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Background: Hyperloop is a new technological concept for a very fast magnetic
levitation train that would travel through soft vacuum tubes and could achieve a speed of up
to 1,200 km/h. As a new transportation system, it might bring some challenges related to
human factors that should be tested and considered when designing and propagating
Hyperloop.

Aim: This paper used literature review to identify potential physiological and social
challenges. Some of these challenges might be high speed, high acceleration /deceleration,
large magnetic forces, safety concerns, air pressure, motion sickness and cost as potential
human-related challenges.

Methods: In this case, the method of literature review aimed to evaluate the potential
physiological effect of these factors on the passengers. It investigated physiological
consequences of very high speed, high acceleration/deceleration, and a high magnetic field, as
well as human factors of the Maglev trains.

Results: The literature identified high acceleration/deceleration, high speed and high
magnetic field as potential risks or sources of discomfort for the passengers.

Conclusion: To the knowledge of the authors, it is the first attempt to identify social
and physiological challenges related to the Hyperloop trains concept. It is aimed to inform the
development and policies to achieve the safest and most comfortable transportation form.

Key words: Hyperloop, very fast trains, magnetic levitation trains, human factors,
physiology, social cost, acceleration, deceleration, magnetic field, motion sickness, very high
speed, g force

INTRODUCTION OF HYPERLOOP

In the middle of 2013, Elon Musk published the concept of Hyperloop for
high-speed transportation in his white Alpha paper for a proposed line between
San Francisco and Los Angeles, as capsules running into a tube with air
evacuated at high speeds. Therefore, this new transport technology accounting
as the fifth transport mode to be a faster alternative to uneconomical and not
ecologically sustainable traditional modes such as aeroplanes and railways,
where magnetically levitated capsules are propelled at speeds up to 1,200 km/h
[1]. In this case, the lane-switching technology was studied by the Hyperloop

Received: 20.05.2020 Revised: 08.08.2020 Accepted: 30.09.2020
Moctynuaa: 20.05.2020 Opo6pena: 08.08.2020 Hpunsra: 30.09.2020



44 TPAHCHHOPTHBIE CUCTEMbI U TEXHOJIOT'MU OPUTI'MHAJIBHBIE CTATbU
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

Hardt in Delft, which allow capsules to change from one lane to another without
additional or moving parts. This will allow the pods to reach their high speeds,
merge in and out of the network, and smoothly switch routes. In order to switch
lanes and allow pods to travel at full speeds in the main tube, the capsules and
the track interact with one another [1]. Since the introduction of the Hyperloop
concept, the number of developers, academia, and industries across the world
has started to investigate related challenges and technical requirements.
Thereupon, several organizations have started developing some form of
Hyperloop, such as Virgin Hyperloop One and Hyperloop Transportation
Technologies (USA), TransPod (Canada), DGW Hyperloop (India), etc. [1].
Many feasibility studies were conducted for the introduction of Hyperloop,
among others in France, USA, Russia, Saudi Arabia, the UK, India, USA,
China, and Sweden. For example, Virgin Hyperloop One in 2017 has built a test
track facility known as DevLoop in Clark County, Nevada with a diameter of
3.3 m and a length of 500 m for a historic test speed record of about 387 km/h.
Moreover, the Hyperloop Transportation Technologies (HTT) is working on a
full scale of testing facilities in Toulouse, France known as Aerospace Valley
with a diameter of 4 m and a length of 1 km tube that will accommodate a full-
size vehicle [1]. As a new form of transport, Hyperloop might introduce some
new benefits and challenges that need to be investigated and modelled.
Hyperloop represents a very high investment. Therefore, it should be confronted
with other investments to improve life quality and not just with other
transportation systems. For instance, the investment to improve the
communication network could not bring better life quality and replace the
necessity to connect cities. In this case, the Hyperloop could be accelerating,
particularly in the environment of Corona Virus worldwide, as people may will
prefer lower density network and more point to point like a Hyperloop instead of
cramming into high-density fixed infrastructure such as trains and airports.
However, the Corona Virus leads the governments to put more efforts in
developing Hyperloop, as it might be the best suitable transport mode especially
regarding the environment. This paper investigated the potential social and
physiological costs of Hyperloop, which is related to physiology and based on
the literature review. The aim of these investigations is to predict and reduce
potential risks through the literature review of Hyperloop technology.

HYPERLOOP AND INFRASTRUCTURE ENGINEERING

The Hyperloop system would be the best transport mode to connect the
major cities to integrate commercial and labour markets, as well as to fully
utilize the capacity of national airports. In terms of infrastructure engineering,
the Hyperloop contains several individual components such as capsule, tube,
pillars/ or tunnels, stations, and propulsion.
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1.1 Pods or capsules

The development of the capsule aims to maximize its’ capacity. On one
hand, the sealed capsule would have a low capacity of 28-40 passengers, and it
would be supported by air bearing, using an aerodynamic lift and compressed air
reservoir [2]. In Musk’s proposal, the suggested average capacity was 840
passengers per hour departing every 2 minutes, with the potential to increase up
to 3,360 passengers by increasing the frequency of the pods’ departures to every
30 seconds. On the other hand, a capacity of 3,600 passengers per hour was
suggested by HTT, mainly based on pods with a capacity of 40 passengers and
departing every 40 seconds [3].
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Fig. 1. Hyperloop passenger capsule [4]

In Fig. 1, the capsules consist of eight parts, including inlet, compressor
fan, air storage, compressor motor, firewall, seating compartment, suspension,
and batteries. The inlets are placed on the low-pressure tube without chocking
the air by using the compressor, while the regenerative braking system for the
braking purpose of the capsule would be used when the compressor motor acts
as a generator and would recharge the battery [5, 6].

As a part of the Hyperloop capsule, the firewall or sound bulkhead would
divide the passengers’ seating couch from the compressor motor. In terms of the
suspension component, there would be a substantial technical challenge of
suspending the capsule through the tube, which would be related to the
velocities of the transonic cruising. To use the ambient atmosphere in the tube,
the air bearings suspension would provide the extremely low drug and stability
at a possible cost. Regarding the safety and reliability of the capsule, the stiff air
bearing suspension as shown in Fig. 2 would be satisfactory; however, it could
create considerable discomfort on board for passengers [7].
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Fig. 2. The suspension system of Hyperloop [7]

In terms of the batteries, the passenger capsule would have an estimated
battery of 1,500 kg that could provide 45 minutes of on-board power of a
compressor, as the on-board batteries would be charged at the stations and
changed at each stop. Additionally, the batteries would be able to store enough
energy to power the fan during the journey and operate the system at night and
during the extended cloudy weather [2].

As a result of the interior of the Hyperloop capsule, it is designed with
comfort and safety, as the seats adapt to maintain the comfort of the body during
the high-speed acceleration that would be experienced during the travel.
Additionally, passengers would be able to access their system of personal
entertainment, as well as the cabin, would have an aesthetically pleasing display
[7].

1.2 Tube

The Hyperloop tube is considered as one of the main components of the
Hyperloop transport system. It would be made of steel, as there are two parallel
tubes welded together side by side to allow capsules to travel in both directions.
They would be covered by solar arrays to provide power to the system as shown
in Fig. 3. In some sections of the tube, the static portion of the linear motors
would be mounted to provide the acceleration and braking, as well as help in
guiding the banking of the capsule around the curves [2].

In terms of geometry, the inner diameter of the passenger-only Hyperloop
version tube is estimated to be around 2.23 m, with a cross-sectional area of
3.91 m?. Additionally, the inner diameter of the tube would be small enough to
reduce the material cost, and the choice of material would be the uniform
thickness steel reinforced with stringers. The solar panels that would be placed
on the top of the tubes would provide the required system energy, which
represents a rough area of 4.25 m wide for more than 563 km of the length of the
tube. In this case, the expected production of solar panel energy would be
120 W/m? and could produce up to 285 MW at peak solar activity [2].
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Fig. 3. Hyperloop welded tube [2]

1.3 Pillars

The Hyperloop tube would be supported by pillars within the average
spacing of roughly every 30 m, as the pillar would be 6 m tall. In such a case,
the short distance between pillars would keep the capsule steadier and the
journey more enjoyable by reducing the deflection of the tube [2]. The pillars
would be also adjustable connecting to the tube vertically and laterally as shown
in Fig.4 to ensure proper alignment despite possible ground settling.
Additionally, there would be dampers incorporated between the tubes and pillars
to isolate movements in the ground caused by the tube [2].

Fig. 4. The pillars of the Hyperloop system [2]

The reinforced concrete would be carefully selected for the construction
of pillars due to the sheer quantity of pillars required and its’ very low cost per
volume [2].
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1.4 Stations

The construction of the Hyperloop station would be different in design
from the normal train stations due to the vacuum and requirements of structure
related to the pressure hall. The flow of passengers would be evenly distributed,
which would lead to less horizontal and vertical circulation to and from the
platform as shown in Fig. 5.

Fig. 5. The proposed Hyperloop station [8]

However, the flow of the passengers would be affected by three main
factors on the station: the layout and location of facilities on the station, the
number of people passing through the station and their characteristics, and
finally how people would find their way on the station [9]. Due to the presence
of several carriages where passengers could enter/or exit, the capsules will have
efficient boarding times, as the processes of boarding, security screening, and
baggage handling is expected to be similar to the airports and special handling
by staff might be required. In this case, it is anticipated to be smoothly running
due to the regular departure of capsules which will result in steady and fast flow
of passengers. Nevertheless, there could be a pressure where more passengers
arrive than the number of capsules that are available, resulting in increasing in
boarding times by forming queues. For the Hyperloop transport system, two
main types of stations are planned. First, the regular station that would be in
essence a stop for the main transportation type, as passengers could only get in
this transport mode to get to their destination. Second, the transfer station, which
would also be called the transportation hub and it would combine several types
of transportation modes, as the passengers could come to pick their type of
transport from the outside of the station, or the other transportation modes [9].

INTRODUCTION OF THE ASSOCIATION BETWEEN PHYSIOLOGY,
HUMAN FACTORS AND TECHNOLOGY

New transportation forms might affect people in many ways. It is
important to model and predict their potential influences to design user-friendly,
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safe and ergonomic transportation systems. Hyperloop will differ from current
transportation systems in many ways that might affect the physiology and the
perception of the passengers. The speed of the Hyperloop trains will exceed the
fastest existing vehicles [10-12]. Due to the high speed, acceleration and
deceleration might also be higher. The magnetic field used for the levitation is
also a topic worth analysis. Because of that, the literature review was conducted
to establish the potential physiological consequences of the Hyperloop trains.
This paper attempted to predict how the Hyperloop could affect people
physiologically and socially. It used a literature review for the physiological part
to investigate how people currently feel about the impact that Hyperloop could
have on them. Physiological and social impact are not separate from each other.
For example, effects that acceleration might have on the human body could also
cause some emotional state in potential users of the technology. At the same
time, people could be afraid of some physiological effects of technology, which
are not scientifically confirmed. This is a common misunderstanding with the
microwave cookers. It is, therefore, important to understand both, how people
feel about the technology and what actual predicted effects on the human body
are. If the common perception of the technological risks is accurate, then the
solution could be a reduction of the risks through the engineering design.
Nevertheless, if the fear related to the technology is not founded in the data but
misconceptions, then the proper solution should involve social campaigns and
spreading the knowledge. The simplified outline of the human-technology
interaction belongs to the cultural background of a society. To the knowledge of
the authors, it is a first publication that tries to answer a question about
necessary human factors considerations in the Hyperloop design.

Technology might affect lifestyle and physiology of people; this might
also result in the change of concepts and opinions. Concepts and opinions
influence the shape of technology. Similarly, concepts and opinions influence
the way and frequency people use technology, while technology might change
concepts and opinions.

METHODOLOGY

1.5 Methods of the Literature Review

The main strategy of this literature review was based on the grounded
theory approach, that has previously been used in the human factors engineering
research [14], as well as the other human factors areas [15]. Grounded theory is
used in exploratory social research when the hypotheses are developed in the
process of the literature search. The literature is constantly compared to establish
search directions. The process is based on induction, deduction, and verification
when a researcher is looking for the questions and patterns emerging from the
literature. The method uses a strategy of open, axial and selective coding to
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identify main themes or factors for a given problem [16]. Such a strategy was
beneficial in case of this paper because of the novelty of this topic.

Hyperloop might introduce some unique factors for transportation, very
high speed, possible rapid acceleration/deceleration and magnetic field within
the train. This literature review aimed to evaluate the potential physiological
effect of these factors on the passengers. To achieve those four searches were
conducted using three databases Pubmed, Web of Science and Scopus.

Very high-speed search used the following keywords for the first iteration
of search, high speed AND (vehicle OR air* OR space*) AND physiology AND
human factors. Further positions were identified based on key references from
the selected publications. The result of the search is presented in Table 1. The
papers that were duplicated in databases are only listed in one of them.

Table 1. Number of results in physiology and human factors of very high speed

Number of initial Number of papers selected for further
results evaluation
Pubmed 44 0
Web of Science 3 0
Scopus 16802 3
Secondary search 1

Rapid acceleration search used the following keywords for the first
iteration of search, (accelerate* OR decelerate* OR g force) AND (vehicle OR
air* OR space*) AND physiology AND human factors. Further positions were
identified based on key references from the selected publications. The result of
the search is presented in Table 2. The papers that were duplicated in databases
are only listed in one of them.

Table 2. Number of results in physiology and human factors of rapid
acceleration/deceleration

Number of initial Number of papers selected for further
results evaluation
PubMed 583 5
Web of Science 92 3
Scopus 51308 2
Secondary search 9

Magnetic field search used the following keywords for the first iteration
of search, magnetic field AND (vehicle OR air* OR space*) AND physiology
AND human factors. Further positions were identified based on key references
from the selected publications. The result of the search is presented in Table 3.
The papers that were duplicated in databases are only listed in one of them.
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Table 3. Number of results in physiology and human factors of the magnetic field

Number of initial Number of papers selected for
results further evaluation
PubMed 81 0
Web of Science 8 0
Scopus 17078 7
Secondary search 3

Human factors in Maglev search used the following keywords for the first
iteration of search, Maglev or Hyperloop AND human factors. Further positions
were identified based on key references from the selected publications. The
result of the search is presented in Table 4. The papers that were duplicated in
databases are only listed in one of them.

Table 4. Number of results in physiology and human factors of Maglev trains

Number of initial Number of papers selected for
results further evaluation
PubMed 1 0
Web of Science 6 1
Scopus 226 1
Secondary search 1

Inclusion Criteria. Papers included in the further evaluation were peer-
reviewed publications in English. They had to analyse the physiological effects
of very high speed, acceleration, deceleration, magnetic field or the general topic
of human factors in Maglev trains. Only publications related to human
physiology were included in the evaluation. Only the first 300 results of the
search were analysed based on their abstracts. Only publications with full text
available were taken into account.

Exclusion Criteria. Experiments conducted on animals, deceased people
and human tissues were excluded from the evaluation. Also, studies conducted
on unhealthy participants were excluded, as well as studies based only on
mathematical models without experimental confirmation of the predictions.

As a result, thirty-six papers were selected for further evaluation, four in
the area of very high speed, nineteen in the area of acceleration/deceleration, ten
in the area of the magnetic field, and three in the area of human factors in
Maglev trains. These papers will be described in detail in the results chapter.

RESULTS AND DISCUSSION

1.6 Results of the Literature Review

1.6.1  Very High Speed

The maximum speed of the Hyperloop system is predicted to be
1,200 km/h. In order to reach the maximum speed, one of the biggest challenges
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of the Hyperloop will technically be how to reduce the pressure between the
tube and capsule, which will results in two main benefits; one, removing the air
resistance, and two, propelling the trains at maximum speeds nearing that of
sounds by using the pressure gradient. In the Alpha documents written by Elon
Musk, the Hyperloop system will remain at a pressure of around 100 Pascals, as
the pressure exerted on the inside of the tube will remain at about 0.015 Pascals,
whereas the atmospheric pressure on the outside of the tube is around 15
Pascals. [17]. In this case, the operating principle of Hyperloop is a transport
container (pod) that moves in near-vacuum in a tube as shown in Fig. 6.

Tube (pressure 100 Pa)
Fig. 6. The pressure of Hyperloop tube [17]

Evaluated research papers analysed speed much slower than the potential
speed of Hyperloop. Therefore, they can only be treated as a prediction of the
consequences of such a high speed. The study of the car passengers has shown
that participants experienced tension and increased activity of the sympathetic
nervous system when the speed of the car was increased to 120 km/h. Some of
the measures presented a gradual increase of tension and sympathetic nervous
system activity with every increase of speed (0 km/h, 30 km/h, 90 km/h and
120 km/h), while some only changed with the higher speed levels (90 km/h and
120 km/h) [18]. The military personnel using high-speed boats (40 knots) was
repeatedly reported to have decreased cognitive and physical performance just
after the transit [19, 20]; however, it was partially explained by shocks and
vibration [21], which could be eliminated in the Hyperloop trains.

1.6.2 Acceleration/Deceleration

Acceleration and deceleration change the magnitude of the gravitational
power working on the passengers. Because of the high speed, Hyperloop might
also use rapid acceleration and rapid deceleration. Such forces can also occur in
the case of emergency braking. The estimations of the acceleration in Hyperloop
are between 0.5 g and 5 g, and 0.1 or 0.2 for the deceleration [17]. Many studies
have been conducted in the area of the g-force influence on the pilots and
drivers, which can be also applicable for g-force in Hyperloop. Increased g-force
has been repeatedly proven to have a negative cognitive and physiological effect
on people to the extent of temporary loss of consciousness (G-LOC) observed in
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pilots [22, 23] and racing drivers [24]. It can also have some long-term negative
health effects.

Passengers of the cars were shown to experience higher stress and tension
with the rapid acceleration and deceleration (18). High g-force requires a
passenger to use a lot of energy to stabilize themselves [24]. G-force over 3g
might lead to breathing problems and restricted vision [24]. Passengers exposed
to unexpected acceleration or deceleration often display high neck muscle effort
that might lead to whiplash injuries [25, 26]. Many pilots report negative
symptoms related to high g-forces, for example, abnormal sensations in limbs,
disorientation, or confusion [27]. Studies in the centrifuge have shown that high
sustained acceleration can lead to the decreased contrast sensitivity for a period
of 5-12 minutes [28], as well as psychological stress [29].

Increasing g-force leads to changes in the blood flow from the heart to the
brain that might cause temporary loss of consciousness. Full unconsciousness
mostly lasts around twelve seconds and is followed by twelve seconds of
confusions. It is also preceded and followed by a period of decreased cognitive
and psychomotor functioning [23, 30]. Potential long-term consequences of
repetitive exposure that are related to rapid acceleration/deceleration include
whiplash injuries [25] and increased mean arterial blood pressure [31]. Many
pilots also experience extremely unstable gait, called “the wobblies”, which can
last even three weeks after exposure to the high g-force [32].

1.6.3 Magnetic Field

Maglev trains use magnets that create a magnetic field of 0.9 T at the level
of the train's floor and 0.4 T at the level of the ceiling when no shielding is used
[33]. This level of the magnetic field is over 5,000 times more than the earth's
magnetic field [34]. It can be expected that magnetic field in Hyperloop is going
to be similar. The human brain reacts to even small changes in the magnetic
field in a similar way as other environmental stressors [35]; however, the extent
and type of the effect reported varies depending on the experiment. Studies on
the influence of the magnetic field on health showed no effect of 0.3 T on
melatonin secretion [36], no effect of 8 T on body temperature, heart rate,
respiration, blood pressure or cognitive functioning [37], and no effect 28 mT on
heart rate variability [38]. However, one case study reported a slowing of heart
rate in a woman exposed to the extremely low-frequency magnetic field at a
workplace that decreased when exposure finished [39]. Also, another study
found a slight increase in the systolic blood pressure caused by an increase in the
magnetic field [40].

The intermittent, repetitive electromagnetic field of 0.2 mT was observed
to change the circadian rhythm of the heart rate delaying the heart rate nadir
[41], but the continuous one did not display such an effect [42].

The constant magnetic field of 1.5 Tesla was found to have an adverse
effect on hand coordination and near visual contrast sensitivity [43]. There are
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also other subtle neuropsychological changes reported by several studies [44].
However, other studies found no effect on the neuropsychological function of
the 0.4 Tesla magnetic field [45] and no difference between 05T and 8 T
magnetic field [40,46]. Even with the absence of measurable
neuropsychological changes, some people report dizziness, metallic taste in the
mouth, or discomfort when they enter a high magnetic field [40]. Some people
report increased sensitivity to the magnetic fields and some adverse health
effects related to the magnetic fields; however, scientific experiments did not
manage to confirm the connection between magnetic fields and reported
syndromes [47, 48].

1.6.4 Human Factors in Maglev and other high-speed trains

Hyperloop is still a technology in development; therefore, the conclusions
about the human factors involved are at the stage of speculation. Studies about
human factors in Maglev and other high-speed trains might bring some points to
the discussion about the future of Hyperloop. The main human factor studied
was the effect of noise. The noise caused by high-speed trains can cause
discomfort in passengers and passers-by [49]. It also decreased the cognitive
performance of the passengers and their overall satisfaction from the journey
[50]. The noise might be absent in Hyperloop, because of the soft vacuum tubes
containing the train; and therefore, noise-related discomfort might be highly
reduced. However, some studies found that enhanced noise of the train might
reduce discomfort caused by other factors, like mobile phones or other
passengers. Moreover, discomfort related to the pressure change when the train
IS passing a tunnel decreases when the train produced higher noise at that time
[51].

1.6.5 Physiological considerations for Hyperloop trains

Review of the literature showed that g-force should be the most important
consideration in the Hyperloop design. Both routine acceleration/deceleration
should be taken into account as well as g-force in case of emergency braking.
Increased g-force can lead to short-term and long-term adverse effects like
stress, tension, breathing problems, restricted vision, whiplash, or temporary loss
of consciousness. It is not a surprising conclusion as acceleration and
deceleration have been one of the most common underlying mechanisms of
accident-related injuries [22, 24, 25]. High speed also has the potential to
increase tension in passengers, but it could also be an effect of the rapid
acceleration [18]. The results regarding the psychophysiological effects of the
magnetic field are inconclusive. There is data confirming a negative effect of
some frequencies of the magnetic field. At the same time, some studies that
examined different frequencies or circumstances report lack of adverse
influence. Therefore, it is important to analyse the effect of the magnetic field
taking its’ particular characteristic into account. As there were some studies
reporting adverse effects [41, 43, 44] it is important to investigate this topic
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more extensively. Hypersensitivity to the magnetic field was not confirmed
medically as a condition; however, as some people claim they experience it
could influence their decisions on whether to use Hyperloop trains or not. This
topic should also be investigated to mitigate the discomfort of the passengers.
Many people report discomfort and adverse effects related to the magnetic
fields, for example in MRI scanners or the presence of mobile phones.
Understanding these phenomena could allow prevention and increase comfort.
As so, it is recommended to investigate underlying mechanisms of subjective
hypersensitivity to the magnetic field and related discomfort when using devices
that generate the magnetic field.

CONCLUSIONS

Within the introducing of Hyperloop as a new type of on-ground transport
technology, it is necessary to study how to avoid harm or financial loss and it is
important to predict effects, attitudes and reactions before the technology is
released. The human factors considerations could include the door sizes, design
of seat, spacing of walkway, seat spacing, design of handle, and systems of
security, control and emergency. Additionally, Hyperloop might bring concerns
related to the human factors’ perspective and could influence the human body,
have unknown psychological or cognitive effects, and environmental
considerations such as vibration, noise, thermal comfort and lighting.

This paper used a literature review to investigate some social and
physiological consequences of Hyperloop technology. They introduced key
topics that should be taken into account when designing and propagating
Hyperloop trains. There are some issues raised that they perceived as potential
future risks or obstacles like air pressure, safety in terrorist attacks or case of the
vehicle failure, motion sickness, or acceleration. They stressed the catastrophic
consequences of any potential accidents. The Hyperloop is perceived as fast
transport, but not comfortable, realistic, safe, sustainable nor affordable. Such
opinions could lead to decreased use of this technology, as well as many people
could restrain from using it because of the safety issues. Therefore, safety
concerns in the case of Hyperloop should be taken very seriously, but also it
should be communicated to the potential users that such measures were
undertaken. Analysis of the potential physiological risks pointed to high
acceleration/deceleration, high speed, and high magnetic fields as potential
sources of discomfort or even injuries. Even though electromagnetic sensitivity
Is not a confirmed medical condition, many people believe they experience it
and it might stop them from using Hyperloop trains. Such individuals could be
more reluctant to use Hyperloop as a form of transport. As a result, several
safety issues were raised both by the specialist literature but also by potential
future users of the Hyperloop trains. These issues should be part of the design
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and tests of the Hyperloop but also of the social communication propagating the
knowledge about it.
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