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Asian Journal of Engineering Geology (AJEG)

Concept

The Asian Journal of Engineering Geology (AJEG), published by the Nepal
Society of Engineering Geology (NSEG), is envisioned as a specialized
platform dedicated to advancing the understanding and application of
engineering geology within the unique geological context of Asia, with a
particular emphasis on contributions from and relevant to Himalaya as
well as other parts of world.

In recent years, research on engineering geology and related topics has been significantly
advancing, but there are only a few specialized platforms for research publications. There is
greater need of knowledge transfer and research result dissemination among the engineering
geological researchers through specialized publications. This situation is especially the case
among engineering geologists in Asia working in the fields of engineering geology and related
topics. To overcome this problem, the NSEG is initiating a new scientific journal entitled “Asian
Journal of Engineering Geology (AJEG)". NSEG believes that geoscientists, environmentalists, and
engineers involved in landslide and environmental research will have access to a new common
platform for the publication of their research work. NSEG is confident that, with this journal,
stakeholders working in the Himalayan landslide and environmental and surrounding area will
also get up-to-date information on engineering geology and related research work in the region
and other parts of the world.

AJEG, under the auspices of the NSEG, places a primary focus on research and developments in
engineering geology that are specific to Asia and the broader to other parts of the world. The
journal will serve as a key resource for disseminating knowledge on geological challenges and
engineering solutions that are pertinent to diverse terrain and seismic activity in the region.

The journal encourages the submission of research articles and case studies that delve into the
engineering geology challenges. Contributions may explore topics such as slope stability,
earthquake hazards, landslides, and the geological aspects of infrastructure development in the
region.

AJEG seeks to foster collaboration among researchers, engineers, and geologists within Asia and
the broader to other parts of the world. The journal will actively engage with regional experts to
contribute their insights, experiences, and research findings, promoting a collective approach to
addressing engineering geology challenges. Recognizing the interdisciplinary nature of
engineering geology, AJEG welcomes submissions that integrate geological, geotechnical, and
environmental perspectives. The goal is to provide a comprehensive understanding of the
geological factors influencing engineering projects and environmental sustainability.

The journal will feature updates and reports on initiatives, conferences, and activities organized
by the Nepal Society of Engineering Geology. This ensures that the journal is not only a repository
of research but also a hub for the exchange of ideas and information within the engineering
geology community in Nepal.



Aims and Scope

The Asian Journal of Engineering Geology (AJEG) is a common platform for publication of
integrated research on all aspects of engineering geology. The journal publishes original article,
quick reports of recent engineering geology related issues, case studies and technical note of
various engineering geological case studies. Researchers and practitioners are encouraged to
submit original and unpublished contributions. The subject areas include, but are not limited to,

the following fields:

Applied geomorphology

Structural geology

Applied geophysics and g

Geochemistry

Environmental geology

Hydrogeology

Land use planning

Natural hazards

Remote sensing techniques

Soil and rock mechanics

Applied geotechnical engineering

Urban Engineering Geology

Engineering Geology of marine and reservoir.
Engineering geology in flash floods and tsunami
Landslide hazard assessment and mapping
GIS applications in engineering geology
Landslide monitoring and landslide mitigation
Engineering geology of the Himalayan slopes
Rainfall-induced landslides
Earthquake-induced landslides
Anthropogenic controls on hazards

Stability of dams and embankments

Engineering geology of heritage areas, monitoring and mitigation

Groundwater monitoring

Seismic Hazard and Risk

Disaster Risk Reduction and Management
Engineering geology of Tunnels and bridges
Foundations on slopes and plains

Early warning of multi-hazard risk
i



e Landslide hazard management at community level

e Physical and numerical modeling in engineering geology
e High altitude engineering geological issues.

e Economics of natural hazards and related climate change
e Agricultural geology

e Snhow avalanche

e Engineering geology and infrastructure development

e Snow coverin the Himalaya

e Environment friendly low cost infrastructure development
e Ruralinfrastructures and engineering geology

e Geotechnical engineering, modeling and ground improvement
e Nature-based solutions for disaster risk reduction

These topics suggest a multidisciplinary approach, encompassing various aspects of geology and
engineering that have practical applications in fields such as environmental management, land
planning, and geotechnical engineering.

Publication program

There are two Issues of the Asian Journal of Engineering Geology (AJEG) each year. Itis an refereed
journal dedicated to publishing the latest advancements in different areas of engineering geology.
The AJEG is published as free open access online journal. The Nepal Society of Engineering
Geology believes that an open access online publication attracts a worldwide audience and thus
increases the visibility and impact of published works. It also enhances indexing in many online
search engines. Scholars from all relevant academic fields are invited to submit high-quality
manuscripts that describe the latest, state-of-the-art research results or innovations in
engineering geology and related topics. AJEG accepts both individual and organizational
contributions covering the research topics listed in the aim and scope of the journal.

Calls for papers are announced in the journal homepage and also in online social media. The first
volume and first issue of the Journal will be published on July 2024.

Editorial Team

Editor-in-Chief

Dr. Kumud Raj Kafle

Kathmandu University, Dhulikhel, Kavre, Nepal
Associate Editor-in-Chief

Dr. Badal Pokharel

School of Civil and Environmental Engineering,

The University of New South Wales, Sydney, Australia

il



Editorial Board Members

Dr. Akhilesh Kumar Karna

Institute of Engineering, Tribhuvan University, Nepal
Prof. Dr. Shuichi Hasegawa

Kagawa University, Takamatsu, Japan

Dr. Kamal Regmi

School of Mining and Geosciences, Nazarbayev University
Astana 010000, Kazakhstan

Dr. Bingnan Li

PEXA, Australia

Dr. Manita Timilsina

Geotech Solutions International, Nepal

Dr. Mandip Subedi

Universal Engineering College, Kathmandu, Nepal
Mr. Kanchan Chaulagain

Underground Space Engineering Pvt. Ltd, Nepal
Ms. Manvi Kanwar

University of New South Wales

Australia

Mr. Ashish Acharya

Shimane University, Japan

Editor for online handling

Dr. Ranjan Kumar Dahal

Tribhuvan University

Central Department of Geology, Kirtipur, Kathmandu, Nepal

We invite researchers specializing in engineering geology to become part of the editorial
board and contribute to our publication. If you are interested in joining, kindly send an
email to nsegnepal@gmail.com.

v



Asian Journal of Engineering Geology, 2024, SI-1, 1-2.

Lesson Learned from Hydropower Sector of Nepal and
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Abstract: The growing global demand for electric power,
particularly in Nepal and India, has accelerated the
development of hydropower projects, benefiting from
abundant water resources and suitable terrain. However,
many projects in the Himalayas face significant challenges
due to unforeseen geological conditions, leading to delays
and cost overruns. Drawing on over 40 years of experience
in the sector, the author highlights key engineering
geological aspects crucial to the planning, investigation,
and construction of hydropower projects. Topics include
site selection, the choice between surface and
underground structures, geological baseline reports (GBR),
and geotechnical instrumentation. Through case studies,
the author underscores the importance of early-stage
geological investigations, proper data collection, and
monitoring to avoid costly project failures. The lessons
learned provide valuable insights for young engineering
geologists and engineers, contributing to the successful
and sustainable development of hydropower projects.

Keywords: Hydropower, Nepal, India, GBR, Geotechnical
investigations.

The increasing global demand for electric power,
particularly in countries like Nepal and India, has led to
the rapid development of hydropower projects. These
regions, blessed with abundant water resources and
steep terrain, provide ideal conditions for the
construction of hydropower facilities.

However, one of the key challenges faced by
hydropower projects in the Himalayas and other hilly
regions is the presence of unforeseen and adverse
geological conditions. These conditions can result in
significant delays, cost overruns, and even failure if not
properly addressed. Drawing on over 40 years of
experience in the hydropower sector, the author shares
insights into the engineering geological challenges
associated with the planning, investigation, design, and
construction of hydropower projects. By addressing
these challenges early in the planning process,
developers can avoid costly mistakes and ensure the
successful completion of their projects.

The first step in any hydropower project is site selection.
The decision to select a particular site must be based on

careful consideration of the geological conditions. In
many cases, poor site selection has resulted in
significant project delays, cost overruns, and
contractual disputes. For example, one of the common
pitfalls during the site selection process is the failure to
identify serious geological problems that could make
the site unsuitable for hydropower development. These
issues may include the presence of weak or fractured
rock formations, unstable slopes, or areas prone to
landslides and seismic activity. By thoroughly
investigating these factors during the early stages of site
selection, developers can make informed decisions,
such as abandoning a problematic site in favor of a more
geologically stable alternative.

This decision-making process is crucial, as ignoring
geological problems during site selection can lead to
substantial financial losses, not only from the direct
costs of dealing with unforeseen geological challenges
but also from the loss of revenue due to construction
delays and penalties associated with power purchase
agreements (PPA).

One of the key decisions in hydropower project
design is whether to construct surface or underground
structures. Both options have their pros and cons, and
the decision should be based on a thorough
understanding of the geological conditions and the
potential risks.

Surface structures, such as powerhouses and dams,
are often preferred for their accessibility and ease of
construction. However, they are more vulnerable to
extreme weather events, such as flash floods,
cloudbursts, glacial lake outburst floods (GLOFs), and
seismic activity. These events can cause significant
damage to surface structures, resulting in costly
repairs, lengthy power outages, and penalties under the
PPA for failure to deliver power. For instance, in the
event of a flash flood or GLOF, surface structures may
be washed away or severely damaged, necessitating
expensive reconstruction efforts. Beyond the cost of
repairs, developers must also contend with lost revenue
during the downtime and penalties for not meeting
power delivery commitments.

On the other hand, underground structures, such as
tunnels and underground powerhouses, offer greater
protection against extreme weather events and seismic



activity. While they are generally more expensive and
technically challenging to construct, their resilience to
natural disasters makes them an attractive option for
long-term stability. The decision to go underground
must also take into account the geological conditions.
For instance, poor-quality rock, high water ingress, or
the presence of fault zones may complicate
underground construction. However, when properly
planned and executed, underground structures can
protect developers from the costly consequences of
natural disasters and ensure uninterrupted power
generation.

During the drilling phase of engineering geological
investigations, inexperienced geologists may encounter
challenges in poor-quality rock formations, leading to
low core recovery and inaccurate Rock Quality
Designation (RQD) values. The RQD, which measures
the percentage of solid core pieces longer than 10 cmiin
a borehole, is a crucial parameter for assessing the
quality of the rock mass. If core recovery is low, it may
be difficult to accurately assess the geological
conditions, potentially leading to design errors and
construction delays. It is essential for engineering
geologists to use proper techniques during drilling and
logging to ensure accurate data collection and to
incorporate this data into the drilling report. This
information is vital for the geotechnical and structural
designers to make informed decisions regarding
support systems, excavation methods, and overall
project design. Another common issue is the failure to
respect the stand-up time of an unsupported span
during excavation. Ignoring this critical factor can lead
to unexpected collapses, resulting in disputes between
the developer and the contractor regarding repair work
and the associated extra costs. It is essential for
engineering geologists to closely monitor stand-up time
during construction and to implement appropriate
support systems, such as shotcrete, rock bolts, or steel
ribs, to ensure the stability of the excavation. Failure to
do so can result in project delays, increased costs, and
potential safety hazards for workers.

A well-prepared Geological Baseline Report (GBR) is a
crucial component of the feasibility study or detailed
project report (DPR) for any hydropower project. The
GBR serves as a reference document that outlines the
geological conditions at the project site and provides a
baseline for project planning, design, and construction.
It includes data from pre-construction investigations,
such as drilling, geophysical surveys, and laboratory
testing of rock and soil samples. The GBR is not only
essential for the technical team but also for lenders and
banking institutions that provide funding for the project.
Financialinstitutions are more likely to investin projects
that demonstrate sound geological planning and a clear
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understanding of the technical and commercial viability
of the site. The GBR should include geological mapping
of the site, results of borehole drilling and core logging,
rock mass classifications (RQD, GSI, etc.), identification
of fault zones, shear zones, and other geological
hazards, recommendations for excavation and support
systems and baseline data for geotechnical
instrumentation and monitoring. By incorporating all of
this information into the GBR, developers can avoid
costly surprises during construction and provide
assurance to lenders that the project is technically
feasible and financially viable.

Comprehensive pre-construction investigations are
essential to understand the geological conditions at the
project site. This includes laboratory testing of rock and
soil samples to determine their strength, permeability,
and other key properties. The results of these tests are
critical for designing the excavation and support
systems and for determining the suitability of the site for
hydropower development. In addition to laboratory
testing, field investigations, such as in-situ stress
testing, geotechnical instrumentation and monitoring,
seismic surveys, and geophysical logging, can provide
valuable information about the subsurface conditions.
These investigations help engineers identify potential
challenges, such as fault zones, weak rock formations,
and high groundwater pressure, that could impact
construction. During construction, geotechnical
instrumentation is used to monitor the stability of the
excavation and the surrounding rock mass. By closely
monitoring these parameters, engineers can detect
early signs of instability and take corrective measures to
prevent failures. Regular monitoring also ensures that
the project stays on schedule and within budget by
avoiding costly delays caused by unexpected geological
issues.

The successful development of hydropower projects in
the Himalayan region requires a sound understanding of
the engineering geological conditions and careful
planning at every stage of the project. By conducting
thorough site investigations, preparing detailed
Geological Baseline Reports, and selecting the
appropriate construction methods, developers can
avoid costly mistakes and ensure the timely completion
of their projects.

The lessons learned from past projects provide
valuable guidance for young engineering geologists and
civil engineers entering the hydropower sector. By
applying these insights, they can contribute to the
successful development of hydropower projects that
meet the growing demand for clean, sustainable energy.
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Abstract: Continuous rainfall starting on September 27,
2024, triggered widespread flooding, inundation, and
numerous landslides across Nepal, severely affecting
various regions. With 77 out of 222 rainfall monitoring
stations reporting over 200 mm of rainfall, several rivers,
including the Sapta Koshi, reached dangerous levels,
resulting in significant damage. Kathmandu Valley
experienced record-breaking rainfall, leading to the
flooding of over 1,200 homes and widespread power
outages. The disaster also devastated rural districts, with
landslides and flash floods severely impacting areas like
Dhading, Sindhupalchowk, Koshi Province, and Bagmati
Province. Infrastructure, including bridges and highways,
was heavily damaged, with 23 highways affected and
losses exceeding 2 billion. The disaster caused substantial
economic impacts, particularly for rural communities
reliant on agriculture. The combination of weak geological
formations, poorly planned roads, and inadequate slope
stabilization measures contributed to widespread
landslides, while rivers like the Bagmati and Trishuli
experienced severe erosion. The situation highlights the
urgent need for improved disaster risk reduction
strategies, including better infrastructure design, urban
planning, and early warning systems to mitigate future
impacts in flood- and landslide-prone areas of Nepal.

Keywords: Heavy Rainfall, Nepal, Landslide, Flood,
Infrastructure Damage.

Continuous rainfall starting on September 27, 2024, led
to widespread flooding, inundation, and numerous
landslides of varying scales across the country.
According to the Department of Hydrology and
Meteorology (DHM), out of 222 rainfall monitoring
stations operating nationwide, 77 stations reported
heavy rainfall, with amounts exceeding 200 mm on
Saturday. Among the hydrological gauging stations
installed in various rivers, 23 recorded water levels
above the danger mark, while an additional 14 stations
reported levels exceeding the warning threshold.

In the Sapta Koshi River, the water flow reached its
highest level in 56 years, with a discharge of 643,040
cusecs. Kathmandu Valley also experienced record-
breaking rainfall on Friday and Saturday, with DHM
identifying Saturday’s downpour as one of the highest
ever recorded in the valley (Figure 1). The DHM’s
Tribhuvan International Airport station in Kathmandu
recorded 239.7 millimeters of rain in 24 hours,
surpassing the previous record of 177 millimeters setin

2002. The entire Kathmandu valley was inundated on 27
and 28 September, submerging numerous houses. The
disaster has resulted in loss of life, destruction of
homes, and significant damage to infrastructure. In this
paper, the number of deaths, damage to properties and
infrastructure, and an overall situational analysis of the
disaster is reported.

The floods and landslides affected multiple regions
across Nepal, with Kathmandu Valley and surrounding
districts like Dhading, Sindhupalchowk, and
Kavrepalanchok being hit particularly hard. Torrential
rains caused rivers such as the Bagmati, Bishnumati,
and Hanumante to overflow, flooding nearby
settlements in Kathmandu and Lalitpur. Areas like
Godavari, Imadol, and Lubhu faced severe disruptions,
with thousands displaced as homes were submerged
and widespread power outages occurred. In Dhading
district, places like Jhyaple Khola suffered significant
destruction, with landslides burying vehicles and
homes.

Koshi and Bagmati provinces, along with other
central regions, also reported numerous landslides and
flash floods. The districts of Kathmandu, Lalitpur, and
Bhaktapur experienced severe impacts, with nearly 77
fatalities in the valley alone. Over 1,200 homes were
flooded, while blocked roads disrupted transportation.
Bhaktapur was particularly affected by inundation from

the Hanumante and Bagmati rivers, leading to
significant power outages across the Vvalley.
Sindhupalchok district also witnessed deadly

landslides that buried residents while they slept,
underscoring the widespread nature of the disaster.
Despite ongoing rescue efforts, further rainfall forecasts
raise concerns about additional damage. Major
highways, including the Araniko and BP highways, were
blocked, cutting off several regions from essential aid
and delaying rescue operations. Continuous rainfall
also damaged critical infrastructure, including
transmission lines, resulting in long-term power
outages.

In Eastern Nepal, Koshi Province suffered from
landslides and floods that devastated districts such as
Dhankuta, Jhapa, Ilam, and Morang. Over 500 homes
were submerged, and landslides obstructed several



major highways, hampering rescue efforts. Panchthar
and Dhankuta were among the worst-hit areas, where
landslides claimed numerous lives, including children.
In Pakhribas Municipality of Dhankuta, entire families
were buried under debris. Morang and Jhapa districts
also faced significant river flooding, displacing
hundreds of residents.

Figure 1, Accumulated Precipitation on September 27-
29, 2024 (DHM 2024)

A total of 23 highways across Nepal have been
affected, with estimated losses surpassing 2 billion due
to roadblocks and damaged bridges. The Bhote Koshi
River swept away three concrete bridges—Larcha,
Liping, and Ghatte Khola—along the Araniko Highway,
which serves as a key route between Nepal and China.
Landslides have also blocked several sections of the
highway, while water levels in multiple rivers, including
the Narayani, Kankai, Kamala, Bagmati, Eastern and
Western Rapti, and Babai Chepang, have risen to
dangerous levels. In Koshi Province, four bridges were
destroyed, including the one over Hewa Khola on the
Mechi Highway in Panchthar, and the permanent bridge
over Rati Khola connecting Ilam Sandakpur.
Additionally, flooding washed away the bridge linking
Ramechhap and Sindhuli districts in the Khurkot area.

The disaster is expected to have a significant economic
impact. The destruction of homes, infrastructure, and
agricultural land will result in considerable financial
losses for both individuals and the government. The cost
of rebuilding damaged infrastructure, such as roads and
bridges, will be immense. Additionally, disruptions to
transportation and agriculture could lead to long-term
economic challenges, especially for rural communities
that depend heavily on farming as their main source of
income (Figure 2).

The affected regions are dominated by weak, fractured,
and weathered rock formations, particularly schists,
phyllites, and slates from the Lesser Himalayan Zone.
These types of rocks are highly susceptible to failure
during intense rainfall, leading to both shallow and
deep-seated landslides. The heavy downpour,
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concentrated over a short period, caused rivers to swell,
intensifying erosion along riverbanks and contributing to
debris flows. Large quantities of loose sediment were
also carried by the rivers, exacerbating downstream
flooding. In several areas, inadequate natural drainage
systems resulted in waterlogging and slope saturation,
further increasing the occurrence of landslides.

Figure 2, Total Economic Loss (NDRRMA 2024)

Poorly planned and designed rural roads in
mountainous regions, lacking proper slope stabilization
measures, triggered many landslides. Excavations for
new road corridors destabilized slopes, leading to
additional failures. Settlements built on unstable
hillslopes and floodplains increased vulnerability, with
construction practices that failed to account for
geological conditions or slope mitigation measures,
intensifying the landslide risk during the heavy rainfall.

Rivers such as the Trishuli, Roshi, Sunkoshi,
Bagmati, and their tributaries experienced severe bank
erosion, damaging nearby infrastructure including
bridges, roads, and settlements. Saturated debris
accumulated during the rainfall was flushed down steep
slopes, creating destructive debris flows that covered
and damaged large areas with boulders and debris,
making them more hazardous than typical landslides.
Protective structures such as check dams, retaining
walls, and slope stabilization measures were either
insufficient or entirely lacking along rural roads and
newly excavated areas, worsening the impact of the
disaster.

These engineering geological challenges emphasize
the urgent need for improved disaster risk reduction
strategies, focusing on better infrastructure design,
urban planning, and early warning systems in areas
prone to floods and landslides in Nepal.

NDRRMA (2024). A Preliminary Loss and Damage
Assessment of Flood and Landslide September 2024,
Early Assessment Report, National Disaster Risk
Reduction and Management Authority, Nepal, 46p.

DHM (2024). Accumulated Precipitation Map of
September 27-29, 2024, Department of Hydrology and
Meteorology, Government of Nepal.
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Abstract: This study investigates the application of the
total gray level method for identifying rock and debris falls
through video analysis, offering a viable alternative to
resource-heavy machine learning techniques. The method
focuses on variations in total grayscale intensity within a
specified Region of Interest (ROI) and establishes a
detection threshold informed by environmental noise
levels. Initial tests showed that this approach effectively
detected ongoing rock and debris falls while requiring
minimal computational resources. The findings indicated
that while a threshold set at twice the noise level was too
sensitive, increasing it to five times the noise level
considerably enhanced accuracy.

Keywords: Debris Fall Detection, Early Warning, Image
Analysis, Rockfall Detection, Total gray level.

Rock and Debris fall are a common natural disaster that
can cause significant damage to property,
infrastructure, and human life. Monitoring of this event
involves the continuous and systematic observation of
landslide activity, including its movement, deformation,
and other associated phenomena. Along with ground-
based sensors and satellite monitoring, use of image
analysis from video recordings is one of the important
methods for monitoring landslides and slope land
disasters (Liu, Kuo, & Wei, 2021) and (Noél et al., 2022).
These monitoring data can help identify potential risks,
assess the magnitude of rock and debris fall hazards,
and inform decision-making processes for disaster
management. With accurate and reliable monitoring,
early warning systems can be established to notify
communities and authorities in advance of potential
landslide events, reducing the risk of loss of life and
damage to infrastructure.

In today’s world of machine learning which
consumes high computational resources (Pham & Kim,
2022), simple image analysis methods which doesn’t
consume as much computational power can be a very
important tool for detecting landslides (Liu et al., 2021).
Using total gray level method, which calculates and
compares the change in total gray level intensity of an
image for detection, can be one of the effective
methods.

To analyze the movement of rock or debris particles in
the video recording, a tracking block (Region of interest,
ROI) is selected to limit the analyzing area. The total gray
level G¢(ty) andthe slope of gray level S(ty) = G¢' (ty)
in the ROl was calculated as an indicator.

For the detection of the event, noise is defined as the
moving average of the gray level, while the slope of the
noise represents the moving average of this gray level
slope for a duration of an order larger than detection
time threshold to smooth out the statistically
insignificant peak events. The detection criteria hinge on
two primary conditions:

First, the change in gray level must exceed a
threshold

Gray Level Change > a X
Noise of Gray Level for At,

Second, the slope of the gray level change must also
surpass a defined threshold

Slope > 8 X Slope of Noise, Positive for Aty

Where, a and B are sensitivity factors which is greater
than an order of magnitude larger than average noise
and are based on the physical characteristics of the site
and failure mechanisms including speed, size and type
of potential failure. Aty is the time threshold for
detection which is based on the smallest resolvable
particle. To ensure accurate detection of landslide
events, the parameters a, B and Aty should be
determined in advance based on the specific conditions
of the monitoring environment.

This method was evaluated through both an experimental
setup (Figure 1) and a real-world scenario (Error!
Reference source not found.) using monitoring video
footage of a landslide in Xindian, Taiwan. Preliminary tests
of the Total Gray Level Method demonstrated success in
detecting ongoing rock and debris falls with a stationary
camera, even at low frame rates. The application of double
threshold criteria allowed for the detection of fast-moving
rock particles while effectively ignoring slower-moving



particles that posed minimal risk to roads, resulting in a
reduction of false positives compared to a single threshold
approach. The detection time for this method was 0.03
seconds earlier in the experimental setup and 3.7 seconds
earlier in the real-world scenario than visual detection.

Figure 1: Experimental setup for total gray scale
method. A: experimental slope with ROl marked with
red boundary and red arrow showing the detected rock
from the program. B: the change of gray level for the
selected RO! and C: is the change of slope for the
selected ROI, blue markings show the change in slope,
with blue line showing the noise level, the green line is
the detection envelope. The red region in Band C
shows the detection time.

Use of traditional image analysis techniques such as
total gray level method can be a low-cost and effective
approach for detecting landslides. Using total gray level
method can successfully detect ongoing landslides,
even in low light conditions and low frame rate. Future
work should focus on developing an algorithm to also

Rock and Debris Fall Detection Using Total Gray Level Method

determine the end of events, enabling the
characterization of multiple events and their durations.

Figure 2: Real-world monitoring at Xindian, Taiwan for
total gray scale method. A: slope with ROl marked with
red boundary. B: the change of gray level for the
selected ROl and C: is the change of slope for the
selected ROI, blue markings show the change in slope,
with blue line showing the noise level, the green line is
the detection envelope. The red region in Band C
shows the detection time.
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Abstract: Landslides triggered by intense monsoon
rainfall pose a significant hazard in Nepal, leading to
substantial loss of life and property. The implementation of
Landslide Early Warning Systems (LEWS) based on rainfall
thresholds can help mitigate these impacts. These
thresholds, which specify the minimum rainfall required to
trigger landslides, are essential for effective disaster risk
reduction. This study investigates the uncertainties
surrounding rainfall threshold definitions for landslide
forecasting in Nepal, primarily due to the limited number of
Automatic Weather Stations (AWS). It emphasizes the
shortcomings of gauge measurements, including their
sparse distribution, lack of high temporal resolution, high
costs, and delayed reporting. The study also highlights the
growing accuracy and potential of satellite rainfall
products, which provide higher spatial and temporal
resolution, comprehensive coverage, and no missing data.
However, it addresses the challenges of developing LEWS
using satellite data and recommends enhancing the
network of rain gauges and improving landslide
documentation systems. Additionally, the comparison of
rainfall thresholds indicates that those derived from AWS
are slightly higher than those from satellite data,
suggesting that terrestrial rain gauges may indicate a
greater rainfall requirement for landslide initiation.

Key words: Landslides, Landslide Early Warning System,
Rainfall Thresholds, Automatic Weather Station, Satellite
Rainfall Product.

Landslides in Nepal have led to substantial loss of life
and property, with 4,125 fatal incidents and 3,837
deaths recorded between 1970 and 2021, averaging 71
deaths annually (Pradhan, 2020). To mitigate these
losses, implementing Landslide Early Warning Systems
(LEWS) based on rainfall thresholds is crucial. These
thresholds indicate the minimum rainfall required to
trigger landslides and are essential for effective disaster
risk reduction (Reichenbach et al., 1998; Guzzetti et al.,
2008; Dahal and Hasegawa, 2008).

However, the reliability of landslide forecasting relies
heavily on the quality of rainfall data. Traditional rain
gauge measurements present challenges, including
high costs, sparse distribution, and insufficient
temporal resolution, particularly in developing regions
lacking rain gauges. To address these limitations,

satellite rainfall data has gained traction due to its
global availability, improved spatial and temporal
resolution, and enhanced accuracy. Satellite products
such as CMORPH, TRMM's TMPA, and GPM's IMERG
show promise for enhancing LEWS (Zhao et al., 2022).
This study compares thresholds derived from Automatic
Rainfall Stations (AWS) and the IMERG dataset using the
CTRL-T algorithm (Melillo et al., 2018), highlighting the
potential of satellite data for landslide forecasting.

The 607 landslide catalogue prepared from the
multifaceted approach was used for the analysis.
Among them the landslide classified as certain are with
the time of the landslide event was used for the analysis.
The rainfall data the “IMERG, GPM: Global Precipitation
Measurement (GPM) v6” (the spatial resolution of 0.1°
x0.1° and half hour) was used as a satellite rainfall data
and the Automatic Weather Station (AWS) operated by
Department of Hydrology and Meteorology was used as
a terrestrial rainfall product for the determination of
rainfall thresholds.

The CTRL-T algorithm was used for the determination
of rainfall thresholds. It automates the reconstruction of
rainfall events to determine landslide-triggering
conditions. It calculates rainfall thresholds at various
Non-Exceedance Probabilities (NEPs) using continuous
rainfall and landslide data. The algorithm selects
representative rain gauges, identifies multiple failure-
causing conditions, and assigns probabilities to
determine probabilistic thresholds with associated
uncertainties. It employs statistical bootstrapping and
the frequentist methodology, generating 5000 synthetic
series using the power law equation for threshold
establishment.

The deployment of the CTRL-T algorithm to
determine the most likely rainfall conditions for
landslide initiation encountered several limitations. The
Automatic Weather Stations (AWS) operated by the
Department of Hydrology and Meteorology (DHM) are
sparse and have been functioning only since 2019,



resulting in a coarse spatial resolution. To improve data
representativeness, 22 additional rain gauges were
installed in the study area, and a 15 km buffering
distance was implemented to fill data gaps. However,
due to missing data and interruptions in the dataset,
only 31 out of 235 landslide events were included in the
analysis. This limited dataset may not adequately
represent the conditions necessary for defining
accurate rainfall thresholds.

Table1, Comparison between different non-
exceedance probabilities (NEP) obtained from IMERG
and AWS

NEP Threshold Equation

IMERG (Satellite) AWS (Rain Gauge)

1% T1,E=2.7 £ 1.2 D020 T1,E=8.0 £ 6.1 D30

5% Ts,E= 4.0+ 1.6 D%46+01 Ts E= 11.6% 8.2 D001

10% Tio,E= 4.8 1.9 DO46+01 Tio,E=14.2 + 9.6 D033+01

20% Ta0,E= 6.2 + 2.3 D046+01 Ta0,E=18.2 +11.6 DO33+01

35% Tas, E= 7.9 2.9 DO46+0-1 Tas, E= 23.6 = 14.2 D*33#01

50% Tso, E= 9.8 + 3.5 DO46*01 Tso, E=29.5+ 16.9 D*33*01

Figure 1, Comparison between different non-
exceedance probabilities (NEP) obtained from IMERG
and AWS
To facilitate a relative comparison between the
thresholds derived from terrestrial rain gauges and the
IMERG rainfall dataset (Table 1 and Figure 1), all data
from the rain gauges were substituted with the IMERG
dataset. This ensured that both datasets had an equal
number of missing and available data points, allowing
for a consistent evaluation. The analysis of the 31
landslides and their corresponding rainfall durations
revealed that the thresholds from terrestrial rain gauges
were slightly higher than those obtained from the IMERG
dataset. This indicates that a greater amount of rainfall
is necessary for landslide initiation when considering
terrestrial rain gauges. Conversely, the thresholds
derived from IMERG appeared steeper, suggesting that
a higher precipitation amount is required over time
compared to the terrestrial rain gauge data.
Furthermore, the uncertainties associated with the rain
gauge data were greater than those of the IMERG data,
likely due to the limited number of rainfall events leading

to awider dispersion in the data set.

Comparative Analysis of Rainfall Thresholds for Landslide....

Due to the sparse distribution of terrestrial rain gauges,
lack of high temporal resolution, high costs, missing
data, and the recent operations of AWS rain gauges,
fewer landslides were included in the analysis, resulting
in a higher degree of uncertainty. The uncertainties
related to the y parameter at a 5% non-exceedance
probability (i.e., Ay/y) is 30.3%, and the uncertainties
related to the a parameter (i.e., Aa/a) is 70.6%. These
high uncertainties are attributed to the very low number
of landslides used to define the rainfall thresholds,
which can be reduced by increasing the number of
landslides. Satellite rainfall data offers significant
advantages for determining rainfall thresholds, thanks
to its global accessibility, high spatial and temporal
resolution, and continuous data availability, which
enhances accuracy. By utilizing satellite data,
researchers can expand the dataset of rainfall events
from 31 to 235, reducing uncertainty associated with
thresholds and addressing the limitations of Automatic
Weather Station (AWS) rain gauges. This study
underscores the benefits of satellite rainfall productsin
calculating thresholds while also highlighting their
limitations. It reveals the high uncertainty in defining
rainfall thresholds based on insufficient landslide data,
which can hinder effective early warning systems.
Although an increase in rain gauges could improve
threshold determination, the current thresholds derived
from AWS stations in Nepal are not promising. The study
emphasizes the need for more AWS installations in
Nepal's hilly terrain to enhance monitoring and
prediction capabilities and recommends improving
both the number and performance of these stations.
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Abstract: Rockfalls pose a significant hazard in Nepal due
to its steep terrain, fragile geology, and frequent seismic
activity, with risks further heightened during the monsoon
season. The Upper Tamakoshi Hydroelectric Project
(UTKHEP), Nepal’s largest hydroelectric project, has faced
persistent rockfall issues at its take-off yard since the early
construction phase. This study investigates the design and
implementation of a rockfall protection barrier to
safeguard the project’s infrastructure. A comprehensive
field survey, including drone imaging and rock boulder
analysis, was conducted to assess potential rockfall
sources and deposition zones. The CRSP computation
method was employed for rockfall simulation using
GeoRock-2D software, with parameters such as boulder
size, slope material, and surface characteristics.
Simulation results identified optimal locations for barrier
placement based on maximum energy and bounce height
of falling rocks. The study highlights the importance of
rockfall mitigation for infrastructure protection in Nepal’s
mountainous regions.

Keywords: Rockfall, CRSP, GeoRock-2D, Rockfall barrier.

Rockfall in Nepal are a significant hazard due to the
country's steep, mountainous terrain, fragile geology,
and frequent seismic activity. The risk of rockfalls is
heightened during the monsoon season, when heavy
rains saturate the soiland weaken slopes, causing rocks
to detach and fall onto roads, settlements, and
agricultural land. Earthquakes, like the 2015 Gorkha
earthquake, also play a criticalrole in triggering rockfalls
by loosening rock formations and destabilizing slopes.
These events can lead to loss of life, damage to
infrastructure, and disruptions to transportation in rural
and urban areas, making rockfall management a key
concern for disaster risk reduction in Nepal.

Rockfall protection barriers serve as a secondary
form of defense in possible deposition zones of rock fall,
such as collapsed cliffs. Upper Tamakoshi
Hydroelectric Project (UTKHEP) 456 MW is the largest
hydroelectric project so far in Nepal which is under
completion. The take-off yard of this national priority
project at Gongar has been facing rock-fall issues since
its early phase of construction. In this context, Upper
Tamakoshi Hydroelectric Project decided to protect the
structures from future rockfall hazards using special

mitigating measures. An analysis was carried out for the
construction of the rockfall barrier at the take-off yard.

Ajoint survey was carried out in the rockfall area and old
temporary fences were inspected to check the impact
observed. Drone survey was also carried out to capture
the terrain information, rockfall source and deposition
zone during field investigation. To assist in numerical
simulation, rockfall sources were identified. Figure 1
shows the drone image and tentative area of rock fall
sources. In addition to this, rock boulder survey was
also carried out to identify rock sizes that can fall during
a rockfall event. Figure 2 shows the different types of
rock boulders found in the area and the measurement
carried out, which helped us identify boulders of disc
shape.

Figure 1, Drone image showing the rockfall deposition
and source area including vulnerable area

CRSP computation method is used for the rockfall
simulation. The input parameter used for the rockfall
simulation depends on the surface characteristics of
the slope. The restitution coefficient represents the
surface characteristics of the slope material. Both
normal and tangential restitution coefficient ranges
from 0.29 to 0.9. The restitution coefficient of the
material is taken from different scientific studies
(Pfeiffer et al. 1989, Giani 1992). The boulder size is
determined from the block analysis of the
discontinuities.
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Figure 2, Rock boulders measurement carried out on
the slope and deposition area.

Simulation of rockfall event was carried out based on
field observations, measurements and notes using
GeoRock-2D. The profile selected for the simulation is
shown in Figure 3. Boulders are assumed as cylindrical
shapes. Following are the simulation input parameters:

Rock type: Biotite banded gneiss

e Materials used in slope: degraded rock, rock
detritus, paved surface debris with vegetation

and terrain/grass.

Figure 1: Selected simulation profile.
Cylinder diameter: 0.6 m

Cylinder height: 0.62 m

Specific weight: 9000 kg/m?3

Elasticity modulus: 11000 kPa

For all selected profiles, numerous trajectories were
selected, and simulation was performed to determine
maximum energy and bouncing height and best location
to meet both criteria is selected for the position of rock
fall barrier. Figure 4 shows the simulation scenarios
with and without post on slope.

In conclusion, rockfalls pose a significant hazard in
Nepal, exacerbated by the country's steep terrain,
fragile geology, and seismic activity, particularly during
the monsoon season. The Upper Tamakoshi
Hydroelectric Project, Nepal's largest hydroelectric

10

challenges,
protective

ongoing  rockfall
implementation

faces
the

initiative,
necessitating
measures.

of

20000 KJ

Elevations

1350.02| _
1356.34
135257 |
134733 | _
134283
133733
1332.88
1323.21
1308.06
1208.86 | _
1297 89

Partizl distances

.00
.62

(.49

LOF O
w26 B9
137 @l
35 M08
185 [R50
P45 D
a0 |5
K56 (.66

Progressive disiances o ry
53

Figure 2: Simulation results on profile.

This study utilized a combination of joint surveys,
drone technology, and numerical simulations to analyze
potential rockfall sources and design an effective
rockfall barrier atthe take-off yard. The findings highlight
the importance of understanding slope characteristics
and boulder dynamics to enhance rockfall management
strategies. The proposed barrier aims to mitigate risks,
ensuring the safety and continuity of infrastructure and
reducing disaster impacts in vulnerable areas.

Pfeiffer T.J. and Bowen T.D. (1989). Computer
Simulation of Rockfalls. Environmental & Engineering
Geoscience; xxvi (1): 135-146.

Giani G.P. (1992). Rock slope stability analysis.
Balkema, Rotterdam. 1-361.
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Abstract: Landslides are significant natural hazards
influenced by factors such as rainfall, earthquakes, and
human activities, posing severe risks to communities,
particularly in the Nepal Himalaya. This study focuses on
the reactivation of ancient landslides in Sindhupalchwok,
Nuwakot, and Rasuwa Districts, where 114 distinct
landslide deposits were reactivated during the monsoon
season between 2019 and 2023. Field surveys identified
and analyzed the geological and socio-economic factors
contributing to this phenomenon. Laboratory tests on
disturbed soil samples revealed low cohesion values (3 to
10.5 kPa) and a plasticity index of 3to 7, indicating the soil’s
vulnerability to deformation under saturated conditions.
Additionally, increased rainfall (ranging from 2300 mm to
3200 mm) and seismic activity, particularly the 2015
Gorkha earthquake, have exacerbated instability. The
study highlights the threat to 287 houses and 792
individuals residing on these landslide deposits,
underscoring the urgent need for effective risk mitigation
strategies to enhance community resilience against future
landslide events.

Keywords: Landslide reactivation, settlement threat,
Nepal Himalaya, soil investigation.

Landslides are natural hazards that occur when soil,
rock, or debris flows downhill under the influence of
gravity. Various factors contribute to their occurrence,
including rainfall, earthquakes, and human activities
such as deforestation and construction. The monsoon
season in Nepal typically brings heavy rains, leading to
saturated soil conditions that can destabilize slopes.

The reactivation of old landslides has increasingly
become a pressing issue in the Nepal Himalaya,
particularly in regions like Sindhupalchwok, Nuwakot,
and Rasuwa Districts. Many communities have long
inhabited areas atop historical landslide debiris,
unknowingly exposing themselves to the persistent
threat of reactivation. This study investigates the
deformation mechanisms of reactivated landslides and
the consequent risks faced by residents in these
districts, particularly between 2019 and 2023.

During this period, an alarming number of one
hundred and fourteen distinct ancient landslide
deposits were reactivated during the monsoon season.
The increasing frequency and intensity of monsoon
rains, combined with geological and human factors,
have led to a heightened risk of landslides. This research
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not only emphasizes the geological parameters
influencing these reactivations but also underscores
the socio-economic vulnerabilities of the communities
affected.

The study area encompasses Sindhupalchwok,
Nuwakot, and Rasuwa Districts, which are
characterized by a complex interplay of geological and
climatic factors conducive to landslides. Both remote
sensing and extensive field surveys were conducted to
identify and analyze reactivated landslides. A
community survey and focus group discussion were
conducted to ascertain the occurrence dates of certain
unreported landslides.

The data collection involved, field survey, soil sampling
and strength test. Landslide deposits and areas
affected by reactivation of landslide were identified.
Disturbed soil samples from twenty major reactivated
landslides were collected for laboratory analysis.
Multistage direct shear tests were conducted on
unsaturated soil samples to determine shear strength
parameters. Casagrande plasticity chart was used to
classify the soil after doing liquid limit and plastic limit
test. Seismic and precipitation data from 2010 to 2023
were collected to determine an association with
reactivated landslide data.

The shear strength tests revealed important
characteristics of the soil samples obtained from
reactivated landslides:

Cohesion Values: Ranging from 3 to 10.5 kPa,
indicating low cohesion.

Internal Friction Angle: Varies between 19 and 29
degrees, further indicating instability.

Plasticity Index: Ranged from 3 to 7, suggesting that
the soils are not highly plastic.

Soil Composition: The gradation study classified the
soils primarily as clayey sands (SC) with low plasticity
and low cohesion.
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There is no significant peakin the shear stress versus
horizontal displacement curve which revealed that the
soils are loose in nature (Fig.1). Similarly, the shear
strength of the sampled soils is below 40kPa.

These properties suggest that the soils are prone to
deformation, particularly under saturated conditions
during heavy rainfall.

The average rainfall during the monsoon season from
2010 to 2023 ranged from 2300 mm to 2800 mm, with a
notable increase in early monsoon rainfall observed
since 2019. The total rainfall during the monsoon period
experienced a significant increase, reaching up to 3200
mm in Sindhupalchwok district, while Nuwakot district
saw its rainfall peak at 3050 mm in 2023. The extreme
rainfall events, particularly those occurring during the
pre-monsoon period after an extended dry season, have
contributed significantly to surface deformation in the
study area.

The 2015 Gorkha Earthquake of 7.8 magnitude, along
with its aftershocks, exacerbated the situation by
loosening rock formations and destabilizing slopes. The
combination of seismic activity and heavy rainfall has
created a precarious situation for residents living atop
these ancient landslide deposits. The number of
reactivated landslides rose from 2015 to 2017; however,
there was a notable increase in landslide reactivation
from 2020, despite the absence of significant seismic
events, attributed to a rapid increase in rainfall during
the monsoon period. (Figure 2 and Figure 3).

The socio-economic implications of landslide
reactivation are profound. The study identified that a
total of 287 houses and approximately 792 individuals
are currently under threat from potential paleo-
landslide reactivation in the affected districts.
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Figure 1: Shear stress versus horizontal displacement
curve of two representative soil samples.
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Figure 3: Average of total annual rainfall distribution in
three districts

Conclusion

The reactivation of old landslides in the
Sindhupalchwok, Nuwakot, and Rasuwa Districts poses
a significant threat to local communities, exacerbated
by increasing rainfall and seismic activity. The analysis
of soil characteristics and rainfall patterns underscores
the vulnerability of these areas and highlights the need
for targeted interventions.

As many residents continue to live atop ancient
landslide deposits, it is imperative to implement
comprehensive risk mitigation strategies that include
community education, monitoring systems, and
effective land-use planning. Addressing these
challenges will not only protect lives and property but
also enhance the resilience of communities against
future landslide events in this geologically complex
region.
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Abstract: The escalating demand for aggregates in Nepal,
driven by rapid urbanization and infrastructure
development, presents significant challenges as natural
resources are depleting and disrupting river ecosystems.
This research examines the properties of shotcrete
produced from various aggregate sources, specifically
Siwalik, Lesser Himalayan, and riverbed crushed
aggregates and also various composition like plain, glass
fiber and steel fiber shotcretes. Key performance
indicators—including air content, slump (workability),
compressive strength, and flexural strength—were
analyzed according to established standards. Results
indicated that Lesser Himalayan crushed aggregates
provided superior workability, compressive strength, and
flexural strength, making them the most suitable option for

high-performance applications. In contrast, riverbed
aggregates showed limitations that could impact
structural integrity and ecosystem. Moreover,

compositionally, steel fiber shows the superiority in
comparison to plain and glass fiber shotcrete. This study
underscores the importance of selecting high-quality
aggregates to enhance the durability and sustainability of
construction projects in Nepal, advocating for the adoption
of crushed rock aggregates to mitigate environmental
impacts while fulfilling infrastructure needs. Future
research should further explore the long-term
performance and environmental implications of these
materials.

Keywords: Crushed aggregates, Shotcrete, Compressive
strength, Flexural strength, Slump test, Air content.

The escalating demand for aggregates in Nepal,
driven by rapid population growth and infrastructure
development, highlights the critical role of these
materials in construction applications like concrete and
shotcrete. Natural quarries of sand and gravel are
insufficient to meet this rising demand, leading to
significant disturbances in river ecosystems. This
situation necessitates the exploration of sustainable
alternatives, such as crushed rock aggregates, to
supplement dwindling natural resources and support
infrastructure development while minimizing
environmental impacts. Over-extraction of traditional
aggregate sources contributes to erosion, habitat
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destruction, and altered river dynamics. Therefore,
high-quality aggregates are essential for the durability
and longevity of civil engineering projects, influencing
the structural integrity of buildings, roads, slopes,
bridges, and tunnels. Understanding the properties of
different aggregate sources is crucial for optimizing
spray-concrete/shotcrete performance and ensuring
sustainable development practices in Nepal. As the
country continues to urbanize, adopting crushed rock
aggregates could promote environmental sustainability
while meeting the growing construction demands
effectively. This research aims to compare various
properties of shotcrete obtained from different
aggregate sources: Siwalik, Lesser Himalayan Zone, and
riverbed crushed aggregates; along with different mode
of composition using Plain, Steel Fiber and Glass Fiber.
The study focuses on analyzing key properties such as
air content, slump (workability), compressive strength,
and flexural strength of the shotcrete. By evaluating
these properties, the research seeks to identify the most
suitable aggregate source for shotcrete applications in
Nepal, promoting better performance and sustainability
in construction project and practices.

Materials used in this study were as follows:

e Aggregates: Siwalik crushed aggregates, Lesser
Himalayan crushed aggregates, River-bed
crushed aggregates.

e Cement: Ordinary Portland Cement (OPC)-43
Grade was used as per standard specifications.

e Water: Clean, portable water was utilized for
mixing and curing.

e Additives: Chemical admixtures used as
required for improving workability and
performance.

e Superplasticizer: High grade PC chemicals
where used source name is SBT Chemicals.



Accelerator: Alkali Free accelerator is used
source name is SBT Chemicals.

Steel Fiber: Double hooked having and length of
0.60/30mm is used source name is Earth Fiber
Pvt. Ltd.

Glass Fiber: Glass fiber is used source name is
Earth Fiber Pvt. Ltd.

Samples of shotcrete were prepared according to
the guidelines provided in IS 456:2000, IS 10262-2019,
SSFRB-2078, and IS 9012. The preparation involved:

e Cubic Samples for Compressive Strength:
Cubes of size 10 cm x 10 cm x 10 cm were cast

to evaluate compressive strength.

Beam Samples for Flexural Strength: Beams of
size 140cmx10cmx 10 cm were cast for flexural
strength testing (based on laboratory trial).

Workability Measurement (Slump Test): The slump cone
test method was employed to assess the workability of
the wet shotcrete (spray-concrete) mix. A fixed water-
cement ratio was maintained according to the mix
design guidelines (IS) for consistent results.

e Compressive Strength Testing: The compressive
strength was evaluated at intervals of 1,3, 7, and

28 days using a compressive testing machine.

Flexural Strength Testing: The flexural strength
was tested after 28 days of curing, measuring the
load at which the beam fails; using a universal
testing machine.

Air Content Measurement: The air content was
measured using an appropriate method to
evaluate the influence of different aggregates on
the air voids in the concrete mix.

Lesser Himalayan (Quartzite, Metasandstone) crushed
aggregates produced a higher slump, indicating better
workability, likely due to their angular shape and

gradation; as similar to the river-bed crushed
aggregates, while Siwalik’s aggregates exhibited
moderate workability, suggesting challenges in

achieving the desired flow and application of shotcrete.
In addition, Steel Fiber Shotcrete shows better
compressive strength in comparison to Plain and Glass
Fiber Shotcrete in respective sequence. The water-
cement ratio significantly influenced workability,
emphasizing the importance of appropriate mix design
to ensure optimal performance in shotcrete
applications.

The compressive strength results indicated variations
based on aggregate type:

Comparative Analysis between Crushed Aggregate from Siwalik.....
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e Siwalik Aggregates: Showed satisfactory
strength development but were slightly inferior

to Lesser Himalayan crushed aggregates.

Lesser Himalayan Aggregates: Demonstrated
superior compressive strength across all curing
periods, highlighting their suitability for high-
performance applications.

River-Bed Crushed Aggregates:
Underperformed in compressive strength tests,
indicating potential limitations in structural
applications.

Also, based onthe composition, results indicate the

variation in increasing order of compressive
strength as: Glass Fiber>Plain>Steel Fiber
Shotcrete.

The flexural strength results followed similar trends to
compressive strength. Lesser Himalayan crushed
aggregates yielded the highest flexural strength,
indicating robust structural performance. Siwalik’s
crushed aggregates exhibited adequate flexural
properties. These findings highlight the necessity of
selecting appropriate aggregate sources to achieve
desired flexural properties in shotcrete applications.

The air content measurements revealed that
aggregates' shape, texture, and gradation significantly
influenced the air voids in shotcrete. Higher air content
can lead to reduced density and strength, impacting the
overall durability of the shotcrete.

In conclusion, the growing demand for aggregates in
Nepal, driven by rapid urbanization and infrastructural
development, necessitates a shift towards sustainable
alternatives. The research highlights the importance of
using crushed rock aggregates to mitigate
environmental impacts while meeting construction
needs. Lesser Himalayan (quartzite, metasandstone)
crushed aggregates emerged as the most favorable
option, exhibiting superior workability, compressive
strength, and flexural strength, making them ideal for
high-performance applications. Siwalik (sandstone)
aggregates showed adequate performance, while
riverbed aggregates demonstrated limitations that
could compromise structural integrity. Among Plain,
Glass Fiber and Steel Fiber Shotcrete, Steel Fiber and
Plain Shotcrete shows the highest strength and
optimum density in comparison to the Glass Fiber.
Overall, this study underscores the critical role of
aggregate quality in ensuring the durability and
sustainability of construction projects in Nepal. Future
research should explore the long-term performance of
shotcrete with different aggregate blends and assess
their environmental impacts, further contributing to the
sustainable development of the region's infrastructure.
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Abstract: This work focuses on the naturally undulated
slope with topographic failures, their flow direction, and
the discharge of hill slope seepage, to recognize the pore
water pressure variations phenomenon in connection with
slope failures in the hollows. A small naturally undulated
slope containing a topographic hollow, with six failures
caused by rainfall events from 2001 to 2023, was chosen for
this research work. The precipitation date of July 31 2003
was used for seepage and slope stability modelling in the
GeoStudio environment. A threshold relationship between
the topographic hollow area and maximum pore water
pressure was prepared for the 24-hour maximum rainfall
data and its 5, 10, 25, 50, and 100-year return period. Each
return period rainfall event is normalized into a 24-hour
event using daily rainfall of 6 min length with potential
seepage face applied for the simulations. Furthermore, a
threshold relation between the study's topographic hollow
area and maximum pore water pressure indicates that a
hollow of 100 sq. m area can develop maximum pore water
pressure of 6.94 kPa as indicated by 24-hour maximum
rainfall data.

Keywords: Hillslope Hydrology, Threshold for shallow
failure, Pore water pressure.

The intense rainfall reduces the shear strength of the
soil by gradually increasing pore water pressure, which
leads to the instability of the slope Setyawan et al.
(2021). Thus, the seepage and slope stability model is
applied in naturally undulated slopes to recognize
possible processes leading to slope failure and to
provide proper guidance leading to the mitigation
measures Acharya et al. (2016). Seepage modeling is
the process of examining the flow of moisture in and out
of the soil and dealing with the evolution of pore water
pressure within the soil.

The field investigation was done to gather the
length/width of slope failure zones, soil thickness, and
soil permeability. A dynamic cone penetration test was
done to determine the thickness of the soil in the
research area. For the permeability of the soil in-situ
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permeability test was done in the study area. Disturbed
soil sampling was collected due to the impossible of

Figure 1, Location map of the study area.

undisturbed samplingin the field. An overall field survey
was conducted to determine the area of the failure, soil
thickness, and permeability of the soil. A series of
laboratory work was performed to obtain definitive
information on the soil properties.

Based on the flow direction map of the study area
slopes were chosen for the modeling and evaluation of
the stability of the area. The flow direction map shows
the most unstable area on the flow line of the
subsurface water in the naturally undulated slope. The
most critical part of the slopes was chosen which
represents the entire geometry of the study area. The
slope was a natural slope with average slope angles
ranging from 31 to 62 degrees. The required
geotechnical parameters for the modeling were
obtained from both field tests and laboratory tests. The
slope profile was extracted with the help of Arc Map
10.8, Google Earth Pro, and DEM of the area. In the
research area, six slope failures were studied. Named
as A, B, C, D, E, and F as indicated in Figure 2. All slope
failures were facing toward the northeast direction,
recognized in the topographic map using the flow
direction map. For the seepage and slope stability
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analysis, all six failure slopes of the naturally undulated
slope were chosen for further work.

The coupled seepage and slope stability modeling for all
six failed slopes were prepared with the help of the flow
direction map using the digital elevation model (DEM) of
the study area. For the soil thickness, data topographic
break point in the slopes was chosen. All profile
sequences were discretized into the mesh of triangle
elements of 0.25 m. The number of nodes was 223, 216,
164, 208, 144, and 143, whereas the number of mesh
elements was 295, 297, 236, 291, 214, and 216 for slope
profiles A, B, C, D, E, and F, respectively. The main input
parameters used were the soil water characteristic
curve (SWCC) function and the soil permeability curve
(SPC) function. The slope was simulated using the
maximum accumulated rainfall record in 24 hr. at
Narayani at Devghat station between 2001 to 2003 A.D.
The maximum 24-hour rainfall was discovered on July
310of 2003. For the slope stability analysis seepage
simulated in SEEP/W is directly linked to SLOPE/W.

Figure 1, Naturally undulated slope with six failures.

For further simulations, different return periods of
the 24-hour maximum rainfall of 31 July 2003 were
considered. The hydraulic function employed in the
previous simulation was used using the 5 years return
period of rainfall. The Gumbell technique was used to
compute the return period. The variation of pore water
pressure with the topographic hollow area is shown in
Figure 2 for a 5-year return period. Using the area of the
topographic hollow and the maximum pore water
pressure data recorded, a threshold relation between
the maximum pore water pressure and the topographic
hollow area was established.

The empirical relation between the maximum
discharge of hillslope seepage and the topographic
hollow area presented in this study for 24 h maximum
rainfall data and their 5, 10, 25, 50, and 100 years return
period as in Table 1. The variation in the pore water
pressure is increased with increase in the rainfall long
durations and low for the short period rainfall events as
shown by analysis result as shown in Figure 3. Larger the
naturally undulated slope, the greater the hillslope
seepage as indicated by the maximum porewater
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pressure measured in the lower elevation part of the
slope.

Figure 2, Variation of maximum pore water pressure
with topographic hollow area for different return
periods.

Figure 3, Pore water pressure and topographic hollow
area threshold cure for slope failures for 5-year return
period.

Table 1, Maximum Porewater pressure- topographic
hollow area threshold equations for slope failure for
different period of time. where u= Maximum Pore water
pressure u, (kPa), a = Topographic hollow area, (sq.m)

Time Threshold equation

24 hrs max u =0.09%g%9413

5-year return u = 0.0564*50-9956

10-year return U =0.0768*30-93%8

25-year return u= 0.092*30-2063

50-year return u = 0.0985*g0%-9029

100-year return u=0.1279*50:8708

Acharya, K. P., Bhandary, N. P., Dahal, R. K., & Yatabe,
R. (2016). Seepage and slope stability modelling of
rainfall-induced slope failures in topographic hollows.
Geomatics, Natural Hazards and Risk, 7(2), 721-746.

Setyawan, A., Alina, A., Suprapto, D., Gernowo, R.,
Suseno, J. E., & Hadiyanto, H. (2021). Analysis slope
stability based on physical properties in Cepoko Village,
Indonesia. Cogent Engineering, 8(1), 1940637.
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Abstract: This study investigates landslide susceptibility
in Nepal's Far-Western region, particularly Sudurpashchim
province, where monsoon rains and rugged terrain
increase landslide risks. A major landslide on the Mahakali
Highway, prompted analysis using field investigations,
borehole drilling, and Electrical Resistivity Tomography
(ERT) to assess lithology and soil stability. Slope stability
analysis shows that rainfall-induced water level rises
weakened soil strength, but mitigation measures like slope
benching and dewatering improved the factor of safety
(FOS) from 1.20 to 2.49. Wells and horizontal drains were
proposed to stabilize the area by reducing groundwater
levels.

Keywords: Drainage wells, Horizontal drain, Geotechnical
investigation, Geological investigation, Numerical
analysis.

The Far-Western region of Nepal, particularly within
Sudurpashchim province, is highly susceptible to
landslides due to its rugged terrain, active geological
features, and heavy monsoonal rains. As part of the
geologically young Himalayan range, landslides in this
area are largely triggered by natural factors, such as
intense monsoon rainfall (Choi and Cheung 2013). With
increasing awareness of climate change and shifting
rainfall patterns, the risk of landslides in the region is
expected to grow in the coming years.

A notable incident occurred around midnight on
Shrawan 22, 2080, along the Mahakali Highway in
Godawari Municipality-4, Kailali District. Monsoon rains
triggered a significant landslide that completely blocked
the highway for seven days, making it impassable for all
vehicles. As a vital route connecting the highland
regions to the Terai, the closure stranded hundreds of
passengers and disrupted travel between the hill and
Terai districts. The landslide also caused severe
damage to five nearby houses, underscoring the
hazards posed by rainfall-induced landslides in the
region.

This study is based on a thorough assessment of
secondary data, combined with detailed field
investigations, to analyze the landslide in the study area.
The secondary data includes previous research,
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historical landslide records, and rainfall data, providing
a broad context for the current study. To gain a
comprehensive understanding of the site's geological
and engineering conditions, performed both geological
and engineering geological mapping. This mapping
process helped in identifying the physical and structural
characteristics of the area, such as rock types, fault
lines, and slope orientations, which are critical for
assessing landslide susceptibility.

In addition to geological mapping, geotechnical
investigations were conducted, which included drilling
two boreholes. These boreholes allowed to explore the
subsurface lithology (the different layers of soil and
rock) and obtain detailed information about soil
properties at various depths. Key parameters such as
soil composition, moisture content, and density were
analyzed. Understanding the lithology is essential to
determine the potential for slope failure, as certain soil
and rock types are more susceptible to landslides.

To supplement the geotechnical investigation, a
geophysical test known as Electrical Resistivity
Tomography (ERT) was performed. As it measures the
resistivity of subsurface materials to generate a profile
of the area’s lithology. This method helps identify
variationsin soiland rock properties, water content, and
possible weak zones within the landslide area that may
not be easily observed through borehole data alone.

Following the collection of geological, geotechnical,
and geophysical data, slope stability analysis was
carried out using specialized software tools like
Slope/W and Seep/W (Acharya et al. 2016). The analysis
was based on the data obtained from the boreholes,
including soil strength, water table position, and slope
geometry. The purpose of these analyses was to
understand how different factors—such as soil type,
water infiltration, and slope angle—affect the overall
stability of the slope and the likelihood of future
landslides.

By combining the results of the geotechnical
investigations, ERT testing, and slope stability analysis,
the study provides a comprehensive evaluation of the
landslide-prone area, offering insights into its behavior
under various conditions and laying the groundwork for
the development of appropriate mitigation strategies.
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The study found that heavy rainfall caused the water
level to rise from hydrostatic conditions, resulting in a
decrease in soil strength (Tiwari and Ajmera 2023).
Numerical analysis was conducted under various
scenarios: normal conditions, rainfall conditions, and
the combined effects of rainfall and dewatering using
wells. The factor of safety increased from 1.20to 1.86 in
the combined condition. Additionally, with the
implementation of slope benching and dewatering using
wells, the factor of safety further improved to 2.40. The
proposed mitigation measures were based on the
geological properties and lithology, which were
analyzed using a geological cross-section and verified
through borehole logs, containing of sandstone and
mudstone bedding as illustrated Figure 1

Figure 1 Geological interpretation of global plane failure
scenario in the landslide area evident by lithological
settings of the landslide area.

2.409
°

Well

v

Figure 2 Obtained factored of safety after cut benching
and dewatering using well. Model analysis for cut
benching on valley side with rainfall and dewatering
condition, FOS: 2.409.

The study conducted in the far-western region of Nepal,
particularly in Sudurpashchim province, reveals that
landslides are primarily triggered by intense monsoon
rainfall and geological factors inherent to the Himalayan
terrain. A significant incident occurred on Shrawan 22,
2080, along the Mahakali Highway, causing disruption
and damage due to rainfall-induced landslides. The
methodology involved a combination of geological,
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geotechnical, and geophysical investigations, including
borehole drilling and Electrical Resistivity Tomography
(ERT), to understand the area's subsurface properties.
The slope stability analysis, using specialized software
tools, highlighted that rainfall reduces soil strength and
increases landslide risk.

The prevailing rock type predominantly comprises
sandstone, exhibiting frequent bedding alternating
between sandstone and mudstone plane. Through
geological and geotechnical analyses, is deemed to
have experienced failure along the mudstone plane.
This failure is attributed to the impact on shear strength
parameters resulting from changes in groundwater
conditions and saturation in mudstone plane.
According to the Electrical Resistivity Tomography (ERT)
report, the ground within the landslide area is highly
saturated at the time of study.

The study’s results emphasize the importance of
mitigation measures, such as dewatering and slope
benching, which significantly improved the slope's
factor of safety (FOS). The most effective strategy,
combining slope benching and dewatering, increased
the FOS to 2.49. These findings suggest that the
landslide was largely driven by saturation of the
mudstone plane, weakening the slope's stability.
Dewatering wells and horizontal drains are
recommended to lower the groundwater level and
enhance long-term stability in the affected region.

Acharya, Kiran Prasad, Netra Prakash Bhandary, Ranjan
Kumar Dahal, and Ryuichi Yatabe. 2016. “Seepage and
Slope Stability Modelling of Rainfall-Induced Slope
Failures in Topographic Hollows.” Geomatics, Natural
Hazards and Risk 7(2): 721-
46.d0i:10.1080/19475705.2014.954150.

Choi, K. Y., and Raymond W.M. Cheung. 2013.
“Landslide Disaster Prevention and Mitigation through
Works in Hong Kong.” Journal of Rock Mechanics and
Geotechnical Engineering 5(5): 354-65.
doi:10.1016/j.jrmge.2013.07.007.

Tiwari, Binod, and Beena Ajmera. 2023. “Advancements
in Shear Strength Interpretation, Testing, and Use for
Landslide Analysis.” In , 3-54. do0i:10.1007/978-3-031-
44296-4_1.
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Abstract: Assessing debris flow runout is essential for
evaluating landslide hazards and developing effective land
use plans. This study used the LISEM (Limburg Soil Erosion
Model) to analyze debris flow runout based on
geotechnical soil parameters. By integrating rainfall-
induced failure and runout through physically-based
modeling, the study aimed to predict landslide impact
areas using forecasted precipitation. Focusing on the
Koyalghari and Simaltal areas along the Narayangadh-
Muglin road, the model's validation in Simaltal showed
substantial agreement with historical runout patterns. For
extreme rainfall events, debris flow heights between 0.92
m and 1.1 m were estimated at the highway, indicating
potential damage to traffic. The findings highlight the
model's reliability in predicting debris flow runout and
providing valuable insights for hazard management.

Keywords: Physical based modelling Cohens Kappa,
Debris flow runout, LISEM model

The mountainous areas of Nepal are naturally unstable
and particularly vulnerable to landslides for number
reasons like their rugged topography, presence of soft
soil cover, high intensity monsoon rainfall and frequent
earthquake. Rainfall plays a crucial role in triggering
debris flow from topographic hollow. In addition to the
intensity and duration of rainfall, the hydrological
phenomenon, soil particles, and properties influence
the slope stability (Dahal and Hasegawa, 2008). The
main objectives of the research are to apply a physically
based model for debris flow runout estimation and
validate the model using laboratory data and field
observation of historical landslides.

LISEM (LImberg Soil Erosion Model) developed by
Faculty of Geo-Information Science and Earth
Observation (ITC) of Twente University is a physically
based dynamic model that offers a more
comprehensive analysis by taking into account the
physical processes involved in debris flow runout. It
uses a physically based approach to model the
movement of water and solid material down a slope
taking into account the physical processes involved in
debris flow and the interaction with the topography
(Bout et al., 2018).
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The study area of the research is located at Simaltal and
Koyalghari in Ichhakamana Gaupalika, Chitwan district
(Figure 1)

Figure 1: Location map of study area.

The flow chart of the methodology used for modeling
debris flow in the LISEM model is shown in Figure 2.
Using different soil parameter determined from
laboratory and field test, various input maps were
prepared in GIS. Finally, prepared map was imported in
LISEM model and suitable rainfall data was taken for
simulation.

Geologically, the study area lies in the Nourpul
Formation of the Lesser Himalaya Zone. The area is
mostly covered up to 3m thick colluvial soil, primarily
low plastic silt (ML) and low plastic clay (CL). The input
map of the soil parameter was determined from the
average value of geotechnical parameter obtained from
field and lab test given in Table 1.

Runout modeling was performed in LISEM model for
two areas i.e. first in the Simaltal area to represent
debris flow occurred in 2010 using actual precipitation
thattriggered debris flow and then in the Koyalghari area
using extreme rainfall intensity. The maximum debris
height of 9.243 m was obtained in Simaltal area as
shown in Figure 3. The debris flow runout covers total
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area of 15492.24 m2. At highway the average maximum
debris height was 1.107 m and affected about 60 m
length of highway from chainage 23+630 m to 23+690 m.

Figure 2: Flowchart of LISEM model employed for
debris runout estimation.

Table 1: Summary of values of various parameter used
in the study hollow and validation hollow.

Parameters Values in validation | Values in Study
area area
Cohesion (KN/m?) 13.83 16.51
IFA (radian) 0.46 0.46
Soil density (Kg/m?) 1757.76 1640.12
Porosity 0.323 0.385
Specific gravity 2.58 2.51
Initial rock size (m) 2.62E-04 1.19E-04

Figure 3: Debris flow runout in Simaltal area
considering total debris height (left) and Threshold
height that results maximum value of Cohens Kappa
(right)

The accuracy of the runout modeled in Simaltal area
was calculated using Cohen’s Kappa. The sensitivity
analysis was carried out changing debris flow height
during accuracy estimation to understand how different
thresholds height impact the performance of a model.
The maximum value of Cohen's Kappa was 0.7453 using
the threshold height of 0.45 m. Map obtained using
observed precipitation in the Simaltal area that resulted
in maximum Cohen's kappa value is shown in Figure 3.

Simulation was also performed in Koyalghari area
along Narayangadh-Mugling road section. The study
hollow was modelled for various extreme events based
on 23-yearrainfall data. Based on the result, the average
debris height for various rainfall event at highway is
shown in Table 3. The highest debris height was
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obtained for 3-day maximum rainfall as shown in Figure
5.

Figure 4: Cohens Kappa value for various threshold

height.
Table 3: Average debris height at Highway for various
rainfall period.

Average debris height (m) at highway for

Maximum various return period rainfall

rainfall

Actual S5yrs 10yrs 25yrs
1-day 0.9626 0.9266 0.9482 0.9689
3-day 1.1153 0.9563 0.9341 0.9333

Figure 5: Debris height simulated in Koyalghari for 3-day
max rainfall of 2006.

The study successfully applies the LISEM model to
simulate and estimate debris flow runout in topographic
hollow based on debris height at Koyalghari area. The
model validation in the Simaltal area demonstrated
substantial accuracy and supported the conclusion that
physically-based models can reliably predict debris
flow runout in similar geotechnical and topographical
settings.

Bout, B., Lombardo, L., van Westen, C. J., and Jetten, V.
G., 2018, Integration of two-phase solid fluid equations
in a catchment model for flashfloods, debris flows and
shallow slope failures: Environmental modelling &
software, v. 105, p. 1-16.

Dahal, R. K., and Hasegawa, S., 2008, Representative
rainfall thresholds for landslides in the Nepal Himalaya:
Geomorphology, v. 100, no. 3-4, p. 429-443.
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Abstract: The primary aims of this study were to
determine the restitution coefficient of the material and to
simulate rockfall at the steep slope in Chaku Bazar.
Initially, the normal and tangential restitution coefficients
were calculated for 10 different rock boulders, varying in
shape and composition using the Tracker Video analysis.
The computed values for normal and tangential restitution
coefficients were then used to simulate rockfall behavior
using GeoRock 2D across four different sections,
predicting rockfall trajectories and run-out distances. The
normal restitution coefficient for vegetated rocky terrain
was 0.34, while for solid rock it was 0.73. Likewise, the
tangential restitution coefficient was 0.51 for grass-
covered areas and 0.82 for rocky surfaces. After
determining the restitution coefficients, the calculations
revealed a maximum collision energy of 15000 kJ and a
maximum bounce height of 30 meters at the bazar area.

Keywords: GeoRock 2D, Rockfall, Restitution Coefficient

Rockfall is the natural downward movement of one or
more detached blocks with small volumes,
characterized by free fall, bouncing, rolling, and sliding
(Varnes, 1978) which pose threat to the environment
and resulting in loss of life and property (Bunce et al.
1997). These rock blocks can be dislodged through
various processes, including natural mechanisms such
as freeze-thaw cycles (McCarroll and Pawellek, 1998),
seismic events (Abebe et al.,, 2010), or by human
activities such as slope excavation or earth-moving
operations (Dorren, 2003).

The impact of the rockfall depends upon the
estimation of trajectories, bouncing heights and the
kinetic energies of the unstable blocks. These elements
are frequently derived through the application of
kinematic modeling techniques created using
numerical codes like CRSP or RocFall (Pfeiffer and
Bowen 1989). The key input parameters influencing the
estimated rockfall hazard in computer simulations are
the coefficients of restitution. These parameters
measure the energy loss that occurs when a block
impacts the slope (Sabatakakis et al. 2015). The
coefficients of restitution are divided into tangential (Rt)
and normal (Rn) components relative to the slope. Two
primary methods are used to determine these
parameters: direct measurement through experimental
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tests, both in situ and in the laboratory, and back-
analysis of natural or artificially triggered rockfalls
(Evans and Hungr 1993). The research focus of the
determination of restitution coefficient of the slope
material and Rockfall Simulation at Chaku Bazar.

This study experimentally evaluates the coefficient of
restitution for boulders colliding with rock slopes under
different impact conditions, followed by the calculation
of their kinetic energy and re-bounce height at four
distinct sections of the terrain. The method applied for
the study is describe as,

Newton (1686) originally defined the coefficient of
restitution (Rc) as the ratio of the rebound velocity to the
incident velocity of two colliding particles (or small
spheres) along the normal direction. The kinematic
definition of the coefficient of restitution, has been
generalized and extended to three dimensional
collisions by Brach (1991, 1997).

where, Vi, & V2, = normal components of rebound
velocities, and Uy, &Uz, = normal component of initial
velocities of two colliding bodies. Both normal and
tangential component of the restitution coefficient has
significant role on the velocities and trajectories of the
falling block.

The rockfall simulation in this study was conducted
using the CRSP method in GeoRock 2D Software, a
widely used tool for rockfall problems. Key input
parameters included the restitution coefficient of slope
material, slope geometry, and boulder data. The
restitution coefficient was derived from field tests and
tracker analysis, while the slope geometry was based on
contour data defining the cross-sectional profile of the
slope. Boulder data, including shape and size, was
determined through field measurements and Zingg
classification of 100 boulders. The analysis also
considered block stability using major discontinuities.
The CRSP method applies a rigid body approach,
analyzing rock interactions with the slope during
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contact phases, including slipping and reversal
behavior. The terminal impulse calculated from these
phases is used to determine outgoing velocities, helping
identify critical rockfall events and associated risks.

The in-situ field test where the rockfalls are examined by
filming the nature of boulders and evaluates the normal
and the tangential coefficient of restitution from
different rock samples using video analysis and
modelling tool, called Tracker (Figure 1). The values of
normal and the tangential coefficient of restitution have
been determined for 10 different rock boulders varying
on shape and lithology. The tangential coefficient of
restitution for the bedrock varies from 0.77 to 0.87 which
is in the range of standard values in dolomitic terrain.
Similarly, the average normal coefficient for bed rock is
0.73. the average normal and tangential coefficient of
restitution for bedrock with vegetation is 0.25 and 0.37
respectively (Table 1).

Table 1, The determined restitution coefficient for rock

fall simulations.
Description Rn Rt Roughness
Bed Rock 0.73 | 0.82 | 0.5
Bedrock With 0.34 | 0.51 | 0.5
Vegetation

Figure 1, Determined restitution coefficient of the slope
material.

The field measurement and discontinuities plot
show that the size of the boulder is 2.4 m on average.
The Zingg classification of the boulder data shows that
the shape of the boulder is Disc Shape. The factor of
safety for each block formed by the intersection of
discontinuities has found 1.35 for toppling failure, 0.95
for wedge failure and 0.83 for the plane failure. The
result shows that there is possibility of the rock slope
failure. On varying the shape and size of the block the
factor of safety has increased.

The rockfall simulation result shows that the rockfall
hazard can be of maximum energy 15000 kJ to the
settlement area of Chaku Bazar and Araniko Highway
(Table 2). Similarly, the maximum run-out distance will
be 160 m. The rebounce height will be 30 as the terrain
has very steep which has more than 80°.
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Table 2, Section wise rockfall simulation result.

Ener Max. Run
Section ) &y Height out
(m) (m)
Section

14000 24 140

1

Section

2 15000

25 160

Section

3 7000

160

Section

" 6900

160

Inthis research, rockfall hazard assessment was carried
out using field tests and simulations, leading to
recommendations for significant stabilization
measures. Kinematic analysis indicated a high
likelihood of planar failure occurring at rock slope of
Chaku Bazar in which factor of safety is less than 1, with
notable chances of wedge and toppling failure. The
analysis implies that the rock fall is significantly
dependent on restitution coefficient and this value
should be site specific. The findings highlight the
elevated risk, particularly at the toe of the slope, where
the highway road is the primary element exposed to
danger
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