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ARTICLE DETAILS ABSTRACT

Article History: The Churiyamai Tunnel that was constructed in 1917 near Hetauda is the first highway tunnel in Nepal.

Therefore, this tunnel holds significant historical and infrastructural importance. Over the time, the tunnel
suffered structural degradation issues, including partial collapses, developed cracks in linings, material
deterioration, and water leakage in various sections. This manuscript describes the ratification work carried
at this tunnel with an aim to emphasize the historical and cultural significance. In addition, the manuscript
evaluates construction techniques used during its original development, identifies the causes behind the
structural anomalies in the tunnel and presents the countermeasures applied to restore the functionality. The
maintenance work was conducted between 2021 and 2022 where combination of modern and traditional
technologies was utilized to strengthen the structural deficiencies while preserving the tunnel as a heritage
structure. The study involved investigating the anomalies inside the tunnel and documenting the restoration
techniques applied. It was envisaged through investigations that the tunnel suffered with development of
cracks, material degradation, and water leakage. The applied countermeasures successfully restored the
functionality of Churiyamai Tunnel and maintained status as a heritage site.
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1. INTRODUCTION

Integrated heritage and infrastructure preservations are vital for
balancing cultural legacy with modern development. Such preservations
safeguard cultural identity, support economic growth through tourism,
and promote sustainability of historical structures. In addition, heritage
preservation enriches education, enhances community well-being, and
demonstrates resilience, offering insights for durable modern designs.
Legal and ethical obligations of a society further emphasize the
importance of preservations and ensure heritage and progress coexist
harmoniously while fostering sustainable development. Such preservation
strategies should include thorough documentation, innovative and
adaptive designs, stakeholder collaboration, and the use of modern
technological tools.

The Churiyamai Tunnel, which was built in 1917, is the first highway
tunnel in Nepal and among the earliest in the Asia. This tunnel played a
vital role in reducing travel time between Bhimphedi of Makawanpur
District of Nepal and the border town Raxaul of Bihar, India (Poudel,
2021). The 500 m long, 2.7 m wide and 3 m high tunnel was originally
designed by the team led by Colonel Dilli Jang Thapa during the rule of
Rana Prime Minister Chandra Shumsher Rana. Initially, the tunnel
construction was intended to drive horse-drawn carriages, which later
was also used to drive through motor vehicles. The tunnel was in use until
the beginning of 1960s. The Churiyamai tunnel remains a historic
engineering landmark for Nepal regarding transport infrastructure
advancement. Even though not in use for the transportation vehicles, the
tunnel was accessible until the great earthquake of April 2015, which
partially damaged the tunnel. Geologically, the tunnel lies in the foothills

of the Siwalik mountains of the Himalaya. The tunnel passes through
conglomerate and upper Siwalik sandstone rocks. Due to presence of
porous, fragile and low degree cemented rock mass the construction of
this tunnel was not that difficult but posed challenges associated to the
long-term stability. Originally, the tunnel was lined with wooden logs, but
in 1980s the tunnel was reinforced with RCC pillars, beams and
application of shotcrete. There remained some structural issues since
cracks were developed in some locations and few collapses. Since the
tunnel is a pathway to the Churiyamai Temple located near to its southern
portal, which attracts pilgrims during Nepal's Dashain festival,
preservation is crucial for both heritage and societal perspectives.
Therefore, the Transport Infrastructure Directorate of Bagmati Provincial
Government gave preference for the maintenance of this tunnel.

It is emphasized here that the tunnel maintenance depends on specific
topographic and geological factors and requires rigorous inspections to
identify level of degradation and damage caused by long-term leaching of
groundwater that causes accelerated weathering to the support structures
and earthquake effect. Hence, effective maintenance must address
"visually distinguishable" anomalies such as cracks and lining dislocation
and "visually indistinguishable" issues such as structural cavities that
often require non-destructive testing. This article highlights about the
strategy adopted for the maintenance of Churiyamai Tunnel so that the
dual roles of this tunnel (heritage structure and infrastructure asset) is
intact. The manuscript further outlines strategies adopted to address
structural damages like cracks, water ingress, and overall tunnel stability
so that preservation of cultural value and originality of the structure are
protected. Balancing heritage conservation with modern reinforcements
is essential to safeguard this landmark transportation legacy of Nepal.
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2. LITERATURE REVIEW

Tunnels differ significantly from above-ground structures, and their
design conditions vary on a case-by-case basis (Lee et al, 2008). As a
result, the deformation mechanisms of tunnels are complex compared to
those of structures like bridges. Over the years of operation, existing
tunnels may develop pathologies due to aging, weathering, or, in some
instances construction defects stemming from improper techniques or
challenging engineering geological and hydrogeological conditions
(Sandrone et al,, 2007). For example, a fiberscope inspection of the Mohale
Tunnel in Lesotho revealed a loss of grout or pea gravel behind the lining,
which significantly compromised structural integrity and necessitated
remedial grouting work as part of maintenance efforts (Molapo and Lees,
2021). The Connaught Tunnel in the UK, which was built in 1878 using the
cut-and-cover method, has suffered from lining delamination, corrosion of
embedded ironwork, local spalling, loose debris, and persistent water
ingress, all contributing to its structural deterioration over time (Wilde,
2019).

The common defects of aged tunnels include:
e Concrete structures: cracking, spalling, delamination, and leakage.

e Steel structures: corrosion, cracks, buckling, and protective layer
failure.

e Masonry structures: damage to masonry units, mortar degradation,
and leakage.

e Timber structures: decay, insect damage, and leakage (Balaguer et al,,
2014).

Several researchers have proposed various methods for tunnel
maintenance. A group researcher proposed Umbrella Arch Methods/
Fore-pole methods for tunnel construction and maintenance in loose soil
(Rostami et al, 2016). The umbrella arch approach is preferred for
tunneling in soft rocks or overburden soil because of being quicker and
less expensive than other pre-support techniques such as ground freezing,
jet grouted columns, or pipe jacking (Gangwar et al., 2024). The traditional
method of tunneling adopts strong and heavy structures to bear external
loads, so damage is likely to occur if local stress exceeds material strength
(Chiu et al,, 2016). The tunnel lining based on the New Austrian Tunneling
Methods (NATM) principles is implemented with a double-shell tunnels
consisting of a primary lining (temporary) and a secondary (final) lining.
The primary lining, usually composed of shotcrete, which facilitates the
partial release of rock mass pressure and stabilizes the excavation so that
a needed time is available for the secondary lining (Mohyla et al., 2020).
The tunnel engineer should assess the service states and lifecycle of all
structural components of the tunnel and should choose methods and
intervention levels that balance performance and optimum maintenance
cost (Yao etal., 2009). The in-situ stress state must be estimated to design
the layout or support pattern of underground openings, thereby reducing
the risk of rock-mass instability in and around these openings. Currently,
four primary methods are employed in the study of tunnel stability and
failure mechanisms: numerical simulation, field measurement, theoretical
investigation, and model testing (Gao et al, 2025). A group researcher
used numerical modelling method to estimate the regional stress state by
considering topography, rock-mass heterogeneity, and tectonic stress
near the facility, ensuring an accurate understanding of the regional stress
state (Aoyagi et al,, 2024; Panthi and Basnet, 2019). A group researcher
utilized geogrids as reinforcing elements to enhance the poor tensile
strength of soft soils, thereby increasing bearing capacity, improving
stability, and reducing settlement (Faleigh et al,, 2024).

Preserving historic transport infrastructure, like bridges, tunnels, and
railways, requires balancing operational standards with historical
significance (Salah et al, 2024). Key challenges include maintaining
structural integrity, complying with modern regulations, optimizing costs
while preserving authenticity, gaining public support, and addressing
limited availability of traditional materials and techniques. Collaboration
among historians, engineers, architects, and planners is essential to
protect both the physical structure and its cultural value. The ongoing
need to refurbish existing heritage tunnels presents a significant
opportunity to rejuvenate these structures, addressing not only their
structural integrity but also integrating sustainable practices into their
restoration (De Feudis et al., 2024).

Itis emphasized here that the Nepal Himalaya, located between the Indian
and Eurasian tectonic plates, experiences compressional tectonic
movements that have caused the rock mass highly folded, faulted, sheared,
fractured, and deeply weathered. As a result, tunnels in this region often

face significant stability challenges, including squeezing, bursting, and
tunnel collapses, which are associated with the presence of faults, fracture
zones and very young geological formations having very weak and fragile
rocks such as Siwalik mountains (Panthi, 2004; Piya et al., 2023).

3. MATERIALS AND METHODS
3.1 Project location and Site Condition

The Churiyamai Tunnel is situated within the Churiya Mai Formation of
the Upper Siwalik region. Geologically, the area is characterized by young
sedimentary formations, which play a critical role in understanding the
subsurface conditions in the tunnel. The infiltration tests were conducted
to assess the permeability conditions so that a proper construction and
maintenance strategies were adopted. Figure 1 shows the location map of
the Churiyamai Tunnel.

Churamai
Tunnel

Figure 1: Location Map of Churiyamai Tunnel
3.2 Data Collection

Given the lack of documentation regarding the construction and
maintenance of the Churiyamai Tunnel, historical data was sourced
through discussions with senior citizens who had insights into the history
of the project. To establish a robust geotechnical understanding of the
construction medium and its surrounding environment (IRC:SP:91-2010,
2010), a field study was conducted by a multidisciplinary team comprising
Geotechnical Engineers, Tunnel Experts, Engineering Geologists, Road
Engineers, Tunnel Engineers, Geomatic Engineers, and Surveyors. The
study aimed to guide for the rectification of the Churiyamai Tunnel and
involved the following key activities:

e Detailed Topographical Survey: Conducted for the proposed project
area.

e Existing Tunnel Survey: Performed at 1-meter intervals to capture
comprehensive details.

e Geological Mapping: Completed at a 1:25,000 scale for the project
area.

e Geological Investigation and Laboratory Testing: Included in-situ
tests, shear tests, and remolding tests.

e Rectification Design: Developed for the tunnel and its associated
facilities.

3.3 Data Sources and Collection

The study utilized preliminary data from various secondary sources,
including topographic maps, Google Earth imagery, hydrological data, and
regional geological maps, along with findings from past studies. Primary
data collection followed established methodologies widely accepted in the
field, including:

e Topographical Surveys
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e Geological Studies

e  Geophysical Surveys
e Geotechnical Surveys
3.4 Laboratory Testing

Laboratory tests were performed to evaluate soil and material properties,
adhering to standard protocols:

e Engineering Soil Classification: As per the Unified Soil Classification
System (USCS).

e Infiltration Tests: Conducted in accordance with ASTM D3385-09.
e Grain Size Analysis: Executed following ASTM C136-06.
e  Atterberg Limits Tests: Conducted as per ASTM D4318-05.

The comprehensive and systematic approach provided critical insights
and needed data, serving as a foundation for the tunnel rectification design
and construction effort.

3.5 Documentation and Condition Analysis

The condition of the Churiyamai Tunnel was evaluated through detailed
field observations. The features at the portal area near the Churiya Mai
Temple and along the tunnel where the other end was buried during the
construction of modern east-west highway and possibilities for preserving
the northeast section of the tunnel were studied. It is noted here that
significant portions of the tunnel were found in a collapsed condition
leaving only a 198-meter section intact and accessible. Visual
documentation of the general condition of tunnel is given below in Figure
2-10.

Figure 4: longitudinal Crack along

Figure 2: Vertical Crack at side wall
the roof and side wall

Figure 3: Longitudinal Crack
aleng the Crown

Figure §: Longitudinal crack along Figure 6: Lonzitudinal Crack

Figure 7: Longitudinal Crack
the crown aleng the Crown

along the zide wall and crown

Figure 8: Horizontal crack at the Figure 10: Crack and Deformation

at the end following Collapze

Figure 9: Transverse Crack on
niche of side wall Roof

The observation, evaluation and overall condition findings are highlighted
as:

Condition of shotcrete: The structural integrity of the shotcrete was found
to be weathered and weak exhibiting low strength. Soil Characteristics:
The soil and rock material in the area primarily consists of gravelly sand
and weakly cemented conglomerate. The infiltration tests have indicated
varying infiltration rates of 112 cm/hr and 108 cm/hr, respectively. The
infiltration graph of the overburden material and the material types at the
site are given in Figure 11 and Figure 12.

Figure 11: Infiltration Graph Figure 12: Material Types seen in the field

Grain Size Distribution and Strength: Analysis of the grain size distribution
curve revealed two distinct soil layers, i.e. poorly graded gravel (GP) and
thin layer of silty sand (SM). The friction angles of poorly graded gravel
(GP) and silty sand (SM) was found to be 37.45 and 30.94 degrees,
respectively.

The findings provide critical insights into the challenges associated with
maintaining and preserving the Churiyamai Tunnel, including its
structural integrity and drainage capacity.

3.6 Data Analysis and Evaluation

The geological and geotechnical studies of the tunnel alignment indicated
that the tunnel was excavated through gravelly soil and weakly cemented
conglomerate. The gravelly soil is composed of different sequences of
clasts and matrixes. The common variation was observed in vertical
sequence beside that the lateral variation within a sequence was
conceivable. The geotechnical tests at the field and laboratory of the
gravelly soil were congregated and are given in Table 1, which gave basic
guidance for the tunnel rectification.

Table 1: Parameters Used to Understand Ground Characteristics
Sam Unit Fricti | Cohesi | Beari | Young | Hydrauli
ple weight on on ng ’s c
no (vY)(kN/ | angle | ©(kPa | value | Modu | conducti
m3) (@) ) (kPa) | lus vity
) (Mpa) | (m/sec)
Al 19.5 37 16 250 15 4.6x106
A2 20 31 18 400 18 3x104

Source: TID, Hetauda

4. USED RATIFICATION APPROACHES AND DISCUSSIONS
4.1 Challenges of Maintaining Historical Infrastructure

Maintaining historical infrastructure, such as tunnels and bridges, poses
technical, cultural, and financial challenges. Aging materials, incomplete
records, and prolonged use weaken structures, while modern safety
standards often conflict with preservation goals. Restoration must balance
modernization with historical integrity, adhering to strict legal
protections. High costs arise from specialized materials, skilled labor, and
conservation techniques. Projects like the Churiyamai Tunnel faced added
difficulties, including undocumented construction, reliance on oral
histories, and geological and geotectonic factors such as soil and rock mass
conditions and seismic risks. By addressing these challenges through
innovative diagnostic techniques and restoration strategies, the
Churiyamai Tunnel project was upgraded in such a way that it provides a
model for balancing preservation and functionality in historical
infrastructure.

4.2 Diagnostic Methods and Assessment of the Tunnel’s Condition

The study adopted a detailed case study approach, focusing on in-depth
analysis to understand tunnel maintenance practices and challenges. This
approach allowed for a comprehensive examination of real-time
conditions, providing valuable insights and practical solutions. A thorough
survey of the existing Churiyamai Tunnel, conducted at 1-meter intervals,
alongside a topographical and engineering geological survey of the project
area was found to be very helpful for the restoration work. Geological
investigations and laboratory tests, including in-situ testing, shear testing,
and remolding tests were further added the value of strengthened work.

The problems identified and the measures taken for the rectification of the
tunnel are given in Table 2.
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Table 2: The Problem Identified and measurers taken in Churiamai Tunnel

Location Problem Measures taken

The overburden is very low, and the right-side wall cover is thin. At 8.8 m
from beginning, a vertical crack on the right wall from the portal was
observed. A 2.5m section with shotcrete was broken.

Beginning from south to
20m:

Dismantling of existing cement structure
was done. 25 dia. 2.5 long Rock bolt @
2m spacing, Grouting, Chipping, Wire
mesh netting, and 20 cm thick fiber
reinforced shotcrete were applied.

A longitudinal crack along the crown was observed, continuing almost

From 8.8m to 14.2m -
continuously.

From 20m to 40m: No prominent deformation was observed.

No prominent deformation, minor but occasional longitudinal cracks along the
crown were seen. The strength of support was very low and slightly separated
from the ground, barely sustaining itself.

From 40m to 60m:

Backfilling at the crown and support
measures as mentioned above were
applied.

A long longitudinal crack, with minor cracks from 60m to 63m, was observed.

From 60m to 80m: Muddy water leaked through the crack during the rainy season

The crown was separated from the wall, with varying degrees of separation.
In some sections, the separation was prominent, while in others, it was minor.
The longitudinal crack that separated the crown from the right wall was open,
displacing the crown about 4 to 6 cm downward. This condition continues up

to 75m, after which the crack disappears.

From 61.5m to 80m:

From 80m to 100m No prominent damage and deformation was observed.

From 100m to 120m Longitudinal cracks were observed along the crown.

Dismantling of existing cement structure
was done. 25 dia. 2.5 long Rock bolt,
Grouting, Chipping, Wire mesh netting,
and 30 cm thick fiber reinforced
shotcrete were applied.

Parallel longitudinal cracks in the crown were observed. The support at the

From 120m to 140m: tunnel crow was highly altered. No deformation was observed.

Longitudinal and transverse cracks at the crown were observed. The cracks

From 140m to 160m: )
were seen prominent.

The right-side crown was separated from the wall between 160m and 170m,
with a prominent and open separation. The deformation of the crown was
easily visible, displacing it about 8 to 12 cm downward. Similarly, near 167m,
a crack on the right wall was observed. Transverse and longitudinal cracks
were dominantly observed after from 167m. The support was weak and
unstable.

From 160m to 170m:

Both longitudinal and transverse cracks were observed between 170m and

From 170 to 175m: 175m. The cracks were prominent, but no deformation was observed.

Deformation in the tunnel intensified after 186 meters, with cracks and
structural changes were seen more pronounced. This progression ultimately
resulted in a tunnel collapse, characterized by a chimney-type failure, where

debris from the tunnel roof accumulated at the invert.

Umbrella Arch Method was used with
fore-polling, steel ribs, and 30 cm thick
fiber reinforced shotcrete.

From 186m to 215m

Cut and Cover method was adopted.
Portal area was protected with retaining
wall, rock bolt, grouting, shotcrete and
drainage construction.

From 215m to 225m

(northern portal) Northern Portal has to be built.

4.3 Tunnel Rectification Design

The rectification design for the tunnel was focused on preserving its
originality and heritage value General values were estimated from the data
available and are presented in Table 3 to guide the rectification process.

For analytical evaluations, Vermeer’s formula was applied. In addition,
semi-empirical assessments were done using guidelines provided by the
U.S. Department of Transportation. The used approaches ensured a
comprehensive analysis for the rectification process. According to Franza
& Marshall (2019), empirical and semi-analytical solutions may provide

an efficient and reliable way of evaluating tunnelling related ground

Table 3: Parameters Used to Understand Ground Characteristics displacements and their characteristics.
Unit Frict Cohesi | Beari Yo'u ng | Hydrauli Shape and volume of stressing ground was estimated based on ground
Sam . on S c . . .
weight on ng . span and failure angle of the soil. The failure angle (6) was assumed to be
ple angle Modu | conducti . . . . .
(Y)(kN/ (c)(kP | value . 45°-¢p/2 in behavior mode-II and was increased to approximately 45° just
no. 3 (@)(° lus vity . . .
m3) a) (kPa) (MPa) | (m/sec) before collapse occurs. This means, the failure angle became 45°+¢/2 in
) behavior mode-III. The figure 13 below illustrates the relations of different
Al 19.5 37 16 250 15 4.6x10-¢ modes of failure assumption.
A2 20 31 18 400 18 3x10+ The volume contributing to the stress on the upper part of the tunnel was
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estimated using Equation 1.

V= f—sp.mne.RLz (1
8=45 1+ ¢p/2 B
=45

[y ]
|
|
= |
% |
B
1
-
L 4

D=IR
Figure 13: Estimating failure modes of the ground

Relative shear stress (RSS) is a parameter that can help to analyze the
ground stress condition. Relative shear stress is the ratio between the
maximum elastic stress and ground strength and can be considered as the
reciprocal of the conventional safety factor at a specific location. Maximum
relative shear stress (MRSS) was used for the analysis because it was
found that the maximum relative shear stress has a relation to the
behavior mode.

Estimation of the MRSS at the crown part with varying overburden stress
was made. The safety factor was calculated by use of the concept of ‘critical
cohesion’ using Equation 2.

Fos = —<

(2)

Ceritical

Where, C is cohesion of ground and Ccritical is the critical cohesion
corresponding to the reference MRSS at the crown of the tunnel. The
Ccritical critical cohesion was calculated using Equation 3.

a1 [ a
cosg Lag cotp+p;

— Bysin] (3)

Ceriticar =
where, o, = my(H + %)which is maximum principal stress of the MRSS at
a point of consideration.

m = 1.14, @, = 0.009D+0.522, a,= 0.445+0.0045D, f,= 0.013D+0.539, B,=
0.555+0.0045D

In some areas, tunnel overburden is relatively low. So, the settlement
analysis was carried out to estimate the load calculation using Equation 4.

Spmas = V/2.50 4)

Where, V = 3(%“)9‘“1 for F>1; and, F = (Pz-Pa)/Su, ;= air pressure above

atmospheric on the tunnel face; Pz = overburden pressure; Su = undrained
shear strength; E = deformation modulus

The tunnel passes through relatively shallow overburden. Therefore, it
was necessary to be aware of about the existence of any natural and
anthropogenic activities of historic past. Similarly, the infiltrated water
was responsible on reducing fine materials in the gravel composition. The
change in fine matrix decreased the strength parameter of the gravel.
Therefore, holding tunnel roof was an important task. In general, the
gravel is a loose material so it can easily collapse and slide down to the
tunnel so use of proper support was an important task. Table 4 shows the
support work used to address the issues discussed above.

Table 4: Support used in the Tunnel
Rock
Rock bolt bolting Grouting Wire mesh | Shotcretes
material
25 mm
diameter
of 2.5 m Two 100x 100
length component, mm, 6mm
with 2 m Resign high thick wire 300 mm
spacing, 3 capsules strength, diameter, thick
bolts in chemical welded
crown grouting wire mess
and 2 in
walls

Two-and-a-half-meter-long rock bolts were used for support, with a
spacing of 2 meters. Three bolts were installed in the crown, and one bolt
in each sidewall, as shown in Figure 14.

D
=

Figure 14: Rock Bolt Pattern

Resin capsules were used to cement the bolts. The initial setting time of
the resin grout was 1.5 minutes immediately after mixing, and the final
setting time was 2.3 minutes. The bonding strength was 60 MPa. Pre-
polymeric grouting materials were used, which consisted of low-viscosity
liquid mixtures capable of permeating through tiny pores. After mixing,
the materials polymerized within 2-4 minutes to form a network
molecular structure, effectively reinforcing the area. Approximately 15-18
liters of chemical grout were used in each hole. The wire mesh used had a
100 x 100 mm grid with a wire diameter of 6 mm. In addition, 200 to 300
mm thick fiber-reinforced shotcrete was applied in tunnel walls and
crown. The properties of the grouting materials used are presented in
Table 5.

Table 5: Properties of the Grouting Materials

Component B Component A Physical Property
Physical Form Liquid Liquid
Odor Strong Pale
Density (kg/L) 1.30 - 1.40 at 25°C 1.1-1.30 at 252C
Viscosity (mPas) 200 - 400 mPa s at 25°C 200 - 400 mPas at 25°C
Solubility (Water) Soluble Insoluble
Solubility (Other) Soluble in toluene, ethyl acetate or acetone Soluble in toluene, ethyl acetate or acetone
Ratio 1 1
Flow Time (S) 60 - 600 60 - 600
Foam Expansion (Times) 1 1

Reaction Time (Minute)

12to 18

Compressive Strength

> 30 MPa in normal confining pressure
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The Specification of the support materials used in the maintenance of the
tunnels are given in Table 6.

Table 6: Specification of Support Materials

Material Properties Standard

Specified compressive ) . Figure 18: Chipping
s?rength afterp28 days F'g““nll‘:;nf:fﬁ:: during Figure 17: Scaling Cracked Portion
concrete grade M25,
characteristic
compressive strength fck
=25N/mm2 IS 456:2000
Young's modulus: E =
7500 MPa
Poisson’s ratio: v= 0.2
Unit weight: y = 24
kN/m3

Shotcrete
concrete

Figure 19: Vertical Drilling for | Figure 20: Rebar and Wire Figure 21: Mucking &
Chemical grouting mesh fitting Steel Rib Placing

Grade: Fe 500D or Fe
500S
Mesh width: 150 x 150
Wire mesh mm IS 1786:2008
Bar diameter - 6 mm
Minimum yield strength:
fy = 500.0 N/mm2

Grade Fe 500D or Fe Figure 24: Rock Bolt,
5008 Figure 22: Steel Ribs, Fore Figure 23: Excavation in Grouting and Short Create
Yield strength: fy = Polling and short create North Portal for Slope Protection in North
Rock bolts 500N/mm2 IS 1786 - 2008 Portal
bolt diameter: 25mm
Minimum yield load: 200

kN
Two component close
Grouting cell pre-polymer grout
material specification should be of
given table 6.

Figure 25: Inner Part of Figure 26: New North Portal | Figure 27: South Portal after
Tunnel after lime Shoftcrete. Maintenance

Final setting time should
be of 2.5 min, after L. )
mixing UCS should be 4.4 Outcomes and Broader Implications for Heritage and
around 60MPa. 32mm Infrastructure
dia and 10 to 15m length
capsule will be used.

Resign capsule

The results of the Churiyamai Tunnel maintenance project have helped to
the broader understand on the process to be used in preserving heritage
while maintaining infrastructure functionality. The main conclusions of
The working sequence in the maintenance of tunnel from 0 (southern the ratification work are outlined as below:

Portal) to 175 mis given in Figure 15.

e The damaged sections of the tunnel, including the northern portal and
the crown, were successfully rehabilitated using advanced
engineering techniques such as use Umbrella Arch, cut and cover

Strengthenwith]ackFrame methods and use of fiber reinforced shotcrete. The application of

Wire Mesh Installation modern materials (e.g., resin capsules and chemical grouting) ensured

long-term stability while mitigating risks associated with shallow

overburden and water infiltration.

Structure about 10m

Rock bolt Plate Installation e The design incorporated materials like lime shotcrete on the outer
surface to replicate the original appearance so that it was possible to
preserve original historical value of this tunnel.

: B e Efforts to align modern modifications with the tunnel's traditional
Rock bolt Installation Shotcrete Application aesthetic reflect a commitment to cultural heritage preservation.

e The integration of support systems, including rock bolts, wire mesh,

. and shotcrete, enhanced the structural resilience of the tunnel against

Grouting Remove Temporary Structure environmental and anthropogenic stressors. Water infiltration was

mitigated to reduce long-term risks to both the structure and its

surroundings.

Remove 4mjack frame and scaling e The detailed diagnostic approach used in the tunnel, including
geological surveys and failure mode analysis, provided valuable
insights for future restoration efforts of similar historical
infrastructures.

Repeat Step 1

Figure 15: Working Sequence of the Tunnel Maintenance e The project offers a replicable framework for diagnosing, analyzing,

. . . and addressing challenges in similar historical tunnels.
Various stages of the tunnel maintenance process were used to ensure its

tructural integri d functionali h below in Fi 16-27. , .
structural integrity and functionality are shown below in Figures e Methods such as Vermeer’s formula and settlement analysis can be
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adapted to assess other infrastructure with complex ground
conditions.

e The balance achieved between modern engineering practices and
heritage conservation can serve as a benchmark for similar projects
globally.

e The use of compatible materials and techniques demonstrated on how
functionality and authenticity can coexist.

e The project aligns with SDG 9 (Industry, Innovation, and
Infrastructure) by upgrading aging infrastructure to ensure reliability
and sustainability.

e Additionally, it contributes to SDG 11 (Sustainable Cities and
Communities) by preserving cultural heritage for future generations.

e Maintenance of such historical structures can boost local tourism and
cultural pride, creating economic opportunities. The preservation of
cultural landmarks reinforces community identity and history,
enhancing societal resilience.

e  Mitigating water infiltration and reducing material loss in gravel soil
contributes to the environmental stability of the surrounding area.
The project demonstrates the importance of integrating
environmental impact studies into heritage conservation.

The Churiyamai Tunnel maintenance project underscores the possibility
of harmonizing engineering innovation with cultural preservation. By
addressing technical, aesthetic, and environmental challenges, it sets a
precedent for similar heritage infrastructure projects. It highlights the
necessity of interdisciplinary approaches, bringing together engineering,
geology, architecture, and heritage management for sustainable
development.

5. CONCLUSION AND RECOMMENDATION

This study underscores the historical and engineering importance of
Nepal's first motorable Churiyamai Tunnel, emphasizing the necessity of
integrating advanced geotechnical methods with heritage preservation
strategies. Various tunnel maintenance techniques are highlighted,
including the Umbrella Arch method for severely damaged soft soil tunnels
and other solutions like rock bolting, chemical and cement grouting, and
shotcrete for partial damages. Lime shotcrete is recommended for
maintaining the tunnel's heritage value.

Future projects should adopt diagnostic methodologies and material-
specific maintenance strategies, especially in seismically active regions
with soft soil conditions. Detailed documentation and studies are essential
for guiding long-term maintenance efforts. The Churiyamai Tunnel can
function both as an archeological site and a transportation route, with
local authority management ensuring its historical significance and
operational utility. This balanced approach integrates conservation
techniques with community involvement to preserve the tunnel's legacy.
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