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Abstract: Landslides represent a severe natural hazard, particularly in mountainous areas
where steep slopes, intense rainfall, and unstable geological conditions fiye tyuger
destructive ground movements. This study focuses on assessing the potential landslides in
Tia Dinh Commune, Dien Bien province, Vietnam, using theRARPID model to simulate

and predict potential hazards. By conducting extensive field survea@phygsical
measurements, and applying extrecase scenario simulations, we identified three -igh

risk landslide zones (S1, S2, S3) alongside a larger area, zone S, which poses the most
significant threat due to its potential for widespread and rapid mlatdisplacement.
Despite challengegosed bylimited geotechnical data in remote regions, theRAPID

model effectively predictednovement patterns, velocity, and impaones of landslides,
significantly improving oumunderstanding of landslidgynamics. The results underscore

the importance of integrating landslide risk assessments into locatsagnglanning to
ensure safer community development. Additionally, we recommend the installation of
groundwater monitoring devices at strategicallynifeed locations within these higtisk

zones to support early warning systems and enable timely preventive measures. Our
findings highlight the need for a proactive approach to landslide risk management,
combining prediction models with comprehensive itwing strategies. This research
provides a valuable framework for disaster preparedness, offering insights adaptable for
regions facing similar landslide threats.
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1. Introduction

Landslides are among the most devastating natural disasters, particularly in mountainous
regions where the convergence of steep slopes, heavy precipitation, and unstable geological
conditions often triggers extensive ground movemdnis?]. These eventsesult in
significant damage worldwide, affecting infrastructure, and agricultural lands, and posing
severe threats to human safdfy; 4]. Notably, many landslides involve single mass
movements characterized by long and wide flow paths, makingdiféoult to predict and
leading to catastrophic consequendesotable instance is the rock and ice avalanche from
the north peak of Nevados Huascaran in Peru in 1970. This event resulted in a mass
movement that traveled 16 kilometers, descending abh@004meters in elevation, with
average speeds reaching 280 km/h, ultimately leading to the tragic loss of approximately
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18,000 liveqd5]. Similarly, on February 17, 2006, a rapid and loagout landslide struck
the southern part of Leyte Island, Philippsn where the debris flow extended over 1.5
kilometers, causing 154 confirmed fatalities and leaving 990 individuals m[s§ing

In Vietnam, the risk of landslides is heightened by its rugged terrain, fractured geological
structures, and intense seasaméhfall, posing serious threats to communities and critical
infrastructurg[ 7, 8]. Many landslide incidents have combined with flash floods, impacting
areas that extend over several kilometers. Examples include the events recorded in Phin Ngan
Commune, BaXat District, Lao Cai Province in 2004 and 2016; in various communes of
Phuoc Son and Nam Tra My districts, Quang Nam Province in 2020; and more recently in
Lang Nu Village, Phuc Khanh Commune, Bao Yen District, Lao Cai Province. These
occurrences undearsre the destructive potential of landslides. Given landslides' sudden and
volatile nature, developing robust prediction and risk management strategies is essential to
mitigate their impact on vulnerable regidis.

Engineering interventions, includingtaming walls and slope reinforcements, are
widely used to reduce landslide risks; however, these measures often come with significant
financial and labor demands and are difficult to apply effectively over extensive areas. The
repeated occurrence of latides in Sichuan, China, highlights the limitations and challenges
of structural mitigation approaches, especially in regions with complex and unstable
geological landscapes. Despite considerable investments in preventative efforts, the area's
vulnerability to seismic activity and variable weather patterns continue to fuel these recurring
landslide events. Studies have shown that natural triggers such as earthquakes and intense
rainfall are frequently responsible for initiating landslides, thereby comiplicathe
efficiency of conventional engineering solutions in landslide control and managgraent
11].

Numerous dynamic models have been developed to simulate and analyze the runout
behavior of landslide materials, including MADFIdW”], RASH3D [13], Particle Flow
Code PFC30)14], DAN3D [15], and the LSRAPID model[16]. These models have proven
to be highly effective in accurately predicting landslide initiation and progression when
supported by comprehensive geotechnical data. However, theirajgplics often limited
due to the substantial requirement for extensive field data, detailed soil characterization, and
meticulous model calibration, all of which can be resocimtensive processefgl7].
Additionally, the variability of terrain in landsle-prone areas, marked by differing soll
characteristics, rock formations, and hydrological conditions, presents a significant challenge
in applying these models universally across diverse regions.

In situations where early indicators of instability, sashground cracks or subsidence,
are observed, the prompt use of predictive models becomes crucial in issuing early warnings
and executing preventive measures. Extreme scenario modeling can effectively highlight
high-risk areas, enabling timely intervent®fike evacuations or the enforcement of land
use regulations. The implementation of predictive models for assessing the impact of sliding
material flows supports the generation of hazard maps, which play a key role in guiding land
use planning and enhangidisaster preparedness.

In this study, we employed the HSAPID model in Tia Dinh Commune to strengthen
landslide risk management by simulating extresase scenarios. The HBAPID model is
a 3Dsoftwarecapable of simulating the entire sequence of ddiishe event (from identifying
the initiation point to tracki nRAPIDImedelmat er i
has been applied extensively to simulate numerous landslide events worfdtida],
including in Vietnan{24, 25], helping tadentify characteristics of landslide masses, such as
triggering groundwater levels, material flow thickness, and affected areas. With its proven
effectiveness, this model can accurately predict potential landslide movements, providing
critical support foconstruction safety and preventive plannidg.offering a rapid and cost
efficient approach to landslide forecasting, our research seeks to enhance the understanding
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of landslide dynamics in developing regions, ultimately contributing to the protettiva
and the reduction of economic losses in vulnerable communities.

2. Materials and Methods

2.1 Study area

Tia Dinh Commune, located in Dien Bien Dong district of Dien Bien province in
northwestern Vietnam (Figurek and 2), lies within a mountainous area that has been
identified as a paletandslide zone through geological and geomorphological studies, as well
as remote sensing analysis. In recent years, the region (referred to as Area A) has shown signs
of instability, with multiple ground cracks and subsidence occurring during heavy rainfall
events, posing a significant threat to the safety of residentshaidrifrastructureSome
images of these cracks and subsidence were taken since 2019 and are presented3a Figures
6. This includes critical structures such as the Pé&splmmmittee office, health stations,
schools, and more than 69 residential housdsen the evident landslide risks, local
authorities have begun the process of relocating the commune center to a safdyigwer
area érea B) to mitigate potential hazards.

Figure 1. Study areas: The center of the Tia Dinh commune (Area A) andrdpesed area for
relocation (Area B)

The terrain of the study area is characterized by high mountains, with absolute peak
elevations ranging from over 8@0 to 1,200m. In Area A, the terrain features a mixture of
steep slopes and relatively rounded pedke central part of the commune exhibits distinct
elevation levels, with the area above 960characterized by steep slopes, while the area
below 960m has significantly gentler slopes. Land cracking and subsidence phenomena are
currently mainly observedithin the boundaries of this terrain transition. In Area B, the
terrain primarily consists of mountain ridges extending in a nortiseashwest direction,
interspersed with short, gentle ravines forming part of the Na Hay stream valley. The
mountain ridgs in this area have relatively gentle slopes and peaks.

Concerning the geological characteristics, the area belonging to the Suoi Bang
Formation (Bn-rsbl) comprises sandstone, siltstone, mudstone, with minor sanrdstone
conglomerate, conglomerate, and breccia, showing a medium bedding structure. The
formation dips southwest, with typical dip angles between 25 and 40 degrees. It belongs to
the clastic sedimentary rock group, rich in aluminosilicates, characterized by weak
cementation and high porosity. Near faults, the bedding orientation shifts to dip either



