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Abstract 

 

This study aims to develop and evaluate a deep learning-based mobile application for the automated classification of ornamental plants, 

addressing challenges associated with visual similarity among species and environmental variability during image acquisition. The 

proposed system utilizes a Convolutional Neural Network (CNN) based on the MobileNetV2 architecture, selected for its lightweight 

structure and deployment efficiency on resource-constrained mobile devices. The dataset comprises approximately 600 images representing 

10 ornamental plant classes, collected from real-world environments, and processed through a standardized preprocessing pipeline. Model 

training was conducted using the Teachable Machine platform over 100 epochs, with a batch size of 16 and a learning rate of 0.001, 

allocating 90% of the dataset for training and 10% for testing. Experimental results indicate that the proposed model achieves a 

classification accuracy of 96.3%, corroborated by evaluation metrics including accuracy curves, loss convergence, and class-wise 

performance analysis. The trained model was successfully converted into a lightweight format and integrated into an Android-based mobile 

application developed using the Flutter framework. Functional testing demonstrates that the application performs effectively in real-time 

classification scenarios, maintaining high accuracy and responsive on-device inference without relying on cloud computing. In conclusion, 

this study confirms that lightweight deep learning architectures, such as MobileNetV2, can be effectively implemented in mobile 

environments for ornamental plant classification. The proposed application enhances accessibility and usability, enabling rapid and 

accurate plant identification. Furthermore, this approach contributes to practical applications in horticulture, education, and biodiversity 

awareness, while demonstrating the feasibility of deploying efficient deep learning models on mobile platforms. 
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1. Introduction 

Open pit coal mining generates substantial overburden requiring safety in pit placement to maintain operational and environmental security. 

One increasingly adopted strategy is constructing in mine embankments, where waste is deposited inside the mined-out void to form bund 

walls that function as engineered barriers against lateral deformation and erosion [1]. Their performance, however, is highly sensitive to 

rainfall, foundation conditions, and material softening factors that are especially critical in tropical mines. 

A failure case at Pit Banda demonstrated how intense rainfall infiltration increased pore pressure, reduced strength, and triggered lateral 

spreading of a temporary coal bund wall. Similar rainfall-induced instabilities have been widely reported in open pit and embankment 

systems [2], [3], underscoring the need for numerical approaches capable of capturing hydromechanical responses in heterogeneous soils. 

While Limit Equilibrium Methods remain common, Finite Element Method (FEM) modeling provides a more rigorous evaluation of 

deformation and progressive failure in large embankments [4], curved geometries [5], and saturated soils under rainfall or seismic loading 

[6], [7]. Accordingly, this study applies FEM-based Phase2 with Strength Reduction Technique (SRT) for stability assessment [8], [9]. 

The novelty of this research lies in modeling a 75 m high arched permanent bund wall in an ex-mining pit under equatorial conditions, 

incorporating cohesion-loss scenarios of 0%, 25%, and 50% to simulate rainfall induced degradation across three critical zones: the bund 

wall slope, transition layer, and siltstone foundation. The findings provide new insights for safer bund wall design in high rainfall mining 

environments. 
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2. Methods 

The embankment materials soft clay, sandy clay, and loose sand are controlled by the complex geology of the Tarakan Basin, comprising 

the Birang, Latih, Labanan, and Sinjin Formations [10]. Primary data were collected through field sampling at the Banda Pit, including 

overburden for bund wall construction, rock samples representing the siltstone foundation, and mud samples to simulate retained load 

conditions. Laboratory testing following ASTM standards determined density, permeability, Atterberg limits, cohesion, and internal 

friction angle as input parameters for numerical analysis. 

A quantitative approach was applied, combining laboratory data with Finite Element Method (FEM) simulations to evaluate slope stability. 

FEM was selected over Limit Equilibrium Methods due to its superior ability to represent stress-strain behavior and complex failure 

mechanisms in embankments, as demonstrated by Jian & Deng [9]. The method discretizes the slope into finite elements and computes 

nodal displacements through interpolation. Phase2 software was used to model the bund wall behavior using the Shear Strength Reduction 

(SSR) technique, where shear parameters cohesion (c) and internal friction angle (ϕ) are progressively reduced by a Strength Reduction 

Factor (SRF) until the onset of failure [11]. The reduced parameters at each step are given by: 

 

Bund wall stability was evaluated using FEM with the Shear Strength Reduction (SSR) method [12], where the SRF at numerical failure 

represents the Factor of Safety (FoS). Six field based cross sections were modeled to assess deformation and failure mechanisms under 

reduced shear strength. The base layer was analyzed for settlement under overburden loading, while the siltstone foundation was checked 

for bearing failure, with ultimate bearing capacity (qu) estimated using Terzaghi’s equation. 

 

 

Where qu is ultimate bearing capacity, c is cohesion, q is surcharge, γ is unit weight, B is foundation width, and Nc, Nq, Nγ are bearing 

capacity factors dependent on internal friction angle (ϕ). The net allowable bearing capacity (qa,net) was calculated as: 

 

Where FS is Factor of Safety. Foundation–sidewall interaction was also modeled to evaluate the effect of lateral stress resulting from mud 

accumulation and water saturation on slope integrity. To account for seismic loading and its interaction with pore water pressure, the 

simulations incorporated pseudo-static conditions following Gao et al. [13], using a horizontal seismic coefficient kh= 0.05g, which reflects 

the low regional seismicity of East Kalimantan, Indonesia [14]. The pseudo-static load was calculated as: 

where Fs is horizontal inertial force and W is the weight of soil or waste. Following Wyllie & Mah [15], a Factor of Safety above 1,1 was 

targeted for dynamic conditions 

3. Results and Discussion  

In the Banda Pit area, coal material was previously used as a temporary retaining wall. However, in June 2024, heavy rainfall (185.6-222.2 

mm) triggered significant movement of saturated mud, increasing lateral earth pressure beyond the structure's design capacity and causing 

slope failure (Figure 1).  

The failure sequence highlights the risks of using low-cohesion coal as a structural element under extreme hydrological stress. Early 

indicators of instability (Figure 1a), including peak cracking and deformation, resulted from tensile strain, differential settlement, and rising 

pore water pressure from rainfall infiltration. Similar hydrologically driven failures have been reported in mining waste dumps, where real-

time infiltration altered pore pressure and reduced shear strength [16]. Continuous rainfall rapidly saturated the coal and underlying seams, 

further decreasing strength, especially in poorly drained zones. 

 

Fig 1. a) Conditions before landslide in the in-pit dam; b) and c) Conditions after the landslide in the in-pit dam 
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Post-failure conditions (Figures 1b and 1c) show major changes in slope geometry, with displaced material forming a new failure surface 

marked by both shallow and deep movement. To prevent additional displacement from running off and mass movement, a permanent bund 

wall was proposed inside the pit. This structure is intended to resist lateral and gravitational forces and to restore long term stability under 

hydrologic and mining induced loading aligning with international safety standards for high rainfall tropical mines. The complexity of the 

post failure geometry and the design requirements for the permanent bund wall necessitate numerical modeling to achieve accurate stability 

evaluation [17]. 

 

3.1. Rock Quality 

Geotechnical drilling (GT-02 R) identified three main lithologic units along the depth profile. At depths of 1.6 to 8.8 meters, the unit is 

characterized by dark gray soft clay, with a Geological Strength Index (IGSI) of 0 to 20 and a RQD between 0% and 51%, indicating very 

poor to moderate rock mass quality [18][19]. 

A reddish sandy clay unit was identified at depths of 8.8 to 15.75 meters. GSI values ranged more widely, from 0 to 65, and RQD values 

ranged from 0% to 100%, indicating poor to very good rock mass quality [20], [21]. The lowest rock unit extending from a depth of 15.75 

meters to 48.1 meters is the Coal Seam, with GSI values between 75 and 85, and RQD ranging from 62.5% to 100%, which is classified 

as fair to very good. 

 

3.2. Physical Properties and Mechanical Properties 

Atterberg limit tests were conducted on soft clay, sandy clay 1, and sandy clay 2 to evaluate phase conditions and plasticity. Table 1 shows 

that the moisture content of the soft clay is close to its liquid limit, implying near liquid phase conditions and an increased risk of instability 

under loading, especially considering the effects of rainfall infiltration and subsequent time dependent softening [7][22]. 

 

Table 1. Plasticity Index Test 

No Material Type Liquid Limit (%) Plastic Limit (%) Plasticity Index (%) Saturated Density (kN/m3) 

1 Soft clay 49.09 20.24 28.67 15.21 

2 Sandy clay 1 55 25.1 29.9 17.46 

3 Sandy clay 2 81 35.3 45.7 16.28 

4 Disposal 54 37.5 16.5 16.5 

5 Mudstone 51 31.2 19.8 11.5 

6 Siltstone    20.01 

7 Claystone    20.005 

 Clay High Plasticity   

 

The consistency of fine-grained soils governs their resistance to external forces through clay particle interactions, which control 

deformation behavior [23]. High plasticity soils typically exhibit low shear strength and significant moisture induced volume change, 

resulting in poor bearing performance [24]. Clay activity in the Banda Pit ranges from 0.60-0.89, indicating moderate reactivity. Based on 

the criteria proposed by Skempton and Mitchell and Soga, the dominant clay minerals illite, kaolinite, attapulgite, and allophane are 

associated with the low to moderate expansion zone in the plasticity index clay content chart proposed by Seed et al., suggesting relatively 

stable volumetric behavior suitable for bund wall construction [25]-[27]. Direct shear testing of these materials provided shear strength 

parameters, cohesion (c) and internal friction angle (ϕ), which form the primary geotechnical inputs for the stability analysis of all bund 

wall components. 

Table 2. Mechanical Properties Test Results 

No Material Type 

Mechanical Properties 

Direct Shear Test 
Elastic Modulus (kN/m2) Poison Ratio 

c (kN/m2) φ (0) 

1 Disposal 42.46 15.22 276000 0.3 

2 Mud stone 35.81 20.69 250000 0.3 

3 Sandy clay 40.93 34.81 276000 0.25 

4 Coal 48.88 30.05 170870 0.17 

5 Claystone 49.46 25.29 47197.5 0.30 

6 Siltstone 55.7 23.99 45830 0.25 
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3.3. Bund wall stability analysis 
The embankment wall design, shown in Figure 2, has an overall height of 75 meters and a base width of approximately 130 meters. Its 

geometry consists of individual slope segments with a height of 5 meters, a slope angle of 43°, and an embankment with an average width 

of 5 meters. The embankment wall is shaped in a curved configuration, forming a horizontal curve with a central angle of 52°. 

 

 

Fig 2. Bund wall design 

 
Stability analysis was conducted in six cross sections (Sections 1-6, Figure 3), each divided into three zones: the slope face, embankment 

base, and foundation interface. The sections were selected to capture geometric and loading variations along the bund wall, focusing on 

areas prone to differential settlement or increased overburden pressure, while accounting for interactions between compacted fill and in 

situ subgrade and the anisotropic stress redistribution induced by the wall’s curved alignment. 

Using a Finite Element Method (FEM) based approach, slope simulations were performed at three cohesion reduction conditions: 0%, 

25%, and 50%, indicating progressive softening of the embankment material. This sensitivity analysis reflects the seasonal humidity 

variations common in tropical climates such as East Kalimantan, with high rainfall during the rainy season and high temperatures (33°C 

to 37°C) during the dry season, which can potentially lead to a decrease in material strength. 

 

Fig 3. Bund wall with six cross-sections 

 
3.3.1.  Slope stability analysis of bund wall 
The sandy clay overburden selected for the bund wall has a dry unit weight of 20.01 kN/m³ and reaches maximum dry density at 21% 

optimum water content, indicating good compaction potential and adequate shear resistance. A CBR value obtained at 13.88% moisture 

representative of dry season field conditions confirms sufficient bearing capacity and highlights the need for strict moisture control during 

placement. The bund wall is designed with a 5 m bench at 43° and an overall height of 48 m at 25°, incorporating 0.05 g seismic loading. 

FEM based stability analysis across six cross sections yields a representative FoS of 1.87 at Section 3–3’ under 50% cohesion reduction. 

Table 3 shows a consistent decrease in Dynamic FoS with cohesion loss: from 2.34 - 2.55 at intact cohesion to 2.15 - 2.27 at 75% reduction. 

The lowest stability occurs at 50% cohesion, where Sections 3-3’ (see Figure 4) and 4-4’ both reach FoS = 1.87, indicating the central bund 

wall zone as the most vulnerable. These results underscore that cohesion governs dynamic stability and that rigorous engineering control 

particularly compaction quality, is critical for sandy clay filling in bund wall construction. 

Table 3.  Dynamic Factor of Safety of Bund wall Slope  

No Analysis 
Dynamic Factor of Safety 

*100% *75% *50% 

1 Section 1-1’ 2.41 2.18 1.95 

2 Section 2-2’ 2.47 2.18 1.92 

3 Section 3-3’ 2.34 2.15 1.87 

4 Section 4-4’ 2.45 2.17 1.87 

5 Section 5-5’ 2.44 2.22 1.96 

6 Section 6-6’ 2.55 2.27 1.98 

* Decrease in bund wall material cohesion value 
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Fig 4. Dynamic Factor of Safety of Bund wall Slope section 3-3’ 

3.3.2. Bund wall base stability analysis 
A stability analysis was conducted for the transitional base layer above the bund wall foundation, which functions as a stress redistributing 

medium between the wall body and subgrade. Although not a structural foundation, instability in this layer could mobilize lateral 

displacement of the entire bund wall under mudstone loading, making its mechanical performance critical. 

Sandy clay was selected due to its cohesion potential, supported by compaction parameters of ωopt = 22.26% and γd = 1.87 kN/m³. FEM 

simulations were performed under three cohesion scenarios (100%, 75%, 50%) to evaluate settlement, consolidation, and shear resistance. 

Dynamic Factors of Safety (FoS) from six cross sections demonstrate the material’s sensitivity to cohesion reduction. At 100% cohesion, 

FoS values range from 5.33-5.81, exceeding recommended limits for static (1.5) and dynamic (1.1) stability. Even with 50% cohesion loss, 

all sections remain above threshold values, confirming strong basal stability (Tabel 4). However, a consistent decline in FoS indicates 

vulnerability to shear-strength degradation. Sections 3-3’ and 4-4’ show the lowest FoS under the weakest scenario (3.40 and 3.45), 

identifying them as priority monitoring zones during operation as softening increases. 

 

Table 4.  Bund wall Base Slope Dynamic Factor of Safety 

No Analysis 
Bund wall Base Slope Dynamic Factor of Safety 

*100% *75% *50% 

1 Section 1-1’ 5.59 4.92 3.75 

2 Section 2-2’ 5.81 4.73 3.71 

3 Section 3-3’ 5.32 4.18 3.4 

4 Section 4-4’ 5.54 4.51 3.45 

5 Section 5-5’ 5.63 4.48 3.46 

6 Section 6-6’ 5.66 4.63 3.61 

The bund wall will transfer all structural loads to the bedrock. In this study, the bund wall was constructed on a layer of s iltstone that 

resisted vertical stresses from the embankment and lateral forces from mud and water. This analysis examined vertical failure modes, 

specifically support failure due to increased loading. Although shear strength in the siltstone could cause settlement or displacement, 

simulation results indicate that the factor of safety remained well above the required limit. Even with a 50% reduction in cohesion, the 

siltstone maintained a high bearing capacity, demonstrating its robustness in supporting a large bund wall. 

Dynamic loading (0.05 g) produced negligible effects, indicating sufficient stiffness and shear strength of the siltstone to prevent vertical 

deformation or shear failure. Section 4-4’ (Figure 5) recorded the lowest FoS (8.01), which remained unchanged despite the reduction in 

strength, attributed to the thicker siltstone layer and uniform load distribution. In comparison, the FoS at the base of the bund wall ranged 

from 3.4 to 5.8 (Table 5), indicating lower stability compared to the foundation. Therefore, the primary focus shifted from the foundation 

to the transitional base layer, where the influence of the mud and varying strengths increased the likelihood of instability. 

 

Fig 5. Bund wall Foundation Stability Analysis Section 1-1’ 
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Table 5.  Bund wall foundation dynamic Factor of Safety 

No Analysis 
Bund wall foundation dynamic Factor of Safety 

*100% *75% *50% 

1 Section 1-1’ 8 8 8.01 

2 Section 2-2’ 8.15 8.2 8.15 

3 Section 3-3’ 8.26 8.25 8.25 

4 Section 4-4’ 9.6 9.99 9.69 

5 Section 5-5’ 10.27 10.27 10.27 

6 Section 6-6’ 8.74 8.65 8.91 

3.4. Factor of safety analysis at the sidewall–bund wall interface 
The interaction between the bund wall and adjacent sidewalls was assessed by examining the vertical (σz) and horizontal stress distributions 

with depth to determine the factor of safety and potential interface failure mechanisms. Stability at various elevations and contact angles 

was evaluated using the Safety Reduction Factor (SRF). Table 6 (depth -35 m) highlights two key trends governing the mechanical behavior 

of the bund wall sidewall system. 

Figure 6 presents stress simulations from a depth of 0 to -35 m, incorporating a bulk unit weight of 11.5 kN/m³ for the upper layer (0 to -

15 m) and 16.5 kN/m³ below 20 m. The increase in σz reflects the combined effect of the self-weight and applied load. At a depth of -35 

m, the vertical stress reached 577.50 kN/m², while the horizontal stress was 84.15 kN/m², indicating significant lateral pressure at the 

interface. These values serve as boundary inputs in FEM modeling to evaluate slope stability and failure risk. This stress behavior is 

important for understanding load transfer, shear response, and the potential development of failure surfaces or arching effects along the 

bund sidewall interface. 

 

Fig 6. Stress Distribution Sidewall-Bund wall Interface 

Table 6. Safety Reduction Factor (SRF) as a measure of slope stability 

No. Depth (m) Sudut Kontak (0) SRF 

1 - 5 52 3.1 

2 -10 57 2.31 

3 -15 62 2.29 

4 -20 64 2.03 

5 -25 64 1.72 

6 -30 67 1.76 

7 -35 67 1.61 

 

 

Fig 7. a) Relationship of Safety Reduction Factor (SRF) to Depth; b) Relationship of Safety Reduction Factor (SRF) to Contact Angle 
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Figure 7a shows a strong quadratic relationship between depth and slope reliability factor (SRF) with an R² value of 0.9387, allowing 

prediction of critical depths using the equation y = 0.002x² + 0.1197x + 3.5443. The SRF decreases below 2.0 at depths greater than -25 

m, approaching the minimum temporary stability criterion of FoS ≥ 1.5, indicating potential structural vulnerability near the  base of the 

bund wall [28], [29]. Figure 7b reveals an inverse linear correlation between contact angle and SRF (R² = 0.884), where increasing interface 

inclination reduces stability and may promote planar or translational failure mechanisms [15]. Overall, slope design must account not only 

for material strength but also for geometric configuration and interface behavior under increasing dump height [12][30]. 

4. Conclusion  

The bund wall demonstrates stable performance, with slope Factors of Safety (1.87-2.55) remaining above the minimum pseudo-static 

criteria even under a 50% cohesion reduction. The compacted sandy clay base shows high stability (FoS 3.40-5.81), while the siltstone 

foundation provides exceptional bearing capacity (FoS 7.79-10.27), indicating negligible settlement risk. Critical zones occur in Sections 

3-3’, 4-4’, and along the sidewall bund wall interface below 25 m, where SRF values approach 1.76, reflecting heightened sensitivity to 

stress concentration and strength loss. Overall, the bund wall system is structurally robust; however, strict compaction control, focused 

monitoring of central sections, and reliable drainage maintenance are essential to mitigate risks associated with saturation and long-term 

material degradation. 
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