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Abstract. Groundwater subsidence during dewatering work can be a serious challenge if soil 

conditions are unstable, potentially disrupting the stability of supporting structures such as soil 

retaining walls. This research analyzed the stability of soldier pile type soil retaining walls  

during the dewatering process in hospital construction projects in the BSD area. The data used 

included the results of Standard Penetration Test (N-SPT), monitoring of dewatering work, 

inclinometer readings, and stability analysis using a 2D-based finite element software. The 

simulation results showed that the decrease in the groundwater level caused a change in lateral 

pressure on the retaining wall, with the maximum deformation reaching 2 m and the safety factor 

dropping from SF = 2.5 to SF = 2.2. If the analysis indicates a critical impact on stability (SF < 

1.5 or deformation exceeding tolerances), then mitigation measures such as the installation of 

additional struts or dewatering system optimization are required. These findings provide 

technical guidance to minimize the risk of structural failure during the dewatering process on 

softsoils.          
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1.   Introduction  

The dewatering process in underground construction has become a major concern in geotechnical 

engineering due to its impact on the stability of the surrounding soil [1]. Recent studies have shown that 

a decrease in groundwater levels during dewatering can lead to significant changes in the effective stress 

distribution of soils, which directly affects the performance of soil retaining structures [2]. This 
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phenomenon becomes increasingly complex when it occurs in layered soils with heterogeneous 

hydrogeological characteristics, such as those often encountered in large-scale construction projects [3]. 

In the case of the construction of a hospital in BSD, field observations showed significant landslides 

around the dewatering site, but the exact mechanism linking the dewatering process to this phenomenon 

is still not fully understood [4]. 

A critical review of the relevant literature reveals some limitations in previous research. The 

development of a model to predict soil deformation due to dewatering, but the model is only valid for 

coarse-grained soils and has not been tested on clay soil conditions such as at the research site [5]. 

Previous studies of soldier pile-type soil retaining walls have provided valuable insights, but have not 

considered the combined effects between long-term dewatering and the creep properties of clay soils 

[6]. Further, previous studies have tended to use a simple analytical approach that ignores the complex 

interactions between soil retaining structures, soils, and dewatering systems [7]. This knowledge gap is 

the rational basis of current research. 

The main problem faced in this project is the uncertainty in predicting the behavior of the soil 

retaining wall during the dewatering process, especially in terms of: (1) the magnitude and distribution 

of soil deformation [8]; (2) changes in lateral pressure on the retaining wall; and (3) the long-term impact 

on the stability of the structure. This study aims to develop a numerical analysis model based on the 

finite element method (FEM) software that is able to comprehensively simulate the behavior of the soil-

retaining wall-dewatering system, by including critical parameters such as variations in layered soil 

permeability, clay soil consolidation effects, and structure-soil interactions. 

The significance of this research lies in three main aspects. First, the development of a 2D FEM 

software model that integrates field soil characterization data (N-SPT, permeability) with real-time 

monitoring during construction. Second, model validation through comparison with field data that 

includes measurements of deformation, pore water pressure, and displacement of retaining walls. Third, 

practical recommendations for optimal soil retention system design under complex dewatering 

conditions. The findings of this study are expected to serve as a reference in the planning of underground 

construction in areas with challenging geotechnical conditions, while contributing to the development 

of more reliable soil stability analysis methods. 

2.   Methods 

This research uses a quantitative-analytical approach by combining field data and numerical modeling 

to evaluate the stability of soil retaining walls during dewatering work. Primary data in this study were 

obtained from the Standard Penetration Test (N-SPT) test at 4 drill points with an average depth of 40 - 

50 m, which was then corrected for hammer efficiency (ER = 60%), overburden pressure, and 

groundwater level influence. In addition, field monitoring is carried out using piezometers and 

inclinometers with daily data logging during the active construction phase. 

Numerical modeling was performed with 2D finite element software using the Mohr-Coulomb [9] 

material model for the ground and Linear Elastic for the soldier pile structure. The soil parameters (φ', 

c', E) were determined based on the N-SPT correlation, with the simulated boundary conditions 

including fixed support at the horizontal boundary and roller support at the vertical boundary. Model 

validation is carried out through mesh analysis and calibration with inclinometer data (RMSE < 5 mm) 

if required. 

The stability analysis included the evaluation of safety factors against rolls (SF ≥ 2.5), shear (SF ≥ 

1.5 for granular soils and ≥2 for cohesive soils), and carrying capacity (SF ≥ 3). The deformation criteria 

include a maximum horizontal displacement of 0.5% wall height and a subsidence of <30 mm. The 

dewatering simulation was carried out with a gradual decrease in groundwater level (1 m/day) and 

variations in soil permeability (±20%) [10]. 

This study has limitations in assuming 2D stress conditions and variations in soil parameters during 

construction [11], but the approach used provides an adequate representation for stability analysis in 

dewatering scenarios. 
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3.   Results and Discussion 

3.1.   NSPT correction on field tests, overburden pressure and groundwater level 

The Standard Penetration Test (SPT) is one of the most commonly used methods in geotechnical 

investigations to evaluate soil properties in the field [12]. NSPT values obtained from field tests often 

need to be corrected to ensure the accuracy and reliability of the data. This correction is made by 

considering various factors that can affect the test results, such as hammer energy, drill rod length, and 

soil condition [13]. 

 

Table 1. NSPT correction on field tests, overburden pressure and groundwater level 

BM 2 

MAT Description Depth 

(m) 

N-SPT EH CB CS CR N60 (N1)CORR N-

Used 

N<15 Clay Silt 1.0 3 0.6 1 1 1 3 cohesive 3 

N<15 Clay Silt 2.0 2 0.6 1 1 1 2 cohesive 2 

N<15 Clay Silt 4.0 5 0.6 1 1 1 5 cohesive 5 

N<15 Clay Silt 5.5 2 0.6 1 1 1 2 cohesive 2 

Submerged Silt 6.8 50 0.6 1 1 1 50 36.4 36 

Submerged Silt 8.0 23 0.6 1 1 1 23 20.3 20 

Submerged Sand 8.9 50 0.6 1 1 1 50 34.1 34 

3.2.   Correlation to shear angle and ground parameters 

The correlation of the shear angle and soil parameters is used later in determining soil parameters such 

as cohesion, plasticity index, and relative density have a significant influence on the value of the shear 

angle [14]. So that data can be obtained to analyze the stability of the retaining wall [15]. 

 

Table 2. Correlation to shear angle and ground parameters 

BM 2 

Depth  

(m) 

N-

SPT 

γ 

(kN/m3) 

σ 

(kN/m2) 

N-

used 

internal 

friction 

Φ 

qu 

(kN/m2) 

c 

0.95 3 17.25 16 3 28 60 30 

1.95 2 17.1 33 2 28 40 20 

3.95 5 17.55 69 5 29 100 50 

5.45 2 17.1 93 2 28 40 20 

6.75 50 19.3 63 36 44 455 228 

7.95 23 19.03 72 20 35 254 127 

8.9 50 19.3 83 34 43 427 213 

 
Figure 1. Correction Depth BM 1 – BM 2 to N1 Corr 
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3.3.   Calculating tension, pressure and moment on the active ground 

On the retaining wall, it is necessary to find the forces that act on the retaining wall. In this case, the 

values of Ka and Kp are needed to find the tension and the values of Pa and Pp are needed to find the 

pressure on the retaining wall [16]. 

Table 3. Calculating tension, pressure and moment on the active ground 

BM 2 

Z 

(m) 

c 

kN/m2 

Φ γ 

kN/m3 

γ iron 

kN/m3 

Ka  σ'v 

kN/m2 

σ'a 

kN/m2 

Pa 

due 

to 

load 

Pavement 

back 

paving 

Pa 

total 

kN/m2 

0.95 30 28 10.65 17.25 0.35 10.12 3.59 2.90 -29.71 

81.65 

1.95 20 28 10.50 17.10 0.36 9.98 3.63 6.11 -11.77 

3.95 50 29 10.95 17.55 0.35 10.40 3.65 11.96 -33.64 

5.45 20 28 10.50 17.10 0.37 9.98 3.66 17.22 10.43 

6.75 228 44 12.70 19.30 0.18 12.07 2.14 10.30 -155.57 

7.95 127 35 12.43 19.03 0.27 11.81 3.24 18.83 -81.18 

8.90 213 43 12.70 19.30 0.19 12.07 2.28 14.52 -136.41 

10.45 152 37 12.53 19.13 0.25 11.90 2.95 22.32 -85.95 

11.71 199 42 12.70 19.30 0.20 12.07 2.44 20.39 -111.99 

13.95 82 30 12.32 18.92 0.33 11.70 3.85 39.53 4.85 

15.13 186 40 12.70 19.30 0.21 12.07 2.59 27.96 -82.86 

16.71 180 40 12.70 19.30 0.22 12.07 2.65 31.58 -69.55 

18.95 103 32 12.42 19.02 0.30 11.80 3.56 49.31 15.67 

20.45 163 38 12.67 19.27 0.24 12.04 2.85 41.73 -32.16 

21.95 138 36 12.58 19.18 0.26 11.95 3.14 49.65 0.05 

23.95 87 31 12.37 18.97 0.32 11.75 3.79 66.61 70.00 

25.45 90 31 12.39 18.99 0.32 11.77 3.75 69.84 76.44 

26.95 141 36 12.63 19.23 0.26 12.00 3.12 60.33 30.22 

28.95 115 34 12.52 19.12 0.29 11.89 3.43 72.05 71.61 

 

Table 4. Calculating tension, pressure and moment on the pasive ground 

BM 2 

Z (m) c 

kN/m2 

Φ γ 

kN/m3 

γ iron 

kN/m3 

Kp σ'v 

kN/m2 

σ'a 

kN/m2 

PP in front 

of the 

pavement 

Pp 

total 

kN/m2 

10.45 152 37 12.53 19.13 4.04 12.53 50.57 216.31 

3173.96 

11.71 199 42 12.70 19.30 4.95 12.70 62.88 245.66 

13.95 82 30 12.32 18.92 3.04 12.32 37.48 192.23 

15.13 186 40 12.70 19.30 4.67 12.70 59.25 260.78 

16.71 180 40 12.70 19.30 4.56 12.70 57.92 268.30 

18.95 103 32 12.42 19.02 3.31 12.42 41.14 242.96 

20.45 163 38 12.67 19.27 4.22 12.67 53.52 284.29 

21.95 138 36 12.58 19.18 3.81 12.58 47.94 282.86 

23.95 87 31 12.37 18.97 3.10 12.37 38.34 266.56 

25.45 90 31 12.39 18.99 3.14 12.39 38.92 279.40 

26.95 141 36 12.63 19.23 3.85 12.63 48.63 316.71 

28.95 115 34 12.52 19.12 3.46 12.52 43.37 317.89 

 

Table 5. Moment at pasive and active ground 

BM 2 

active Passive 

z 5.13 z 1.00 

γ kN/m3 29.86 Pa area σ'a 3173.96 

Ka 0.21 γ (m) to O 0.33 

Pa area σ'a 38.20 σ'a moment 1057.99 
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z (m) thd O 8.90 u kN/m2 89.00 

Hc 0.74 y (m) 1.00 

σ'a moment 330.51 Moment u 89.00 

u kN/m2 89.00 Total moment 1146.99 

y (m) 1.00   

Moment u 89.00   

Total moment 419.51   

3.4.   Stability of retaining walls 

In checking the stability of the retaining wall, it is necessary to check the sliding, bolstering and carrying 

capacity [17]. The shear check ensures the wall is able to withstand shear forces, the bolster check 

ensures the wall does not roll over, and the bearing capacity check ensures the ground is able to withstand 

the load [18]. The security factor required ≥ 1.5 to be said to be safe. 

Check the stability of the bolster rotation: 

SF = ΣMr/ΣM0   ≥ 1.5         (1) 

SF = 1046.88/419.51 ≥ 1.5   

SF = 2.5    ≥ 1.5 (Safe) 

 

Check the stability against the sliding rotation: 

𝐹𝑆 𝑠𝑙𝑖𝑑𝑖𝑛𝑔 =  
∑𝑉𝑡𝑎𝑛 (𝑘1.∅′2)+𝐵.𝑘2.𝑐′2+(𝑃𝑝+𝑃ℎ)

𝑃𝑎
     (2)  

 

𝐹𝑆 𝑠𝑙𝑖𝑑𝑖𝑛𝑔 =  
86.46 𝑥 𝑡𝑎𝑛(0.22 𝑥 42)+1.2 𝑥 0.22 𝑥 213 𝑥2+(3173.9)

633.16
   

𝐹𝑆 𝑠𝑙𝑖𝑑𝑖𝑛𝑔 =  5.13 ≥ 1.5 (Safe) 

 

Check bearing capacity : 

Qu  = c. Nc + Df. γ.Nq + 
1

2
.B.γ.Nγ           (3) 

Qu  = 213 𝑥 98.78 + 8.5 𝑥 12.52 𝑥 161 +
1

2
 𝑥 1.2 𝑥 12.52 𝑥 95.52 

Qu  = 38960.88 kN/m2  

3.5.   Dewatering Analysis 

Table 6. Dewatering Monitoring 

Description Drill 

Well 

(m) 

MAT 

(m) 

excavation 

elevation 

(m) 

Base 

Read 

(m) 

Thursday 

(m) 

Friday 

(m) 

Saturday 

(m) 

Sunday 

(m) 

Sunday  

(m) 

Wednesday 

(m) 

Thursday 

( m) 

 

DW 1 -18 -4 -11.3 -13.3 -13.89 -13.82 -13.85 -13.75 -13.37 -13.7 -13.6 

DW 2 -15 -4 -10.4 -12.4 -13.89 -14.95 -14.54 -14.5 -14 -14.42 -14.32 

DW 3 -15 -4 -10.4 -12.4 -15.88 -16.09 -16.04 -16.01 -16.03 -15.93 -16.51 

DW 4 -15 -4 -10.4 -12.4 -17.15 -17.15 -17.09 -16.7 -17.1 -16.7 -17 

DW 5 -15 -4 -10.4 -12.4 -15.37 -16.6 -16.6 -16.44 -16.6 -16.59 -16.55 

DW 6 -15 -4 -10.4 -12.4 -18.1 -17.7 -17.75 -17.69 -14.5 -16.44 -15.6 

DW 8 -15 -4 -10.4 -12.4 -15.05 -13.97 -13.97 -14.01 -14.9 -14.55 -14.66 

Weather bright bright bright bright bright bright bright 
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Figure 2. Chart of monitoring dewatering well 

It is planned in the dewatering work in the hospital construction site project has 8 excavations 

for the dewatering work . Taking from the location of dewatering zone 1 with the following 

data. 

Excavation Area of Zone DW 1  = 684.708 m2 

Elv. Excavation base    = -11.3 m 

Elv.  Highest MAT   = -4 m 

Elv. MAT in the excavation  = -13.3 m 

MAT Decline(s)   = -9.3 m 

Water height outside the excavation (H) = -10.3 m 

Water level in the excavation area (Hw) = 1 m 

Radius Equivalent of Excavation Area (rw)  =   √
𝐴

𝜋
           (4) 

      = √
684.708

3.14
 

      = 14.76 m 

Equivalent Permeability Coefficient  = 0.00011  

Radius Of influence (RO)   = 3000𝑠√𝑘  

= 292.61 m    

Radius Of Influence for excavated areas   = Ro + rw  

      = 307.4 m 

Groundwater discharge seeping into the excavation (Q) = 717.5 liters/min 

So, if it is assumed that in 8 days it takes 3 pumps for the work, a pump capacity is needed with 

a capacity of 0.6 m3/minute. 

3.6.   Run finite element program 

The use of the finite element program: 2D application, in this study to get more accurate results from 

manual calculations that have been done previously [17]. In the use of finite element program 

applications: 2D, the desired output is in the form of total displacement, deformation mesh and safety 

factors for the stability of the retaining wall before and after the dewatering work. [19] 
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Figure 3. Connectivity Plot 

 

 

 
Figure 4. Deformed Mesh 

 

 
Figure 5. Safety Factors 

 

4.   Conclusion 

Dewatering work in the hospital construction site project significantly influenced ground deformation, 

despite safety analyses confirming structural stability within permissible limits through both software 

modeling and manual calculations. The observed deformation patterns, particularly near soldier pile 

retaining walls, highlight the inherent risks of relying solely on conventional dewatering systems in 

geotechnically challenging environments. To mitigate these risks in future projects, the following 

evidence-based recommendations are proposed is about to Combining steel struts with ground anchors 

in high-deformation zones can reduce lateral soil movement by 15–30%, as demonstrated in urban 

excavation case studies. Installing redundant drainage networks with 20–25% excess capacity, coupled 

with real-time groundwater monitoring, would prevent well overflow during peak saturation events. 

Integrating finite element analysis with IoT-based sensor data could improve deformation forecasting 

accuracy by ≥40%, enabling proactive adjustment of dewatering protocols. These steps align with best 

practices for critical infrastructure projects in flood-prone areas, as outlined in recent geotechnical 

engineering guidelines. Future research should focus on quantifying the cost-benefit ratios of advanced 

dewatering systems versus traditional methods across varying soil hydrologies. 
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