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Abstract: 

Soft clay soils pose a risk of sudden shear failure in shallow foundations, 

particularly under eccentric loading. This study examines the effectiveness 

of foundation reinforcement using square configuration micropiles to 

enhance bearing capacity under eccentric conditions. Numerical analysis 

was conducted using 2D plane strain modeling with the finite element 

method (Plaxis 2D) and the Soft Soil material model for cohesive clay with a 

shear strength of 14.85 kPa. Eccentricity variations (e/B = 0–0.25) were 

applied to evaluate changes in bearing capacity before and after 

reinforcement. The simulation results indicate that eccentricity reduces the 

foundation's bearing capacity by up to 44% compared to concentric loading. 

The installation of square micropiles increased the average bearing capacity 

by 51.47% compared to the unreinforced condition. Regression analysis 

resulted in an empirical equation for the increase in bearing capacity (Rq) 

influenced by the micropile's frictional resistance (Qs) and the composite 

system stiffness (Pmaks). These findings provide a practical design basis for 

shallow foundations in soft soils subjected to eccentric loads, thus 

enhancing the stability and safety of the structure. 

Keywords: Numerical Analysis, Eccentric Load, Shallow Foundation, Soft 

Clay, Micropiles. 

 

Introduction 

 The presence of thick soft clay soil presents a challenge in the design of 

shallow foundations. Foundations in such conditions are susceptible to sudden local 

shear failure due to the undrained behavior of the clay. Under undrained conditions, 

the shear strength of the clay is governed by undrained cohesion (cu), as the internal 

friction angle is zero (ϕu = 0). Studies using the assumption of vertical concentric 

loading have been conducted to evaluate the shear failure mechanism of soil under 

various shear strength conditions (Terzaghi, 1943). Based on these studies, soft clay 

typically undergoes local failure. The low shear strength results in maximum resisting 

stress (bearing capacity) that progresses to residual stress. However, the assumption 
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of vertical concentric loading is not applicable to the structural system's heterogeneity 

or the lateral loads often encountered in the field (R. Prakash & Rahul, 2020; Wang et 

al., 2021). Structural system heterogeneity in the field leads to variations in stress 

distribution and stress concentration due to the eccentricity of the load. Eccentric 

loading on a shallow foundation causes a reduction in bearing capacity and 

asymmetric deformation compared to concentric loading (Eastwood, 1955; Meyerhof, 

1953; Michalowski & You, 1998; Okamura et al., 2002; S. Prakash & Saran, 1971; 

Purkayastha & Char, 1977).  

Based on these challenges, the installation of micropiles cutting through the 

failure plane is proposed to increase the foundation's bearing capacity on soft clay 

and to limit lateral deformation. Although the length of the micropiles is limited in 

thick clay cases, micropile reinforcement provides a practical and cost-effective 

solution for simple structures such as steel warehouses, shop houses, and others. 

Previous studies using the assumption of vertical concentric loading showed that the 

use of micropiles effectively increased the bearing capacity (qult) of shallow 

foundations by 200% - 300% due to the shear strength increase resulting from 

micropile reinforcement cutting through the failure plane (Isnaniati & Mochtar, 

2023). Laboratory studies, ranging from small to large scale, on concentric loading 

cases (Suroso et al., 2010, 2012; Tjandrawibawa, 2000; Tsukada et al., 2006) showed 

that bearing capacity improvements correlated with micropile geometry variables 

such as number, configuration, length, and diameter. 

The effect of eccentric loading, which has not been previously addressed, may 

lead to a reduction in the effective vertical bearing capacity of piles due to the 

increase in eccentricity, as part of the pile's capacity is used to resist additional 

moments and shear forces (Dhana Sree et al., 2022; Franza & Sheil, 2021). Eccentric 

loading causes a dramatic change in the stress distribution around a single pile, with 

soil pressure becoming highly uneven, exhibiting high stress concentration on the 

side experiencing extreme compression due to the moment and potential stress 

reduction (or even gapping) on the opposite side (Seongcheol et al., 2021).  

Considering this, the Micro Pile Raft (MPR) system is inherently more 

resistant to moments through the interaction of a distributed pile group, thus 

overcoming the problem of eccentricity compared to a single micropile (Alnuaim et 

al., 2016). The design of connected micropiles with the MPR system, with a limited 

number of micropiles, may lead to unreliable reinforcement due to large bending 

moments on each single pile at locations with high maximum axial stress 

concentration. Therefore, the application of unconnected piles and the addition of a 

compacted soil layer between the foundation and micropiles (Figure 1) is necessary to 

ensure the safety of the MPR system, even if the number of installed micropiles in the 

stress concentration area due to eccentric loading is limited. The investigation results 

of unconnected piles show good performance, reducing soil settlement by 35.6% and 

reducing shear load on the piles by 20.9% (Alhassani & Aljorany, 2019). 
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Figure 1. Schematic illustration of the unconnected micropile system under eccentric 

load. 

In this study, the proposed micropile configuration is a square configuration 

that considers the effects of eccentric loading. Based on this configuration, numerical 

analysis with plane strain modeling using the 2D finite element method was 

employed to evaluate the bearing capacity of the foundation before and after being 

reinforced with micropiles on soft clay. The soft clay material, with a cohesion of 

14.85 kPa, was modeled using the Soft Soil (SS) material model due to its simple 

shear strength and stiffness input parameters. The plane strain approach in this study 

results in continuous elongation behavior of the micropile model, thus assuming the 

behavior of the micropile and the soil between the micropiles as a composite material. 

The modeling analysis results were formulated with a ratio (Rq) approach between 

the bearing capacity of the foundation before and after reinforcement with the 

square-configured micropiles. The Rq value for each square configuration leads to an 

empirical equation determined by the micropile’s end resistance (Qp), frictional 

resistance (Qs), and the micropile's stiffness (Pmaks) within the composite system. 

Considering the effect of eccentric loading that may occur in functional infrastructure 

built on very soft to soft soil, this research is essential to ensure that micropile 

reinforcement makes foundation systems safe, even under eccentric loads. 

 

Methods 

Sub 1 Model Material dan Parameter Tanah  

The Soft Soil (SS) model is widely used for evaluating foundation problems 

(Agraine et al., 2020; Ambassa & Amba, 2020; Doherty et al., 2012; Li et al., 2025; 

Mohd et al., 2018; Waheed & Asmael, 2024; Waheed & Rahil, 2022). This model is 

developed from the Modified Cam Clay model and involves stiffness behavior 

determined by the nonlinear (logarithmic) relationship between the average effective 

stress (p') and volumetric strain (εv%), without considering the void ratio (e) 

(Brinkgreve, 2012). Meanwhile, the Mohr-Coulomb failure criterion is incorporated 

into the SS model to evaluate the soil’s failure boundaries, as shown in Figure 2. 

Based on the failure boundaries in Figure 2, the formulation of the failure criterion is 

determined by Equation 1. The yield surface boundary is governed by the closed-form 

equation in Equation 2. 
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Figure 2. Failure Boundary and Yield Surface for the SS Model, modified from (Plaxis 

2D 2025.1, 2025) 
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Considering the stiffness behavior shown in Figure 3, the soil stiffness model 

is determined by the modified reloading gradient parameter (λ*) and the modified 

unloading gradient parameter (κ*). In the case of isotropic compression loading at 

the normal consolidated soil condition (OCR = 1), the relationship between 

volumetric strain change and the applied load is presented in Equation 3. Meanwhile, 

the formulation for the change in volumetric strain and the applied load under 

unloading conditions is presented in Equation 4. 

 
Figure 3. Relationship Curve of Volumetric Strain and Average Effective Stress 

(Plaxis 2D 2025.1, 2025). 

 

 εv  

     (
          

          ) 
 (3) 

 εv  

     (
          

          ) 
 (4) 

Considering the undrained drainage type A behavior adopted in the SS model, 
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it is necessary to adjust the stiffness parameters and effective shear strength to 

produce a model behavior that can accommodate undrained conditions. Undrained 

conditions (c = cu, ϕ = ϕu   0) can be accommodated when the ratio values of λ* and 

κ* are equal to 1. Therefore, the parameter data used in this study for soft clay soil is 

presented in Table 1. In addition, the soil is assumed to meet the normal consolidated 

soil condition (OCR = 1), with the soil stratification considered homogeneous, so the 

shear strength generated will remain constant with respect to soil depth. 

Table 1. Soft Clay Soil Parameters for the SS Model Under Undrained Conditions 

Parameter Parameter Value 

λ* 0,07671 

κ* 0,076708661 

K0
NC 0,999982547 

M 3,49 x 10-5 

 

0,15 

c' (kN/m2) 14,850 

ϕ' (derajat) 0,001 

 (kN/m3) 16,3 

 

Sub 2 Shallow Foundation Modeling and Square Configuration Micropile 

A 2D numerical analysis using Plaxis 2D v20 software was chosen to evaluate 

the bearing capacity of the foundation before and after reinforcement with micropiles 

on soft clay under eccentric loading (Figure 5(c)). The eccentricity variations applied 

in the modeling are 0, 0.1, 0.17, and 0.25. The flowchart for modeling the shallow 

foundation with and without micropiles is presented in Figure 4. 

 
Figure 4. Flowchart of Numerical Analysis for Shallow Foundation Modeling with and 

without Micropiles. 

Both numerical analyses were modeled using a plane strain model. A triangular mesh 

element model with 15 nodes and a fine-to-medium size was used, as it provides good 

stress response quality and is well-calibrated to empirical approaches (Al-Dawoodi et 

al., 2022). This model interprets the shape of a continuous foundation (strip footing), 

where the shape factor (sc) is 1 (Sieffert & Bay-Gress, 2000). The width of the 

foundation (B) applied in the model is 1 meter. The foundation is assumed to be rigid 
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and rough. A fully fixed boundary condition will be applied to the bottom of the soil 

geometry, and a normally fixed boundary condition will be applied to both lateral 

sides of the soil geometry. Furthermore, undrained conditions are applied with a 

closed groundwater flow boundary condition. 

There are two outcomes from the model under eccentric loading that will be 

analyzed further: the maximum deformation boundary due to eccentric loading 

(       ) and the maximum load capacity (        ). The maximum deformation due 

to eccentric loading will influence the micropile installation length (Figure 5(a)), and 

the effective width due to eccentricity will affect the micropile location (Figure 5(b)). 

The variations in micropile installation are summarized in Table 2, where micropiles 

are specifically installed in an unconnected condition to the foundation (unconnected 

pile). A 0.1-meter thick compacted sand layer with shear strength parameters, 

including cohesion (c') of 1 kPa, internal friction angle (ϕ') of 32°, and dry unit weight 

(γsat) of 18.55 kN/m³, is applied for the unconnected pile model. 

 
Figure 5. Definition of Shallow Foundation Model Configuration with Micropiles. 

 

In addition, both the foundation and micropiles are designed with the same 

quality, specifically a compressive concrete strength (fc') of 42 MPa and an average 

unit weight of 24 kN/m³. Concrete is considered to fully contribute to the strength of 

the foundation and micropile material, so the elastic modulus representing both 

materials is 30,459,481.28 kPa. Additionally, the specific dimensions of the 

micropiles used are square cross-sectioned with a dimension (s) of 0.3 meters. 

Table 2. Variations of Square Micropile Configuration. 

y/B’ e (m) B’ (m) 

Npile 

4 9 16 

y (m) 

0,6 0 1,00 0,600 

0,6 0,1 0,80 0,480 

0,6 0,17 0,66 0,396 

0,6 0,25 0,50 0,300 

1,0 0 1,00 1,000 

1,0 0,1 0,80 0,800 

1,0 0,17 0,66 0,667 

1,0 0,25 0,50 0,500 
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Sub 3 Perumusan Persamaan Daya Dukung Fondasi Akibat Perkuatan Micropile 

The increase in soil bearing capacity is proposed from the development of 

formulations in previous studies (Isnaniati et al., 2024; Mochtar & Mochtar, 2025; 

Yudiawati et al., 2019). The development of the formulation is based on the force 

diagram shown in Figure 6. According to this force diagram, the bearing capacity 

increase formulation is influenced by the frictional force on the pile, the end 

resistance force on the pile, and the stiffness generated by the individual micropile.  

 
Figure 6. Force Diagram Due to Micropile Reinforcement. 

The magnitude of the frictional force on the pile and the end resistance force 

are influenced by the number of piles (N), pile embedment depth (Ltotal), pile 

dimensions, and the shear strength of the soil. However, the resistance reactions 

from the pile tip and friction arise when the micropile is placed directly beneath the 

foundation. When the micropile is not placed under the foundation, the increase in 

bearing capacity is generated by the stiffness of the pile. The stiffness generated by 

the micropile can be determined by Equation 5 (Mochtar & Mochtar, 2025). 

 Pmaks 1 pile  
      

   ( )
  (5) 

The behavior of a single pile formulation should be composite (Figure 7) 

because it is modeled in two dimensions. Therefore, the allowable moment 

(           ) and the length affected by the allowable moment (T) should be 

influenced by the micropile configuration system. The composite value of T is 

calculated using Equation 6. Meanwhile, (            ) is determined from Equation 7. 

 
Figure 7. Micropile System as Composite Material. 

Note: The elastic modulus of the soil (     ) for soft clay is 3500 kPa (Ameratunga et 

al., 2016). 
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Tcomp  (
              

 
)
   

  (6) 

Pmaks 1 row  
            (      )

   (     )
  (7) 

Based on its configuration, the top view of the square configuration micropile 

as a composite material is shown in Figure 7. In addition to affecting the material 

stiffness, the frictional force generated by the soil and micropile will also be 

influenced. Therefore, the frictional force due to the micropile configuration is 

determined by the number of micropiles in a row (Equation 8). Based on Equation 8, 

the value of α is determined by the consistency of soft clay and micropile material, 

with α set to 1 (NAVFAC DM7.02, 1986). 

 Qs eq              (8) 

Where: 

 If           /row > 2, then       =          (             ),  

 Otherwise,       =            

Based on the introduction to the schematic of concentric load distribution, the 

general equation (  ) for the change in bearing capacity due to the addition of 

micropiles with the applied configuration system is presented in Equation 9. The 

force parameters resulting from the micropiles are neutralized with a function of the 

number of rows (    ), cohesion (  ), and the effective foundation area (   

  (      )) in Equation9. 

Rq         

       
 (9) 

Catatan: 

 X1    = 
∑(              )

         
  

 X2    = 
∑     

         
  

 X3   = 
∑

            (              )

   (     )

         
  

Based on Equation 9, the proposed formulation has been modified from previous 

studies by (Isnaniati et al., 2024) by considering the forces and micropile 

configuration with the assumption of composite material (soil and micropile) for each 

row. The increase in bearing capacity (  ) will be determined from the simulation 

results of the auxiliary program (    ) and the empirical method 

(   (                 )(     )). Meanwhile, a multi-variable regression method will 

be used to determine the coefficients (A), (B), (C), and the constant (D).  

              

             Results  

Sub 1 Evaluation of Shallow Foundation Bearing Capacity Under Eccentric Load 

Without Micropiles 

The bearing capacity of shallow foundations at the surface on soft clay soil 

with undrained cohesion (cu) of 14.95 kPa under concentric loading, using the 

X
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Terzaghi approach, yields values identical to the results of numerical analysis using 

the SS material model with fine to medium mesh sizes (Al-Dawoodi et al., 2022). 

Based on the empirical Terzaghi approach, the bearing capacity of the shallow 

foundation is as follows: 

   = 
  

 
   = 5,71 

         =       

 = 14,85 (5,71) = 84,83 kN/m2 

The results of the numerical analysis of the bearing capacity of the square 

foundation under eccentric loading on soft clay are presented in the load-deformation 

curve shown in Figure 9. Based on the curve in Figure 8, the bearing capacity of the 

foundation under each eccentric load on soft clay is summarized in Table 3. As shown 

in Figure 8, the soil deformation increases with the increasing eccentricity of the load. 

This is influenced by the increase in stress and forces at each node generated by the 

forces at the unbalanced point (e ≠ 0). The soil will reach failure at a certain 

deformation due to its inability to resist the total load or stress. Therefore, the 

bearing capacity is determined based on the maximum load occurring at the same 

deformation as the concentric load. 

 
Figure 8. Load-Deformation Curve for Soft Clay Under Eccentric Load. 

Table 3. Summary of Shallow Foundation Bearing Capacity on Soft Clay Without 

Micropiles Under Eccentric Load. 

e/B 0 0,1 0,17 0,25 

     84,83 69,30 58,73 47,20 

 

Simulation results show that eccentricity reduces the foundation bearing 

capacity by up to 44% compared to concentric loading (Table 3). Based on the 

bearing capacity analysis of the foundation on soft soil under eccentric loading 

presented in Table 3, it can be seen that, in general, eccentric loading results in a 

downward trend in soft soil bearing capacity. The magnitude of the bearing capacity 

reduction due to eccentricity (e/B) is determined by the reduction factor (Rk), which 

is formulated in Equation 10. The results of these calculations are summarized in 

Table 4. 

 Rk  
        

        
  (10) 
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Table 4. Summary of Bearing Capacity Reduction for Shallow Foundations Due to 

Eccentric Load. 

e/B Rk 1   Rk 

0,00 1,00 0,00 

0,10 0,82 0,18 

0,17 0,69 0,31 

0,25 0,56 0,44 

The relationship between the reduction factor (Rk) and eccentric load (e/B) is 

formulated in Equation 11 (Purkayastha & Char, 1977). In the linear regression 

function, the coefficient b will be equal to 1 in Equation 11. Furthermore, the 

regression function from the plot of (1 – R_k) values and the load eccentricity ratio 

(e/B) in Table 4 results in Equation 12, with a root square value approaching 1 and a 

coefficient a value of 1.7765 in Figure 9. 

 Rk  1  (
 

 
)
 

 
 

(11) 

 
Figure 9. Regression Plot of Bearing Capacity Reduction for Shallow Foundations 

Due to Eccentric Load. 

 y(x)   1 Rk  (12) 

 Rk         (   )

        

 
(13) 

Based on the bearing capacity reduction equation for shallow foundations 

under eccentric load on soft clay in Equation 13, the bearing capacity of shallow 

foundations under eccentric load can be formulated in Equation 14. 

 
q
ult, e≠0

   5, 3   (     ( 

  )   ) 
 (14) 

The numerical analysis results of the shallow foundation modeling under eccentric 

load show an asymmetric deformation shape, as presented in Figure 10. Eccentric 

load causes deeper deformation compared to concentric loading (e = 0). However, as 

the eccentricity of the load applied to the shallow foundation increases, the 

deformation depth does not increase significantly and tends to become identical. The 

average maximum deformation depth (       
̅̅ ̅̅ ̅̅ ̅̅ ̅) caused by eccentric load, as 

X
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summarized in Table 5, is 0.909 meters. 

 
Figure 10. Deformation of Foundations on Soft Clay Due to Eccentric Load. 

Table 5. Summary of Bearing Capacity Reduction for Shallow Foundations Due to 

Eccentric Load. 

e/B    (m) 
 |        

        |(m) 

0,00 0,651 0,000 

0,10 0,894 0,243 

0,17 0,907 0,256 

0,25 0,927 0,276 

 

Sub 2 Numerical Analysis of Bearing Capacity for Shallow Foundations Reinforced 

with Micropiles 

The micropile embedment depth (      ) is determined from the depth of 

foundation failure in soft clay due to eccentric load and twice the stiffness of the 

micropile, as shown in Equation 15 (Mochtar & Mochtar, 2025). Based on the 

previous numerical analysis for (Zsp) the calculation of the micropile embedment 

depth (      ) is as follows: 

  total          
̅̅ ̅̅ ̅̅ ̅̅ ̅      (15) 

 E = 30495500 KPa 

 s = 0,3 meter 

 Ix = 
 

  
(   )  = 0,000675 m4 

 The value of f for soft clay with a cohesion of 14,85 KPa is  999,86 KN/m3 (Figure 

11). 

 T = (
  

 
)
   

 = (
         (        )

      
)
   

 = 1,83 meter 

  total = 0,909 + 2 (1,83) = 4,57 meter   5 meter 

 

Based on the numerical analysis results and the analytical calculations 

performed, the micropile embedment depth ( total) to be modeled is 5 meters. The 

micropile grade is determined based on the design compressive strength (fc'). 

Considering the micropile grade, the allowable stress (     ) of the micropile is 

assumed to be 25% of fc’, so the value of       is 10.500 KPa (SNI 2847:2019, 2019). 
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Figure 11. Relationship Between Coefficient of Subgrade Stiffness (f) and Maximum 

Soil Cohesion Stress (qu) (NAVFAC DM7.02, 1986). 

Considering the allowable stress, the allowable moment of the micropile (      ) will 

be influenced by the section modulus, which is affected by the composite dimensions 

of the micropile. The relationship between the allowable moment of the micropile and 

the composite dimensions is formulated in Equation 16. Based on the composite 

system approach, the results of the numerical analysis for the square-configured 

micropile model are presented in Table 6. 

  allow            ( )  (16) 

Table 6. Summary of Bearing Capacity for Shallow Foundations with Square-

Configured Micropiles Under Eccentric Load. 

Configuration 
              

   X1 X2 X3 
KN KN 

1 99,90 84,30 1,24 9,00 1,62 3,03 

2 70,07 69,30 1,27 11,25 2,03 3,78 

3 53,50 58,73 1,33 13,64 2,45 4,58 

4 37,63 47,20 1,46 18,00 3,24 6,05 

5 96,49 84,30 1,19 9,00 1,62 3,03 

6 64,95 69,30 1,17 11,25 2,03 3,78 

7 49,00 58,73 1,22 13,64 2,45 4,58 

8 33,50 47,20 1,30 18,00 3,24 6,05 

9 114,89 84,30 1,42 12,00 2,43 4,19 

10 84,92 69,30 1,54 15,00 3,04 5,23 

11 66,50 58,73 1,65 18,18 3,68 6,34 

12 49,99 47,20 1,94 24,00 4,86 8,37 

13 101,75 84,30 1,26 12,00 2,43 4,19 

14 71,98 69,30 1,30 15,00 3,04 5,23 

15 54,46 58,73 1,35 18,18 3,68 6,34 

16 38,50 47,20 1,49 24,00 4,86 8,37 

17 128,29 84,30 1,59 15,00 3,24 5,27 

18 98,40 69,30 1,78 18,75 4,05 6,59 

19 71,50 58,73 1,78 22,73 4,91 7,98 

20 55,00 47,20 2,13 30,00 6,48 10,54 

21 124,91 84,30 1,55 15,00 3,24 5,27 
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22 93,50 69,30 1,69 18,75 4,05 6,59 

23 68,50 58,73 1,70 22,73 4,91 7,98 

24 52,00 47,20 2,01 30,00 6,48 10,54 

 

Based on the numerical analysis results presented in Table 6, values of Rq 

greater than 1 show a trend of increased bearing capacity for shallow foundations 

after being reinforced with micropiles compared to before reinforcement. The 

average increase in the bearing capacity of the shallow foundation after 

reinforcement with micropiles is 51.47%. However, the presence of eccentric load still 

leads to a reduction in the bearing capacity of the shallow foundation, even after 

reinforcement with micropiles. Based on the trend of bearing capacity changes (Rq), 

the correlation matrix results for variables X1 (0.869), X2 (0.905), and X3 (0.879) 

against R_q (Figure 12) show a very strong correlation using Pearson’s analysis 

approach (Sugiyono, 2007).  

 
Figure 12. Correlation Matrix of Variables R_q, X1, X2, and X3 in Square Micropile 

Configuration, n = 24. 

Sub 3 Bearing Capacity Formulation for Shallow Foundations Reinforced with 

Square-Configured Micropiles Under Eccentric Load 

The results of the regression analysis with several formulation scenarios are 

presented in Table 7. Based on these scenarios, two formulations are identified with 

root square (R2) values approaching 1. Therefore, further testing was conducted using 

the Analysis of Variance (ANOVA) approach. This test was performed to determine 

the significance of parameters X1, X2, and X3. The required critical value for the 

ANOVA analysis was obtained from the α value (0.05) and the F-value from the t-

distribution probability values based on the Degree of Freedom (DF). The DF is 

formulated as n-1, where n is the number of observations (in this case, there are a 

total of 24 data observations), so DF is 23. Based on the DF value, the F-value from 

the t-distribution table is 1.714 (Montgomery, 2001). 

Table 7. Summary of Formulation Scenarios for the Increase in Bearing Capacity of 

Shallow Foundations Due to Micropiles with Square Configuration. 

Scenario    
Variables 

X1 X2 X3 

1 81,80  V  

1 77,30   V 

1 75,50 V   

2 85,50  V V 

2 85,30 V V  

X
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2 83,40 V  V 

3 85,50 V V V 

 

Based on the scenarios in Table 7, the R_q equation concerning variables X2 

and X3 shows a significant relationship, as indicated by the F-value < F-value (11.87 

for X2 and 5.28 for X3). The same is also shown by the P-value (0.002 for X2 and 

0.032 for X3) < α (0.05). Based on the significance test using the ANOVA approach, 

the R_q formulation is derived from Equation 17. 

 
Rq                

         
 (17) 

 

Conclusion 

The results of the analysis conducted show that a decreasing trend in the bearing 

capacity of shallow foundations occurs due to the increase in eccentric loading. The 

same trend is observed even when micropiles have been simulated beneath the shallow 

foundation. However, the simulation evaluation results comparing the bearing capacity 

of the shallow foundation before and after the installation of square-configured 

micropiles show that the bearing capacity of the shallow foundation will increase by 

51.47% compared to the condition before micropile installation. The assumption of 

micropiles and soil being considered as a composite material indicates that the 

micropile friction parameter (Qs or X2) and its stiffness (Pmaks or X3) play a 

significant role in formulating the increase in shallow foundation bearing capacity (Rq). 
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