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Abstract. Technological advances in transport of the 20th century include aeroplanes, human spaceflight and
Moon landings, submarines, and magnetic levitation trains. In the fast-paced world of technology, the achieve-
ments of previous centuries are often forgotten. One of the examples of human ingenuity is the funicular rail-
way. Its technology has hardly changed over the years. Using a simple pulley system, passengers and freight are
still lifted steep slopes with minimal energy consumption. This demonstrates the lasting value of simple solu-

tions and engineering intelligence. The article discusses the world's funiculars and their design characteristics.
A correlation analysis for the number of funiculars per country (N) and the country mountainousness index (M)
has been carried out. 3 types of regression models have been developed and their determination and correla-
tion coefficients have been calculated. The highest correlation coefficient values are for quadratic and linear
mathematical models. The critical values of the correlation coefficients were calculated and compared with the
correlation coefficients obtained from the study. For all 36 countries, the correlation coefficient for N and M
variables is above the critical value only when a quadratic regression model is used. The correlation coefficients
for all models are above the critical value for the 15 economically advanced and tourism-developing countries.
The study shows that the number of cable cars in economically developed countries is more strongly correlated
with the degree of mountainousness of the country in question.
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1. Introduction

At the end of the 16th century, a new cable-drawn vehicle
was developed in Austria. This vehicle was used to deliver
fresh food to the castle, that stood on a high hill. And al-
though the vehicle was designed only for uphill drive, the
invention was so successful that it extended to other areas.
This is how the world'’s first funicular came out (Ishvetsov.
ru 2023). Funicular (in French — funiculaire, in Latin — funic-
ulus — rope) is a rail device with a cable for lifting passen-
gers uphill (Vaitkeviciaté 1999). The 1st funicular cars were
powered by either people or animals. Water was another
driving force. These devices moved as the level of water
in reserve tanks filled and emptied. Several water-powered
funiculars are still in operation today. Some funiculars have

been set up in tunnels. Others were built to descend into
caves or underground mines (Schwartz 2021).

Nowadays, people are used to various means of trans-
portation — cars, buses, trolleybuses, trams, trains, and
airplanes. Bicycles and scooters are also popular means
of transport. However, the funicular — a unique means of
transport — is often forgotten. The system consists of 2
counterbalanced cars attached at the ends of a long cable
that goes up a slope and over a pulley and then comes
back down. Therefore, when one car goes up, the other
comes down. The weight of the 2 cars counterbalances
each other, so that only a minimal amount of energy is
required to pull up the ascending car, which is usually pro-
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vided by an electric motor. Some historic funiculars made
the system even more energy-efficient by using water as
the motive force (Patowary 2019). They demonstrate the
lasting value of simple solutions and are a testament to
engineering ingenuity (Harley-Trochimczyk 2009).

Modern technology is being used to increase the ca-
pacity of these facilities. A new concept for cable cars
with central entry and exit has been presented (Tezak, Lep
2019). The new concept utilizes solution geometry as the
basis of the idea. 3D computer graphic tools were used for
the design. A modified water-powered funicular technol-
ogy and its feasibility has been presented in Nepal (Karkee
et al. 2015). Several alternative transport technologies are
available for hilly regions. These include electric funicu-
lars and gravity-powered cable ways. Modified funicular
technology and its prospects for use in Nepal are under
discussion. A method for optimising the funicular system
is proposed. The primary objective of the study conducted
by Moscariello et al. (2005) is to examine the impact of
the actuator's law of motion on railroad cars. Initial find-
ings indicate that, particularly during the start and stop
transients, the moment versus time law (and consequently,
the shape of the law of motion determined by the winch)
significantly influences the motion of the railroad cars.
This implies that the oscillations observed in railroad cars
during these transients can be considerably reduced by
employing a well-designed actuator’'s law of motion. On
the other hand, the article authored by Hofer et al. (2018)
seeks to assess the potential demand for a cable car with-
in the context of public transport, using the City of Graz
(Austria) as an illustrative example. While the capacity of
cable car systems may not rival that of an underground
system, they could represent a cost-effective and efficient
alternative to address capacity constraints in the historic
city centre of Graz. The modelled passenger trips affirm a
satisfactory demand potential for a cable car within Graz's
multimodal transport system.

Following the 2016 landslide, measurements of the vi-
bration induced by the funicular on the northern part of
the slope of Gediminas Hill (Vilnius, Lithuania) were carried
out (Skuodis et al. 2017). Gediminas Hill is affected by 2
sources of vibrations: the funicular and traffic around the
hill. The funicular moves quite slowly along the rails. Its
mass is small regarding the hill (Grigelis et al. 2016). The
aim of the measurements was to determine whether vibra-
tions caused by the operation of the funicular affect the
slope. The analysis of the results gained has shown that
the vibrations are not significant, and that the exploitation
of the funicular was not the main cause of the landslide
that occurred in spring 2016.

In addition to funiculars, the advantages, and disad-
vantages of cable cars for urban public transport are also
examined (Tezak et al. 2016). Kigali (the capital of Rwanda)
is located in a region where it is economically and socially
impossible to build roads to reach remote urban areas.
While the city population has been growing there, the mo-
bility issue for people living in remote areas has not been

solved. Building new roads around cities, especially in hilly
areas, is expensive. Traffic congestion and long queues of
people waiting for buses are witnesses of daily challenges.
The application of the cable car as an alternative means of
transport in areas with mobility problems has been stud-
ied. The topography has been carried out and proposals
for new lines made. Exploring the sites and interviewing
local people have also been executed. This mode of trans-
port was found to be sustainable, as the cost of building
the line would be recovered within 10 months of its opera-
tion (Mbereyaho et al. 2018). A simulation model based on
discrete-event methodology was created to serve as the
foundation for an investigation aimed at comprehending
the dynamic characteristics of a people and vehicle trans-
portation system using a funicular-type train beneath a
mountain (Otamendi 2009).

Cable cars present a feasible option for enhancing citi-
zens' accessibility in regions where urban public transport
faces limitations due to challenging topography. Recently,
these systems have been introduced in Latin American ar-
eas characterized by high levels of poverty and vulnerabil-
ity. Guzman et al. (2023) aim to evaluate user expectations
and perceptions regarding a newly implemented cable car
in the southern periphery of Bogota (Colombia). Findings
indicate that users highly value benefits such as reduced
travel time, increased comfort, and enhanced in-vehicle
security. Meanwhile, Escobar et al. (2022) assess the impact
of a new aerial cable car system on geographic accessibil-
ity (contour measures) and CO, emission reduction in a
case study in Colombia. Utilizing low-carbon evaluation
indices for tourist attractions facilitates the promotion of
low-carbon tourism. The delicate balance between tourism
and environmental considerations has become crucial for
the sustainable development of the tourism market (Liu,
Hsu 2015). A short underground funicular with 2 stations
connecting neighbourhoods in Istanbul has also been
studied (Kayaoglu et al. 2014). It is the world’s oldest ur-
ban underground railway after the London Underground
(UK). It was opened on 17 January 1875. This study de-
scribes the history of the line and its working principle. It
also gives a detailed explanation of the main devices and
mechanisms.

Rail transit stands out as a crucial mode of public
transportation, particularly in large and densely popu-
lated urban centres. Therefore, getting a high customer
satisfaction level is an essential task for municipalities and
governments. For this purpose, a survey is conducted to
question the attributes related to rail transit network (met-
ros, trams, light rail, and funicular) in Istanbul (Turkey). Dif-
ferent improvement strategies are suggested for the rail
transit network (Celik et al. 2014). The multiple dimensions
of mobility decisions made by visitors add additional pres-
sure to the sustainable equilibrium of destinations that
combine residents’ daily activities with the arrival of tour-
ists. Thus, the use of public transportation by tourists be-
comes central to improving eco-efficiency and mitigating
negative externalities resulting from the massive mobility
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of tourists at their destinations. The results suggest that
tailor-made strategies are required to foster the use of
sustainable transportation modes at tourist destinations
(Miravet et al. 2021).

The global increase in population and urbanization
necessitates a reconsideration of transport planning strat-
egies. This involves both the enhancement of traditional
transport systems and the strategic integration of new
ones, particularly in urban settings. One way to cope with
this challenge is to leave behind the already severely satu-
rated urban land use model and move to the 3rd dimen-
sion. This includes the use of urban aerial cable cars, which
can complement conventional public transport in certain
transport relations. The results, especially concerning ur-
ban and transport integration, are discussed in detail, em-
phasizing that cable cars have already partially found their
niche, but their role in the urban environment has not yet
been sufficiently studied (Flesser, Friedrich 2022).

The aim of this study is to carry out a comparative
analysis of the structures, equipment, and technical pa-
rameters of funicular railways to identify the potential of
this mode of transport. In addition, to carry out a correla-
tion analysis between the number of funicular railways and
the mountainousness index of the country.

2. Funiculars in the world

Modern funicular railways operating in urban areas date
from the 1860s. The first line of the funiculars of Lyon
opened in 1862, followed by other lines in 1878, 1891 and
1900. The Giessbachbahn railway constructed in 1879 in
Switzerland was Europe’s 1st funicular railway used for
transporting passengers. Many different types of cable
cars have been developed and operated. They may be
classified according to type of construction, the cable sys-
tem used or the number of cables. Figure 1 shows this
classification depending on those different characteristics
(Hofer et al. 2018). This article deals with railway funiculars.

Not all funicular stories around the world have a happy
ending. There was a time when Vesuvius Crater (Italy) could
be reached not only on foot, but also by funicular railway.
It is a matter of some regret that neither the funicular nor
the cable car are now in place, which is primarily the fault

of Vesuvius Crater itself. Vesuvius funicular was the only
one in the world that could take people to the top of an
active volcano. It was built within 2 years. The funicular
had 2 steam traction cars. It was opened in 1880 and the
Neapolitan song “Funiculi, Funicula”, written for the open-
ing ceremony, is well known to many: “<...>. It's gone up,
then returned, then it back... / It's always here! / The sum-
mit revolves, around, around you! / The heart always sings,
my love /, Let's get married one day! / Let's go up to the
top, let's go, / Funicular up, funicular down! <...>" (Rob-
erts 2020). Tourists loved the funicular, but as is often the
case, money got in the way. From 1886 onwards, due to
the high operating costs, the owners began to change. In
1903, a narrow-gauge railway was built from Paliano (Italy)
to the foot of Vesuvius. The funicular workload increased,
so 2 more carriages were purchased. Steam traction was
replaced by electricity. The funicular was damaged several
times by the eruption of Mount Vesuvius, yet the funicular
was rebuilt. It was finally destroyed by an earthquake on
November 23, 1980 (Uletova 2010).

For funicular rides in Europe, one should visit Zako-
pane (Poland), Prague (Czechia) and Dresden (Germany).
If you want to take the oldest funicular up the mountain,
you should visit Budapest (Hungary).

Many of the water-powered funiculars have been fit-
ted with electric motors, however some water-powered fu-
niculars are still running. These funiculars have water tanks
built under the floor of each car that could be filled or
emptied to weigh them down just enough to allow move-
ment. At the start of the ride, the tanks of the cars are
empty. When passengers board the lower station car, the
upper station operator is informed of the number of pas-
sengers. He then knows how much water to add to the
tank of the top car to make it heavier than the car at the
bottom of the hill. Once a sufficient imbalance is achieved,
the brakes are released, and the funicular is set into mo-
tion solely by gravity. At the end of the ride, the water is
drained from the descending car. The process is repeated.
A few examples of water-power funiculars still operating
are the Lynton and Lynmouth Cliff Railway, in North Devon
(UK) (operating since 1890, Figure 2a), the Bom Jesus do
Monte Funicular in Braga (Portugal) (operating since 1882,
Figure 2b), the Leas Lift in Kent, England (UK) (operating

Figure 1. Classification of cable cars (adapted from (Hofer et al. 2018; Kremer 2015)
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since 1885, Figure 2c), the Nerobergbahn in Wiesbaden
(Germany) (operating since 1888), the Saltburn Cliff Lift in
North Yorkshire, England (UK) (operating since 1884), and
the Funiculaire Neuveville — St. Pierre in Fribourg (Switzer-
land) (operating since 1899, Figure 2d). The last one is of
particular interest as it utilizes wastewater coming from a
sewage plant to power the funicular. The Lynton and Lyn-
mouth Cliff Railway is also unique. To fill the water tanks
of the cars in the upper station, many funiculars need to
pump water uphill. The Lynton and Lynmouth Cliff Railway
funicular draws its water from the nearby river and there
is no need for pumping. The Lynton and Lynmouth Cliff
Railway, the Bom Jesus do Monte Funicular in Braga and
the Funiculaire Neuveville — St. Pierre in Fribourg are fully
water-powered railways in the world (Patowary 2019).
One of the oldest and most beautiful, as well as the
shortest in Europe and the world, is the funicular in Zagreb
(Croatia) (Figure 3a). It is 66 metres in length. The little
funicular was built in 1890 and became the first public
transport in Zagreb. The funicular ride takes just 1 min.
Passengers do not have to climb steep steps. It is said that
the funicular used to break down frequently. Passengers
were then asked to push it. Castle Hill funicular in Buda-
pest (Hungary) (Figure 3b) was opened in 1870. It ascends
to the Buda Castle. The railway track is 95 metres long.
Spectacular views of Budapest open from the funicular.
During World War Il on 20 December 1944, the funicular
was hit by a bomb. It was restored only in 1986.The funicu-
lar has an electric drive. The passenger cars, named Gellért
and Margit, have 3-tiered cabins. Each cabin can accom-

® ®

modate 24 passengers. Operational safety is ensured by
spring brakes, which stop the vehicle in the event of a ca-
ble break. In 1987, the funicular was added to the UNESCO
World Heritage List (BKK 2024). The funicular in Lugano
(Switzerland) was built in 1886 (Figure 3c). It is popular
with locals and tourists. The Lugano funicular carries more
than 2 million passengers every year. It runs through 2
tunnels. It has a rail track length of just 206 m (CK Travels
2024).

Lisbon (Portugal) has 3 funiculars, called Lavra, Bica
and Gloria. The most famous of these is Gloria (Figure 4a).
It is because of its lovely name and also it is the best way
to reach Restauradores Square. The funiculars date back
to the late 1800s. The Peak Tram in Hong Kong (Figure 4b)
is one of the most spectacular funiculars in the world. The
funicular was constructed in 1888 to allow residents of
Victoria Peak and guests at the Peak Hotel to get to the
top of the 1811-foot-tall Mount Austin, where they could
enjoy stunning views. The funicular is more comfortable
than the portable chairs previously used (Lemmin-Wool-
frey 2023). Prague Funicular railway (Figure 4c), also known
as Lanovka (in Czech), goes from Ujezd in Lesser Town to
the top of Petrin Hill with one middle stop, Nebozizek, in
between. It started working in 1891 and is the easiest way
to get to Petrin Gardens and its famous Petrin Lookout
Tower nicknamed Eifel Tower of Prague (Zahradnikova,
Zahradnik 2024). The funicular was water-powered until
1914. In 1932, an electric drive was installed. The Funicular
ran until 1965 when a part of under flooding Petfin Hill
broke away and deformed a railway. The costly reconstruc-

Figure 2. Water-power funiculars: @ — the Lynton and Lynmouth Cliff Railway funicular, North Devon (UK) (Patowary 2019);
@ — the Bom Jesus do Monte funicular in Braga (Portugal) (Rosa 2023); @ — Leas Lift in Kent, England (UK) (Patowary 2019);
@ — the Funicular Neuveville — St. Pierre in Fribourg (Switzerland) (Fribourg Tourisme et Région 2024)
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Figure 3. European short funiculars: @ — the Zagreb funicular (Croatia) (EBD 2023); @ — Budapest Castle Hill funicular
(Hungary) (CK Travels 2024); @ — Lugano Citta — Stazione funicular (Switzerland) (CK Travels 2024)
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Figure 4. The former funiculars: @ — Lisbon funicular Gloria (Portugal) (CK Travels 2024); @ — Peak Tram funicular in Hong
Kong (Lemmin-Woolfrey 2023); @ — Petfin funicular (Czechia) (Guide of Prague 2023)

tion took place between 1983 and 1985. It was then put
back into operation. The funicular can carry 1400 people
per hour. The drive up the hill takes about 3 min (Guide
of Prague 2023).

Kyiv funicular railway (Ukraine) is one of the city most
important symbols (Figure 5). It has a long history. Kyiv
is located on hills. There is a joke that the best way to
describe the city is as follows: “<...> if you think you
have already climbed the hill in Kyiv, no, not yet <...>"
(Grigalianaité 2018). The idea of a funicular railway in Kyiv
originated in 1902, when it was necessary to connect Pod-
olia with the so-called Upper Town. Construction began
in 1903, and by 1905 the citizens were able to use a new
and original means of transport. Originally, the length of
the funicular was 200 m. In 1928 the line was extended by
38 m (Mikul'onok, Andrejev 2017). The funicular carriages
are marked in relation to the upper station — left “J1” (in
Ukrainian: siguti) and right "M" (in Ukrainian: npasud). The
invasion of Ukraine by Russia and the desire of occupants
to seize Kyiv have led to the consideration that the fu-
nicular should serve both as a means of public transport
and as a memorial. The stained-glass windows created by
Ukrainian artists Valentin Zadorozhniy and Nikolai Shkara-
puta are of great value. As the war started, the stained-
glass windows were covered with wooden shields and re-
inforced with fire-resistant tarpaulins and galvanised iron
sheeting. The funicular is currently closed for maintenance
works (Magdyk 2022).

Figure 5. Kyiv funicular (Ukraine) (Tockij 2017)

For centuries funiculars have been transporting pas-
sengers to hard-to-reach places. They are many and varied
around the world. The article mentions just a few of them.

3. Funiculars in Lithuania

Not only the history of Lithuanian railways is interesting
(Maskelitnaité 2021), but also that of funiculars. There are
3 funiculars in Lithuania — 2 in Kaunas and 1 in Vilnius. Kau-
nas funiculars are a unique means of transport and an inte-
gral part of the city history, architecture, and technical her-
itage. The Zaliakalnis (Figure 6a) and Aleksotas (Figure 6b)
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funiculars are among the oldest in Europe. They have been
designated as technical monuments. Still intact in their
original purpose, appearance, and equipment, they pro-
vide authentic information on inter-war engineering and
blend well with the environment (Tamolitniené 2009). The
museum installation located in the village of Saliai (Kaunas
district municipality) in the private resistance-time printing
house "AB" should also be added to the list of Lithuanian
funiculars (Morkidnas 2013). It is the only shelter of its kind

®

Figure 6. Kaunas funiculars (Lithuania):
() - Zaliakalnis funicular (Cinga 2019);
(b) - Aleksotas funicular (KA 2024)

Table 1. Technical characteristics of funiculars in Lithuania

Technical characteristic

of funicular Zaliakalnis funicular
Location Kaunas
Built in 1931
Track length 142 m

Track number single track, with a fork in the middle

of the track for passing cars

Track gauge width
Track gradient
Lifting power
Number of cars
Car capacity
Breaks

Number of stations
(lower — upper)

Ride duration

1200 mm

26°

1875 kg

2

36 passengers

special automatic

2 (V. Putvinskio g. — Ausros g.)

Tmin38s

in Lithuania that was not detected by the Soviet security
services. The rooms are located at a depth of 7 m (Jacyté
2016). A self-made funicular railway for lifting loads op-
erates in this printing house (Smoliené 2018). Technical
characteristics of the funiculars in Lithuania are shown in
Table 1.

The funicular, also known as the rope tram, was sup-
posed to connect the fast-growing upper part of the city,
Zaliakalnis, with the city centre below (Pamatyk Lietuvoje
2023). In Kaunas, the Zaliakalnis funicular was the 1st mo-
tor vehicle powered by electricity. Trolleybuses started run-
ning the city streets much later, on the last day of 1965.
Similarities can be found between funiculars and horse-
drawn carriages (in Lithuanian: konké) (Vanagas 2017), but
in the horse-drawn carriages the horsepower was essen-
tial, while in the funiculars the mechanical devices were
essential. Initially, only one carriage was reserved for pas-
sengers, while the second carriage was loaded with stones
as a counterweight. The number of passengers increased
rapidly. They could no longer fit in one carriage, so a sec-
ond carriage was adapted to carry people. The carriages
meet halfway: one goes up, the other goes down (Javaityté
2017).

The main reason for the emergence of Kaunas funicu-
lars is that after the restoration of Lithuania independence,
Kaunas went from being a city of the Russian Empire to
the temporary capital of Lithuania. This led to the develop-
ment of the city. The city population was growing. People
settled in the upper part of the city — Zaliakalnis. However,
it was difficult for Zaliakalnis residents to get to jobs in
the city centre and Old Town. As early as 1921, residents
wrote to the City Council asking for a tramway to be built
to improve connections between the upper and lower
parts of the city. In 1927, the Kaunas city Burmistrz asked
the Railway Board to build a railway from Palemonas to
Vilijampolé via Zaliakalnis. The Railway Board rejected this
idea due to the high costs. It was decided to build a funic-
ular from the Ausra Path to Kalny Street. Several European

Name of funicular

Aleksotas funicular Gediminas Hill funicular

Kaunas Vilnius
1935 2003

1329 m 71m
single track, with a fork in the single track
middle of the track for passing cars

1200 mm 1200 mm
29.5° 37°

2000 kg 1200 kg

2 1

25 passengers

16 passengers

special automatic -

2 (Ve

Tmin 8 s

iveriy g. — Amerikos lietuviy g.) | 2 (Arsenalo g. — Gediminas Hill)

35 s (with passenger boarding
and disembarking — 1 min)



companies were consulted about the construction of the
funicular. They included Austrian, German, Swiss and Brit-
ish companies. To investigate potential passenger flows,
the Municipal Economy Directorate hired unemployed
people to count all those going up and down the stairs.
In 1930, a contract was signed with the German company
Curt Rodolph (Dresden, Germany). On 6 August 1931, the
funicular was officially opened. The opening ceremony was
attended by the President of Lithuania (Antanas Smetona),
and the then Burmistrz of the city (Jonas Vileisis). They
initiated the construction of this funicular. During the first
week of operation, the Zaliakalnis funicular lifted passen-
gers for free. Later, the service cost 10 cents for an adult
to ascend and 5 cents to descend. The deck for Zaliakalnis
Lower Station was built later. When a passenger fell into
the lower car descending pit, a safety fence was erected on
the Putvinskio Street side. In response to a complaint from
the funicular conductor to the city Burmistrz that the tick-
ets and money being sold were getting wet in bad weather,
a shelter was built in 1935 at the lower stop. It has survived
to this day. During the 1937 reconstruction, 2 completely
new cars were designed and built on new longer chassis
made by Swiss company Theodor Bell. They were made by
Lithuanian engineer Napoleonas Dobkevicius, who won a
tender (Morkanas 2013). The funicular was serviced by 9
employees: a driver, 4 cashiers, 4 conductor-carriage at-
tendants, who were also ticket controllers (Javaityté 2017).

The upper stop of the Zaliakalnis funicular has a base-
ment. It is equipped with lifting mechanisms. Reliable lift
safety systems are in place: the cars have special automatic
brakes that prevent the cars from rolling downwards in
the event of a cable break. The funicular track is a single
pair of rails. In the middle of the track there is a passing
loop — for a car going up and a car coming down to pass
each other. The control panel is located at the top stop.
The rope pulley wheels operate here, which are turned
one way or the other by an electric motor at the push of a
special lever. The cars stop automatically when they reach
the end of the track. The start-up and operation of the
funicular is controlled by the driver working at the stop.
The cars have special automatic brakes that prevent the
cars from rolling downwards in the event of a cable break.
The lift ropes are routed between the rails. They are held in
place by special roller bearings (Azuolyno biblioteka 2024).

There are all sorts of stories about the Zaliakalnis fu-
nicular. One of them is about how the famous Lithuanian
tenor singer Kipras Petrauskas used to entertain his guests
in this funicular (Masiokaité 2011). He would ask the fu-
nicular driver to stop in the middle of the track and used
to sing “Funiculi, Funicula”. The song echoed down the
slopes of the hill, so everyone knew who was coming up
the funicular. A funny story is about a young man who
asked the funicular staff to hide flowers in the car, while
he was waiting for his girlfriend at the lower station and
they both got on the funicular car. As agreed, the funicu-
lar driver stopped it in the middle of the track, the young
man knelt and asked his sweetheart to marry him. It is not
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uncommon for marrying couples and wedding guests to
take the funicular. Foreign tourists also admire the funicu-
lar ride. Employees of the German company AEG are sur-
prised that their equipment is still working (Javaityté 2017).

The funicular quickly gained popularity. The inter-war
press wrote: “<...> And so quickly the funicular became a
common thing that it seems to have been constructed in
the times of Vytautas the Great <...>" (Pamatyk Lietuvoje
2023). Since the construction of the Zaliakalnis funicu-
lar in Kaunas, 3 more funiculars to Zaliakalnis have been
planned and under design. However, to promote the de-
velopment of Linksmadvaris (currently Aleksotas), the con-
struction of a funicular on the left bank of the Nemunas
was chosen. The contract was signed with Theodor Bell, the
Swiss company that reconstructed the Zaliakalnis funicu-
lar. Equipment and chassis were purchased from the com-
pany Theodor Bell. The works were planned and carried
out by Lithuanian engineers and construction workers. The
Aleksotas funicular was officially opened on 6 December
1935 (Morkanas 2013). Today, the funicular continues to
serve as public transport, taking passengers up and down
Aleksotas Hill. The original appearance and equipment of
the funicular has been preserved (Figure 6b) and is still in
perfect working condition today.

In 2003, the Zaliakalnis funicular was declared a cul-
tural monument, and in 2004 a postage stamp was issued
in its honour (artist Giedré Luziniené). Kaunas funiculars
are easily distinguishable by colour: The carriages of the
Zaliakalnis funicular are yellow, while those of the Alek-
sotas funicular are cherry coloured. It was in 1970 that
the biggest number of passengers was carried by the
Zaliakalnis funicular. At that time, there was the Radio fac-
tory “Banga” on the Green Hill (in Lithuanian: Zaliakalnis),
which employed around 14 thousand people. The funicular
was mainly used by employees of this factory. Children
were particularly fond of the funicular rides. It was one of
the few entertainments of that time (Javaityté 2017). Lithu-
anian journalist and publicist Andrius UZkalnis wrote: “<...>
The most modest and at the same time the most amazing
transport in the city, which has remained a part of my
life since my childhood, is the Kaunas Zaliakalnis funicu-
lar <..>". The Zaliakalnis funicular embodies what urban
transport is all about, and it is exactly what urban transport
should be. It has cosy — oak-panelled inside, with wooden
benches. It's beautiful — red and yellow on the outside, like
a sunset. It reminds of a warm summer all year round. It
has big windows — you can see the city in the distance and
the houses of the people who live on the hillside (and |
envied them, too — some of them could watch the funicu-
lar from their balconies any time they wanted). And most
importantly, the Kaunas funicular clearly, quickly, and con-
veniently does what all city transport must do: it connects
2 lives in the same city — the sleepy Zaliakalnis, with its
tranquillity and quiet streets, with its houses and old trees,
and the centre of Kaunas, the Liberty Avenue, with its peo-
ple and its hustle and bustle, “<...> It binds them together
with a strong and reliable thread that has been stretched
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in the twentieth century and still holds today <..>"
(Uzkalnis 2010). German state television has made a
short film about the Zaliakalnis funicular. The funicular
has been used in Donatas Ulvydas's feature film “Emili-
ja from Laisvés avenue” (in Lithuanian: Emilija is Laisves
aléjos) and Kristijonas Vildzianas's film “"When I'll Embrace
You" (in Lithuanian: Kai apkabinsiu Tave) (Javaityté 2017).

The only funicular railway in Vilnius started operating
on Gediminas Hill in 2003 (Figure 7). Gediminas Hill is a
slope of erosive origin that was turned into a castle forti-
fication more than 5 centuries ago. The legend has it that
the Grand Duke Gediminas dreamt of the Iron Wolf howl-
ing on this very hill, foretelling of the rise of a great city in
the area. It was on this hill that the Duke built a wooden
castle in the 14th century. Later, Vytautas the Great built
a stone castle here, the remains of which can be seen to
this day (Go Vilnius 2024).

The Vilnius Gediminas Hill funicular is a short railway
with a cable pulley system. It is installed on the steep slope
of Gediminas Hill to take visitors up to Gediminas Tower.
The funicular was built in 2002 by the Austrian company
ABS Transportbahnen. The construction of the funicu-
lar was supported by the Government, and the decision
was motivated by survey data showing that only one in
ten Vilnius residents has climbed Gediminas Hill. There
were opinions that the lifting of visitors to Gediminas Hill
should be abandoned because of visual pollution. In the
words of Biruté Kulnyté, former director of the Lithuanian
National Museum, “<...> a house for a lift on Gediminas
Hill is too much honour <...>". On several occasions, the
funicular has been closed due to the threat of landslides
and repairs. Studies have not shown that it has a negative
impact on the condition of Gediminas Hill, so it has been
operating successfully ever since (Lrytas 2019). When the
historical trail is closed in the event of a landslide due to
rainfall or other reasons, the only way to get to Gediminas
Hill is funicular railway (BNS ir Lrytas 2022).

4. Design features of funiculars

Funiculars have been transporting people and goods on
steep inclines for almost 500 years. The technology has
hardly changed in that time. Funiculars remain relevant
because of their efficiency and simplicity of design. By us-
ing a counterweight pulley system, the funicular uses the
kinetic energy of the descending car to raise the ascending
car in a manner similar to that of an elevator. Additional
energy is needed to overcome frictional losses in the sys-
tem, but this is a sustainable method of transport because
no fuel is used. Instead, funiculars harness the energy in-
herent in the motion of the cars. These railways demon-
strate the lasting value of simple solutions and are a testa-
ment to engineering ingenuity) (Harley-Trochimczyk 2009).
Funicular tracks are of various widths. Regarding the
number of rails used to form the track superstructure, fu-
niculars can be classified into 3 categories (Pyrgidis 2016):
» 4-rail superstructure configuration (Figure 8a). In some
4-rail funiculars, the upper and lower sections are in-
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Figure 7. Gediminas Hill funicular (Lrytas 2019)

® ® ©

Figure 8. Track superstructure configurations of funiculars
(Kak jeto sdelano 2016):

@ — 4-rail superstructure configuration;
@ — 3-rail superstructure configuration with passing loop;

@ — 2-rail superstructure configuration with passing loop
(both cars run on green rails)

terlaced while having a single platform at each station;

m 3-rail superstructure configuration with passing loop (Fig-
ure 8b). In superstructure layouts using 3 rails, the mid-
dle rail (green colour) is shared by both cars;

m 2-rail superstructure configuration with passing loop
(Figure 8c). This type of superstructure does not require
switches and crossings. The vehicles feature specially
arranged wheels. More specifically, only the wheels of
one side of the wheelset feature a flange, which is in
fact double. The intersecting vehicles have their wheels
with a flange at opposite sides, and this allows them
to follow different tracks. This configuration significantly
reduces costs.

There are several types of funiculars. Usually, these are

2 motorless cars firmly connected by a cable thrown over a

pulley. The pulley and the stationary motor that turns it are

located at the upper end of the track. The motor drives a

cable thrown over a pulley and routed between the frame

rails. Funicular cars are attached to the ends of the cable.



The cars pass at the half-way point. Such a funicular is
cost-effective because the energy is not used to raise and
lower the cars, but to balance the different weights of the
cars. Also, to overcome frictional and braking forces.

In a funicular, both cars are permanently connected
to the opposite ends of the same cable, known as a "haul
rope”. This haul rope runs through a system of pulleys at
the upper end of the line. If the railway track is not per-
fectly straight, the cable is guided along the track using
sheaves — unpowered pulleys that simply allow the cable
to change direction. While one car is pulled upwards by
one end of the haul rope, the other car descends the slope
at the other end. Since the weight of the 2 cars is counter-
balanced (except for the weight of passengers), no lifting
force is required to move them — the engine only has to lift
the cable itself and the excess passengers, and supply the
energy lost to friction by the cars’ wheels and the pulleys
(Hofmann 1999).

Most modern funiculars do not have a motor. The
driving force is an electric motor installed in the engine
room (usually in the top station) (Figure 9a). The motor
links to a substantial pulley, referred to as the drive bull-
wheel, through a gearbox that reduces speed. This bull-
wheel controls the movement of the haul rope through
friction. In earlier times, some funiculars utilized steam
engines or other types of motors in a similar configura-
tion. The bullwheel typically includes 2 grooves, and the
cable returns via an auxiliary pulley after completing the
1st half-turn around it. This design offers the advantage
of doubling the contact area between the cable and the
groove, ensuring that the downward-moving cable aligns
with the upward-moving one. Modern installations fre-
quently integrate high friction liners to enhance the fric-
tion between the bullwheel grooves and the cable. For
emergency and maintenance purposes, the engine room
employs 2 sets of brakes: the emergency brake directly en-
gages the bullwheel, and the service brake is positioned at
the high-speed shaft of the gear. Additionally, the cars are

@ Brakes
Tractor pulley

Hauling cables
(one for each car)

Reduction
gearbox

Idler pulleys
(2independent pulleys rotating
in opposite directions)
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equipped with spring-applied rail brakes that are hydrau-
lically opened for emergency situations (Hofmann 1999;
Neumann 1992).

In certain setups, the cars are connected to a second
cable, referred to as the bottom towrope (Figure 9b),
which travels through a pulley located at the base of the
incline. In these configurations, one of the pulleys must
be designed as a tensioning wheel to prevent slack in the
ropes. A notable advantage of such installations is that
the weight of the rope is evenly distributed between the
carriages. Consequently, the engine no longer requires
additional power to lift the cable itself. This approach is
commonly employed in funiculars with slopes below 6%,
those utilizing sledges instead of carriages, or any situa-
tion where it cannot be guaranteed that the descending
car always has the capability to pull the cable out from the
pulley at the top station of the incline (Hefti 1975).

Safety is at the heart of every engineering project.
Funicular developers use several different measures to
reduce the likelihood of system failure. The steel cables
of the funicular shall be tensile resistant. The system
design provides for a maximum capacity of the cars to
prevent cable breakage. In the event of an emergency
(including overspeed or a slack haul rope), each funicular
is equipped with an emergency rail brake in the form of
clips. They automatically tighten the rail to bring the car
to a safe stop. The funiculars are simple in design, so
there is a low probability of failure and the existing safety
features can adequately protect passengers (Harley-Tro-
chimczyk 2009).

A funicular usually has 2 stations, an upper and a lower
station. In this case, the cars move without stopping. How-
ever, there are funiculars with intermediate stops (Prague
Funicular, Czechia). There can also be stops on request of
passengers (Karlovy Vary Funicular, Czechia). Funicular cars
are designed individually for each track, considering the
slope gradient. Not only individual funicular cars can run,
but the whole train as well (Istanbul Cable Car, Turkey).

Carriage bogie

Counterweight

Figure 9. Funicular station facilities: @ — top station facilities; @ — bottom station facilities (Wikipedia 2024a, 2024b)
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5. Influence of the mountainous nature of
the country on the number of funiculars

The number of funiculars in a country is likely to depend
on its mountainous nature. Funiculars are installed on
slopes with an angle of inclination of less than 35° The
largest number of funiculars in operation is in Switzerland
(49), Italy (26) and Japan (20) (Table 2).

The study has been carried out to establish the relation-
ship between the number of funiculars (N) and the country
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mountainousness index (M). A correlation analysis of these
variables was carried out using the data in Table 2. The de-
pendence of N on M was tested using 3 types of regression
models. The regression models were used to draw straight
lines and curves. The resulting regression equations, coef-
ficients of determination R? and correlation coefficients R
are shown in Figure 10. The N and M relationship with
outliers for 36 countries (Table 2, Figure 10a) and with-
out outliers for 15 economically advanced and tourism-
developing countries (Table 2, Figure 10b) was examined.

Table 2. Number of funiculars per continent and per country (adapted from (Pyrgidis 2016)

Continent Country International country Nl{mber of Mquntainousness
codes funiculars, N index, M [%]
Europe Austria AT 13 734
Azerbaijan AZ 1 457
Czechia cz 4 323
Croatia HR 1 30.5
France FR 16 22.3
Georgia GE 1 79.2
Germany DE 12 14.7
Greece GR 1 77.9
Hungary HU 1 47
Italy IT 26 60.1
Lithuania LT 3 0.0
Norway NO 2 913
Poland PL 3 5.2
Portugal PT 8 39.1
Romania RO 1 379
Slovakia SK 1 62.0
Spain ES 11 55.7
Sweden SE 2 50.6
Switzerland CH 49 90.7
Turkey TR 4 70.0
Ukraine UA 2 35
United Kingdom UK 18 25.5
Bosnia and Herzegovina BA 1 72.6
North America Canada CA 2 24.0
United States us 14 -
South and Central Argentina AR 1 48.0
America Brazil BR 8 -
Chile CL 9 52.0
Colombia CcO 1 259
Mexico MX 1 -
Asia China CN 1 52.2
India IN 1 16.9
Israel IL 1 16.0
Japan JP 20 75.0
Malaysia MY 1 -
Thailand TH 3 20.0
Hong Kong HK 2 91.9
Lebanon LB 1 81.1
Africa South Africa ZA 1 26.0
Oceania New Zealand NZ 1 60.0
Total - 249 -




N = 0.0018-M2 - 0.0743-M + 4.705

R2 = 0.0788; R = 0.281

N = 0.089-M +2.2083

R2 = 0.0637; R = 0.252

N = 2.2417-M00649 o

R2=0.036; R = 0.190
o

Number of funiculars, N
~
&

o
15
o
10 ° o=
o
5 = o
00"70 =) %o o ) 00 % oo o o000 ©

0 10 20 30 40 50 60 70 80 90 100
Mountainousness index, M [%]

60
N = 0.0064-M? - 0.2952-M + 9.6815

50| RZ=0.4973;R = 0.705 ol
N = 0.2643-M + 2.0582
40| R?=03721;R=0.610

N = 3.8585.M0-2784
R2 = 0.2576; R = 0.507
20 UK

oIT

Number of funiculars, N
w
o

o
PT CL E

PL OTH ocz OTR

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95

Mountainousness index, M [%]

Figure 10. Dependence of the number of funiculars on the
mountainous terrain of the country:

@ — all countries (with outliers);

@ — countries with a strong economy and developed tourism
(without outliers)

When deciding on the correlation between variables N
and M, it is necessary to compare the values of the calcu-
lated correlation coefficients R with their smallest (critical)
values R,in- When R is greater than R, which depends
on the number of degrees of freedom v = m - 2 and the
significance level g, it is reasonable to assume that vari-
ables N and M are correlated.

When testing the statistical hypothesis that the esti-
mated correlation coefficient is zero, the Student criterion
of the statistical significance is calculated from the formula
(Bertuliené et al. 2019):

‘ (M

where: m is the number of countries with funiculars (i = 1,
2, ... m); R is the estimated pairwise correlation coefficient.
After rearranging the Equation (1), the smallest value of
the pairwise correlation coefficient R, is calculated, which
shows that with the significance level a and the number of
degrees of freedom v = m — 2, it can be considered that
the variables are correlated (Podvezko, Sivilevicius 2013):

t
R . -—% 2

min 2 !
/m -2+ tow

where: t,, is Student's statistic (percentage points of the t
distribution) that depends on v and ¢, found in the math-
ematical statistics table (Montgomery 2019).

L. Maskelianaite. Funiculars in Lithuania: from the fruit basket to Gediminas Hill

In practice, the significance level a = 0.05 is usually
taken. When the correlation of 36 variables is investigated,
the number of degrees of freedomisv=m-2=36-2 =
34. Interpolating the values t,,, between v = 30 and v = 40
(t = 1.697 and t = 1.684) from the mathematical statistics
table gives t s 34 = 1.6918. The minimum threshold value
of the correlation coefficient R, = 0.2786. It shows that
the variables N and M (Figure 10a) are correlated only in
the quadratic regression model.

When studying the correlation of variables N and
M of 15 economically advanced and developed tourism
countries, without outliers, the degree of freedom v = m -
2 =15 -2 = 13. The value of statistic ty s, 13 is equal to
1.771. Threshold (minimum) value of correlation coefficient
Rmin = 0.4409. The data show that according to all regres-
sion models (Figure 10b), N and M are correlated.

6. Discussion and conclusions

It is sometimes wrongly assumed that the funicular is a
historical rather than a practical means of transport for
modern society. The review shows that this type of railway
is still successfully used in public transport systems in cities
around the world. Similar technologies are being installed
in residential and commercial properties, ski resorts and
golf courses. Although the use of funiculars is limited to
a narrow range of transport — transporting passengers up
and down steep slopes it is efficient. The unique combina-
tion of the funicular counterweight pulley system and the
rails ensures minimal energy consumption. The funiculars
are simple in design and therefore have a low probability
of failure. It is also an environmentally friendly means of
transport. Funiculars are often historic heritage sites that
represent the country. A funicular ride is also a great emo-
tion that comes from looking at the beautiful panorama,
which opens. The funicular is thus a remarkable example of
engineering ingenuity, proving that a long-established and
simple technology can be successfully used to this day.
Urban funiculars are an increasingly frequent subject
of scientific research. Cable car installation projects are
underway across Europe. They aim to complement the
local public transport system. For this purpose, the char-
acteristics of rope hoists, modern trends and their imple-
mentation possibilities are examined. The focus is on aerial
funiculars, which are increasingly used for urban mobility,
rather than alternative ones such as railway funiculars. The
economic aspects of funiculars are also examined). Since
funiculars do not require the construction of a depot, as is
the case with buses and streetcars, the investment costs for
urban funiculars are very low. A particularly short construc-
tion period of 12 to 18 months is also a great benefit, es-
pecially when compared to such projects as underground
railways with a construction period of 5 to 10 years. The
fact that funiculars produce virtually no harmful emissions
during operation means that they can help improve air
quality in cities. However, the installation of funiculars is
not without its challenges. Before construction, a detailed
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assessment must be made of how ropeways running over
residential areas will affect residents. The possibility of us-
ing the cable cars in the city must be evaluated taking into
account specific circumstances (Graser 2022).

The year 2030 will be the global turning point for sus-
tainable mobility in the world’s largest cities, due to the
fact that travel in private vehicles will decrease 10% on a
global scale in the next decade. Car-sharing, multimodal-
ity, and autonomous vehicles, along with the world’s ag-
ing population, will reduce the need to own a car, which
will be offset by increased use of public transport, cycling,
and walking as citizens opt for more functional, safer, and
environmentally friendly ways to travel. However, there is
another crucial aspect when it comes to public transport:
safety. In this respect, ropeways, or funiculars, are among
the safest public passenger transport systems in the world.
To achieve this, many elements are involved, among them
the right of way, since the aerial route does not interfere
with other means of transport, eliminating the possibility
of accidents due to impact. This in turn increases its ef-
fectiveness, as it is not affected by traffic congestion, with
the numerous associated benefits that this entails. Modern
funiculars feature unique rope position detection systems.
Constant monitoring of the rope position through the use
of state-of-the-art technology guarantees cableway op-
erators high cost-effectiveness and, for users, maximum
safety along the entire route, from the lower station to the
upper station and back. The future of ropeway mobility is
based on autonomous driving (Panagiotou 2022).

The correlation analysis between the number of fu-
niculars per country and the country mountainousness
variables N and M shows that for all 36 countries, the
correlation between the number of funiculars N and the
country mountainousness variable M, as expressed in the 3
regression models, is weaker than it is for the 15 advanced
economies and developed tourism countries. Empirical
correlation coefficients calculated from statistical data,
compared to their critical values, show that the number
of funiculars is still low in some mountainous countries. In
countries with very high mountains, it is likely that aerial
funiculars, rather than railway funiculars, are used to trans-
port passengers. The significance of the quality parameters
of the funicular can be investigated in the future by means
of expert research methods.
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