 . 77 +  (  h  H . R g ) D


  q u l t 4 = 0 . 5 𝛾 B N 𝛾 −   H  B  ( c + 𝜎 t a n 𝜑 ) 1 . 77 +  (   10 h − h B  H ) R g . D
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