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CONTEXTUALITY OF THE SITE

CONSTRAINTS

Physical environmental constraints

Pressure differential (pensit¢ atmosphérique) Diurnal cycle

10" fois plus faible que sur Terre

*Earth 1atm (1 013,25 x 10°Pa)
Moon 3x10 "®atm (107" Pa)

= One Moon day

Construction on a slope

Psychological constraints
Isolation from the Earth

Synodic period 29.53 Earth days

(2 weeks bright side, 2 weeks no sun)

Limited environment = Confinement

Temperature extremes

Earth : From-93,2 °C to 56,7 °C

Moon : From -171°C to 117°C
(Falls -5° / hr at sunset)

Limited society member

Absent of the notion d'exterieur vivable

Operations constraints

Heat rejection Safe-haven

Vacuum is a superb insulator,
Rejecting low-grade heat during
lunar day is difficult

Needed for all occupants against
serious accident or strong radiation

POTENTIAL AVANTAGES

Available material combinations

~ Oxygen
“_ Silica glass
Fiberglass
.~ Ceramics
™~ Helium-3
* Concrete
Metal

Lunar soil ¢

*"Glasses are found naturally,
can be made from CaO and Si0*"

INSET: GEOLOGIST HARRISON SCHMITT
SAMPLES THE MOON 0N APOLLO 17

Human monility envelope

| 3.0M for vertical mouvement_ |
20-45 degree body inclination,
1.25-4m/s running speed),
New standards for riserftread ratio
and dimensions

"Sle\ﬁ'de__lﬁ_-span“ s_tructﬁre possible,
Hight limit

Reduced gravity has a significant impact on vertical motion,
ergonomics and vertical structures, loads, spans and foundations.
Human motion may require more vertical clearance, and staircases
with fewer steps than those on Earth. The ceilings and the steps
will spmply be higher.

Radiation

Harmful Galactic cosmic ray
& Solar particle event

Limited diversity of
life style (food,activites etc.)

maintenance

Dust control

Radiation Shielding
Impact Shielding
Thermal regulation

Power management

Safety

Micrometeoroids

Ecounter velocity of ~ 20km/s

Accomodation of robotic
assembly,operations &

Lunar gravity

1.62 m/s? at surface (~1/6g)
*0,16 fois celle de la Terre

including rqdigtion shielding

Dose-Equivalent (cSv/year)
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10

GCR Regolith

GCR aluminum

T GCR p\lyethylene

\GCR graphite

4+—SPE aluminum
SPE Regolith
“._+ SPE graphite

- S

SPE hydrogert, SPE polyethylehe

| | | | | |

0 5 10 15 20 25 30

Shielding Depth (g/cm?)

Dust composition
/ behavior

- 50% of regolith comprises
particles finer than 70um
(unresolvable by naked eye)

- "sticky" in hard vaccum, clumps
together like damp beach sand

EASY EXPENSION

Requiring Open-ended construction,

REQUIREMENTS FOR ENVIRONMENTAL MANAGEMENT



HUMAN ACTIVITIES REQUIRED

PRIVATE PUBLIC

FOOD

HYGIENE WORK LEISURE

Sleep, relaxation,

Shower, Changing cloths, Sotre, Prepare, Grow,
rest, storage

Toilet, Housekeeping, Storage Consume, Storage

Operations, Worktasks,
Experiments, Communication,
Education, Training, Storage

Free-time activities,
Exercise, Intimate behavior,
Storage

MOON ACTIVITIES PREDICTED

- Watching the Earth view,
- Watching lunar lander site, machine
- Watching SF Film

- SF game
- Cultural activities in different gravity
- Research & Mining

- Essential activities for living : working, sleeping

ARCHITECTURAL THEMES

Astronauts Experiences Making a notion of vivable outside FULL SUSTAINABLE BUILDING In-situ ressources construction Diversity and Flexbility of progre

PROGRAMS & DIMENSIONS

FOOD TECHNICAL EXTERIOR
ABINES—,  ~HYGIENE—  ~RECREATION™ WORK IGREEN /" SPACES /" FACILITY ™\
/_-CBed -Toilet -Degital library ' -Meeting room K-G_reen house -EVA \ - Landing Zone
-Intimate -Landry -Atelier -Atelier -Storage -Air lock - Solar thermal
work space -Bathroom -Gym(+training) -Education -Command power station
_Storage -Medical office _Salon -Storage control room
(Galerie & café) -LAB - Subsystem room
\_ J \_ J -Storage \-Green house ' ) -Machine room
(scientific sample) -Garage
-Green house - J -Safe-Haven
(walk, gardening) Equment stowagﬁ \ /
SCENARIO )
| with a divers program , we need a good scenario(history of inhabitants)
| | 2019
ARTISTIC
LAB | EXPERIENCE/ 2020-2025
X 2025-2030

BUSINESS center
for Mining Industries



FUNCTIONAL ADJACENEY MATRIX
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*Ref. "Space Archcitecture Educatin for Engineers and Architects"
_ Springer International Publishing Switzerland 2016, Sandra Hauplik-Meusburger, Olga Bannova,



LUNAR ARCHITECTURE TYPOLOGIES

Shielding Lifr support system Easy expansion Habitability by diversity
Against radiation & micrometeoroids Recyclable Life support system & Evolutive growth capacity Various spaces perceptions & programs, Connection with outside
! Renewable Energy generation with shielding - S /.
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Double Layers Hybrid Facade Design Method for Green house-Oriented Space disposition
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HYPOTHESIS - 1 . Habitable infrastructure
Infrastructure will be needed for long term sustainable developement of large scale developement

Mass study Zoning Perspective

\
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HYPOTHESIS - 2
Mass Study
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Perspective of inflatable module
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HYPOTHESIS - 3 : Easy expansion habitable module
Infrastructure will be needed for long term sustainable developpement of large scale

. ,
4y l !:l;l!
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Linear city by Arturo Soria Liner city by Le Corbusier Linear developement on the
summit of the Malapert Mountain, Moon

Ashui.com

Mass Development

Composition of

certains modules Construction road, infrastructures Partial expansion

Landing
Zone

Mass Study

CONCEPT1 CONCEPT2



SELECTION OF CASESTUDIES

(SSL)

SELF-SUSTAINABLE LIVABILITY

for the Moon Village at Malapert
Mountain in South Pole

HABITABILITY
as a human space

Renewable
Energy

CONSTRUC-
TABILITY

Self-
Sufficiency

Extensibility

In extrem
and isolated
conditions /

Architecture
in Slope

Adaptability Modulability

To condition
environmental

To user’s physique
context change

NEW MONTE ROSA HUT SAC, 2008

Architect

Bearth & Deplazes Architekten AG, Daniel Ladner
Location

Western Europe - Switzerland - Zermatt, canton Valais
Story

5 Stories

Climate Zone

Cold, mountains

Date of completion
2008

Type / Purpose

Gastronomy / Research Station (future)
Sustainability Features

Solar heating, energy recuperation, energy storage

Palais Bulle (Espace Cardin), Théoule-sur-Mer, 1975-1989
Maison Bulle Antoine Gaudet, 1968-1996

Maison Yvonne Murard, 1972-1974
Astronomical Observatory, Cote d'Azur, 1974/197

Architect

Antti Lovag
Location

South France
Story

1 story or 2 stories.
Climate Zone
Temperate

Date of completion
1989 (Palais Bulle)
Type / Purpose

Residential / Observatory (Cote d’Azur, France)
Sustainability Features

Easy Construction, extensible modules, human
centred design.

Architect / Project Partner

Splitterwerk, Arup GmbH, B+G Engineers /
Otto Wulff Bauunternehmung
Location

BIQ Das Algenhaus, Am Inselpark 17, 21109
Hamburg, Allemagne
Story

5 Stories
Climate Zone
Temperate

Date of completion
2013

Type / Purpose
Residential / Exposition
Sustainability Features
High efficient fagade
Biomass heating systems
Ground Source Heat Pump

2 er p&

lavillette
S~



SELECTION OF CASESTUDIES _ ENVELOPPE
BIQ_ THE ALGAE HOUSE
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LIFE SUPPORT SYSTEM PROCESSUS BY ALGAE
_By Marc Cohen, Space Architect
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SELECTION OF CASESTUDIES _ ENVELOPPE

New Monte Rosa Hut
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SELECTION OF CASESTUDIES _ PROGRAMS

RESPECT LIFESTYLE OF INHABITANTS + EASY EXPENSION

5 double rooms 1 medic room and
room for gym equipment

4999 n
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* GREEN Ho‘i.l

_H' netic port é__:‘_“?'remd atter touchdown

Command and control
center of the base

Core where propellant tanks
for powered descent are
placed and robotically

- core includes EVA storage
and bathroom

CLSS
El |_o ViT ) A
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= 7
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Green houses are an essetial part of the
closed loop bioregenerative ECLSS

Inflatable water tanks

are kept by the roof structure
by internal pressure;

water provides necessary
radiation shielding

——

Possible external
storage system

1

et

Halley VI British Antarctic Research Station | Hugh Broughton Architects

MB10_Mars Base, Ondrej Doule (at NASA Ames Research Center)



SELECTION OF CASESTUDIES _ STRUCTURE
CONCRETE SHELL WITH INFLATABLE MODULE

“Foster + Partners, ESA, 2015 18

Wallace Neff's bubble domes__
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Producteur : Mars One

Date : 2015 - > 2
Type : I..:n 'm!:sfjule exposé a Il'a)eléritaur » = e Se”
el e el ent

Fonction: induslriell. Iabmaloi}a, résidentiel
Croquis du projet. Mars One, 2015
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=

==
P
e

Dessins du projet. Mars One, 2015

[ ool e
Etaps d'installation.
Foster + Pateners. 2015

Architecte : Norman Fosler

Date : 2015

Type : Archileclure transportable
Inomade.

Fonction: résidence et laboraloire

Perspective du projet Vue intérieur,

ittpefwewwedencen. comy 200 30 25/ foster - partners-concept - 3d-printed- mars-habirat-robots- regolithy

MEMOIRE _ 5813. Enseingants : Pr. Christian PEDELAHORE, Mme Jubie JAUPITRE Kim Kyunghwan

Coupe AA Coupe BB

Producteur : Mars Society
Date : 2005
Type : Un module exposé a l'extérieur
ef résidence pneumatique et entémée
fonction: Un établissement permanent

htp- ifwww marshome org/document s php

Inflatable module

MEMOIRE _ S813. Enssingants : Pr. Christian PEDELAHORE, Mme Julie JAUPITRE

a) b)

Kim Kyunghwan

MEMOIRE _ S813. Enseingants : Pr. Christian PEDELAHORE, Mme Julie JAUPITRE Kim Kyunghwan

Concrete shell
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SITE : Région Malapert au Pole Sud, Lune | %lm PFE10_KIM KYUNGHWAN
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