Progress Update




Background | Requirements

Settling in the unknown...

What makes a place suitable for human habitation?

What are the demands for long-term settlement?
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Background | Requirements

What makes a place suitable for human habitation?
Need of something familiar...human infrastructure as marker

Mount Etna, Sicily, TU Delft Lava Tube Mission (2024)



Background | Requirements

Time
(+)
a e B [ Complefion of Mission
. . Heightened Anxiety C) v
Settling in the mentally .
hostile ICE environment 2 SN
Beginning of Mission

*|solated, Confined, and Extreme (ICE) e
Environment

0 ) Potential Mission Failure

Stages of emotional condition during long-term mission.

“The most frightening aspect (of partaking the
analogue testing) was not the lethal cold outside, but
the isolation inside,”

Beth Healey, comment on her 14-month stay in Concordia Station analogue mission.
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What are the demands for
long-term settlement?

Excerpts from space missions

Habitat = protection + habitability

» Habitability: the suitability and value of a built
habitat (lunar habitation) for its inhabitants
(researchers) in a specific environment (lunar
surface) and over a certain period of time (long-
term >1 year)

Adapted from Sandra Hauplik-Meusburger, Architecture for Astronauts

» Thoughts of home as highest journal entry

Problems adjusting

Visitors / crew rotation

Beauty / wonderment

Fatigue

0 10 20 30 40 50 60

Distribution of journal entries by astronauts aboard the ISS,
Olga Bannova in Space Architecture: Human Habitats Beyond Planet Earth.

“...we wash using no-rinse soap and shampoo and a towel
(...) it works really well. That being said | am looking
forward to a long hot shower when | get home!”

Ed Lu, ISS, Expedition 7 (185 days), NASA, 2003



Background | Problem

Human de-centered design

Schemes developed from functional aspect (not focusing on human behavior)

Q Foldable

Shower

Experimental

Work Area Wardroom

Sleep  Waste
compartment  managment

compartment
/_.a--"_'_ _‘_"—-\..__\

Mars Desert Research Station, Utah, USA Concordia Research Station, Antarctica Skylab Space Station



Research Argument

Human-centric design

Success in design for human behavior in ICE environment

Personalization

Variety Social Interaction

Owen Garriott, Skylab 3 Dedicated dining table, Skylab Station.



Research Argument

Problem Statement

Lack of space architecture precedents that prioritizes human behaviour in the design.

The social and psychological effects of long-term isolated nature of lunar habitation requires more human-
centric design approaches.

Research Question

How to incorporate user-defined spaces based on human-centric design principles in designing long-
term lunar habitation that balances social mteractlon and private boundaries, for the psychosocial well-
being of the inhabitants? &N

\ :
[ J o o '“n.
Design Direction N
How to design a long-term lunar habitat with heterogeneous spaces that balances between social
interaction and private boundaries, within the isolated nature of space habitats?



Analysis | Macro

Site Selection

Lunar South Pole: Potential high human activity and abundant

Between 2 potential Artemis Landing Sites

2 ¥

Artem/s Land/ng S/tes a/ong Shack/eton Crater rldge v

High human activity potential

e Lunar base candidate = center of

lunar civilization
e Earthis visible
Abundant resource

* Proximity to eternal sunlit areas &
permanently shadowed areas
(resources & charged regolith)

resource

Chosen Region
Ridge west of Shackleton Crater
NE : .

J eGert
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Artemls Il potentlal landing regions 2022 (approx. 15x15 km)

Artemis lll potential landing regions 2024
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Analysis | Meso

Learning from analog

Importance of designated privacy levels

« Social space separated from work areas - allow
more varied social interactions than purely work
habitat

Social space as “third place”

SOCIAL

Wine Bar-Coffee House, McMurdo Station

e

WORI~

Hallway of a scientist greap; V! o Station



Analysis | M - . . o _ae .
nalysis | Meso Transition from public to private Personalization of private quarters

v

Learning from analog

Importance of designated private space

BB xistence of the private
ePEEIS]is more important than the

size.”

NEIEEHIPhysical separation of rest
and work spacejpdisl-¥-Teile]sNe}i
going up as mental cue to rest

» Design should support >
personalization as a creative outlet!

Angelo Vermuelen on Hi-SEAS Mission
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HI-SEAS Mission 1, NASA/University of Hawai'i at Manoa, : ]
Hi-SEAS Mission NASA, Angelo Vermuelen Hi-SEAS Mission NASA, various sources




Morning Sleep / Personal Sleep / Personal Sleep / Personal

Entire group (4-6p)

Analysis | Meso | Activity-based Design

Partial group (2-3p)

Learning from analog e
Breakfast || Breakfast |l Breakfast
Importance of privacy gradient L - _J L L
® h > Private %
® | Quarters -
Hi-SEAS Mission Bl \\
A I ) I i oS
* Similar schedule even with Aemoon |1 f Bt T -
diﬁerent CreW ] Research B Research ] Research
Declining participation in _ .
g rou p aCtiVitieS Over .ti me Exercise / Chores Exercise / Chores Exercise / Chores
Upper Floor
Formation of social cliques
Over tlme Evening .l Dinner | Dinner | Dinner
. . Teleporter .
Frustration: lack of semi- | ol i — —
. . Entertainment Entertainment Entertainment
private space, especially o
auditory Window
- -
d inin
) Treadmill \
Sleep / Personal Sleep / Personal Sleep / Personal v - j \T\\
9
9
Public Area
Z
%, :
Ground Floor
Hi-SEAS I Hi-SEAS llI Hi-SEAS IV
4 months 8 months 12months

Schedule based on social interaction




Analysis | Meso

Learning from analog
"Heart” of the habitat

Greenhouse: community activator

L = E -_w _ g—

McMurdo greenhouse initiative in Antarctica, ca. 1990, Phil Sadler First lettuce grown and eaten in space, ISS, NASA. Harvesting plants in Hi-SEAS GreenHab

« Greenhouse as popular therapy space in McMurdo - smell of living plants and feel of warm humid environment

« Hi-SEAS IV even created "Martian” holiday to celebrate the first harvest of habitat-grown tomatoes




Personas: fictional crew members

S e~ BEGN = ‘R = it W = Lavw—dW . YIS
Resource mining for ISRU Effects 1 Regolith and radiation Plant biology in closed-
EVA scheduling, habitat B exposure to human mitigation } experiments / loop systems
inspection, emergency Maintains crew mental | Plans and leads EVA, . Leads scientific Maintains garden and
protocol and physical health habitat maintenance ! experiments food resourcing
= Attt = i _ . - _ |

>
Rover for ISRU ) y Maintenance
Operates, maintains, & Scanning and mapping | {
and troubleshoots for EVA, habitat
robotic systems . cleaning

: * Learn 1 language Complete 1 song album Complete 1 song album + Complete 5 painting
§ * Piano, cooking Sing, gardening Guitar, chess + Guitar, painting « Violin. cookin Drum, chess
* Light sleeper ' Light sleeper Heavy sleeper + Light sleeper X Heavy; sleeperg Light sleeper

* Open workspace Cubicles Open workspace + Open workspace . Cubicles Cubicles

* Practice for violin
* exam

Beat the chess Al

Commander, 37 Medic, 33 EVA Specialist, 35 Geologist, 32 Ecologist, 29 Roboticist, 30 Habitat Robot




Persona’s activity

Hygiane & breakfast
(1h]

Mission planning &
systam cheachs [1.5h]

EVA plannirg & safaty
updatas (1.5h)

Raports &
coordination with
Earth basa (1.5h)

Lunch prep {1h]

- Fiano practica {0.5h)

Lunch [1h]
Evié prap (1H]
EWA[2h)
Exarcisa [1.5h)
Dirnar{1.5h)

Band rehaarsal {1.5h)

Stargazing and
journaling (1 5h)

Slasg (Th)
22:30.05:30

Commander, 37

Hygiena & braakfast
{1.5h)

Madical chacks {1h}

Gardening {0.5h)

Meadical rascarch &
analysis {1.5h)

Lunich{1h}

Emargency protocal
{1.5h)

Exarcisa [1.5h]

Dinrer prap [1.5h)

Cinrer (1.5h]

Band rahaarsal [1.5h)

Gardening and movi

11.5h)

Sleap (2.5h)
22:20.08:00

Medic, 33

N Sleep

Hygisna & braakfast
[1.5H)

Reports &
coordination with
Earth basa(1.5h)

EVA prop & novar

praparation [1.5h)

Lunch [1h)

Hakitat masintsnanca

(1.5hH)

Exerdse | 1.5h)

Cininar prag (1.50)

Cinnar [1.5h]

Band rehaarsal (1.5h]

Chass and movie

(1.5H)

Parsonal rasaarch
(1.5h)

Skaap [3h)
0000 - OE:00

EVA Specialist, 35

[ Individual

Hygians & breakfast
{1.5h]

Geological sampla
analysis [1.5h]

Lunch {1h)

EVA& prap (1h

EVA[2h)

Exarciza [1.5h]

Dinnar{1.5hj

Band rehearsal {1.5h)

Parsonal research {2h]

Sloep (#.5h)
00:00 - 0%:30

Geologist, 32

Hygiena & braa kiast
1.5k}

Amroponics ressarch
(2h}

. Viclin practic [1h)

Lurch{1hjy

Raports &
coordiration with
Earth baza (1.5h]

Garden maintenance

{1.5h)

Esarcisa | 1.5h)

Cinrer (1.5h1

Band rahaarsal [1.5h)

Parsonal reseanch [2h]

Sleap (Fh)
22:00-08:00

Ecologist, 29

[ ] Partial group

Hygisne & braakfast
[1.5h}

Robotic maintenance

and programmirg
[1.5h}

Robotic
troubleshooting {1 5hj

EVA prap & rovar
praparation [1.5h)

Lunch {1k}

Drum rahsarsal and
creativa writing (1.5 h)

Exarcise - VR fitness
{1.5h)

Sargeazireg and writing
[1.5h)

Cinnari1.5h]

Band rehaarsal {1.5h]

Reports &
coorndination with
Earth basa (1.5h)

Skap [Bh]
Z2:300&:20

Roboticist, 30

[ ] Entire group

Habitat daaning {2h)

Robotic maintananca

and programming
1.5k}

Robotic
troubleshooting (1.5h)

Charging(2.5h)

EVA[2h)

Charging(2.5h)

Habitat scanning (2h)

Charging {Bh]

Habitat Robot



Activity-space relationship

Time spent in each area, according to activity

- Leisure (1p)
S e -

More time Less time C re— Leisure (3p)
Leisure (6p)

Work (1p)

Work (6p)

ATRIUM
Mty / LviNg  WORK  PRIVATE

TATION QUARTERS
HOUSE > ©

multiple use personalization

Room scale Furniture scale

Transition space | Functional space



Analysis

Activity-based catalogue

How do you interact? :

Personal

private
_ conversation
private .

public speaking
Intimate
conversation

0.5m/ 1.2m
couple

private conversation
(not possible)
private conversation

(2 person)

. -
< announcement, presentation

R public speaking -




Reference_Situated Interface

Permanent: the user adjusting to the space

to enable and disable certain activity and movement

| e ||

A World Without Chairs
Art installation, van Dijk and Rietveld in Situated Anticipation (2018)

The End of Sitting
RAAAF & Barbara Visser (2014)



Activity-based catalogue

How do you interact? How do you work? How do you relax?

&

social conversation

<
slower as
approaching end

//'
slovier as
£ .
approaching end
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Heterogenous Space

Spatial strategies to vary social interaction

Central core Centralized views

Homogenous space
Early space civilization
(short-term)

Heterogeneous space
Next generation
(long-term)

Multiple cores Varying views

Uniform configuration

Unique configuration

Corridors

Intersection of spaces

~
AY
\
|
)
!

Repetitive structure

g
$®$

Non-repetitive structure



PO

Bath
Collab
Kitchen

Living
Room

Green-
house

EVA
Medical

Lab &
Research

Storage

Service

Program requirements

Rooms Size Activity Privacy Movement Protection
ol for 1 (m3) Factor | Vol for 8 (m3) 0, yol % Category  Cross-function Detail Personnel Visibility Audio Speed \Arrangement  Duration  Gamment View outside  Access outside
Private Quarter 1 (Single) 150, 4 80.0| o9y Personal Work | Sleep. work, persanal leisure Individual/Couple + | Enclosed ~ | Soundproof =+ | Slow = €&IEEY Ciothed ~ | Optional ~
Private Quarter 2 (Couple) 25 1 225 2§29 12.52%| Personal Wark = |Sleep, work, persanal leisure Individual/Couple ~ Enclosed ~ | Soundproof = Slow - E€IIED Clothed ~ | Optional ~
Bathroom 50/ 5 250 2949 Personal Hygiene Individual/Couple = Enclosed ~ | Soundproof = Slow - Fixed + | <1h = MNaked - | Opfional -
Collab room 25 3 75| Qg7 0.87%| Socal Wark - Small groups (2-3) - Enclosed ~ | Soundproof = Moderate - Semi-flex - 1-8h - | Clothed ~ | Optional -
Kitchen 100 2 20.0| 92133y, 2.33%| Socal Fersanal = |Food prep, communal Small groups (2-3) - Neutral - Semiflex ~ 1-8h = | Clothed ~ Optional ~
Dining table 50 6 30.0| 3499 Social Work %) | Gomrminel, leam meeting, game Neutral  ~ | Moderate ~ 1-8h ~ | Clothed ~ | Optional ~
Exercise area (3 equipments) 8.0 3 240/ 2.230% 10.66% Social Perssnal v Comhined\fimadjanent?iﬁrrﬁ Small groups (2-3) - Neutral - Moderate - 1-8h = | Clothed ~ Optional ~
Open area (misc) 5.0 6 30.0| 3499 Souial Wiork - g‘;::':::'ﬂ;:f:;?:' :’fg"n’g Neutral - Moderate - 1-8h = | Clothed ~ Optional ~
Observation 25 3 7.5 0.87% Social Personal  w | F3n9e iniEgradin otner Small groups (2-3) =+ | Optional = | MNeutral = | Moderate = | Fixed ~ | 1-8h = | Clothed ~ | Essential =
Greenhouse 1 (food lab) 7.0 6 420 489% 18.5T% Support Social - iﬂ:ﬂmﬁ*‘;‘z‘nfg‘zﬂ Optional = | Neutral - Moderate - Fixed - 1-8h ~ | Clothed ~ No -
Greenhouse 2 (oxygen) 625 6  375.0| 4368% Support Social %) |Remainng aresto achieve S0% Slow  ~ | Semiflex ~ | 1-8h - | Clothed ~ | Essential ~ | (I -
Airlock (EVA prep) 10.0 3 30.0| 3499, 3.49%| Wk Small groups (2-3) - Enclozed ~ Neutral - Fixed - 1-8h ~ Essential ~ Yes -
Medical bay 100 2 20.0| 2339 2.33%| Wk 1 bad + minimum storage Small groups (2-3) - Enclozed Neutral - Moderate - 1-8h ~ | Clothed ~ Optional ~
Lab 125 6 75.0| g 74% Work Geology & biclogy lab Enclozed Neutral - Moderate - 1-8h ~ | Clothed ~ Optional ~
Open workstation 50 3 15.0| { 7Eo; 12.23%| Werk Social * | B desks open plan Optional ~ | Neutral - Moderate - Semi-flex - 1-8h ~ | Clothed ~ Optional =
Focus workstation 50 3 15.0|  175% Work Personal = mﬁw&““ Small groups (2-3) = | Enclosed ~ | Neutral = 18h ~ | Clothed ~ | Optional ~
Personal storage 20 6 12.0|  14p% 1.40%| Suppor [Storage ™~ JERSGGEEN RS Neutral - Semiflex ~ <1h ~ Clothed ~
Food storage area 20 6 12.0| 1.40% 1.40%| Suppor Service [Storage ™~ JERSGGEEN RS Neutral - Semiflex ~ <1h ~ Clothed ~
Lab storage 20 6 12.0| 14p% 1.40%| Suppor &R cnclosed ~ Neutral - Semiflex ~ <1h ~ Clothed ~
Maintenance a0 1 8.0 p93% Suppart System maintenance EETEY) | Ctnclosed - Neutral - Fast - Fixed - 1-8h ~ | Clothed ~ Optional ~
ECLSS 30 1 8.0 (g3 2.80%| Suppor EEEY) cnclosed ~ Neutral - Fast - Fixed - <1h ~ Clothed ~
Waste management a0 1 8.0 (093 Suppart EEEY) cnclosed ~ Neutral - Fast - Fixed - <1h ~ Clothed ~
Outside Work Neutral - Fast > 1-8h ~ Essential ~ Yes -
TOTAL 858.5 100.00%
Total green M7.0 48.57%
Total non-green 4415
NHV per person 171.00






Reference_Intersecting Atriums

"Everyone’s living room”. Deichman Bjgrvika, Oslo.

ST 7\\; g N
-

Asymmetrical atrium

Pocket spaces Varying vantage points




Sketch

Layered atriums

Exterior atrium (between envelope)

Interior atrium

5m



Design

Program Distribution

Functional connection and basic proportion

-----
- -

medical

lab +
research

focus
workstation

SOCIAL

PERSONAL

- Personal e Enclosed, private, soundproof
Social Enclosed
i Work ~ ===-- 0
Greenhouse as atrium, or pen
[ Support

connecting 3 functional cores
[ Greenhouse



Design | Parametric Computation

Form Optimization Process

Sphere to Voronoi volume optimization using Galapagos

00000 o Wa W
IGQOGBQ _J'ﬁw..ﬂtb éh
T S S S SR

]
aE - ey 8¢ 3_]'95.;0

Script to optimize Voronoi
control points

https://youtu.be/o0iQ0BO0b-MYM



https://youtu.be/oiQ0B0b-MYM

MASSING

PLAN
A-A

SECTION
B-B’

5m

ITERATION 1 ITERATION 2

ITERATION 3 ITERATION 4

Iteration 1 & 2
* Continuous atrium
« Clustered and vertically distributed function

Iteration 3 & 4

Branching atrium
Dispersed function, opposing sides to activate circulation




Circulation Study

EVA

- Adjacencies

Living
[ '\\

.'r'.- —___. -"' y

Comms ———
] ECLSS
Energy
Observation

=8 Work Kitchen



0-10° Platform (Normal walking)
/ ramp (comfortable)

Atrium CirCUIation St“dy 10-20° Ramp (reasonable)

>40° Steep stairs / ladder

Moon

condition 2-5° Walking/loping

10-20° Ramp 30-40° Maximum ramp / stairs

(normal)



0-10° Platform (Normal walking)
/ ramp (comfortable)

Reference_Ramp/stairs

>40° Steep stairs / ladder

On earth - ramp/stairs combination On earth - ramp/stairs reference, Ewha Women'’s University, Korea



0-10° Platform (Normal walking)
/ ramp (comfortable)

Reference_Steep stairs 10-20° Ramp (reasonable)
2040°swis

MARS lce House

I.I'lwlﬁ >40° Steep stairs / ladder



Atrium Iteration 1
Shortest distance / steep

PRIVATE
QUARTERS

>40° Steep stairs / ladder

+ Shortest distance
+ Less obstruction of views
+ Private quarters separated

£4° - Steep: not comfortable

2.0m

LIVING/SOCIAL



0-10° Platform (Normal walking)
-3° / ramp (comfortable)

Atrium |terati0n 2 10-20° Ramp (reasonable)

Stairs SERVICE [ —]

>40° Steep stairs / ladder

EVA

+ Similar sizes

+ Less obstruction of views

+ Framing the atrium

- Going around - long distance

- Private quarters in main path

PRIVATE
QUARTERS

LIVING/SOCIAL



0-10° Platform (Normal walking)
/ ramp (comfortable)

Atrium Iteration 3
Ramp

>40° Steep stairs / ladder

+ Ramp / less steep stairs

- More obstruction of views

- Need long span cantilevers

- Going around = long distance
- Private quarters separated

- Hard to get to social area

PRIVATE
QUARTERS

LIVING/SOCIAL



Atrium Iteration 4

Ramp (work) + stairs (living)

>40° Steep stairs / ladder

+ Combination of circulation
+ Adjusted views
+ Mostly comfortable

+ Private quarters mostly separated

T .

- Work in main path

- Social area is separated

PRIVATE
QUARTERS

- Still need long span cantilevers

- Still going around - long distance

LIVING/SOCIAL



Atrium Iteration 5

Combination + steep stairs (main axis)

PRIVATE
QUARTERS

SERVICE

=3°

0-10° Platform (Normal walking)
/ ramp (comfortable)

10-20° Ramp (reasonable)

>40° Steep stairs / ladder

+ Combination of circulation

+ Many options > variation of
approaches & meeting spaces

+ Work & private areas separated

- Social areas not fully integrated
with main path

- Steep stairs on main axis

- Many options = obstruct views

LIVING/SOCIAL



Time
06:00|
06:30|
07:00|
0730
08:00|
08:30|
05:00|
05:20|
10:00|
10:30|
11:00]
11:30]
12:00|
12:30|
13:00|
13:30]
14:00|
14:30|
15:00|
15:30]
16:00|
16:30|
17:00|
17:30]
18:00|
18:30|
15:00|
15:30]
20:00
20:30]
21:00]
21:30]
22:00
22:30]
23:00
23:30]
00:00|
00:30|
01:00|

01:30

Commander

Hygiene & breakfazst
[th)

System checks &
=afety update [1.5k)

EWa i Mission
planning [1.5h]

Feparts &
coordination with
Earth baze [1.5h]

Lunch prep [Th)

Fiano practice [0.5h]
Lunch [1h)

EWA prep (1h)

B [2h)

Exercize [1.5h)

Diinner [1.5h)

Eand rebiearzal (1.5h)

Stargazing and

journaling (1.5h)

Sleep (Th)
23:00-06:00

Maintenance

Workstation

Comms

Kitchen

Acoustic room
Living

PQ
EVA
EVA

PQ
Living

Living

Acoustic room

Observation

FQ

Paths of users

direc

direct

slow

slowidirect

sham

Fast

slow

slowidirect

slow [high wolume)
sham

slow

Hygiene #& breakfast
[15h]

Medical checks [1h)

Gardening [0.5h)

Medical rezearch &
analysiz [15h)

Luruzh [1h]

Emergency protocol
[15h]

Exercize [1.5h)

Dinner prep (1.5h)

Dinner [1.5h]

Eand rehearzal [1.5h)

Gardening and movie

[15h]

Sleep [9.5h])
23:00-08:30

PQ

Medic

Atrium

Living

Waorkstation

Living

Kitchen

Living

Acoustic room

Atrium

PQ

Connection EVA Specialist
Hygiene & breakFast
[1.8h)

=low, Direct if Reports &

emergency [alternative coordination with

path] Earth base [15h]

slow

=low E'\A prep i rower
preparation [15h)

slow Lunih [1h]

slow Habitat maintenance
[1.8h)

=low Exercize [1.5H)

direct Dinner prep [1.5k)
Dinner [1.5k]

direct

slow
slow

slow

Eand rehearzal [15h)

Chesz and movie
[1.5h)

Fersonal research
[1.5h)

Sleep [2h)
00:30 - 02:30

FQ

Comms

EVA

Living

Atrium

Maintenance

Atrium
Living

Kitchen

Living

Acoustic room

Living

PQ

Connection

slam

direct
direct

slam
slow
slow

slam

Indirect Path

show Threshold Direct Path

Private Quarters 2 Maintenance

slow

- Slow movement
slow

- Indirect path
slow



Computational method

Spatial and circulation study of atrium

Threshold Direct Path Indirect Path

Variable porosity Route ,%metine?h Volumes following
indirect pa

Commander & Medic path



Route & Function

Plan

INTIMATE (1-2 p) PERSONAL(1-3 p)

Medical

Food Lab

Lightwell/
plants

Living Room

Lab / Research




Route & Function
Section A-A’

INTIMATE (1-2 p)

\ Lightwell / ECLSS
G _ >

W

Observation
EELESS

PQ Lobby

Living Room < | A\ R ‘ Living Room

Private Quarters Private Quarters



Route & Function
Section D-D’

Living Room

L m—



Route & Function
Section B-B’

INTIMATE (1-2 p)

Medical

Work lobby (ECLSS, Lab)
Private Workstation

Scenario: Failure in life
support system

Private Quarters



Route & Function
Section C-C'

INTIMATE (1-2 p)




Construction &
Materialization



Habitat Complex

Concept sketch, providing interior and exterior gathering space

&

Exterior atrium (between envelope)

Interior atrium

View to outside cave. Lava Tube Mission (2024)



Construction & Materialization

In-situ Resource Utilization
Regolith properties

Derived materials

Radiation protection

Rich in derived materials

Electrostatically charged

Geopolymer material for additive printing

Electrostatically charged

Regolith prae
Oxygen " BEFOR
extraction v

Electrostatic cleaning system for sand removal from solar panels (2015), H. Kawamoto & T. Shibata

» Current technology: use electrostatic to repel regolith

|| » Reverse principle: use electrostatic to attract regolith
ol *based on in class discussion with expert

Water (for ISRU) Silica (for glass)




Construction & Materialization

Building Method

Regolith Accretion_Design Potential

Metallic Structure - Aluminum
e 3d printed
» Electrical conducive property

+ Combine its tensile strength with
regolith’s compressive strength

« 27 most abundant metal on moon

Sintered regolith
* With laser heat

Transparent material
* Glass (silica extracted from regolith)

« EFTE, water jacket, and 3d-printed ice

& L )/ .

Vertical Salt Deposit Growth System Cheibas et. al., Towards Additive

GEOtube Tower (2009), Faulders Studio, Dubai Manufactured Off-Earth Habitats with
Functionally Graded Multi-materials, p. 84




Construction Process

Building Method

3D-printing building blocks_Traditional

L

Voronoi-based system as core

e Circular: no framework needed since it's self-
supporting structure
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* Interlocking construction method

Suitable for heterogenous space

: -\
Wl

\ AN I % A
* _ rerrrf ttel

 Scalable from furniture to envelope scale

4

e Additive method suitable for mass customization

F3

digital simulation

! 1
: components assembly : additive printing
! 1
! 1



Additive Printing VS Regolith Accretion

| b dme R .:--il ‘

Close-up view of concrete additive 3d-printing, Vertico Close-up view of salt accretion in scaled prototype, GEOtube Tower

For 1m thickness 3D Printing Regolith Accretion
Energy ~135 MWh ~72 MWh (+4) consume less energy
Time ~1 day (+) faster ~20 days

Construction rate (1-2 meters/day) Construction rate (5 cm /day)
Machine ng h (3D Printer + assembly robot) Moderate (low energy continuous electrostatic field + laser_high energy)
Complexity Minimal machinery required
Scalability Highly scalable Limited by charge dissipation

Structural integrity Geopolymer highly durable Sintered layered are dense



Construction Process

Building Method

3D-printing building blocks + Regolith accretion

Regolith accretion for extra shielding on windows
during solar events and self-healing properties for
maintenance

« Temporary radiation shielding for windows

* Protective self-healing layer from impact (i.e.
micrometeorites)

3d-printed (Core)

Regolith accretion (Supplementary)
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Building Method

Process

Application scheme

*developed during discussion with expert

Electrostically
2 charged metal

L

(1 )-Egg:a\/ation :

~

Climbing robot LORIS

(4) Compact layer with (5) Build aluminum outer (6) Laser sintering

laser sintering envelope + attract regolith ~ The outerenvelope grows overtime



Construction & Materialization

' SPACE-BASED SOLAR POWER esa

Life Support System & Energy Supply \ N\

Current projects by European Space Agency | INCIOENT SOLAR RADTATION

I orbit, the intensity of sunlight is much higher than the
intensity at Earth's surface.

-

O‘% SUNLIGHT CAPTURE AND ENERGY REGULATION

OOO % Sunlight is converted into a current, then prepared for
OOO ' radio frequengy beaming to Earth, the Moon or another

OO V planetary surface.

Non Edible Parts of Higher Plants

MELISSA
<o

Fibre

degradation

Z;

COMPARTMENT |

Thermophilic

POWER BEAMING

Energy is sent down to Earth using
phasedfarrays, laser emitters or other The energy beam is captured with photovoltaic cells
wireless technologies.- The energy or with an antenna that-converts.electromagnetic
beam must be accurate, reliable and energy into electricity. Satellites can beam energy
should retain as much of its power as down to a single ground site, or to several locations
possible as it travels through Earth's around a planetary. object.

atmosphere.

BEAM CAPTURE AND ENERGY CONVERSION o

Anaerobic Bacteria

COMPARMENT IV

. POWER TRAN S]
\") Volatile
Vg A Systems that collect the space-based solar power on Earth
Q Higher PI Photoautotrophic fat'ty safely and sustainably integrated into existing power
igher Plant Bacteria acids
Compartment Arthrospira platensis .
Minerals

| .

NH,

]

NO;

gy
P o @ Q oL T\
0~ 0

(TN

COMPARTMENT II
Photoheterotrophic Bacteria

COMPARTMENT Il

Nitrifying Bacteria

4

Nitrosomonas Rhodospirillum rubrum

Nitrobacter

. ENERGY UTIL.

Minerals As well as hayi e potential to aid Europe's go
power tech ould provide the flexibilit
where

—_—d

MELISSA Space-based Solar Power

Closed-loop life support system > produce water, food, oxygen Solar panels on satellites collect energy >
beamed to energy conversion on lunar surface



Next steps
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Reflection

Next Steps

Architecture

Design integration

Design development of selected spaces
* Refinement on porosity, sound insulation, speed
Furniture integration

Schematic envelope and site design

Scenario testing with personas (meteorite/radiation
events, change of crew member, emergencies)

Building Engineering System (BES)

Schematic construction and assembly system (further
development)

Schematic climate: ventilation, pressurization, airlock,
energy sourcing

Detail: fragment structure, envelope, material
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