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Abstract

Humankind has always been in search for the unknown and been 
fascinated by the exploration of its environment, seeking for the fresh 
opportunities and knowledge. 

The first inhabitants of Mars will be captured by the hostile enviro-
ments’ challenging conditions, thus, human-friendly living & working 
habitat becomes crucial. So as to achieve successful mission, it is 
important to put the psychological and physiological well-being of the 
crew in hostile environment. 

This thesis is experimenting with the idea that, as architects we could 
design senses, emotions, feelings and moods in the space by putting 
human factors into the center of the design and making the essence of it 
to increase the habitability on Mars and as a result, create home 
feeling on another planet.

The thesis is seeking answer to the question of 

“How to translate complexity and variety we find in nature for the 
well-being of the humans to prevent spatial boredom and monotony 
for the intention of creating home feeling on Mars?”.

The thesis is highlighting the spatial boredom and monotony and 
sensory deprivation problems and experimenting with the design of the 
spaces while keeping these problems in the mind for the psychological 
well-being of the human life.
 
To prevent spatial boredom and monotony, the design is creating 
various work and living spaces in terms of being seen and not being 
seen; to see and not to see. Creating complex and unpredictable, yet 
playful circulation to enrich the long term spatial experience. Sense of 
surprise and variation in spatial qualities in verticality and horizon-
tality are highlighted through the creation of the differential growth 
algorithm based design which results as wrinkled and visually sensual 
spaces. Also, the curved walls are creating sense of borderless and 
impression of bigger spaces.

To highlight the sustainability and for logistic reasons, in situ materi-
als is used and 3D printing is the construction method since it enables 
the creation of freeform designs. The extrusion based printing is 
creating haptic and tactile surfaces as a countermeasure for the sensory 
deprivation.
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Introduction

Last year, I got really excited when I see the competition of NASA’s 3D 
Printed Habitat Challenge. I thought this is becoming real. Finally, 
humankind is taking an actual step to live on the other planet.

Meanwhile, I was drawing a comic for my Performing Theories course 
and we had a task of imagining new space typologies and drawing 
them in a comic format. I was up on the air when I had this task on 
my mind while traveling to my home. I always got fascinated by the 
idea of being away from the ground- being up on the air, seeing things 
from different perspective and imagining about the other worlds. I 
thought I could make my comic on that. Imagining a life on Mars. Not 
like a kind of a life have been imagined by in fish tanks- all boring steel 
and cold kind of life. A life we can feel ourselves, be sad and happy in 
it. A life we have feelings, emotions and senses. While I was drawing 
my comic, all the designs I have seen, felt like , as no human will live 
there, didn’t feel like a home. I have always known that, there are 
many limitations on the design and they are usually the products of 
engineering. I asked to myself, is it possible to bring human psychology 
to right in front of  us? Asking questions like what happens if people die 
there? what happens if people miss the Earth? (Well at least we know 
that Elton John gave a thought on this-thanks to Rocket Man) what 
happens if we people argue there? That was the main drive of my 
comic. This initially grew in me and I became more curious about it. I 
thought it could be interesting to think about it, as a human and  
aspiring architect. Because, I came to realize there are very few research 
on human psychology who is trapped on such a kind of environment. 
Well, it is quite understandable in a way, since humankind has only 
lived maximum 6 months out of Earth. Also, it is interesting to create a 
new typology of home on another planet. How do we do that? This 
situtation initially, make me wonder more, and as architects and 
designers, I thought this becomes more than an engineering problem 
since we are no more sending only robots to Mars. I guess it is time to 
take more  humanistic approach on this. So in a way, my thesis is 
attempting to start a discussion on this quite new approach on making 
life on Mars. I guess it is time to make architectural arguments focusing 
on human life. And here is my attempt to open a discussion on this. 
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WHY WE GO TO MARS?!

Humankind has always been interested in pursuing the known and 
mystery. Finding an evidence of existence of life on another planet still 
remains as one of biggest mysteries. Yet, explorers and scientists are 
driven by the idea of exploring this mystery with robotic and scientific 
missions. 

We know that, Mars has very similar characteristics and historical 
background similar to Earth thanks to these interplanetary missions. 
However, there are many differences that we need to understand. 
Philip Christensen says that answer to “Why we should go to Mars, 
while there are many things to learn on Earth” is very simple. It is to 
better understand our own planet, Earth. 

He says that, “Mars, like Earth, has an atmosphere, winds, clouds, 
weather, and dust storms. It also has massive volcanoes, great rift 
valleys, dry river channels, and huge sand seas. Mars has polar ice 
caps, snow banks, and glaciers that have striking similarities to those 
here on Earth. And, most importantly, Mars has evidence for liquid 
water and habitable environments, both in its past and today. This 
breadth of landforms, processes, and environments, by themselves, 
make Mars a fascinating place to explore (Christensen, 2016). 

The most compelling reason to study Mars is not necessarily in the 
similarities, but rather in the differences with Earth that will help us to 
better understand our own planet’s history and evolution.” According 
to him, with the explorations on Mars and comparing Mars to Earth, 
we might gain the knowledge of how life begin on Earth (Christensen, 
2016)

According to NASA, if we can rely on this accumulated knowledge 
based on the missions and keep researching Mars' geological evolution 
that would result in as research and methods potentially could be put 
into use on Earth. Now, we know that humans can live for extended or 
even permanent stays beyond low Earth orbit. 

One of the most ambitious attempting related to initiative of living on 
Mars is, the collaboration of diverse nations to work hard to achieve 
the successful mission of traveling and learning to live together on 
Mars. This would contribute to the idea of living together in a global 
sense of community (NASA, 2013).

fig 1 artwork by Paul Rossi 
(Doctorow, 2017)
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Mars and Earth’s Size Comparison
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fig 2 data taken from NASA 
re-drawn by the author
(NASA’s Mars Exploration 
Program, n.d.)

Mars and Earth’s Volume Comparison

Mars has about 15 % of Earth’s volume. To fill Earth’s 
volume, it would take over 6 Mars volumes.

260 billion mi3
1.1 trillion km3
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fig 4 data taken from NASA 
re-drawn by the author
(NASA’s Mars Exploration 
Program, n.d.)
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Mars and Earth’s Hours in one Day and Sol Comparison

24 hours
23:56 sidereal

24 hours+ 4o min
24:37 sidereal 

  

fig 5 data taken from NASA 
re-drawn by the author
(NASA’s Mars Exploration 
Program, n.d.)

Mars and Earth’s Gravity Comparison

Earth Mars

“On Mars, human body experience 62.5 %  less gravity than in Earth.”

fig 6 data taken from NASA 
re-drawn by the author
(NASA’s Mars Exploration 
Program, n.d.)
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Mars and Earth’s Seasons Comparison

23.5

Mars has seasons just like Earth since it has a similat tilt. Because of the
fact that one Earth year is two times longer than then the Martian year it means seasons 

are two times longer (NASA’s Mars Exploration Program, n.d.)
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fig 7 data taken from NASA 
re-drawn by the author
(NASA’s Mars Exploration 
Program, n.d.)

Mars and Earth’s Atmosphere Comparison
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% 21 Oxygen

% 1   Other

% 96 Carbon Dioxide

<% 2 Nitrogen

<% 2 Argon

% 1  Other

fig 8 data taken from NASA 
re-drawn by the author
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Mars and Earth’s Temperature Comparison
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fig 9 data taken from NASA 
re-drawn by the author
(NASA’s Mars Exploration 
Program, n.d.)

Mars and Earth’s Weight Comparison

If you weighed 100 kg on Earth, you would weigh only
38 kg on Mars (NASA’s Mars Exploration Program, n.d.) 

100 kg 38 kg

fig 10 data taken from NASA 
re-drawn by the author
(NASA’s Mars Exploration 
Program, n.d.)
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2
 Understanding the notion of Space Habitability

 Space Habitability

Habitability

Unfortunately, human factors has never been the main 
focus of the hability design. However, the engineering 
expertise has always been considered from the begin-
ning (Larson and Pranke, 1999). This situation is 
resulted as low habitability  that is influencing the 
everyday life and psyhchology of the crew (Johansson, 
2010).

Habitats should assist the complicated operational, 
physical, psychological and socio-cultural needs of 
astronauts. Because of that, human factors cannot be 
recognized as seperate. Not only engineering systems 
but also human needs and well-being should be in the 
center of the design ( Messerschmid & Bertrand, 1999).

Irene Lia Schlacht prensents the concept that integrat-
ed Human Factors into the design process which is 
called Integrated Design Process (IDP) that intends to 
enhance the habitat by designing usability, livability, 
and flexibility. According to her with this system, the 
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ful mission and improved performace will occur (Schlacht, 
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1. Quality of life
2. System usability
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5. Performance, health, and well-being during duty 

fig 16 showing the IDP 
model (Schlacht, 2012)  

fig 17 showing the human 
factors (Schlacht, 2012)  

fig 15 showing the current 
model (Schlacht, 2012)  

Astranout Interviews

Irene Lia Schlacht interviewed with 14 astronauts to 
examine the main hability problems:

1. Low Habitability (mentioned 5 times)
2. Orientation problem due to visual chaos (4 times)
3. Ineffective storage system (3 times)
4. Unpleasant interior color (twice)
5. Visual monotony (once)
6. Physiological effects (coordination, visual focus, sensorial 
perception) (once)
7. Psychological environmental effects (once)
8. System maintenance (once)

The main habitability problems selected on the 
questionnaire were:

1. Variability (4 times)
2. Privacy (4 times)
3. Personalization (3 times)
4. Input to avoid monotony of isolation (3 times)
5. Open space (twice)
6. Quiet (twice)
.7. Feeling of freshness (once).

Integrated Design Process

Habitability is the quality of life given by the interac-
tion between humans and the system, and
composed of operational (fo), physical (fp), psycholog-
ical (fps), and socio-cultural (fsc) factors (Schlacht, 
2012). 

Habitability = fo + fp + fps + fsc

Habitability = Quality of life in a system = System 
usability = Performance

1. Operational factors (fo) are all the factors related to the 
task, task management, and task support
2.Physical factors (fp) are all the factors related to the 
environmental conditions outside and inside the habitat 
and all the factors related to the human physiology
3.  Psychological factors (fps) are all the factors related to 
mental well-being
4. Socio-cultural factors (fsc) are psychosocial and cultural 
factors related to the interactions among humans 
(Schlacht, 2012). 
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3
 Analysis of Stressors Living on Mars

fig 18 collage illustrated 
by the author

is there

Factors Effecting Human Life on Mars

In order to achieve a succesful mission, it is crucial to 
point out the several issuesto improve the well being 
and safety of human life for the human well-being and 
safety. It is important to put the human life in the 
center, because mission on Mars is different than the 
any other mission of Mars, in terms of lenght of the 
mission so the well being of the crew gains an impor-
tant aspects. The main issues are needed to be 
addressed are: physiological issues, environmental 
issues, psychological and cognitive issues and cultural 
issues.

Stressors for Human Beings

Psychological Issues Environmental Issues Physiological Issues Socio-Cultural Issues
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 Psychological Issues due to life on Mars

Regina Peldszus and Hilary Dalke explains living on 
Mars, besides being highly hazardous to physical 
health to human, its hostile environment is adding 
psychological challenges and stressors as well (Peldszus 
& Dalke, 2019).  

These pyschological effects are  occured because of 
life’s danger, high work load, social isolation, cultural 
differences, spatial confinement, temporal confinement, 
environmental  isolation, monotony, third quarter phenom-
enon and also the effect of Earth being out of view (Kanas 
& Manzey,2003).

Nick Kanas also adding, loneliness, lack of support 
because of communication delays,  high dependence on 
machines and local resources, limited social contacts and 
novelty, leisure time and sexual issues (Kanas, 2015) .

Morphew says there might occur psychological prob-
lems because of alterations in sensory stimuli, disruptions 
in sleep and limited habitiblity like limited hygiene 
(Morphew, 2001)

During the long orbital missions, astronauts have 
experienced depression, monotony, boredom and 
interpersonal tension (Peldszus & Dalke, 2019).  

The sense of isolation and loneliness will be experi-
enced more in Mars than any other mission because of  
being millions of miles away from Earth. Also, sense of 
being isolated will increase because of the high auton-
omy and delayed communications with family and 
everyone on Earth (Kanas, 2015) .

One of the biggest challenger for Martians will be not 
being able to see their homeplanet which is called 
“Earth out of view phenomenon”. This situation might 
increase the feeling of loneliness, isolation and homesick-
ness. Even more hazardous effects might appear, like 
depression, psychosis or even suicidal thinking.

Lapses of attention, sleeping problems, emotional lability, 
psychosomatic symptoms, irritability toward crewmates, 
and decline in vigor and motivation might occur as 
psychological reaction (Kanas, 2015).

In Russian flight surgeons, asthenization, a syndrome 
including fatigue, irritability, emotional lability, and 
attention and concentration problems has been addressed. 
(Genta, 2017) fig 19 illustrated by the author

life’s danger

high work load

loneliness

homesickness

irritation between crew

asthenization

emotional lability

apathy

depressionsocial isolation

cultural differences

spatial confiment
environmental isolation

monotony
spatial boredom

third quarter phenomenon

earth out of view phenomenon

alterations in sensory stimuli

sensory deprivation

limited habitibility

Psychological stressors Psychological effects

I feel lonely, isolated, 
homesick, depressed 
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Environmental Factors on Human Life

Human Bodies Respond to Nature

By acknowledging the significance of natural environ-
ment on human well being, it is easy to point out the 
importance of the habitability will be the main 
consideration on such an isolated environment where 
everything will be artificial. 

To increase the habitability, natural environment 
could be adopted as a foundation to look for the 
factors.

Faber Birren (1900-1988) says:  “In response to environ-
ment, people expect all of their senses to be moderately 
stimulated all the times. 

This is what happens in nature, and it relates not only to 
color and changing degrees of brightness, but to variation 
in temperature and sound. 

The unnatural condition is one that is static, boring, 
tedious und unchanging. 

Variety is indeed the spice–and needed substance–of life” 
(Birren, 1983 p. 167).

We could say that human life has evolved with nature. 
What is missing compare to the  Earth’s natural 
environment in hostile and isolated environment on 
Mars is the 

     “variability of stimulation”

M.D. Vernon, a British psychologist, says:  “Variation is 
a fundamental characteristic to stimulate the human 
performance. 

Normal consciousness, perception and thought can be 
maintained only in a constantly changing environment. 

When there is no change, a state of 

                ‘sensory deprivation’ 

occurs; the capacity of adults to concentrate deteriorates, 
attention fluctuates and lapses, and normal perception 
fades” (Birren, 1982 p. 28)

Sensory Monotony and Variety

One of the major problems of long duration missions 
is sensory deprivation, under-stimulation, or to put it in 
the right way, as we consider the space habitat is 
sensory monotony. (Schlacht, 2012)

Frank Mahnke, President of the IACC (International 
Association of Colour Consultant/Designers), clears 
out in his book about color and light in human-made 
environments:  “Persons subject to under-stimulation 
showed symptoms of restless, excessive emotional response, 
difficulty in concentration, irritation, and in some cases, a 
variety of  more extreme reactions” (Mahnke & Mahnke, 
1987 p. 5).

Stimuli is always needed to prevent sensory monotony 
in such an isolated environment. Frank Mahnke 
suggests that 

        “color variety”

is the most favorable stimuli psychologically. Accord-
ing to him, it is not that one color is better than to 
other one, however, personally, one of the colors 
would be recognized as psychologically exciting or the 
other one is soothing, yet a variety of stimulation and 
change in atmospher is needed to set up a sound 
milieu.(Mahnke & Mahnke, 1987 p. 6).

Complexity and Variety

Doubtless to say, human has evolved on Earth.  Irene 
Lia Schlacht explains “Wind, seasonally changing color, 
light variation, day cycle, fragrances, temperatures, and 
unplanned environmental events such as rain are part and 
parcel of the earthly reality in which humans evolve. Those 
stimuli are in fact part of the natural conditions for human 
life.” (Schlacht,2012)

Natural and Artificial Environments

Frank Mahnke explains since they have huge effect on 
our psychological reactions and physiological well 
being, color and light are the the most important 
elements in our architectural environment. (Mahnke, 
1996 p. 3)

fig 20 illustrated by the author

Colors Variation In Nature

Form Complexity In Nature

Light Variation In Nature

Pattern Variation In Nature

Haptic Surfaces In Nature

On “re-entry and landing, when I stood on the 
ground, I was filled with emotion about how great 
it was to be back on Earth again. I felt Earth’s nature 
all around me. The relaxing sensation of the wind 
on my face made me feel so grateful for nature” 

The JAXA astronaut 
Naoko Yamazaki Sensory Stimulation on Earth

Sensory Deprivation on Mars

Sensory Monotony on Mars

Spatial Boredom on Mars

Sight

Taste

Smell

Touch

Hearing

Things We Find in Nature
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Physiological Effects due to Radiation  Radiation Hazards on Human Body

Age      25    35    45    55
Male     0.7    1     1.5    2.9
Female    0.4    0.6    0.9    1.6

When we say radiation in space, it basically means 
high energy particles( i.e. electrons, protons, helium 
nuclei and some heavier nuclei, but very few neutrons) 
and a a few electromagnetic x-rays and γ rays. 

Ionizing radiations will give rise to acute and chronic 
health effect in biological systems on human bodies. 

Radiation causes either acute or chronic damages on 
human body.  Immediate doses are causing the acute 
damages which develops in few seconds to several 
minutes.

However, it would take few days to several years for 
chronic damage to occur. That would result in cancer 
and genetic defects. Also, skin ulcer and blindness in 
cataract (Genta, 2017)

      effective dose = quality factor x absorbed dose

Career limits for astronauts in LEO based on National 
Council on Radiation Report No. 98 (1989)

fig 21 data taken from (Storms, n.d.) fig 22 collage made by the author

Changes to bone , muscle and cartilage
and microarchitecture

Galacatic Cosmic Ray Environment
   Dose Equivalent Values (cSv/yr)

1098765

Gonads susceptible to cancer
and genetic mutations

Skin Cancer

Prodromal effects such as nausea
and vomiting

Degenerative damage to the
circulatory system

Cataract formationDamage to quiescent 
neural  stem cells in 
the hippocampus

Increased cancer risks

Neuro behavioral decrements
(anxiety, fatigue, performance)
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Physiological Effects due to Gravity Gravity Hazards on Human Body

Earth Mars

Unfortunately, we do not have enough information 
what would be the possible effects of gravity on 
Martian surface. However, it might be better with 
0.38g than microgravity. 

Some say that, it is better than nothing to have zero 
gravity like on space. So as a result, this might be 
enough to prevent the some of the physiological 
hazards that potentially happen during the micrograv-
ity.

Even though, residing on Martian environment  would 
permit the astronauts conditions to continue, it is not 
potentially promising in terms of the landing on the 
planet and poor conditions that astronaut’s will be 
experienced (Genta, 2017).

Hazardous effects of gravity on long duration missions 
are:

+ Space Adaptation Syndrome and balance disorders.
+ SAS produces nausea, vomiting, headaches, lethargy, and  
a general malaise.
+ Deterioration of the skeleton
+ Muscle atrophy
+ A slowing down of cardiovascular system functions.
+ Fluid Redistribution
+ Distorbed vision bringing cognitive issues
+ Weakining of the immune system
+ Sleep disturbance
+ Sensorimotor alterations

“On Mars, human body experience 62.5 %  less gravity than in Earth.” fig 23 collage made by the author
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Socio-Cultural Issues on Mars Psychosocial  Issues on Mars

The Impact of Cultural Issues

First of all, if the space crew is multicultural, the effects 
of coping with stress could be a bit more complicated 
than within any kind of  space crew mission.

Second, also between the different cultural groups, the 
way of occurence of mental health issues could vary. 

Third, along with the other things, cognitive and the 
way people decide on things might differ between 
different cultural groups such as understanding of 
privacy and personal grooming habits.

Fourth, another thing that could be diverse along the 
multicultural teams is the social behavior norms. 
Tension might occur, cohesion problems might appear 
in the situations, if everyone is expected to eat and 
socialize together at the meal times (Kanas and 
Manzey, 2008). 

Questionnaires of Astronauts

Nick Kanas and his colleagues has studies 30 astro-
nauts and 186 mission control personnel on board 
missions MIR AND ISS. The conduct’s purpose is to 
search for the weekly mood and group dynamics.

What is interesting is during the mission, there was a 
strong proof for the transmission of anger and negativi-
ty from crew members to ground mission control 
personnel. 

What is important and positive among the group 
cohesion was related to the supportive role of the group 
leader.

V.I. Gushin and his colleagues analyzed the speech 
patterns to study crew members. They figured that, 
after sometime later, there has been occured decreased 
communication (low content and scope) between 
isolated groups and outside personnel which is called 
psychological closing. Also, the crew members has 
started to communicated less with the ground control 
and become more egocentric that is called autonomiza-
tion. Also, leadership issues and cultural misunder-
standings highly found in the crew members (Kanas, 
2015).

fig 24 collage made by the author
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  Habitability Experiment in MDRS 2010

Irene Lia Schlacht experimented with analog mission 
which is called Mars Desert Research Station in 2010.
According to the researches, one of the potential 
stressors in Mars is, sensory monotony and autonomy.

Sensory stimulation and creative activities are proposed as 
countermeasures.

Experiment Design

The experiment design process structure:

1. Analysis of the problem: sensory monotony and 
autonomy
2. Solution:  sensory stimulation and creative performance
3. Based on the literature, selection of sensory stimula-
tion and creative activity
4. Experiment design
5. Experiment execution
6. Result verification (Schlacht, 2012)

Experiment Execution Procedures

To stimulate senses, specialist selected and prepared 
displays and visual interaction with colors, 
tactile interaction with plants, auditive interac-
tion with sounds, and olfactive interaction with 
fragnence samples.

Results

The experiment solution achieved its purpose and 
created sensory stimulation, crativity and well being as 
this process could be useful in the long term misions 
where the sensory monotony and deprivation are 
major problems which causes mental drowsiness.

Results are:

+ Color gradation: visually aesthetic feelings are induced
+ Plants: stimulating connection with other life forms 
+ Listening to natural sounds: soothes and stimulates 
imagination
+ Smelling fragnances: triggering past experiences and 
memories in nature
+ Creative performance: soothes and may be used to 
reminding home (Schlacht, 2012)

Fig 25 Palette tables of 50 colors, 21 textures and 21 patterns ( Schlacht et al. , 2008)

Sensory Experiments by Irene Lia Schlacht

The images presented were:

- Image 1, the entire interior is brown (feeling of security, earth, weight);
- Image 2, the entire interior is light blue (feeling of spaciousness, fresh air);
- Image 3, light blue interior and brown floor (eco-mimicry orientation with sky up and earth
down);
- Image 4, blue ceiling, green walls, brown floor (strong biological reference).
The astronauts’ favorite image was image 3. It showed a balance of color without hyperstimulus.

Fig 26 MoonMars Habitability sensory experiences at MDRS 2010: fragrances, colors,
natural sounds, and plants. MDRS  ( Schlacht et al. , 2008)
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4
 Site Analysis

Fig 27 Gale Crater Map from source (NASA,2012) Fig 28 Gale Crater  NASA/JPL-Caltech/MSSS  (NASA,2012) 

Gale Crater
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 Characteristics : Gale Crater

Characteristics

Gale Crater is potentially great place to be explored and 
habitated by the Martians. It has mountained layered of 
materials could be observed which is called Mount Sharp, 
about 5 km at height. Layers of the Mountain could give 
us a hint about the history of the Red Planet. Based on 
the height, there are different materials exposed. The 
bottom layers consist of clay minerals.Above them, there 
are sulfur and oxygen bearing minerals exist (NASA,n.d).

Gale Crater’s diameter is about 150 km. It is predicted 
that, crater is about 3.5 million to 3.8 million years old. 
This also makes the crater interesting place to be 
explored (Mars Odyssey Themis, n.d).

According to scientists, potential of the water’s 
existence makes the area very favorable area. This also 
creates the possiblity of microbial life (Mars Odyssey 
Themis, n.d).

On September 26, 2013, NASA scientists reported that 
Curiosity detected “abundant, easily accessible” water 
(1.5 to 3 weight percent) in soil samples at the Rock-
nest region of Aeolis Palus in Gale. 

This is a favorable situation for future Martians.

Since Gale Crater is located in Equatorial climate 
zone, this makes the crater human friendly. 
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Fig 29 Gale Crater Layers (Wikipedia,2010) 
Fig 31 redrawn by the author

Fig 32 (Curtin University, 2011)

Fig 30 (NASA, 2011) Fig 33 Gale Crater Layers (NASA/JPL-Caltech/MSSS,2014) Fig 34 Gale Crater  (NASA/JPL-Caltech/MSSS,2015) 
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4.1
 Mars Precedent

Marsha by AI SPACE FACTORY

Martian Circadian Lighting

Marsha is attempting to create circadian lighting 
system which is mimicking the Earth lighting system 
for the well being of the Martians. Besides that, 
indirect natural light is diffused into the space thanks 
to the water-filled skylight while protecting Martians 
from the radiation (AI Space Factory,n.d) .

Human Experience

The functional areas of Marsha are splitted into 4 
different levels which encourages mobility and intends 
to prevent monotony.

The space in between the two shells works as 
light-well connecting which enables the natural light 
to come in, thanks to the water filled skylight above 
and intermittent 360 degrees windows.  The different 
levels are connected through the stairs which is 
resulted with the arc form because of the form of the 
inner shell adding a diverse dimension.

Elements of suprise and literal room for the crew is 
offered in the habitat so as to slip outside (AI Space 
Factory,n.d).

Fig 35 Section  (Archdaily ,2018) 

Fig 36   (Archdaily ,2018) Fig 37  (Archdaily ,2018) 
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Marsha by AI SPACE FACTORY

Fig 38 Images taken from Video (AI Space Factory ,2018) 

5
 Setting the Architectural Principles

39



Marsha by AI SPACE FACTORY

Fig 38 Images taken from Video (AI Space Factory ,2018) 

5
 Setting the Architectural Principles
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Fig 38 (Terrapin Bright Green,2014) 

Biophilic Design Patterns on Well Being Biophilic Design Patterns & Biological Responses

Stress reduction, improvement in congnitive function 
and creativity as well as well-being and expedite 
healing could be resulted with the application of 
biophilic design.

Humankind’s instrictive biological attachement with 
nature is biophilia  (Terrapin Bright Green LLC,2014).

According to Terrapin Bright Green LLC, biophilic 
design patterns could be grouped into 3 categories: 
Nature in the Space, Natural Analogues and Nature of 
the Space.

Nature in the Space

Nature in the Space points out the direct, physical and 
ephemeral existence of nature in a space or place.

Nature in the Space consists of seven biophilic design 
patterns:

1. Visual Connection with Nature
2. Non-Visual Connection with Nature: Auditory, haptic, 
olfactory, or gustatory stimuli that engender a deliber-
ate and positive reference to nature, living systems or 
natural processes.
3. Non-Rhythmic Sensory Stimuli
4. Thermal & Airflow Variability: Mimicing natural 
environments which are delicate changes in air 
temperature, relative humidity, airflow across the skin, 
and surface temperatures.
5. Presence of Water
6. Dynamic & Diffuse Light:  Changes of light and 
shadow that occurs similar to nature.
7. Connection with Natural Systems (Terrapin Bright 
Green LLC,2014)

Natural Analogues

Natural Analogues are related to the associations from 
the nature which could be organic, non-living and 
indirect. According to Terrapin Bright Green LLC, 
natural analogues could occur as objects, materials, 
colors, shapes, sequences and patterns found in nature, 
manifest as artwork, ornamentation, furniture, décor, 
and textiles in the built environment

Natural Analogues covers three patterns of biophilic 
design:

1. Biomorphic Forms & Patterns: References that occurs 
in nature which are patterned, textured or numerical/ 
fractal arrangements.
2. Material Connection with Nature: To create distinct 
sense of place and reflect the local ecology, materials 
and elements from nature could be used.
3. Complexity & Order: Rich sensory information that 
adheres to a spatial hierarchy similar to those encoun-
tered in nature (Terrapin Bright Green LLC,2014).

Nature of the Space

Nature of the Space forwarding spatial configurations 
in nature that we find in nature. 

These spatial configurations consists of instictive and 
learned aspiration to demand to see beyond our 
instantaneous surrondings, our strong interest on the 
things we find in nature which are somewhat danger-
ous and unknown. Besides that, vague perspectives and 
descriptive moments and slightly phobia-producing 
features when they have assured safety.

The combination of Nature of the Space, becomes 
stronger when they are mixed with the other elements 
from Nature in the Space and Natural Analogues.

Nature of the Space covers four biophilic design 
patterns:

1. Prospect 
2. Refuge
3. Mystery: Having vague perspectives that evoke to 
explore more yet views offering assured safety
4. Risk/Peril:  An identifiable threat coupled with a 
reliable safeguard (Terrapin Bright Green LLC,2014).

In this thesis, some of the patterns are taken as a 
principle to address for the well being of the Martians.

Pattern

Non Visual Connection With 
Nature

Thermal & Airflow Variabili-
ty

Dynamic & Diffuse Light

Biomorphic Forms & Patterns

Material Connection with 
Nature

Complexity & Order

Mystery

Risk/Peril

Reduced systolic blood 
pressure and stress 

hormones

Positively impacted 
cognitive performance

Perceived improvements in 
mental health and tranquil-

ity

Positively impacted 
comfort, well-being and 

productivity

Positively impacted 
concentration

Improved perception of 
temporal and spatial 
pleasure (alliesthesia)

Positively impacted 
perceptual and physiologi-

cal stress responses

Observed view preference

Observed view preference

Positively impacted 
circadian system function-

ing
Increased visual comfort

Decreased diastolic blood 
pressure

Improved creative perfor-
mance

Improved comfort

Induced strong pleasure 
response

Resulted in strong dopa-
mine or pleasure responses

Stress Reduction Cognitive Performance Emotion, Mood, Preference
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Architectural Design Principles based on well being

Every person requires private spaces for sleeping,
reading and spending their times whenever they wish
to be alone. These spaces should be customizable and 
flexible.

 Personal Spaces

Psychologically,because of the limitations in confined 
spaces, people prefer more complex spaces.

complicating the circulation to prevent spatial boredom

horizontal walls

 Complex Spaces

Common/public spaces should allow for meetings, 
group activities, recreational activities.

Common Spaces

Curved walls increases the perception of a space as it
is larger than its actual size since the borderlines of 
horizontal planes and vertical walls dissolve.

 Curved Walls

Semi-private spaces for small groups to relax, chat 
and rest en between assignments.

 Semi Private Spaces

public

semi- public

private

Spaces should not be predefined, they should be 
flexible, and could be re-purposed for multiple uses.

 Multifunctional Spaces

Creating connection with outside, decreases the 
impression of being confined.

Interaction With Exterior

curved walls

To prevent sensory deprivation, it is important to 
stimulate all senses through design and other tools.

 Stimulation of Senses Through Design

Using biomimicry principles to create conection with 
nature and prevent spatial boredom to create wellbeing

Variation Through Design

Psychologically,change of light color to create sense 
of surprise and mimicking earth lighting.

 Circadian Lighting

Psychologically, to prevent sensory deprivation, it is
important to use various texture and colors.

 Texture and Color

Psychologically soothing, sensory stimulation, 
theurapathic effect. Smell, sound, touch, see

 Biophilic Design
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Creating complex circula-
tion to increase the quality 
of long term experience

translating the complex-
ity we find natural 
forms to prevent spatial 
boredom

less predicatable spaces 
to avoid spatial boredom

Psychological Well Being of the First Martians

color variety for 
sensory stimulation

circadian lighting 
for sensory stimu-
lation

haptic surfaces for 
sensory stimula-
tion
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Program of Martian Home
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6
 Experimenting with the Parametric Architecture Tools
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Differential Growth in Nature

Fig 39  (Nervous System, 2015)
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TYPE 1 : Experiment : Form_Open Curve in 2D // Outward  // Lofting
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TYPE 2 : Experiment : Another Form in 2D // Lofting
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TYPE 2 : Experiment : Another Form with small corners drawn // Introducing Programs to Test
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TYPE 2 : Experiment : Another Form with small corners drawn // Introducing Programs to Test

20 m

TYPE 2 : Experiment : Another Form with small corners drawn // Introducing Scale to Test
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TYPE 1 : Experiment : Form_Square in 2D // Outward // Trimming Surfaces

7
 Experimenting with the Final Design Proposal
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7
 Experimenting with the Final Design Proposal
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Architectural Design Principles based on well being

Every person requires private spaces for sleeping,
reading and spending their times whenever they wish
to be alone. These spaces should be customizable and 
flexible.

 Personal Spaces

Psychologically,because of the limitations in confined 
spaces, people prefer more complex spaces.

complicating the circulation to prevent spatial boredom

horizontal walls

 Complex Spaces

Common/public spaces should allow for meetings, 
group activities, recreational activities.

Common Spaces

Curved walls increases the perception of a space as it
is larger than its actual size since the borderlines of 
horizontal planes and vertical walls dissolve.

 Curved Walls

Semi-private spaces for small groups to relax, chat 
and rest en between assignments.

 Semi Private Spaces

public

semi- public

private

Spaces should not be predefined, they should be 
flexible, and could be re-purposed for multiple uses.

 Multifunctional Spaces

Creating connection with outside, decreases the 
impression of being confined.

Interaction With Exterior

curved walls

To prevent sensory deprivation, it is important to 
stimulate all senses through design and other tools.

 Stimulation of Senses Through Design

Using biomimicry principles to create conection with 
nature and prevent spatial boredom to create wellbeing

Variation Through Design

Psychologically,change of light color to create sense 
of surprise and mimicking earth lighting.

 Circadian Lighting

Psychologically, to prevent sensory deprivation, it is
important to use various texture and colors.

 Texture and Color

Psychologically soothing, sensory stimulation, 
theurapathic effect. Smell, sound, touch, see

 Biophilic Design
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 Biophilic Design
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Roof Experiments
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Roof Experiments Roof Experiments_On Intentions to protect from Radiation
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Floor Experiments Floor Experiments
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Architectural Design Principles based on well being

Every person requires private spaces for sleeping,
reading and spending their times whenever they wish
to be alone. These spaces should be customizable and 
flexible.

 Personal Spaces

Psychologically,because of the limitations in confined 
spaces, people prefer more complex spaces.

complicating the circulation to prevent spatial boredom

horizontal walls

 Complex Spaces

Common/public spaces should allow for meetings, 
group activities, recreational activities.

Common Spaces

Curved walls increases the perception of a space as it
is larger than its actual size since the borderlines of 
horizontal planes and vertical walls dissolve.

 Curved Walls

Semi-private spaces for small groups to relax, chat 
and rest en between assignments.

 Semi Private Spaces

public

semi- public

private

Spaces should not be predefined, they should be 
flexible, and could be re-purposed for multiple uses.

 Multifunctional Spaces

Creating connection with outside, decreases the 
impression of being confined.

Interaction With Exterior

curved walls

To prevent sensory deprivation, it is important to 
stimulate all senses through design and other tools.

 Stimulation of Senses Through Design

Using biomimicry principles to create conection with 
nature and prevent spatial boredom to create wellbeing

Variation Through Design

Psychologically,change of light color to create sense 
of surprise and mimicking earth lighting.

 Circadian Lighting

Psychologically, to prevent sensory deprivation, it is
important to use various texture and colors.

 Texture and Color

Psychologically soothing, sensory stimulation, 
theurapathic effect. Smell, sound, touch, see

 Biophilic Design
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Architectural Design Principles based on well being

Every person requires private spaces for sleeping,
reading and spending their times whenever they wish
to be alone. These spaces should be customizable and 
flexible.

 Personal Spaces

Psychologically,because of the limitations in confined 
spaces, people prefer more complex spaces.

complicating the circulation to prevent spatial boredom

horizontal walls

 Complex Spaces

Common/public spaces should allow for meetings, 
group activities, recreational activities.

Common Spaces

Curved walls increases the perception of a space as it
is larger than its actual size since the borderlines of 
horizontal planes and vertical walls dissolve.

 Curved Walls

Semi-private spaces for small groups to relax, chat 
and rest en between assignments.

 Semi Private Spaces

public

semi- public

private

Spaces should not be predefined, they should be 
flexible, and could be re-purposed for multiple uses.

 Multifunctional Spaces

Creating connection with outside, decreases the 
impression of being confined.

Interaction With Exterior

curved walls

To prevent sensory deprivation, it is important to 
stimulate all senses through design and other tools.

 Stimulation of Senses Through Design
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nature and prevent spatial boredom to create wellbeing

Variation Through Design

Psychologically,change of light color to create sense 
of surprise and mimicking earth lighting.

 Circadian Lighting

Psychologically, to prevent sensory deprivation, it is
important to use various texture and colors.

 Texture and Color

Psychologically soothing, sensory stimulation, 
theurapathic effect. Smell, sound, touch, see

 Biophilic Design
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Architectural Design Principles based on well being

Every person requires private spaces for sleeping,
reading and spending their times whenever they wish
to be alone. These spaces should be customizable and 
flexible.

 Personal Spaces

Psychologically,because of the limitations in confined 
spaces, people prefer more complex spaces.

complicating the circulation to prevent spatial boredom

horizontal walls

 Complex Spaces

Common/public spaces should allow for meetings, 
group activities, recreational activities.

Common Spaces

Curved walls increases the perception of a space as it
is larger than its actual size since the borderlines of 
horizontal planes and vertical walls dissolve.

 Curved Walls

Semi-private spaces for small groups to relax, chat 
and rest en between assignments.

 Semi Private Spaces

public

semi- public

private

Spaces should not be predefined, they should be 
flexible, and could be re-purposed for multiple uses.

 Multifunctional Spaces

Creating connection with outside, decreases the 
impression of being confined.

Interaction With Exterior

curved walls

To prevent sensory deprivation, it is important to 
stimulate all senses through design and other tools.

 Stimulation of Senses Through Design

Using biomimicry principles to create conection with 
nature and prevent spatial boredom to create wellbeing

Variation Through Design

Psychologically,change of light color to create sense 
of surprise and mimicking earth lighting.

 Circadian Lighting

Psychologically, to prevent sensory deprivation, it is
important to use various texture and colors.

 Texture and Color

Psychologically soothing, sensory stimulation, 
theurapathic effect. Smell, sound, touch, see
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+3.oo 

aquaponics

aquaponics is where 
martians
grow their food. it is close 
to the kitchen. there is 
also space for where 
people can take a break 
from working and enjoy 
the greenery.

dining area is where 
martians eat together. it 
has connection to upstairs 
aquaponics and office 
areas. it is public area for 
the use of all martians 

office area is where there 
are seperate personal 
office desks are. different 
than labs, it has more 
private nooks and creates 
more private feeling than, 
lab spaces

sanitation area consists of 
toilets, shower area and 
medical room. it has 
circular piping system 
which drains the water 
into the same spot.

leisure space consists of 
gym equipments, library 
nook and tv unit and 
sitting areas where 
martians can take a break 
and relax. it is sort of semi 
private space.

private space is where the 
martians have their 
private areas where they 
can spend their own time 
and it consists of their 
personal items. there is no 
specific interior walls in 
personal areas
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+4.oo 
algae tube area is where 
there are algae tubes 
providing oxygen.

dining area is where 
martians eat together. it 
has connection to upstairs 
aquaponics and office 
areas. it is public area for 
the use of all martians 

office area is where there 
are seperate personal 
office desks are. different 
than labs, it has more 
private nooks and creates 
more private feeling than, 
lab spaces

private space is where the 
martians have their 
private areas where they 
can spend their own time 
and it consists of their 
personal items. there is no 
specific interior walls in 
personal areas

private space is where the martians 
have their private areas where 
they can spend their own time 
and it consists of their personal 
items. there is no specific interior 
walls in personal areas- some of 
them are seperated with curtains 
for the flexibility reasons
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Architectural Design Principles based on well being

Every person requires private spaces for sleeping,
reading and spending their times whenever they wish
to be alone. These spaces should be customizable and 
flexible.

 Personal Spaces

Psychologically,because of the limitations in confined 
spaces, people prefer more complex spaces.

complicating the circulation to prevent spatial boredom

horizontal walls

 Complex Spaces

Common/public spaces should allow for meetings, 
group activities, recreational activities.

Common Spaces

Curved walls increases the perception of a space as it
is larger than its actual size since the borderlines of 
horizontal planes and vertical walls dissolve.

 Curved Walls

Semi-private spaces for small groups to relax, chat 
and rest en between assignments.

 Semi Private Spaces

public

semi- public

private

Spaces should not be predefined, they should be 
flexible, and could be re-purposed for multiple uses.

 Multifunctional Spaces

Creating connection with outside, decreases the 
impression of being confined.

Interaction With Exterior

curved walls

To prevent sensory deprivation, it is important to 
stimulate all senses through design and other tools.

 Stimulation of Senses Through Design

Using biomimicry principles to create conection with 
nature and prevent spatial boredom to create wellbeing

Variation Through Design

Psychologically,change of light color to create sense 
of surprise and mimicking earth lighting.

 Circadian Lighting

Psychologically, to prevent sensory deprivation, it is
important to use various texture and colors.

 Texture and Color

Psychologically soothing, sensory stimulation, 
theurapathic effect. Smell, sound, touch, see
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+5.oo algae tube area is where 
there are algae tubes 
providing oxygen.

dining area is where 
martians eat together. it 
has connection to upstairs 
aquaponics and office 
areas. it is public area for 
the use of all martians 

office area is where there 
are seperate personal 
office desks are. different 
than labs, it has more 
private nooks and creates 
more private feeling than, 
lab spaces

private space is where the 
martians have their 
private areas where they 
can spend their own time 
and it consists of their 
personal items. there is no 
specific interior walls in 
personal areas

private space is where the martians 
have their private areas where 
they can spend their own time 
and it consists of their personal 
items. there is no specific interior 
walls in personal areas- some of 
them are seperated with curtains 
for the flexibility reasons
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+8.oo 
free area is where people 
can do yoga, relax and 
spend some time together 
alone.

dining area is where 
martians eat together. it 
has connection to upstairs 
aquaponics and office 
areas. it is public area for 
the use of all martians 

office area is where there 
are seperate personal 
office desks are. different 
than labs, it has more 
private nooks and creates 
more private feeling than, 
lab spaces

private space is where the 
martians have their 
private areas where they 
can spend their own time 
and it consists of their 
personal items. there is no 
specific interior walls in 
personal areas

private space is where the martians 
have their private areas where 
they can spend their own time 
and it consists of their personal 
items. there is no specific interior 
walls in personal areas- some of 
them are seperated with curtains 
for the flexibility reasons
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Architectural Design Principles based on well being

Every person requires private spaces for sleeping,
reading and spending their times whenever they wish
to be alone. These spaces should be customizable and 
flexible.

 Personal Spaces

Psychologically,because of the limitations in confined 
spaces, people prefer more complex spaces.

complicating the circulation to prevent spatial boredom

horizontal walls

 Complex Spaces

Common/public spaces should allow for meetings, 
group activities, recreational activities.

Common Spaces

Curved walls increases the perception of a space as it
is larger than its actual size since the borderlines of 
horizontal planes and vertical walls dissolve.

 Curved Walls

Semi-private spaces for small groups to relax, chat 
and rest en between assignments.

 Semi Private Spaces

public

semi- public

private

Spaces should not be predefined, they should be 
flexible, and could be re-purposed for multiple uses.

 Multifunctional Spaces

Creating connection with outside, decreases the 
impression of being confined.

Interaction With Exterior

curved walls

To prevent sensory deprivation, it is important to 
stimulate all senses through design and other tools.

 Stimulation of Senses Through Design

Using biomimicry principles to create conection with 
nature and prevent spatial boredom to create wellbeing

Variation Through Design

Psychologically,change of light color to create sense 
of surprise and mimicking earth lighting.

 Circadian Lighting

Psychologically, to prevent sensory deprivation, it is
important to use various texture and colors.

 Texture and Color

Psychologically soothing, sensory stimulation, 
theurapathic effect. Smell, sound, touch, see
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private nooks and creates 
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martians have their 
private areas where they 
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and it consists of their 
personal items. there is no 
specific interior walls in 
personal areas
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and it consists of their personal 
items. there is no specific interior 
walls in personal areas- some of 
them are seperated with curtains 
for the flexibility reasons
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martians eat together. it 
has connection to upstairs 
aquaponics and office 
areas. it is public area for 
the use of all martians 

office area is where there 
are seperate personal 
office desks are. different 
than labs, it has more 
private nooks and creates 
more private feeling than, 
lab spaces

private space is where the 
martians have their 
private areas where they 
can spend their own time 
and it consists of their 
personal items. there is no 
specific interior walls in 
personal areas

private space is where the martians 
have their private areas where 
they can spend their own time 
and it consists of their personal 
items. there is no specific interior 
walls in personal areas- some of 
them are seperated with curtains 
for the flexibility reasons
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Architectural Design Principles based on well being

Every person requires private spaces for sleeping,
reading and spending their times whenever they wish
to be alone. These spaces should be customizable and 
flexible.

 Personal Spaces

Psychologically,because of the limitations in confined 
spaces, people prefer more complex spaces.

complicating the circulation to prevent spatial boredom

horizontal walls

 Complex Spaces

Common/public spaces should allow for meetings, 
group activities, recreational activities.

Common Spaces

Curved walls increases the perception of a space as it
is larger than its actual size since the borderlines of 
horizontal planes and vertical walls dissolve.

 Curved Walls

Semi-private spaces for small groups to relax, chat 
and rest en between assignments.

 Semi Private Spaces

public

semi- public

private

Spaces should not be predefined, they should be 
flexible, and could be re-purposed for multiple uses.

 Multifunctional Spaces

Creating connection with outside, decreases the 
impression of being confined.

Interaction With Exterior

curved walls

To prevent sensory deprivation, it is important to 
stimulate all senses through design and other tools.

 Stimulation of Senses Through Design

Using biomimicry principles to create conection with 
nature and prevent spatial boredom to create wellbeing

Variation Through Design

Psychologically,change of light color to create sense 
of surprise and mimicking earth lighting.

 Circadian Lighting

Psychologically, to prevent sensory deprivation, it is
important to use various texture and colors.

 Texture and Color

Psychologically soothing, sensory stimulation, 
theurapathic effect. Smell, sound, touch, see

 Biophilic Design

74



Perspective See Through Image of Habitat Showing 
Public- Private- Semi Private Areas in Different Levels

+0.20 leisure space 
  (semi private)
+0.20 sanitation 
  (public)

+0.20 labs 
  (public)

+0.20 kitchen 
  (public)

+2.40 dining 
  (public)

+6.70 leisure /observation 
  (semi public)

+3.40 greenhouse 
   (public)

+3.40 greenhouse + relax 
   (public)

+2.95 offices 
(semi private)

+3.95 personal space 
  (private)

+4.00 personal space 
  (private)

+5.80 personal space 
  (private)

+8.20 personal space 
  (private)

entrance

For the psychological well being of the future 
Martians it is important to create various types 
of areas.

Every person needs private spaces for sleeping 
and spending time alone. These spaces should be 
customizable and flexible. That means the 
person has a freedom to make changes in that 
room. For the flexibility, there is no solid walls. 
Instead there are curtains.

Public/ common spaces should allow for group 
work, meetings.

Semi private spaces for small groups to relax, 
chat and rest in between the assignments.

Architectural Design Principles based on well being

Every person requires private spaces for sleeping,
reading and spending their times whenever they wish
to be alone. These spaces should be customizable and 
flexible.

 Personal Spaces

Psychologically,because of the limitations in confined 
spaces, people prefer more complex spaces.

complicating the circulation to prevent spatial boredom

horizontal walls

 Complex Spaces

Common/public spaces should allow for meetings, 
group activities, recreational activities.

Common Spaces

Curved walls increases the perception of a space as it
is larger than its actual size since the borderlines of 
horizontal planes and vertical walls dissolve.

 Curved Walls

Semi-private spaces for small groups to relax, chat 
and rest en between assignments.

 Semi Private Spaces

public

semi- public

private

Spaces should not be predefined, they should be 
flexible, and could be re-purposed for multiple uses.

 Multifunctional Spaces

Creating connection with outside, decreases the 
impression of being confined.

Interaction With Exterior

curved walls

To prevent sensory deprivation, it is important to 
stimulate all senses through design and other tools.

 Stimulation of Senses Through Design

Using biomimicry principles to create conection with 
nature and prevent spatial boredom to create wellbeing

Variation Through Design

Psychologically,change of light color to create sense 
of surprise and mimicking earth lighting.

 Circadian Lighting

Psychologically, to prevent sensory deprivation, it is
important to use various texture and colors.

 Texture and Color

Psychologically soothing, sensory stimulation, 
theurapathic effect. Smell, sound, touch, see
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Perspective See Through Image of Habitat Showing 
Public- Private- Semi Private Areas in Different Levels

+0.20 leisure space 
  (semi private)
+0.20 sanitation 
  (public)

+0.20 labs 
  (public)

+0.20 kitchen 
  (public)

+2.40 dining 
  (public)

+6.70 leisure /observation 
  (semi public)

+3.40 greenhouse 
   (public)

+3.40 greenhouse + relax 
   (public)

+2.95 offices 
(semi private)

+3.95 personal space 
  (private)

+4.00 personal space 
  (private)

+5.80 personal space 
  (private)

+8.20 personal space 
  (private)

entrance

For the psychological well being of the future 
Martians it is important to create various types 
of areas.

Every person needs private spaces for sleeping 
and spending time alone. These spaces should be 
customizable and flexible. That means the 
person has a freedom to make changes in that 
room. For the flexibility, there is no solid walls. 
Instead there are curtains.

Public/ common spaces should allow for group 
work, meetings.

Semi private spaces for small groups to relax, 
chat and rest in between the assignments.

Perspective Image of Habitat Showing Playful Circulation

+2.40 dining area

+0.20 kitchen

+0.20 eclss
+0.20 aquaponics

+0.20 leisure area

+3.95 private

Interior circulation is designed to prevent spatial boredom, 
the circulation is transforming into spaces according to the 
program needs with the changing height, horizontally and 
vertically, the circulation design is the outcome of the 
exterior shell, suitable to its essence. 

As an outcome of the differential growth algorithm, 
ground base is simple and towards to the upper levels, it 
becomes more complex and “wrinkly”.

The idea is creating playful, spatially unpredictable 
organization to prevent spatial boredom and stimulate the 
senses of the Martians.
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Section Showing the Underground Entrance and Water Filled Roof for the Radiation Protection
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Perspective Section
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3D Printing on Mars

Because of the logistical, environmental and economi-
cal reasons it is important to use in-situ materials 
which is called Martian regolith. Potentially, martian 
regolith is protective towards to the radiation and 
because of its consistency could transform into 
different materials like Martian concrete, Martian 
plastic and Martian metal which will be used in the 
habitat. As 3D printing technologies, big scale on site 
printers, 3D metal and drones are used.

1
for the walls
and transparent
plastic roof

2
to carry and settle 

the slabs

3
drones to scan the 

site for the printing 
slabs

4
mx3d printers for

steel slabs

Fig 40 (Boissonneault, 2019) Fig 41 (Boissonneault, 2019)

Fig 42 (Alec, 2016)

Fig 43 (Shier and Tran, n.d)

Fig 44 (Praktijkvereniging BouT, 2016) Fig 45 (Stultz,2016)
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3D Printing on Mars

Because of the logistical, environmental and economi-
cal reasons it is important to use in-situ materials 
which is called Martian regolith. Potentially, martian 
regolith is protective towards to the radiation and 
because of its consistency could transform into 
different materials like Martian concrete, Martian 
plastic and Martian metal which will be used in the 
habitat. As 3D printing technologies, big scale on site 
printers, 3D metal and drones are used.

1
for the walls
and transparent
plastic roof

2
to carry and settle 

the slabs

3
drones to scan the 

site for the printing 
slabs

4
mx3d printers for

steel slabs

Fig 40 (Boissonneault, 2019) Fig 41 (Boissonneault, 2019)

Fig 42 (Alec, 2016)

Fig 43 (Shier and Tran, n.d)

Fig 44 (Praktijkvereniging BouT, 2016) Fig 45 (Stultz,2016)

In situ Materials on Mars 

Martian Concrete

Earth concrete is composed of multiple materials 
which are limestone, granite, sand and other crushed 
rocks blended with cement. Concrete becomes hard, 
durable, solid matrix when it is mixed with water after 
it dries.

The water on Mars is occuring as a problem on Mars, 
yet the aggregate part of the concrete is quite abun-
dant. Yet, 17% of the planet has sulfur. Because of that 
reason, Northwestern University researchers think 
that, sulfur is going to be the key element in the 
Martian construction. In 1970s, material scientists 
have tried to create sulfur concrete on Moon. Howev-
er, the problem was, the sulfur did not transform into 
liquid. On planets where there is no atmosphere, it is 
impossible to make sulfur concrete because, they 
become gas directly from solid form. Yet, Mars 
consists of atmosphere and Northwestern University 
made it clear that there is enough sulfur to make 
Martian concrete.

The team was able stimulate Martian soil consists of 
silicon dioxide, aluminum oxide, iron oxide, titanium 
dioxide, and mixing this aggregate 50/50 with molten 
sulfur to make blocks of quasi- Martian concrete. This 
concrete was two and a half times stronger than the 
commonly used concrete on Earth (Brownlee, 2016).

Martian Plastic

Key to plastic production on Mars is the synthetic 
ethylene that could be produced through the extension 
of the reverse water gas shift which is called RWGS as 
means for the production of oxygen.

H2 + CO2               H2O + CO

6H2 +  2CO2               2H2O + 2CO + 4H2

2CO + 4H2                C2H4 + 2H20 

This reactions could be used to produce C2H4 which 
is ethylene, the perfect fuel and the significant element 
for the petrochemical and plastic industries (Zubrin, 
1997).

Martian Ceramics and Glass

On Martian surface soils, clay type of materials are 
abundant. The manufacture of the ceramics and 
similar purposes are required straightforward 
approach.

The silicon dioxide ( SiO2) is the key. It is the basic 
constituent of the glass and can be produced by using 
sand melting techniques on Mars similar to Earth 
(Zubrin, 1997). 

Martian Metal

The metal production on Mars is thanks to the abun-
dant resources is considerably easier than Earth. 

The potential and most accesible metal on Mars is 
iron. The commercial ore of iron on Earth is Fe2O3. 
The material is rich on Mars, considering it is giving 
the red color and name to the planet. 

Fe2O3 + 3CO                2Fe + 3CO2

Fe2O3 + 3H2                 2Fe + 3H2O

Carbon, manganese, phosphrous and silicon are the 
main consistence of steel which are very common on 
Mars.  When the iron is produced, thanks to the 
abundance of other elements, practically any type of 
carbon or stainless steel desired could be manufac-
tured (Zubrin, 1997).  

Fig 46 (NASA/JPL-Caltech/MSSS,2015)
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Before 
the 3D Printing 
Begins

Underground 
Entrance is built

There are two openings 
with 3 airlocks. One is 
opening to the outside 
environment, the other 
one is opening to inside
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Before 
the 3D Printing 
Begins

Underground 
Entrance is built

There are two openings 
with 3 airlocks. One is 
opening to the outside 
environment, the other 
one is opening to inside

1
While
the 3D Printing 
Begins

Metal Slabs are 3D 
printed simultaneously 
while martian concrete walls
are 3d printed
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After
the 3D Printing 
Begins

The slabs are carried by the 
drones and settled into the 
stopped printing
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The 3D Printing 
Continues

On site 3d printer keeps 
printing- which is moving 
vertically and horizontally 
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The 3D Printing 
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On site 3d printer keeps 
printing- which is moving 
vertically and horizontally 
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The 3D Printing 
Continues

On site 3d printer keeps 
printing- which is moving 
vertically and horizontally 
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The 3D Printing 
Continues

On site 3d printer keeps 
printing- which is moving 
vertically and horizontally 
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The 3D Printing 
Continues

Roof part of the habitat is 
protected by the water filled 
3d printed glass
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Close Up Detail of 3D Printed Wall

50 cm

insulation material

martian concrete

martian concrete
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Diagrammatic Color Variation Representation in Personal Spaces for the Customization 
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Interior View from the Semi Private Working Area

93



Interior View from the Semi Private Working Area Interior View from the Public Working Area & Lab Space
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Interior View from the Greenhouse Area 
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Interior View from the Greenhouse Area Interior View from the Passage// to be seen-not to be seen// to see and not to see
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Interior View from the Public Working Area

97



Interior View from the Public Working Area Interior View from the Private Area // Close to the Roof // Creating Connections with Exterior
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Interior View from the Private Area // Private spaces are divided by Soundproof curtains
for the flexibility reasons
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Exterior Image 1
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Exterior Image 2
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Conclusion & Reflection

I have started this project with a comic I draw and NASA’s 3d Printing 
Habitat Challenge in my mind. Overally, I did not have deep knowl-
edge about space habitability or potential life on Mars or any specific 
knowledge about Mars. Basically, I had a courage to do my thesis on a 
topic that I had no deep knowledge. Now I am happy that I had that 
courage because, when I look back 4 months ago, I think I have learned 
a lot in this process and left many things to learn.

In the beginning, I have spent more time then I have thought on the 
research phase. My argument was the first inhabitants of Mars will be 
captured by the hostile enviroments’ challenging conditions, thus, 
human-friendly living & working habitat becomes crucial. So as to 
achieve successful mission, it is important to put the psychological and 
physiological well-being of the crew in hostile environment. And I 
thought it is important to put more architectural design concepts out 
there to start discussion on the more humanistic side to create home 
feeling. 

I have been seeking an answer to my question “How to translate 
complexity and variety we find in nature for the well-being of the 
humans to prevent spatial boredom and monotony for the intention 
of creating home feeling on Mars?”.  In a way, even though I have 
seemed like I come up with the final design proposal, still the idea is 
experimenting with the spatial qualities and opening up a discussion on 
how to prevent spatial boredom and create sense of unpredictability, 
suprised effect and bringing ‘complexity’ in a subjective way. I use the 
word subjectivity because the design process has been the reflection of 
my understanding of complexity; complexity of the circulation in 
horizontal and vertical directionality, complexity of the spatial 
organization and complexity of the visually differentiating wrinkled 
wall which brings tactility and haptic surface effect to stimuli senses on 
such a monotonous and spatially boring, same color, same light and in 
a way that you could have a feeling of “ Oh I have trapped here” place.

There are many things that I hoped in the beginning I would have gone 
into deep but I couldn’t because of the time frame such as technicality 
of life support systems and understand how they actually work. Yet, 
another issue that I wanted put more thought on, but couldn’t was the 
technical side of water filled roof, that enables visual connection with 
the sky. I also thought I would have made my argument more stronger, 
if I had story telling representation at the end, with tools as comic, if 
only I had more time. 

During my crit, I have received feedback on the evolution of the design 
in terms of computational design process, and the amount of the 
control I have on the differential growth script. Even though, I have 
known that, I had not enough control to create evolution of the process, 
this was not the main goal of the thesis. Though, for the further process, 
I would like to have the more control over to create more variation and 
be sure that each iterative process is the better than the other one. I 
would like to continue and reflect on the critic I have received with the 
further process of learning an other software to have more control over 
Differential Growth algorithm and create more complexity and variety 
in the spaces. Because of the time frame of this thesis, I had a limited 
time to learn this software, yet I am encouraged and enthusiastic to 
take this project further. An other comment, I have agreed is the way I 
have designed the interior circulation, because it is designed in a way 
different than the exterior shell.

I also, have a feedback on the title of my project to change it into 
“Nature Away from Nature”, since I am refering “home” as “nature”, 
which  I am considering to do it.

Besides that, I was more than happy to receive feedback on the way I 
have tried to start a discussion on the well being of the Martians and I 
believe this project had succeeded in terms of that being the main goal 
and motivation of this project.

HOME 
AWAY 
FROM 
HOME
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