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ABSTRACT

Banggai Laut Regency is an archipelago with a high level of vulnerability to landslides, particularly on the banks of the
Tolokibit River in the village of the same name. Landslides are typically triggered by seasonal flooding and fluctuations in
river water levels, which cause soil saturation and decrease slope stability. This study aims to analyze the stability of river
walls and evaluate the effectiveness of gabion structures as a slope reinforcement solution against landslides and erosion.
The methods used include calculating peak flood discharge with a 10-year return period using the Rational method, as
well as modeling the stability of slopes and gabion structures using Geo5 software. The analysis results show that the peak
flood discharge of 54.5282 m%/s with a water level between 1.407—1.512 m produces significant hydrostatic and erosional
forces on the river slope. The designed gabion groyne structure is able to withstand these pressures with a safety factor
(Fs) value between 1.81-4.77, exceeding the safe threshold. Fluctuations in groundwater levels have been shown to
significantly affect the overturning and sliding Fs values, where increasing fluctuations cause a decrease in stability. Of
the two gabion configurations tested, Model 2 was deemed optimal due to its high stability, material efficiency, and ease of
construction. This study recommends implementing Model 2 as a practical and effective solution for landslide mitigation in
the Tolokibit Village River area, reducing the risk of infrastructure damage and socio-economic impacts on the local

community.
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INTRODUCTION

Banggai Laut Regency is an archipelago with a high level of vulnerability to natural disasters, particularly landslides. The
undulating to hilly terrain and high rainfall are the main factors contributing to the formation of landslide-prone zones.
Based on the official thematic map of the Banggai Laut Regency Government, a vulnerability analysis was conducted
taking into account geological parameters, slope gradient, land cover, and rainfall. The overlay results show that high
landslide hazard zones are widespread across four large islands: Banggai, Bangkurung, Labobo, and Bokan Islands. This

vulnerability is further increased by human activities that affect land stability.
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The Tolokibit River in Tolokibit Village is one of the locations severely impacted by landslides, particularly on
the riverbanks, caused by seasonal flooding over the past decade. From May to September 2024, extensive damage
occurred, including infrastructure damage, economic disruption, and a decline in land values in the surrounding area.
Several homes were even swept away by floodwaters and landslides. Geotechnically, the landslide was triggered by a
sudden rise in river water levels, which saturated the riverbanks, reduced soil shear strength, and increased current pressure

and riverbed erosion.

Given these conditions, technical analysis-based mitigation efforts are necessary, as outlined in a study entitled
"River Wall Stability Analysis and Reinforcement in Tolokibit Village, Banggai Laut Regency." This study aims to
identify the causes of bank instability and design effective reinforcement solutions to prevent future landslides. By
strengthening the river wall using hydrological, geotechnical, and structural engineering approaches, it is hoped that

material losses and safety risks to the Tolokibit Village community can be minimized.
RESEARCH METHODS

Research Location

This research was conducted in the Tolokibit Village River, South Banggai District, Banggai Laut Regency, Central

Sulawesi Province, at several river intersection points: Hulu, PO1, P02, P03, and Hilir.
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Figure 1: Research Location: Tolokobit Village.
Data Used

Crucial data for slope stability analysis, particularly in riverine areas, include maximum daily rainfall data, which
influences infiltration and pore water pressure buildup, and river geometry data, which defines the shape and slope of the
slope. Laboratory soil test results are also required, such as unit weight (y), friction angle ( @ ), and cohesion (c), which
determine the shear strength of the soil, as well as water content (w); this information is complemented by groundwater
table data to calculate the pore pressure acting on the potential shear plane. Finally, traffic load data should be considered if

there are external loads from above the slope, as these loads can increase the driving forces that can trigger slope failure.

Impact Factor (JCC): 8.6454 NAAS Rating 3.04
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RESULTS AND DISCUSSION

Hydrological Analysis

Maximum rainfall was analyzed using the Log Pearson III method, resulting in a design rainfall that was then used to
calculate intensity. The time of concentration was calculated using the Kirpich formula and used to obtain the average
rainfall intensity at P02.The results of the hydraulic analysis show that the peak flood discharge with a 10-year return
period (Qio) reached 54.5282 m?/s at all monitoring points in PO2. This discharge produces varying hydraulic conditions at
each marker, indicated by a water level (h) ranging from 1.233 m to 1.528 m and a flow velocity (V) ranging from 3.882
m/s to 4.478 m/s, as shown in Table 1.
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Table 1: Results of River Hydraulic Calculations P02

Period Flood Discharge

Repeat Plan (Q ,) 5 > ) h A P R n M Q

(Year) (m*/sec) m)| m | m?) | m) | (m) (i (m3’

that) day)

2 383,604 0.025| 6 |2,924 | 55,573 | 24,082 | 2,308 | 0.040 6,903 383,604
5 483,219 0.025| 6 | 3,188 | 66,078 | 26,260 | 2.516 | 0,040 7.313 483.219
10 545.282 0,025 | 6 |3.336 | 72.346 | 27.477 | 2.633 | 0,040 7.537 545.282
25 623.621 0,025 | 6 | 3.508 | 80.009 | 28.896 | 2.769 | 0,040 7.794 623.621
50 679.556 0,025 | 6 |3.623 | 85.333 | 29,842 | 2,860 | 0.040 7,964 679,556

Bishop Method Stability Analysis

Table 2: Summary of FS Values for the Simple Bishop Method

NO Patok FS
1 Hulu 1,76
2 P01 1,43
3 P02 2,03
4 P03 1,61
5 Hilir 2,05

Point PO1 has the lowest FS value, namely 1.43, which, although still above the safe threshold (FS > 1.3), requires

more attention because it has the potential to become a critical point if conditions change, such as increased rainfall,

additional loads from construction, or vegetation disturbance.
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Figure 5: Fluctuation Results Water Level at P02
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Figure 6: Fluctuation Results Water Level at P03
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Figure 7: Fluctuation Results Water Level in the Lower Reaches.

Table 3: Recapitulation of FS ., and FS ;4

FS roll
Water Level | UPSTREAM | P01 | P02 | P03 | DOWNSTREAM
1. Normal 6.01 596|799 | 54 6.54
2. 10 Years 5.36 5471 6.77 | 4.79 5.32
3. Peak 4.72 4.59 | 5.84 | 3.86 4.62
ES slide
Water Level | UPSTREAM | P01 | P02 | P03 | DOWNSTREAM
1. Normal 2.1 2.11 | 2.74 | 1.99 2.36
2. 10 Years 1.82 1.9 | 227 | 1.7 1.92
3. Peak 1.8 1.82 | 2.15 | 1.54 1.83
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Figure 9: Recapitulation of g, FS.

Figures 8 and 9 show that the FS values decrease consistently as the water discharge increases, indicating that
larger hydraulic loads reduce the structural safety margin. The most striking difference is that the Overthrow FS values are
always significantly higher (reaching almost 8.00) compared to the Shear FS values (which have a maximum of only 2.74),

indicating that shear stability is the most critical criterion and the main focus in the design of this structure.

Gabion Installation Configuration

Table 4: Recapitulation of FS ,ycrturning and FS g;ging in the Gabion Model Configuration

10 Years
Configuration S g F'S iding
Model 1 6.04 2.19
Model 2 6.77 2.27

The Model 2 gabion configuration was chosen because it has a higher overturning and shear safety factor value
than Model 1, with all Geo5 analysis results still meeting the safety limits (overturning FS > 2 and shear FS > 1.5). In
addition to good stability, Model 2 is more efficient in terms of material volume and cost because its shape is more upright,
so it does not require a large horizontal space. This condition is very advantageous in locations with limited land, such as
narrow cliffs near rivers or areas adjacent to roads and buildings. Its implementation is also faster and simpler because it

does not require widening downstream, so excavation work can be minimized. This configuration provides an optimal

balance between stability and technical and economic efficiency.

CONCLUSION

e The peak flood discharge with a 10-year return period calculated using the Rational method was obtained at
54.5282 m®/sec with a 10-year water level ranging from 1.407-1.512 m. This discharge produces significant
hydrostatic and erosion forces on the river slope. According to the results of Geo5 modeling, the designed gabion
groyne structure is able to withstand this pressure, producing a safety factor (Fs) of 1.81-4.77, which exceeds 1.5,

indicating it is safe in resisting landslides due to water and soil loads.

Impact Factor (JCC): 8.6454 NAAS Rating 3.04
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Based on the results of calculations and modeling of river wall reinforcement stability using GEOS, it can be seen
that groundwater level fluctuations have a significant influence on river wall stability, which is reflected in
changes in the overturning and sliding Factor of Safety (FS) values at various water level conditions. The greater

the water level fluctuation, the smaller the overturning and sliding FS values.

The Model 2 gabion configuration was chosen as the optimal slope reinforcement solution because it successfully
achieved the ideal balance between superior structural safety and high project efficiency. Model 2 proved to be
better than Model 1 with the Safety Factor (FS) values for overturning (> 2) and shear (> 1.5) exceeding the
minimum limits required by Geo5 simulation, confirming a very stable and safe slope condition. This technical
superiority is supported by the efficiency aspect, where its more upright shape saves material volume, reduces
construction costs, and minimizes the need for horizontal land, making it a practical and fast choice for

implementation in the field with limited space, especially in vulnerable areas such as the Tolokibit Village River.

SUGGESTION

Based on the study next, it is recommended to carry out an analysis to further investigate the stability cliff river by
comparing two or more methods for stability analysis. This is aimed at getting more secure and accurate results.
In addition, the study should also cover analysis of movement land as well as influence factors environmental,
such as rainfall, water flow, and local geology conditions, in order to provide evaluation more stable and

comprehensive

Agency related, in this matter, this is the Public Works and Spatial Planning Department, Water Resources
(SDA), and Disaster Management Agency, Regional Disaster Management Agency (BPBD) of the Regency
Banggai Laut, can make dimensions planned gabions in the study. This serves as a reference in planning

reinforcement of the river cliff in Tolokibit Village,District South Banggai.
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