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Abstract

The 2015 Mw 7.9 Gorkha earthquake severely affected 40% of Nepal's districts, damaging ~7,200 school buildings and
~30,000 classrooms. As Nepal remains highly susceptible to large earthquakes, improving earthquake awareness and
preparedness among students and teachers is essential. Since 2018, the Seismology at School in Nepal (SASIN) program has
promoted earthquake education through school-based outreach activities. This study presents the first comprehensive school-
based seismic risk assessment in Nepal, evaluating 24 schools in western Nepal to (1) assess the seismic risk of school
buildings and classrooms, (2) identify structural and non-structural vulnerabilities, and (3) propose practical, low-cost
measures for earthquake risk reduction. The assessment integrates information from school authorities, qualitative
assessments, systematic visual inspections, and a newly developed Earthquake Evacuation Drill Guide tailored to local
contexts. A total of 730 classrooms were classified into four seismic risk categories: low (35%), medium (35%), high (17%),
and very high (13%). Buildings constructed after the 2015 Gorkha earthquake generally showed lower vulnerability, whereas
older buildings or those not complying with the National Building Code accounted for most medium, high, and very-high
risk categories. The proposed framework supports priority setting, low-cost risk reduction strategies, and safer, more resilient
school environments throughout Nepal. These kinds of classroom earthquake risk assessments are highly recommended in

all schools in Nepal and across the Himalayan region.

1 Introduction

Nepal is located at the convergent boundary between the Indian and Eurasian plates, where ongoing plate collision and
crustal shortening generate frequent tectonic earthquakes all along the Himalayan region (e.g., Molnar and Tapponnier,

1975). The present-day convergence rate between these two plates is approximately 4 cm/year, with about half of this
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accommodated along the Main Himalayan Thrust (MHT) beneath and at the front of the Himalayan orogen (e.g., Bilham et
al., 1997; Lavé and Avouac, 2001; Zheng et al., 2017). Due to this active tectonic setting, Nepal has experienced several
damaging historical earthquakes, including events in 1255, 1810, 1866, 1934, 1980, 1988, and 2015, as documented by
previous studies (e.g., Bilham, 2019; Dal Zilio et. al., 2021). These earthquakes had a widespread impact on human life,
physical infrastructure, and landscape. for example: the most recent large earthquake, the 2015 Mw7.9 Gorkha earthquake,
killed ~9,000 people, ~600,000 houses were destroyed, and ~9,000 school buildings and ~35,000 classrooms across 31
districts of Nepal were affected. The total estimated damage cost wa ~50% of the national GDP (NPC, 2015), and in the
education sector, the damage was 205 million USD (NPC, 2015). The most affected 14 districts suffered a heavy loss of
more than 80% of the total school buildings, which were destroyed during the earthquake due to insufficient construction
quality, resulting in damage to educational infrastructure and destruction of tangible property (Paudyal et al., 2020). Despite
the occurrence of the 2015 Gorkha earthquake, Nepal remains susceptible to future large and great earthquakes. Western
Nepal, where no great earthquake has been documented since 1505, represents a prominent seismic gap and is widely

recognized as a potential source of a future great earthquake (e.g., Bilham, 2019; Ghazoui et al., 2019).

According to the National Population and Housing Census 2021 (NPHC, 2021), Nepal's building stock comprises more than
6.6 million households with diverse foundation types. Mud-bonded brick/stone foundations account for 33% of the housing
stock, followed by cement-bonded brick/stone (30%), reinforced cement concrete (RCC) pillar foundations (22%), and
wooden/bamboo pillar foundations (14%). These data indicate that a large proportion of Nepal's buildings are traditional
masonry structures, many of which are generally more vulnerable to strong ground shaking than well-engineered RCC
buildings. Of course, there is increasing use of RCC construction in recent years; nevertheless, seismic vulnerability remains
a major concern because many buildings are non-engineered or do not fully comply with seismic design provisions. Sharma
and Mashal (2023) reported that only ~one-fifth of Nepal's building stock complies with earthquake-resistant construction
regulations, highlighting the country's continued exposure to future large earthquakes. Previous risk assessments indicate that
an Mw 8.0 earthquake occurring near the Kathmandu Valley could damage nearly 50% of buildings and result in fatalities
equivalent to about 1.3% of the population (Dixit et al., 2000; JICA, 2002). Similarly, for western Nepal, an Mw 8.1
earthquake is estimated to cause between 15,000 deaths in less densely populated areas and up to 150,000 deaths in heavily
populated regions, with the number of injuries ranging from approximately 40,000 to 250,000 (Wyss, 2005). According to
the seismic risk assessment conducted during 2015-2018, a major earthquake occurring in central Nepal could severely
impact the Kathmandu Valley, potentially damaging more than 270,000 buildings (approximately 62%) and requiring the
evacuation of over 1.2 million people (around 42% of the valley’s population) (JICA, 2018). Given the time elapsed since
these numbers have been published, the population of Nepal and especially urban areas has increased, while there is no

convincingly recognizable sign of improved preparedness or building quality.
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Figure 1: Study area map showing population density (NPHC, 2021), school locations, and seismic stations. Red inverted triangles
indicate schools included in this study, black inverted triangles represent schools hosting seismometers but not included in this
study, and black triangles denote National Earthquake Monitoring and Research Centre (NEMRC) stations. Seismicity (2015-
2020) is shown by green circles with circle sizes proportional to the earthquake magnitude (Adhikari et al., 2023). Black lines
represent the main faults. NSSN refers to the Nepal School Seismological Network.

The main reasons behind extensive damage to school buildings due to earthquakes are the unique geographical region,
traditional and non-engineering construction and structural practices, and lack of compliance with building code. School
buildings in mountainous regions are mostly built utilising locally available resources such as rounded stones, mud, and raw
timber, and locally available, partially trained masons, mainly due to accessibility. In lowlying hills and plain regions, the
construction practice mostly uses reinforced concrete and cemented-mortared brick masonry walls, primarily due to a lack of
budget and available means (e.g., Paudyal and Bhandary, 2024). Poor construction practices and lack of awareness have led
to the loss of thousands of innocent lives in the past years. Besides, the construction quality, lack of awareness regarding
earthquake preparation, and approaches to be taken before, during, and after an earthquake are also subjects of concern.

Open spaces in the school premises, safe (or simply: any) emergency evacuation route practices, and regular earthquake
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evacuation drills like “Drop, Cover, and Hold on!” are essential safety practices to be taken to minimize the risk of

earthquakes in a school environment.

Earthquakes do not kill as many people as the collapse of poor infrastructure does. Depending on the structural typology of a
school building, earthquake safety practices differ in Nepal. For example, a school building that is not reinforced concrete
cement (hereafter, RCC) and is built using raw materials such as mud, wood, sand, and brick is not considered safe to
practice “Drop, Cover, and Hold on!” In Western countries, strict building codes and technologies are followed at a much
higher level to greatly reduce the potential of structural collapse. In such countries, “Drop, Cover, and Hold on!” is a primary
survival action taught to the public. Earlier studies show that such activities prevent injuries by making oneself a smaller
target and protecting oneself from falling debris landing on one's head (e.g., deGroot et. al., 2025). Several international
search-and-rescue teams, emergency managers, and researchers recommend “Drop, Cover, and Hold on!” as the appropriate
action to mitigate injuries during an earthquake (e.g., Alpar, 2025). The only exception to this action is if the building
construction is unengineered and is not earthquake-resistant. In countries like Nepal, “Drop, Cover, and Hold on!” cannot be
fully implemented because the majority of buildings are not properly engineered, and there is irregular compliance with the
national building code (Marshall & Agarwal, 2025). So, for such cases, one should try to evacuate from the building towards

the nearest open space or emergency meeting point as soon as possible.

Based on eyewitness reports after the 2015 Gorkha earthquake, it was found that some children and adults ran into an unsafe
stone building to Drop, Cover, and Hold on, and were then killed seconds later (Paci-Green et al., 2015). Additionally, in the
schools with load-bearing stone walls, neither evacuation during an earthquake nor the “Drop, Cover, and Hold on!” would
have safeguarded students. As a result, staff have lost faith in the “Drop, Cover, and Hold on!” practice (Paci-Green et al.,
2015). Specifically, an unfortunate incident that occurred in Nepal in 2015, the Gorkha Earthquake in Indreshwori
Secondary School, Melamchi, a student lost her life as she had learnt the concept of hiding under the table during an

earthquake would save life while she was playing in the playground (Hetényi & Subedi, 2023).

Several studies have investigated the seismic vulnerability and safety performance of school buildings in Nepal. Cross et al.
(2020) evaluated the seismic safety of typical two-storey RCC template school buildings, highlighting the potential structural
vulnerabilities of commonly adopted school designs. Earlier, Kandel et al. (2004) assessed the seismic vulnerability of public
school buildings throughout Nepal and emphasized the need for systematic evaluation and strengthening measures. Beyond
individual research studies, institutional initiatives have also played an important role in improving school earthquake
resilience. Collaborative efforts by the National Society for Earthquake Technology—Nepal (NSET), the Department of
Education, Government of Nepal, and the Global Facility for Disaster Reduction and Recovery (GFDRR) contributed to the

development of seismic assessment frameworks, retrofitting approaches, and school safety programs aimed at reducing
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earthquake risks in educational facilities (NSET et al., 2011). These studies and initiatives provide an important foundation
for understanding the seismic performance of Nepalese school infrastructure and guiding future risk reduction strategies.

To promote seismology education in schools and enhance earthquake awareness among teachers and students in Nepal, the
Seismology at School in Nepal (SASIN) program was established in 2018. As part of this initiative, 33 selected schools were
equipped with seismometers to record seismic activity and support hands-on, inquiry-based learning in classrooms (Subedi et
al., 2020a, 2020b). In addition, the program provides regular teacher training, educational resources, and outreach activities
to strengthen earthquake education within classrooms and beyond schools (Subedi et al., 2021; 2026). These efforts have
been well received by participating schools and local communities, contributing to increased public awareness of earthquake

hazards and improved preparedness.

This study identifies simple, practical measures that can be implemented with minimal effort to reduce earthquake risk in
schools. We present a comprehensive seismic risk assessment of 730 classrooms in schools across Central Nepal,
representing diverse construction types, geographic settings, and resource conditions. The assessment includes inspections of
classrooms, laboratories, administrative buildings, open spaces, and evacuation routes to identify structural and non-
structural vulnerabilities. The findings demonstrate that low-cost mitigation measures can substantially reduce the potential
for casualties and damage during future earthquakes. In addition, we compare the seismic resilience of school buildings
constructed before and after the 2015 Gorkha earthquake to evaluate the influence of updated building practices. Moreover,
earthquake evacuation drills conducted in selected schools further reveal significant improvements in students' response
following drill exercises. Overall, this study provides practical evidence to support safer school environments, strengthen

earthquake preparedness, and inform policies and strategies for building more earthquake resilient communities.

1.1 Motivation for earthquake evacuation drills

Earthquake preparedness and awareness play a crucial role in reducing disaster risk and minimizing casualties. In Nepal,
public understanding of appropriate actions before, during, and after an earthquake remains limited, which further increases
vulnerability to seismic hazards. Therefore, there is a critical need to promote and practice Earthquake Evacuation Drills
(EEDs). An Earthquake Evacuation Drill is a structured practice exercise designed to train individuals to respond safely
during and immediately after an earthquake. Despite its importance, the concept of EEDs in Nepal remains relatively
underdeveloped and has received limited attention. Current earthquake preparedness practices are often restricted to simple
“Drop, Cover, and Hold On!” measures, such as taking shelter under a desk or bed, without adequate guidance on when,
where, and how evacuation should/could be conducted under different circumstances. To address this gap, a proposed
guideline for conducting Earthquake Evacuation Drills has been developed and is provided as supplementary material
(Supplementary file: EED). Although the guideline has not yet been published in a peer-reviewed article, it serves as a

practical framework for improving earthquake preparedness and evacuation planning in dozens of schools in Nepal.
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2 Data and Methods

Out of 33 schools participating in the SASIN program, seismic risk assessments were carried out in 24 schools based on their
accessibility (Fig. 1). During our visits, we conducted a visual inspection of every classroom, the surrounding school
environment, and the overall building configuration. A standardized school earthquake risk assessment form (Fig. 2) was
used to systematically identify and document potential earthquake hazards in each classroom and surrounding areas. The
form included the following sections: (1) hazard identification (e.g., unsecured furniture, blocked exits, falling ceiling
materials, unsafe building); (2) persons at risk and potential consequences (e.g., students, teachers, or visitors and the type of
injury or harm that could occur); (3) risk severity (low, medium, or high); (4) likelihood of occurrence (unlikely, likely, or
very likely); (5) existing control or mitigation measures already in place; (6) additional actions required to reduce the
identified risk; (7) person responsible for implementing the recommended actions; (8) target completion date; and (9)
completion status. The assessment form was completed on-site during the inspection of each classroom, and written
justifications were provided for each identified risk together with recommended mitigation measures. We did not
differentiate the schools' locations in terms of seismic hazard, given that the level is high to very high everywhere, and

cannot be changed by better preparedness.

2.1 Risk assessment

The earthquake risk assessment was carried out using visual inspections of school buildings and classrooms, information
provided by school officials, and qualitative analysis. The assessments were conducted by the same team throughout the
study to ensure consistency in the evaluation. The assessment team consisted of 5 members with backgrounds in seismology,
earthquake engineering, and geology. Before the field surveys, all team members received training on the use of the
standardized earthquake risk assessment form, hazard identification, risk classification, and assessment procedures to ensure
a consistent interpretation of the evaluation criteria across all schools. During each school visit, team members worked
together to inspect the school premises, discuss observed hazards, and reach a consensus on the assigned risk levels. This
approach minimized observer bias and ensured that the same assessment criteria were applied across all participating
schools. While visiting the schools, the following tasks were conducted:
e  The school administration, teachers, and staff were consulted regarding the history of the school building and other
necessary technical information.
e  The number of teachers, staff, and students was noted, and the number of students studying in each classroom was
ascertained.
e C(Classrooms, administrative rooms, laboratories, corridors, balconies, halls, open spaces, were inspected and
assessed for potential risk factors.

e Forms were completed along with a rough sketch of rooms, and additional photograph evidence.

Significant findings and unexpected hazards were listed.
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Earthquake Risk Assessment for

Date:
Place/Room:

school / site

Risks are assessed according to a) how serious they would be if they happened and, b) how likely
they are to happen. Then a written description is given of the circumstances and reason for each
risk and what precautions (if any) have been taken to bring it to an acceptable level. The risk levels
given are with all reasonable precautions in place.

A risk would be unacceptable if the risk was considered high after all reasonable precautions were
in place. Use Figure 7 on the previous page to assess your risk:
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Figure 2: Example of an earthquake risk assessment form used to identify, evaluate, and mitigate earthquake-related hazards in
schools. The form records potential hazards, associated risks, existing control measures, recommended mitigation actions,

responsible personnel, and implementation timelines.
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2.1.1 Criteria of classification

All school buildings and classrooms were classified into one of four earthquake risk categories: low, medium, high, or very
high, using the standardized earthquake risk assessment form (Fig. 2). Classification was based on multiple criteria,
including (i) structural characteristics (e.g., RCC or non-engineered masonry construction, building age, and number of
stories), (ii) classroom location within the building (ground floor or upper floors), (iii) evacuation route characteristics
(distance, width, obstructions, and accessibility), (iv) occupancy (number of students and teachers), and (v) accessibility to a
safe open space. Buildings constructed after the 2015 Gorkha earthquake were also considered because many were designed
according to improved seismic design provisions.

Classrooms were assigned to the low-risk category if they were located in earthquake-resistant or well-engineered RCC
buildings, typically on the ground floor, with short and unobstructed evacuation routes, low occupancy, and direct access to a
safe open space that could be reached within approximately 10—15 seconds without exposure to falling hazards.

The medium-risk category included classrooms located in buildings with generally adequate structural performance but with
one or more limitations, such as upper-floor locations requiring longer evacuation times, moderate occupancy, partially
obstructed evacuation routes, or open spaces that were accessible but not immediately adjacent to the building.

The high-risk category included classrooms in non-engineered masonry or older buildings, buildings with visible structural
deficiencies, narrow or obstructed evacuation routes, high occupancy, limited access to safe assembly areas, or combinations
of these factors that would significantly increase evacuation difficulty and the likelihood of injury during strong ground
shaking.

The very high-risk category was assigned to classrooms with multiple critical deficiencies, including structurally vulnerable
buildings, heavily congested classrooms, upper-floor locations without adequate evacuation routes, lack of accessible open
space, or the presence of significant falling hazards both inside and outside the classroom. These conditions were considered

to pose the greatest risk to occupants during a strong earthquake.

2.2 Earthquake evacuation drill (EED)

Earthquake evacuation drill practices were conducted in a total of 7 schools, where 507 students aged 12 - 16 participated.
The approach for the evacuation drill for students was divided into the following steps:

First step: Students without prior instruction responded to an imaginary earthquake, instructed with the help of a blow
whistle. Reactions from the students in the classroom were carefully observed and recorded.

The earthquake evacuation drill form (Fig. 3) was completed recording: the behaviour of participating students, the number
of students, and teachers.

In the second step, after observing the students' response to a hypothetical earthquake, three major approaches based on

location were suggested, i.e., 1) outside in the open space; 2) on the ground floor; and 3) the second or top floor.
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215 Students were also trained on the structure-specific precautions to take, depending on the orientation of the building they are
in; for example, what should be done when they are in an earthquake-resistant building, RCC, or a brick building.
After a detailed session on EED, the scenario of an earthquake was recreated using the whistle and the students' reaction was
observed after EED sessions and behaviour noted in the EED Form.
The duration of an assessment in a given school was typically 3-5 hours. Only the school administration/principals/teachers

220 have been informed in advance of this activity; the students had no prior information.

Earthquake evacuation procedure report

Name of the School:
Tel No: Email:

Address: Contact Person:

Number of students who participated:
Number of teachers:

Any physically impaired students?

When was evacuation procedure conducted?
How long did evacuation take?
Was the register taken after evacuation to safe zone? (y/n):

What any other activities were carried out during the procedure? (Search & Rescue, First Aid etc):

During debriefing what improvements were noted?

Any other remarks

Reporting Instructions

¢ Email a copy of report to your school director and to Seismology at School in Nepal

¢ For any questions contact the local government officer and Seismology at School in Nepal
program

¢ Send additional evidence, e.g., photographs with report

Figure 3: Earthquake evacuation procedure report form used to document school evacuation drills, including participation,
evacuation time, drill activities, observations, and recommendations for improving future earthquake preparedness.

9
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3. Results and discussion

225 A total of 730 rooms were assessed across the visited schools. Among the assessed rooms, 591 were classrooms, accounting
for 81% of all evaluated rooms. The risk distribution for classrooms showed that 35% were classified as low risk, 35% as
medium risk, 17% as high risk, and 13% as very high risk. These findings indicate that a substantial proportion of
classrooms fall within the medium- to very-high-risk categories, highlighting the need for focused interventions to reduce
seismic vulnerability (Fig. 4). Administrative rooms and laboratories constituted smaller proportions of the assessed spaces

230 but exhibited comparable risk patterns. Of the 60 administrative rooms evaluated (8% of the total rooms), 38% were
categorized as low risk, 28% as medium risk, 15% as high risk, and 18% as very high risk. Similarly, 79 laboratories from 24
schools, representing 11% of the total assessed rooms, were evaluated. Among these, 16% were classified as low risk, 46%
as medium risk, 22% as high risk, and 16% as very high risk. The relatively high proportion of laboratories in the medium-
to very-high-risk categories suggests an increased potential for earthquake-related damage and disruption in these specialised

235 learning spaces.
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Figure 4: Distribution of types of school rooms by risk levels. Class refers to classrooms, Admin refers to administrative rooms,
and Labs refers to laboratory rooms.
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During our earthquake risk assessment in the schools, we observed different trends, some of which demonstrated a need for
immediate changes, and some showed good examples of practice. For example: the placement of kindergarten and play
group classes on the ground floor of the school buildings, wide corridors offering enough room for movement, railings
attached to pillars, well-anchored laboratory equipment and hanging objects, and the presence of more than one door for exit
showed good practice (Fig. 5). Meanwhile, we observed several practices in the schools that demanded immediate change:
furniture placed haphazardly on the exit routes, laboratories placed on the top floor of the school buildings, use of marble
tiles in the evacuation route making the path slippery, use of big barrier blocks for gardening in front of classrooms,
unanchored flower vases on top floors, undefined evacuation routes, and lack of emergency meeting points in open spaces.

Some examples of good and bad practices are shown in Figure 5.

Figure 5: Examples of good and bad practices observed during the risk assessments. (a): A smart classroom demonstrating good
practice of space management and furniture quality. (b): Pillars provide additional support to the railing, representing a positive
safety measure. (c): Unanchored flower vases placed on each floor, illustrating a non-structural hazard. (d): A narrow corridor
constructed using mud, stone, and wood may impede safe evacuation. (e): A traditional classroom building illustrating a
vulnerable construction type.

11
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In most of the schools, the absence of clearly marked evacuation routes were observed and a lack of designated open spaces
for emergency assembly. Several evacuation paths were obstructed by various items, and in some cases, the routes
themselves posed safety risks. Inside classrooms, unsecured furniture and objects increased the potential for injuries during
shaking, and in principals’ offices, unanchored items such as medals and display materials were found to be potential falling

hazards. For each room assessed, practical and achievable measures were proposed to help mitigate these risks.

3.1 Building type and risk levels

RCC buildings constitute the largest share of the assessed school rooms, accounting for ~47% (342 rooms) of the total
inventory (Fig. 6a). In terms of seismic risk, approximately 32% of RCC rooms were classified as low risk, 42% as medium
risk, and 26% as high risk (Fig. 6b). This shows that all RCC buildings are not safe from earthquakes. Low-risk classrooms
were generally located in earthquake-resistant buildings with short, unobstructed evacuation routes and direct access to safe
open spaces. Medium-risk classrooms had moderate evacuation constraints, while high-risk classrooms were associated with
non-engineered buildings and longer or obstructed evacuation routes, upper-floor locations, higher occupancy, and limited
access to safe open spaces. Earthquake-resistant buildings comprise ~40% (294 rooms) of the total assessed rooms shown in
Figure 6a. These buildings exhibit comparatively lower seismic risk levels, with ~49% categorized as low risk, ~39% as
medium risk, and only ~12% as high risk. Nevertheless, the presence of high-risk rooms within earthquake-resistant
structures indicates that non-structural vulnerabilities and maintenance issues may still pose significant safety concerns.
Brick masonry buildings account for ~13% (94 rooms) of the total assessed rooms. Notably, all assessed brick masonry

rooms (100%) fall within the high-risk category, highlighting their substantial vulnerability to earthquake hazards.

12
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Figure 6: Statistics of school buildings. (a): The pie chart is plotted for the total no of school buildings. (b): The bar graph shows
275  the risk level of buildings with respect to the building structure type. Bricked means stone, mud, and brick-made buildings; RCC
is a reinforced concrete building, and ER is an earthquake-resistant building.

Overall, earthquake-resistant buildings demonstrate the lowest proportion of high-risk rooms (~12%) and the highest
proportion of low-risk rooms (~49%), indicating better preparedness against seismic hazards. In contrast, RCC buildings
exhibit a considerable proportion of medium- and high-risk rooms (~68% combined), while brick masonry buildings are the
280 most vulnerable, with all assessed rooms classified as high risk. Some images depicting the different structural types and risk

levels among all the visited schools and their representative classrooms are shown in Figure 7.

13
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Figure 7: Example of school buildings and classrooms associated with different risk levels. (a): low risk levels with earthquake-

285 resistant buildings. (b): medium risk level with the RCC building, (c): high risk levels with the RCC building, (d): very highrisk
levels with the traditional stone and mud building. The black-contoured red circle represents the location of the inset classroom
images for each school building.

3.2 Comparison of risk levels of the classrooms built before and after the 2015 Gorkha earthquake

Among the 730 classrooms evaluated for the seismic risk assessments, we found that ~54% of the classrooms were built
290 before the devastating 2015 Gorkha earthquake, whereas ~46% of the classrooms were constructed after. Further comparison
revealed that within the post-earthquake cohort, ~58% of the rooms are classified under the low risk level, ~37% fall into the

medium risk tier, and a nominal ~5% are categorized as high risk, with no rooms reaching the very highrisk threshold.

295

14
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300 Figure 8: Comparison of the risk levels of the classrooms that were built before and after the 2015 Gorkha earthquake.
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Conversely, among the classrooms built before the 2015 earthquake, only ~23% are categorized as low risk. The remaining
structures are distributed across higher vulnerability tiers, with ~25% classified as medium risk, ~31% as high risk, and ~

21% designated at the very high-risk level (Fig. 8).

3.3 Earthquake evacuation drill practices (EEDs)

Earthquake evacuation drills (EEDs) were conducted in seven schools involving a total of 507 students from lower
secondary and secondary levels. The objective of these drills was to assess students’ initial responses during a simulated
earthquake scenario and evaluate the effectiveness of hands-on preparedness training. Effective implementation of EEDs
requires consideration of several key factors, including evacuation routes, accessibility to open spaces, evacuation time, and
building characteristics.

Before the EED practice, students exhibited a wide range of responses, including unsafe evacuation behaviors, hesitation,

and lack of knowledge of appropriate earthquake safety procedures. Common inappropriate actions included running
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immediately from classrooms, rushing toward open areas without protection, jumping from desks or benches, climbing
through windows, and remaining unaware of the required response actions. These observations indicate limited prior
exposure to earthquake preparedness practices among many students.

After the EED training, a significant improvement in students’ evacuation behavior was observed across all participating
schools. In several schools, students demonstrated proper earthquake response and evacuation procedures both before and
after the drill, maintaining a 100% success rate. In other schools, substantial improvements were recorded following the
training. For example, in one school, the proportion of students correctly performing the recommended earthquake response
and evacuation procedures increased from 81% before the drill to 100% after the training, with all 54 participants
successfully following the recommended evacuation protocol.

A notable improvement was also observed at Padma Public Secondary School, Palpa, where most students initially lacked
awareness of proper evacuation procedures. Among 29 participants, 26 students were unable to identify appropriate actions
before the drill and remained inside the building while performing drop, cover, and hold procedures. Following the EED
practice, all students successfully evacuated the classroom and assembled safely in the designated open area.

At a school close to the epicenter of the 2015 Gorkha earthquake, lower secondary students showed considerable
improvement after the drill. Before the EED practice, 20% of students adopted unsafe behaviors such as running and rushing
toward open spaces, 55% were unable to respond appropriately, and only 24% followed safe evacuation practices. After the
training, students demonstrated improved awareness, with 33% performing well and 16% showing moderate improvement.
In a second EED session conducted among higher secondary students, all 21 participants initially lacked appropriate
evacuation knowledge; however, after training, 52% demonstrated moderate performance, and 43% followed appropriate
evacuation procedures.

Similarly, a school in Tanahun district showed substantial improvement after the intervention. Before the drill, more than
90% of students demonstrated inappropriate evacuation behavior, while only 6% safely evacuated to the open area. After the
EED practice, all students successfully followed the evacuation procedure and reached the designated safe area. In Mahindra
Secondary School, among 100 students, 4% attempted unsafe actions such as climbing windows, 25% showed no
appropriate response, and 71% evacuated correctly before the drill. Following the EED practice, 100% of students completed
the evacuation process.

Overall, the results demonstrate that practical earthquake evacuation drills significantly improve students’ awareness,
decision-making, and evacuation behavior. The observed transition from confusion and unsafe responses to organized
evacuation highlights the importance of regular school-based earthquake evacuation drills, particularly in earthquake-prone
regions such as Nepal. Although this study evaluated the immediate effects of the drills, maintaining these improvements
over the medium and long term requires periodic reinforcement. We recommend that schools conduct earthquake evacuation
drills at least twice each academic year, accompanied by refresher training for teachers, to reinforce appropriate protective
actions and sustain preparedness over time. Two appropriate occasions would be the National Earthquake Safety Day (2nd

Jan) and the Gorkha Earthquake Memorial Day (25th April) of each year.
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4. Recommendations

Among the schools assessed for earthquake risk assessment, we found that different construction materials were used while
building them, depending on the geographical region they were located in. Construction practices such as traditional methods
and modern methods of construction vary in the materials used, building speed, and sustainability. We observed school
buildings made up of mudstone and timber, which belong among the traditional types, and concrete, cement brick, and steel
types belonging to RCC. We also observed that most schools that were built after the 2015 Gorkha Earthquake were
earthquake-resistant and/or had a stronger foundation in comparison to others.

What is the safest action during an earthquake in a school? The answer depends on several factors: Is the building
earthquake-resistant, RCC, or brick masonry? Which floor is the classroom on? How close is the nearest evacuation exit or
safe open space? Can the open space be reached quickly and safely, or is it safer to remain inside and do “Drop, Cover, and
Hold on!? These questions are critical for minimizing earthquake risk. In Nepal, inadequate preparedness and inappropriate
response practices have resulted in the loss of many lives, including those of pupils, highlighting the need to strengthen
school earthquake preparedness. Schools can improve safety by establishing designated open spaces and emergency
assembly points, maintaining clear and unobstructed evacuation routes with adequately wide corridors, and conducting
regular earthquake evacuation drills involving both students and teachers. In addition, providing training on appropriate
approaches before, during, and after an earthquake can significantly improve the ability of school communities to respond
effectively. Simple measures such as keeping all available exit doors unlocked and accessible, securing flower pots and other
decorative items, and anchoring hanging objects can further reduce earthquake-related hazards and create a safer school

environment.

5. Conclusions

This study presents a comprehensive earthquake risk assessment of 730 classrooms in central Nepal, a region exposed to
high seismic hazard and the potential for future large earthquakes. Based on structural characteristics, classroom
configuration, evacuation routes, and the availability and accessibility of safe open spaces, classrooms are classified into four
seismic risk categories: low, medium, high, and very high. Of the assessed classrooms, 47% are located in RCC buildings,
40% in earthquake-resistant buildings, and approximately 13% in unreinforced brick masonry buildings. Among the RCC
classrooms, 32% are classified as low risk, 42% as medium risk, and 26% as high risk. These findings demonstrate that the
presence of an earthquake-resistant building alone does not necessarily ensure a low-risk classroom. Instead, classroom
layout, evacuation route conditions, and access to safe open spaces are equally important factors in determining the overall
level of seismic risk.

The study further demonstrates that practical earthquake evacuation drills significantly improve students' earthquake
response and evacuation behavior, emphasizing the importance of integrating regular drills into routine school activities. In

addition, school buildings constructed after the 2015 Gorkha earthquake generally exhibit better seismic performance than
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older buildings, reflecting improvements in earthquake-resistant design and construction following the implementation of
revised building codes.

Importantly, the assessment indicates that a substantial proportion of classroom vulnerabilities can be reduced through
simple and nominal efforts at the school level, including securing non-structural components, improving evacuation routes,
and ensuring safe and unobstructed access to assembly areas. These measures have the potential to reduce seismic risk in
approximately 38% of the assessed classrooms, thereby enhancing the safety of approximately 7,800 students. These kinds
of classroom earthquake risk assessments are highly recommended in all schools in Nepal and in the Himalayan region;

eventually becoming part of the policy to regularly carry out drilling exercises.
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