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Focus and restrictions – The focus lies on using wood as a building material to mitigate negative effects 

of being in an underground environment and is restricted to using wood as an interior material.  

 

Abstract – The relationship between humans and wood is a long standing one. Since the dawn of mankind 

humans have used wood for numerous applications. Wood can be a true sustainable building material if 

our forests are managed properly. With increasing pressure on space in urban areas, the underground as a 

potential architectural space is gaining more attention. Being in an underground environment can have 

negative psychological effects as a feeling of isolation, a lack of perceived sense of control, negative culture 

based associations and a lack of perceived security. Physiologically, the negative effects of being in an 

underground environment are high levels of humidity, an increase of the perceivability of background 

noises and a decrease of the amount of natural light. Wood, if smelled, seen or touched, can induce 

psychological relaxation, mitigating the anxiety associated with the underground environment. 

Furthermore, wood can function as a humidity buffer, function as an acoustic material and reflect light.  

 

Key words – Hyperloop station, underground space design, negative effects of being in an underground 

environment, wood as interior building material, psychological effects of wood, physical effects of wood, 
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Introduction 
Sustainable design and development have emerged 

as one of the most compelling in the architecture of 

our time, as well as in society and politics (Lee and 

AlSayyad 2011).  

Over the past thirty years, timber construction has 

undergone major changes. Not only has the 

development of new construction products, systems 

and engineering technologies been coupled with the 

rapid modernization of building processes, it is also 

clear to see that wood can offer significant solutions 

for the future of the built environment. Many 

surveys support the contention that wood is seen as 

a material that offers hope for an endangered world 

(Kaufmann and Kapfinger 2011).  

One can count Elon Musk’s concept of the hyperloop 

to the same sustainable realm, making fast 

transportation less environmentally impactful. The 

hyperloop is a high-speed transportation system 

using near-vacuum tubes in which pressurized 

vehicles travel. Due to the low air resistance in the 

tubes, the vehicles can travel with speeds of over 

1000 kilometres per hour using solar energy only 

(Musk 2013).  

With this new mode of transportation, the place 

where the hyperloop will start and stop, i.e. the 

station, will be reconsidered. With a growing need 

for usable land in urban areas, subterranean 

development has been gaining attention (Lee, 

Christopoulos et al. 2017). Combined with the fact 

that in dense areas the tubes of the hyperloop will 

most likely be constructed underground, the 

underground space for building a hyperloop station 

becomes desirable. One should take into account 

that employing an underground space can have 

negative effects on the physical and psychological 

experience of the user of the space (Sterling, 

Carmody et al. 1993, Lee, Christopoulos et al. 2017).  

Considering using wood as a building material and 

the concept of the hyperloop in itself to be a result of 

the same quest for sustainable development, this 

paper will research the field between the two 

subjects, or rather, where they could meet. Since the 

paper focusses on the station to be constructed 

underground, the focus of using wood will exclude 

using wood as the main structure of the station, 

since wood is susceptible to rot when in contact with 

water and does not structurally perform as well as 

materials like steel or concrete (predominantly in 

bending), though this highly depends on the type of 

wood (Herzog 2004). This choice is made to limit the 

scope of this research and should not discourage the 

reader to construct an underground station using 

wood only.  

 With this in mind, the following question is defined: 

‘Can wood as an interior building material mitigate 

the negative effects of being in an underground 

environment?’  The research will be conducted by 

answering the sub-questions; ‘What is the relation 

between wood and humans? ‘Why is building with 

wood sustainable?’ ‘Why should we build 

underground?’ ‘What are the negative effects of being 

in an underground environment? and ‘Can wood as an 

interior building material mitigate the negative 

effects?’ 

 

 
Image 1: The hyperloop concept (Hyperloop 2018) 

 

Methodology 
The conducted research in this report is qualitative 

and descriptive. The aim is to gain insight in the 

applicability of wood as an interior building material 

in underground environments such as the hyperloop 

station. References used to conduct this research are 

peer-reviewed scientific papers and books, found by 

using keywords as: history of wood, wood as 

sustainable material, underground space design, 

underground environment, physiological effects of 

wood, physical effects of wood. 

 

Wood – cultural dimension 
The relation between man and wood is a long 

standing one. Trees, the organisms we convert into 

various products, of which one the building material 

timber, were regarded as living beings by our 

prehistoric ancestors. Our ancestors felt a 

connection with the trees who, like them, stood 

upright. They regarded them as an allegory on their 

own lives, with their growth, active response to the 

changing seasons, their fight for light as well as their 

death and decomposition (Gutdeutsch 1996). 

According to Sunley and Bedding (1987), if visitors 

from another planet would come to earth they 

would be regarding timber as a miracle material, 

growing like a weed across the fertile globe and in 

forms often suited to the needs of man. Its versatility 

as a construction and decorative material involves it 

in some degree in every artefact of man (see 

appendix 1).  

Also, Herzog (2004) describes that from prehistoric 

times to the start of the industrial age, wood always 

played an important role in our relationship with the 

environment. Though Gutdeutsch (1996) and Sunley 

and Bedding (1987) argue that wood is one of the 



oldest materials known to mankind amongst for 

instance stone, Herzog (2004) claims wood to be the 

definite oldest of all building materials, which saw 

an inauguration of a form of construction from 

which all later forms took their lead. Over millennia, 

knowledge about construction with wood and the 

associated architectural language spread throughout 

the world. It developed without regard to cultural, 

civilizational or geographical boundaries. The first 

methods of construction evolved and the necessary 

knowledge and skills for dealing with wood as a 

building material were gradually amassed (Herzog 

2004). 

Despite their limited architectural vocabulary, 

prehistoric peoples were amazingly good at adapting 

their structures to suit the most diverse conditions. 

This unity in variety created the foundation for the 

development of a consistent, regional architectural 

language (of which some of us like to refer to as 

vernacular architecture). When used as a building 

material, wood could respond to all requirements, 

seemingly as a matter of course. No other material 

could be employed in such diverse ways (ibid). 

Herzog (2004) argues that in the knowledge of the 

cultural development it is our duty today, by way of 

designing contemporary architecture, to continue 

the creative process that has been evolving since the 

dawn of humankind, in which this architecture 

should rekindle the omnipresent relationship 

between people and wood, contributing to a 

respectful handling of the natural world that 

surrounds us.  

 

 

 
Image 2: A house from the Neolithic period in Cologne 

(Herzog 2004). 

 

Wood – building for the future 
Kaufmann and Kapfinger (2011) consider the most 

compelling argument for constructing with wood the 

fact that it is a material produced by energy from the 

sun, absorbing and storing CO2 from the 

atmosphere. Wood can be adequately disposed of 

and recycled and requires little energy to be worked 

compared to metals, plastics and mineral based 

construction materials.  

One might have thought that the age of high 

technology would have produced a better alternative 

material. High technology however, is also usually 

high energy consumptive. Modern techniques of 

stress grading, jointing, preservation and fire 

protection have extended its natural qualities and 

given it far greater structural possibilities (Sunley 

and Bedding 1987).  

According to Herzog (2004) the reason that building 

with wood is building for the future is fivefold; wood 

is a renewable building material, wood is produced 

in the forest which can be considered the 

environments and societies friendliest factory, forest 

and wood products store carbon dioxide, wood 

products save energy and carbon dioxide, and every 

use of wood instead of fossil or non-renewable 

materials relieves the environment and contributes 

to the protection of the climate.  

It must be said here that using wood does not come 

without responsibilities. After lectures, Kuma (2015) 

is often asked about his natural designs in relation to 

certain scientific aspects of sustainability. A typical 

question can be: ‘Doesn’t timber architecture 

contribute to deforestation?’ In response Kuma 

argues that if we do not follow sustainable methods 

of timber production, we will not be able to sustain 

the health and longevity of our forests. Forests and 

timber products can only be truly sustainable if we 

harvest and replant trees both systematically and 

locally.  

 

 
Image 3: Energy balance for the production of dried 

softwood sawn timber (white circles: fossil energy 

requirement in comparison to the energy stored in the 

wood) (Herzog 2004) 
 

 

 

 

 

 



Underground – the last frontier 
According to Admiraal and Cornaro (2018) 

humanity is facing enormous challenges as it moves 

into the Anthropocene. They argue that we are part 

of a transition that requires us to seek new balance 

between nature and humanity. Some might search 

outer space for the future of humanity, but before we 

can leave this planet in search for other worlds we 

should look at what underground space has to offer. 

The world’s population is likely to reach 9.8 billion 

in 2050 (UN 2018). Today, 55% of the world’s 

population lives in urban areas, a proportion that is 

expected to increase to 68% by 2050 (UN 2018). The 

need for usable land in urban areas grows. 

Subterranean development has been gaining 

attention (Lee, Christopoulos et al. 2017). But a lack 

of space should not be the only reason to want to 

develop the underground. Admiraal and Cornaro 

(2018) describe that the use of underground space 

can contribute to making our cities liveable, 

sustainable and inclusive. They do not approach the 

underground merely as the last frontier of urbanity, 

which might lead to placing all users who do not 

necessarily have to be at the surface, below it. A 

more pre-emptive approach could be looking at the 

needs of urban areas and developing from the 

potential that the subsurface has to offer to match 

those needs. Whether it will be a lack of urban space 

or a desire to make our cities more liveable, it is 

likely that the subsurface will be considered more as 

a potential architectural space in the near future. 

 

Underground – associated psychological and 

physiological effects 
characteristics  
An underground space is typically known as an 

enclosed environment below the surface of the 

earth. Unlike aboveground environments, there is no 

direct access to outdoor open spaces. Users of 

underground space generally do not have a 

perception of ongoing events outdoors. (Lee, 

Christopoulos et al. 2017).  

According to Hane, Muro et al. (1992) underground 

space is often considered unappealing, even when 

there are no fundamental problems. The idea of the 

underground seems to provoke some powerful 

images and associations from the past. Caves, 

functioning as shelters for primitive humans, are 

dark and cold places with humid, stale air. The 

darkness created a feel of mystery and fear of the 

unknown. Other manmade underground structures 

as catacombs and dungeons were places of 

enslavement or burial (Sterling, Carmody et al. 

1993). There seem to be many negative 

connotations of underground space across cultures 

(Lee, Christopoulos et al. 2017). 

 

 
Image 4: Underground space can provoke anxiety (pxhere 

2018) 

 

There are not only negative conceptions of 

underground space. The underground in its role as 

shelter can also create more positive associations as 

safety, security and protection. For instance, mother 

earth is an image of a source of fertility and life 

(Sterling, Carmody et al. 1993).  

An example of this is the underground city RÉSO in 

Montreal, which during the winter has over half a 

million visitors. It is used as alternative recreational 

and social space to escape the harsh climate. 

Underground spaces can also provide safety during 

wars or crisis. People from different countries view 

the underground environment with diverse 

opinions, which implies that the perception of 

underground structures depends on the culture, 

environment and experience people have with 

underground space (Lee, Christopoulos et al. 2017). 

 

 
Image 5: Underground city RÉSO (yelp 2018) 
 

As understood from describing the characteristics of 

an underground environment, negative effects that 

can occur with occupying an underground space can 

be categorized as negative psychological effects and 

as negative physiological effects. 

 

 

 



negative psychological effects 

Isolation 

Underground structures can have limited access to 

the outside. This can result in a feeling of 

entrapment that is associated with a loss of control 

over the environment, which might cause uneasiness 

and claustrophobic reactions.  (Lee, Christopoulos et 

al. 2017) (Hane, Muro et al. 1992). Potential 

solutions to reduce the feeling of isolation can be to 

reduce the barrier between above and underground, 

to construct more exit routes, to increase the 

amount of natural light and to promote a sense of 

familiarity with the above ground (Sterling, Carmody 

et al. 1993, Lee, Christopoulos et al. 2017)  

 

Lack of perceived sense of control 

Perceived control reflects the extent to which an 

individual believes that a situation or one’s 

environment is controllable and that one can bring 

about desired outcomes. The underground 

environment limits the capacity of various actions 

that could be performed, such as opening windows 

to adjust the ventilation or adjusting blinds to 

control the natural light. These circumstances 

contribute to a lack of perceived control (Lee, 

Christopoulos et al. 2017).  

The study of Fich, Jönsson et al. (2014) illustrates 

that people that were put into a windowless 

environment responded with pronounced cortisol 

reactivity (stress hormone) to stress induction 

compared to participants in an environment with a 

virtual window. When people notice there is no 

window in a room, they associate it with a hindrance 

of evacuation. Also, having less windows in an 

architectural environment reduces the extent to 

which one can orientate oneself in a building by 

using landmarks. The lack of exterior and interior 

environmental cues in underground spaces impairs 

navigation, which in turn results in a decrease in 

occupants’ perceived control (Lee, Christopoulos et 

al. 2017).  

An underground space tends to feel more foreign to 

the occupant, often associated with private, technical 

use, rather than the above ground that is considered 

to be public. It is more likely that the underground 

environment is fully surrounded by build structures 

with no natural features. Visibility of above ground 

space, interconnection of spaces and visual contact 

with nature are all reduced underground (ibid).  

Lack of greenery has been identified as one of the 

problems of underground spaces. By incorporating 

greenery into the design of underground structures, 

the loss of contact with nature could be 

compromised (ibid).  

 

Negative culture based associations 

Subterranean spaces are associated with various 

negative cultural concepts, in both Western and 

Eastern cultures. The idea of underground is closely 

related to death and evil forces. It has also been 

associated with cave societies or primitive cultures, 

and the basements spaces in cities sometimes 

provide a living space for those who are 

impoverished (Lee, Christopoulos et al. 2017),  

To occupy the underground positively, a re-

conceptualisation of the underground community is 

necessary. Underground spaces equipped with 

prestigious amenities can evoke feelings of 

segregation and privacy, attracting people who are 

eager to feel privileged. Increasing such uses may 

change the way the public views underground 

spaces (ibid).  

 

Perceived security 

First of all, security should be differentiated from 

safety, which is more related to threats and risk 

stemming from the physical environment, such as 

accidents or natural catastrophes. Security refers to 

risk or dangers stemming from human behaviour, 

such as terrorist attacks and crimes. If an 

underground space is characterized by many hidden 

spaces, it could provide places to hide for those with 

criminal intentions. This reduces the chance of 

offenders being caught, making it a popular activity 

space for offenders with criminal intentions. 

Increased surveillance and enhanced visibility of the 

build environment can lead to a higher security level 

(Lee, Christopoulos et al. 2017). 

 

negative physiological effects 

high levels of humidity  

In contrast to above ground buildings, underground 

buildings cannot diffuse moisture trough the façade, 

since the façade is most likely to be in direct contact 

with the ground. Humidity levels can only be 

controlled by ventilation. Also, when the façade is 

slightly porous, groundwater pressure can result in 

water permeating through the façade, resulting in 

higher humidity levels. Since the temperature of the 

ground is stable, the low surface temperature of the 

inside of the underground façade could result in 

condensation (Sterling, Carmody et al. 1993, 

Voorden, Kranenburg et al. 1999). 

 

acoustics 

Underground buildings will be relatively quiet 

compared to the above ground, since one of the 

advantages of being underground is the reduction of 

the ambient noise of everything above ground. Since 

there would be a lack of background noise, 



installations and other usually unperceivable sounds 

become perceivable (University of Minnesota. 

Underground Space and Minnesota Energy 1979, 

Voorden, Kranenburg et al. 1999). It is questionable 

whether this would become a problem in an 

underground station, since stations are often related 

to noise. 

 

lack of natural light 

The underground is related to a lack of natural light. 

Besides the psychological problems (the feeling of 

isolation) it is also known to cause physiological 

problems. It can result in a higher energy demand 

for artificial lighting (Sterling, Carmody et al. 1993, 

Voorden, Kranenburg et al. 1999). 

 

Wood –  and the senses 
Over the seven million years that our species have 

existed, over 99.99 % of our evolution has taken 

place in a natural environment. It is considered that 

the human body is adapted to a natural setting and 

urbanized, artificial environments can cause a state 

of physiological stress. This is one of the reasons 

research is conducted on the effects of wood on 

humans, since it is empirically known for its ability 

to have comfort enhancement effects (Harumi, 

Chorong et al. 2017). Research on this topic will be 

categorized here as olfactory, visual and tactile. 

 

Olfactory 

Experience suggests that the smell of wood has a 

relaxing effect. It is not unusual for the smell of wood 

to be described in poems (Appendix 2). However, 

data on the physiological effects on humans have 

only recently begun to be collected. In 1992 research 

was conducted on the effect of olfactory stimulation 

by Taiwan wood oil and eugenol on blood pressure, 

pulse rate, coefficient of variation of R-R intervals in 

the electrocardiogram (ECG), and performance 

(letter cancelation test). After olfactory stimulation 

by the Taiwan cypress wood oil, the systolic blood 

pressure of the participants decreased by 6%, which 

is considered a meaningful reduction, indicating 

stress reduction (Harumi, Chorong et al. 2017). 

Over time, similar studies have been conducted, 

resulting in different outcomes. Not only wood oils 

have been used as olfactory stimulation, but also 

wood chips of various kinds of wood. Significant 

outcomes are that most of these studies indicated a 

physiologically relaxing effect (ibid).  

 

Visual 

Research has also been conducted on the 

physiological effects of visual stimulation by wooden 

room interiors. For this research, actual rooms were 

built. Visual stimulation in a room consisting of 30% 

wooden elements reduced the participant’s diastolic 

blood pressure indicating physiological relaxation 

(Harumi, Chorong et al. 2017). A research conducted 

in Norway on the use of wood in the interior of a 

hospital, resulted in hospital employees favouring a 

hospital room with an intermediate level of wood, in 

relation to a regular patient room with no wood and 

a patient room with extensive wood use (Nyrud, 

Bringslimark et al. 2014). This indicates that the 

visual stimulation of wood used in the interior has a 

limit.  

 

Tactile 

There have been few reports on the physiological 

effects of contact with wood or wooden materials 

(Harumi, Chorong et al. 2017). 

Nonetheless there is one interesting study where 

participants were to touch four different materials 

during 90 seconds, of which one of the materials was 

white oak (see Appendix 3 for test-setup). Measuring 

the oxy-Hb concentration in the left and right 

prefrontal cortex lead to the conclusion that 

touching white oak decreased the oxy-Hb 

concentration in comparison with the other 

materials that were touched. The findings indicate 

that contact with wood induces physiological 

relaxation (Ikei, Song et al. 2017).  

 

Wood – physical benefits 
Considering the physical negative effects that can 

occur with being underground, Wood’s potential 

physical benefits are researched in relation to 

humidity, acoustics and light.  

 

Humidity 
Wood and wood-based materials have hygroscopic 

properties that are favourable for producing a good 

indoor climate. When an indoor environment is 

humid and produces humidity, wood can function as 

a buffer. A sudden peak in humidity can be buffered 

by the hygroscopic material, and ventilated away for 

instance during the night. Hygroscopic buffering 

may result in saving energy on ventilation if wood is 

used in the interior (Simonson, Salonvaara et al. 

2001, Salonvaara and Simonson 2018). 

 

Acoustics 
Though there are numerous solutions for improving 

the acoustics of a space, wood in itself can decrease 

the reverberation time of a space to a significant 

extent. If wood is perforated or installed as strips 

with a space in between, the absorption coefficient 

can be 0.4 to 0.9. Usually, it is installed with a 

mineral wool behind it. Plain wood has an 



absorption coefficient of 0,05 to 0,10, similar to glass 

or concrete, but there are types of wood, for instance 

cork, that can reach a coefficient of 0,4 to 0,6 

(Kuijpers-van Gaalen and Linden 2013). 

 

Light 

One can use direct of diffuse reflectors to increase 

the natural light reaching the underground space 

(Sterling, Carmody et al. 1993). Wood can, to some 

extent, reflect light. The extent to which it reflects 

depends on the type of wood and the type of 

finishing. The reflection coefficient of birch for 

instance can be between 0,3 to 0,5, in comparison 

with aluminium that can reach 0,85 (Kuijpers-van 

Gaalen and Linden 2013) 
 

Conclusion 

Humans and wood have a relation dating back to the 

dawn of humankind. Wood is, if used with integrity 

and if forests are managed properly, a true 

sustainable building material. With urbanization 

most likely to continue in the near future, the 

development of underground space is gaining 

attention. Negative physiological effects of being in 

an underground environment are the feeling of 

isolation, a lack of perceived sense of control, 

negative culture based associations and a lack of 

perceived security. These negative physiological 

effects are likely to result in a state of anxiety. The 

smell, look and touch of wood is empirically known 

to induce a state of psychological relaxation. It could 

therefore be applied as an interior material to 

reduce the anxiety associated with being in an 

underground environment.  

Amongst the negative physiological effects of being 

in an underground environment are high levels of 

humidity, an increase of the noise of installations 

trough a decrease of background noise, and a 

decrease of natural light. Wood has the largest 

potential in combination with the humidity of the 

underground space, since it is a hygroscopic material 

and can buffer moisture, which later can be 

ventilated away, resulting in a reduction of the 

energy demand of a building. Though wood can also 

have good acoustic and light reflectional properties, 

one could argue if alternative materials would be 

more fit for the job.  

 

 

 

 

Discussion 

Through research it became apparent that wood can 

induce psychological relaxation. Studies apply direct 

olfactory, visual and tactile stimulation. This 

research implies that wood as an interior material 

can reduce anxiety by inducing psychological 

relaxation, which it can do to some extent, but one 

has to take into account that applied as a building 

material the stimulation of the senses could be less 

evident as conducted in the research. Also the 

physical role wood can play, can easily be fulfilled by 

alternative materials. 

The beauty of wood is that it is a material that can 

passively perform multiple actions, while at the 

same time being a sustainable material humans have 

had a long relationship with. This paper hopes to 

encourage the designer to embrace the material and 

research its potential further in combination with 

the underground environment.  
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Appendix 1: Cultural dimension of wood 
Examples of the diversity of wood. 1 to 5 after Herzog (2004), 6 after Diamond (2013). 

 

1: Building kit for small motorized model aircraft 

2: Violin by Jacob Stainer, Austria, 17th century 

3: Inside the hull of a wooden ship 

4: Competition rifle, Finland, 1959 

5: Dog sled, Finland, 1982 

6: A Kung hunter from Africa’s Kalahari Desert, using the flexibility of wood to hunt with bow and arrow

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 2: Poem on the smell of wood 
Example of the experience of the smell of wood (Mytting and Ferguson 2015). 

 
The scent of fresh wood 

is among the last things you will forget 

 when the veil falls. 

The scent of fresh white wood 

in the spring sap time: 

as though life itself walked by you, 

with dew in its hair. 

That sweet and naked smell 

kneeling woman-soft and blond 

in the silence inside you, 

using your bones for 

a willow flute. 

With the hard frost beneath your tongue 

you look for fire to light a word, 

and know, mild as southern wind in the mind, 

there is still one thing in the world 

you can trust. 

 

- Hans Børli 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 3: Test setup tactile test 
Example of a tactile test after Ikei, Song et al. (2017). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


