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One of the crucial parameters in the design of foundations is the subgrade reaction coefficient,
and accurately estimating this parameter is always a priority for engineers. Various methods
have been proposed to determine this parameter, among which the Winkler method is one of
the most well-known. The fundamental issue in this method is estimating the numerical value
of the subgrade reaction coefficient (ks), which is influenced by multiple factors such as the
properties of the soil beneath the foundation, the groundwater level, and the presence of
additional parameters like micropiles, nails, etc. In this research, the impact of micropiles on
reducing settlement and determining the subgrade reaction coefficient, both in the presence
and absence of groundwater, has been investigated using the finite element method with the
software (PLAXIS3DFOUNDATION). A foundation with dimensions of 10 meters in width
and 20 meters in length was utilized for this purpose. The studies in this research were
conducted using a sensitivity analysis method. In other words, the subgrade reaction
coefficient was examined with variations in micropile diameter, micropile length, and
different spacing of micropiles across four types of soil with varying elastic moduli.

The results of the research indicate that increasing the micropile diameter from 0.2 meters to
0.3 meters will increase the subgrade reaction coefficient by 47 to 55 percent. Additionally,
increasing the spacing of micropiles from 2 meters to 4 meters results in a reduction of the
subgrade reaction coefficient by 20 to 33 percent. Furthermore, increasing the length of
micropiles leads to an increase in the subgrade reaction coefficient. The findings of this study
demonstrate that raising the groundwater level to the foundation level significantly reduces

the subgrade reaction coefficient.
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Introduction
Current One of the critical parameters in foundation design is the subgrade reaction

coefficient, the accurate estimation of which is always a concern for engineers. Various
methods have been proposed to determine this parameter, with the Winkler method being one
of the most well-known. The primary challenge in this method is estimating the numerical
subgrade reaction coefficient (\(k_s\)), which is influenced by numerous factors such as soil
properties beneath the foundation, groundwater level, and additional parameters like
micropiles, nails, etc. Estimation of which is always a concern for engineers. Various methods
have been proposed to determine this parameter, with the Winkler method being one of the
most well-known. The primary challenge in this method is estimating the numerical subgrade
reaction coefficient (\(k s\)), which is influenced by numerous factors such as soil properties
beneath the foundation, groundwater level, and additional parameters like micropiles, nails,
etc.

The subgrade reaction coefficient is a crucial parameter representing the interaction between
the foundation and the soil, varying for different soil types. It is determined through various
tests such as plate load tests, consolidation tests, CBR tests, and theoretical relationships. The
coefficient \(k_s\) is not an exclusive soil property; it depends on the elastic characteristics of
the subgrade, geometric properties of the load-transfer system, and the type of applied load.
Factors influencing \(k_s\) include soil elastic modulus, geometric properties of the loaded
surface, subsoil resistance, and groundwater level. Soil improvement techniques also affect
mechanical properties and subsoil resistance. The Winkler model, the simplest approach for
soil-foundation interaction analysis, replaces the soil with independent springs of specified
stiffness. Terzaghi later expanded the concept of horizontal and vertical subgrade reaction
coefficients, examining the effects of foundation dimensions, shape, and depth. Subsequent
research by Scott, Horvath, and others further refined the understanding of soil-foundation
interaction

Method

This study employs the finite element method using PLAXIS3D FOUNDATION software to
investigate the effect of micropiles on reducing settlement and determining the subgrade
reaction coefficient, considering the presence or absence of groundwater. A foundation with
dimensions of 10 meters in width and 20 meters in length was used. The research was
conducted through sensitivity analysis, examining the subgrade reaction coefficient with
variations in micropile diameter, length, and spacing across four soil types with different
elastic moduli.

This study uses PLAXIS3D to determine the subgrade reaction coefficient for mat foundations
with micropiles, examining the effect of groundwater levels parametrically. The soil is
modeled using the hardening soil model, The model dimensions (80%40 meters in plan and 12
meters in depth) ensure boundary condition effects are minimized. The foundation is centered,
and mesh refinement is applied around micropiles for accuracy. One of the most critical stages
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in finite element modeling is selecting the appropriate element type for the application. In this
model, triangular meshing was employed for the elements, which offers the highest accuracy
in 3D software. To account for boundary effects and ensure model accuracy, the soil mass
dimensions were set larger than the foundation dimensions (80x40 meters in plan and 12
meters in depth, as shown in Figure 3). The foundation was aligned with the center of
symmetry, and the mesh was refined around the micropiles for higher precision. Ensuring the
reliability of software outputs is a primary concern for designers. To validate the numerical
models, results were compared with laboratory studies. For this purpose, experimental work
by Unsever et al. was numerically simulated. The study involved three aluminum micropiles
embedded in concrete heads, subjected to vertical and horizontal loads. The test box was a
rectangular prism with dimensions of 800 mm (length) x 500 mm (width) < 530 mm (depth).
The micropiles were 255 mm in length and 20 mm in diameter, made of lightweight aluminum

Results and Conclusions

This research investigated mat foundations on sandy soils with varying friction angles,
classified as loose, medium, and dense sands. The results indicate that increasing the micropile
diameter from 0.2 meters to 0.3 meters raises the subgrade reaction coefficient by 47% to
55%. Conversely, increasing the spacing between micropiles from 2 meters to 4 meters
reduces the coefficient by 20% to 33%. Additionally, increasing the micropile length enhances
the subgrade reaction coefficient. The study also reveals that raising the groundwater level to
just below the foundation significantly reduces the subgrade reaction coefficient
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