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Research background

Source: Nasa.gov

Apollo 11

Apollo 12

Apollo 17

| Apollo missions

Performed lunar landing And Return to earth
(National goal by President kennedy)

Lunar exploration tasks by the lunar module,
Deployment of the apollo lunar surface experiments package,

Geological surveying and sampling of materials, deploying and 
activating surface experiments, conducting in-flight experiments 
and photographic tasks during lunar orbit and trans-earth coast,

11

12

17

tasks intensive missions



Deployment of a television camera to transmit signals to 
earth, Deployment of a solar wind, seismic experiment 

package and a laser ranging retroreflector, gather 
samples of lunar-surface materials, photograph the 
lunar terrain, deployed scientific equipment, Lunar 

module spacecraft

Deployed experiments such as Apollo Lunar Surface 
Experiments Package, with a heat flow experiment, 
lunar seismic profiling, lunar surface gravimeter, 

lunar atmospheric composition experiment, lunar ejecta 
and meteorites, lunar sampling and lunar orbital 

experiments

Selenological inspection, Surveys and samplings in 
landing areas, Development fot precision-landing 

capabilities, Further evaluations of working for long 
period, deployment and retrieval of other scientific 

experiments, photography of candidate exploration sites 
for future missions

Research background

Apollo 11

Apollo 12

Apollo 17

| Apollo missions

Numerous secondary tasks 

Source: Nasa.gov



Research background | activities distribution

Source: architecture for astronauts (book)



short term missions

long term habitation
vs

Research background | activities distribution



human’s playing nature

New Babylon by Constant

Research background

Source: Nieuwe instituut

| work & play

Charles Duke from Apollo 16 said:

“Towards the end of our stay,

we got excited and we were going to do the high jump,

and I jumped and fell over backwards.
That was a scary time,

because if the backpack got broken,
I would have had it.”

Building Habitats on the moon p.248



Alan shepard (ap14)
Golf on the moon

John Young (ap16)
Mid-air salute photo

David scott (ap15)
Hammer and feather

Source: nasa.gov

Research background | work & play

human’s playing nature



Research background | work & play

“subjected to high workloads under a tight schedule within 
a confined environment, astronauts have drawn on

leisure activities imported mostly from earth. Popular 
leisure activities documented to-date have concentrated on 

passive perusal of media
like records, audio cassettes, newspaper, letters, books, 

magazines, television, and movies”

Source: S. Hauplik-Meusburger, et al., A game for space, Acta Astronautica (2009),
doi: ¨ 10.1016/j.actaastro.2009.07.017

Architecture for astronauts p.281

Game for space Prototype tested at iss

current leisure situation



physical requirement

social requirement
and

Research background | work & play

Lunar Playscape Reimagines the lifestyle / activities



1. physical

RESEARCH QUESTION

Long-term habitation
In

Low lunar gravity

Body structure
Muscle & bone density

affects

| physical requirement

Having breakfast
Going to meeting

New way of exercising -> Distributing Work out

Sitting in lunch lecture
Having social evening

Going to gym
Heading home

Source: architecture for astronauts (book)

previous missions: Ave. 2-HR Daily work out



Treadmilling in the MIR space station
(Samantha Cristoforetti, ESA)

RESEARCH QUESTION

“…I do get a sense of satisfaction from working out … exercise is 
not only a critical physical component … it has an important 

psychological component too.”
-peggy whitson, ISS-

“I could really run [in place] at different speeds and for long 
durations, and that’s the way I did all my exercise.”

-gene Cernan, apollo 17-

“I hate our exercises …
boring and monotonous, and heavy work …”

-Valery Ryumin, salyut-

“Sometimes it is very hard to force yourself to do. We like the 
treadmill the most, because we can do such a variety of exercises 
on it. In fact, we’ve even made up some new exercises of our own.”

-Lebedev, salyut-

Architecture for astronauts (book)

| physical requirement



2. social

RESEARCH QUESTION

Increasing mooners 
population

A query in
community creation

Leads to

| social requirement

Source: NASA

Space Station Wardroom Table for Skylab, 
America’s first experimental space station



social life in previous spaceship

RESEARCH QUESTION

Very Low in priority

“Having dinner is a social activity shared by many cultures 
and is one of the habitual social customs that people carry 

into space … On skylab missions, crews refused to float over 
the table … they had for the first time a large dedicated area 
for food preparation and dining and were eating together on a 
specially designed table, eating with knives, forks and spoons

Space Station Wardroom Table for Skylab, 
America’s first experimental space station

SOURCE: Space architecture education for architects and engineers p.77

Space architecture education for architects and engineers p.131

| social requirement

More ways of SocialiSing?



Physical & social well-being

playscape = incorporating muscle work & various postures
with architecture

RESEARCH QUESTION | physical requirement



1/6 weight of earth ->
lighter body weight, higher impact-less fall

climbing as an act of new normal

RESEARCH QUESTION

Full body muscle use

Rich activity
development options

Trigger of another
body movements

(gripping, jumping, falling)

To move by climbing -> Immersive diffusion into lunar conditions

| climbing as a new normal



RESEARCH QUESTION | climbing as a new normal

Back

Legs

Core

Arms

90-100% Stressed

50-90% Stressed

Less than 50% Stressed

Source: The wandering climber

muscle activation

Experiencing Climbing



RESEARCH QUESTION

youtube.com/watch?v=kwticv9ai_Q&t=43s&ab_channel=TheMapleMedia

| climbing as a new normal

an effective social bonding tool



how is playscape designed under benefits of lunar environment
to foster work productivity and social interaction

during long-term lunar habitation?

RESEARCH QUESTION

Research question

Design direction

to create interactive and engaging
environment, space and furniture

climbing habitat ->





Design Context

human body postures & interactions in between

The end of sitting by raaaf

Source: raaaf.nl

| New ritual

Unconventional Vertical Surfaces as a Counteract of Sedentary Workstyle



Walking = linear motion adapted to
flat & stable terrain 

Climbing Motions
Uniform dimensions of stair runs and rises

result in constant motion

VS

Design Context | New ritual

human body postures & interactions in between
Climbing as a counteract of repetitive and static movements on earth

1 2 3 4a B C D

1

2 3 4

a B C D



human body movements mapping

Hopping & Galloping

High Jump (Up & Down 500mm)

Design Context | New ritual

Climbing



body movement against gravity

Comparative measurements of 
walking and running gaits (1966)

Source: Nasa

1 G

0 G

1/6 G

Elongated Spine

Absence of Friction
to push back

Neutral Position & start of walking

1/6 G

Design Context | New ritual



parameters derived
from lunar physics

Design Parameter | New ritual



Gravity (m/s2)

9.8 1.6
earth moon

Fall from 1m
0.45 sec 1.1 sec
v= 4.4m/s v= 1.8m/s

0.17m
v= 1.8m/s

Jump from ground

0.5 m 2.7 - 3 m

Fall from 2m
0.64 sec 1.6 sec

v= 6.26m/s v= 2.5m/s

0.32m
v= 2.5m/s

Fall from 3m
0.78 sec 1.9 sec
v= 7.7m/s v= 3.1m/s

0.49m
v= 3.1m/s

Fall from 10m
1.43 sec 3.54 sec
v= 14m/s v= 5.6m/s

1.6m
v= 5.6m/s

Design Parameter | New ritual

parameters derived
from lunar physics



(assumptive) fundamental postures to activities
Design Parameter | New ritual



program requirements

1. Public open spaces
Atrium/ playground
Vertical garden/ food gallery

4. Personal
solitude spaces
Bedroom
Study
Hygiene

3. Specific
working spaces
Research lab
Desk stations
Control centre
Clinic
Gym

5. Service spaces

Life support storage
Airlock chambers
Donning & doffing area
Storage

2. Circulation

Climbing walls for encouraged main Circulation

(Min. 80m3 per person)

Design Parameter | Programs

Kitchen & dining
Semi-outdoor space

Derived From: Space Architecture Education for Engineers and Architects (Book)



previous iterations
lessons learnt

Design process

Playground

Kitchen

Food Gallery

Personal Quarters

Workstation

Gym

Clinic

Storage

Service

Climbing Walls



work

kitchen
private
quarters

playground

food 
gallery

storage

Iteration 1

work

kitchen

private
quarters

playground

food 
gallery

Iteration 2

Design process

previous iterations
lessons learnt

Takeaways

Control narrowness of atrium to 
maintain humanely pleasant spaces

More diagonal relationships instead 
of strict vertical connected spaces

Introduce spaces hierarchy

Exterior nature shall be included



site
Design Context

South pole of moon
Resources

Water (Ice) -> Crater Base
Sun Power -> Crater Rim

South pole of the moon is
filled with craters

SOURCE: lpi.usra.edu

SOURCE: Americaspace.com

Highlighted in Blue -> Ice Deposit



SOURCE: lpi.usra.eduSOURCE: Nccs.Nasa.Gov

Approx. Site area

De gerlache

Shackleton

10 Sun visibility

kilometres

0

10 20 30 40

50

50

0

500
50

10 km

site

Southwest Area of Shackleton Crater

Design Context



site

Design Context

Radiation (200x > earth surface)
Temperature fluctuations (-133 to 121 C)

Meteorite shower

O

Protection from

A Pit found close to north pole of the 
moon, suspected to be a lava tube

SOURCE: Seti Institute

Lunar PIT (small scale Lava Tube)
Vertical pit with Diameter Varies from 5-25m

Ice deposits

Site

High region
For sun exposure

(zoom in to 1:1000)



Lava Tube 

Entrance

lava tube mission

Challenging
Lava Tube Terrain

Lava Tube Immediate Interior

Design Context | Empirical Observation

Eyes & 
Brain

Body
Dimensions

Spatial 
Coordination

Different Ways to Climb Down



lava tube mission

Urban & architectural scales Furniture & Material Scales

Design Context | Empirical Observation



body dimensions to architectural scales

Wall Tectonics & textures (Vertical and Diagonal) Introduce extension of functional spaces

Design Context | Empirical Observation



project timeline

Phase 1 Phase 2 Phase 3

- Deploying equipment

-Shelter to house important 
equipment For future long-
term exploration

- Simple structure built 
entirely on earth and then 
deployed by robots or 
humans

- If humans’ presence is 
needed, it will be a short (a 
few days) mission

- Preparation of lunar 
permanent base

- Structure to host medium 
length (several months) 
mission for less than 10 
inhabitants

- Inflatables and modular 
to be connected to phase 3, 
with all basic needs: 
shielding & oxygen

- Start of ISRU regolith 
utilisation with human-robot 
interaction

- Permanent habitation with 
better radiation shield to 
house more people

- Construction in well 
analysed site, i.e. lava tube

- Construction with 
developed ISRU technology 
from the previous phases

NOW
PAST

MISSIONS Anticipated future implementation Distant Future

Space stations
(iss, Tiangong)

Apollo,
past space stations

climbing habitat
constructed within stages

Source: Lunar Settlements (Book) by Haym Benaroya (2010)

Design



site plan/ site isometric
Design

EVA

Labs

WORK Quarter

Private Quarters

Atrium

Food Gallery

Gym & Clinic

Main Entrance

Dining &
Kitchen

Playground

Program Massing on site ( Lunar Pit )



form finding
thick walls and circulation

Gradual angled path goes through thick walls

Design

Process study of ramps and platforms



form finding
programmatic function

Program Placement tested along circulation
Points generated from spheres -> converted into voronoi-based spaces

Design

Dining &
Kitchen

Gym
Clinic

Food 
Gallery

Entrance



form finding
man-made to nature

Architectural Elements + Existing Terrain -> Surfaces angles and resolution

Design

Natural Terrain Built Elements Intertwined

FIRST Stage
Current focused area

of development



Plan 1 Plan 2

Design

5m

(zoom in to 1:100)

plans

Architectural Elements –

Views, Body engagement

1

1

3

2

1

3

1

2

3

Work zone

Eat zone

Internal Rampway



Plan 3 Plan 4

plans
Design

5m

Architectural Elements –

Views, Body engagement

1

2

3

Eat zone

Socialise zone

Internal Rampway

1 2

3

3

1



5m

Section 1

sections
Design

Architectural Elements –

Views, Body engagement

1

2

3

Work zone

Eat zone

Socialise zone

2

3

1

4 Internal Rampway

4



sections
Design

5m

Section 2

Architectural Elements –

Views, Body engagement

1

2

3

Work zone

Eat zone

Socialise zone

4 Internal Rampway

2

3

1

4

1



activities to
furniture

integration

Design

Human Basic Activities
At the main atrium

Eat

Work

Socialise

(zoom in to 1:50)



activities to furniture integration
Design

EAT Work Socialise

Picnic Desktop MovieDine Discuss Virtual Reality



2m

body to furniture design
Design

EAT

Work (Desktop)

Socialise

Work (discussion)



eat
Design

1m



work (desktop)
Design

1m



work (discussion)
Design

1m



socialise
Design

1m

Movie

Small Group

VR Games



furniture design: zoning and levels
Design

1m

Spatial Zoning

Space <-> Body

Resolution/
Specificity of Surfaces

Stable surfaces i.e. for food/ laptop

Privacy levels
Specific predetermined function vs flexibility for further development

Size, level difference, degree of openness

EAT Work (Desktop) Work (discussion)





(inverted) catenary structure relationship
Construction & Materialisation

Hanging Chains (catenaries)

Inverted Catenaries = Voronoi Thrust Lines

Nested Catenaries
Inverted Nested Catenaries



Stilt-Root = Structure that grows and expands over time

inverted nested catenaries in nature
Construction & Materialisation

Mangrove Tree roots

Micro-structure that resembles Voronoi

SOURCE: Proceedings of the National Academy of Sciences (2016)SOURCE: Journal of Plant Research (2004), Plantsnap



overall structural logic

Construction & Materialisation

5m

Building section cut Conceptualised structural members



Construction & Materialisation

overall structural logic

Inverted Nested Catenaries Translation Load Transfer Direction 



habitat expansion overtime

Construction & Materialisation

Nested catenaries structure is expandable overtime

Current Stage Future Stage



structural fragment
Construction & Materialisation

Load bearing members supporting dining area & internal ramp Compression Load Transfer Direction



Construction & Materialisation

Selected wall fragment

wall fragment for assembly
(zoom in to 1:20)



Construction & Materialisation

Wall Fragment Overview

Internal Ramp

Maintenance/ service 
Channel for robots

Integrated seats

Visual opening
To exterior

wall fragment for assembly

Integrated Functions



components design generation
Construction & Materialisation

Computational script to generate components Components Results

(zoom in to 1:5)



Components are Stacked & 3D interlocked geometrically

Construction & Materialisation

Hole for grabbing the components

Section a

component integration details

Component 1 Zoomed in

Section a

SOURCE: Fang Che Cheng et al.(2016)



Construction & Materialisation

component integration details

removing sub-component
To create accessible holes

Holes = climbing holders and
lighting fixtures

Integrate Pipe & cable channeL
in the design and printing process



In Situ Resource Utilisation (ISRU)

SOURCE: ESA, Matthias Rutzen (U Augsburg)

Ice =
- Life support Materials (water, oxygen, Hydrogen)

Construction & Materialisation

Regolith =
- Structural Blocks (High compression strength), 3D printed with
- Carbon fibers AS Structural reinforcement material
       (Tensile strength improvement)

Extracted from regolith =
- 40-45% oxygen for combustion & life support
- 42-48% Silicon products: glass fibre,
       aerogels for seal materials, for insulation layer (NASA)
- Metal Alloys (aluminium) for Frame

(Left) Regolith // (Right) Carbon Fibers reinforcement

ICE

Source: Dirk Volkmer (2016), Rutzen et al. (2021)

Source:  ESA, NASA



2. Interior Facade1. Exterior Facade Section A-A’

1

2

A

A’

wall fragment 
Construction & Materialisation

1600mm

1200-1300mm900mm

Maintenance/ service
Channel



fragment details

Construction & Materialisation

exteriorInterior

1

2

Kink for Seating

Main channel For maintenance
by small robot

Sub-Channels
For electricity and water

Components:
Lunar Regolith 3D Printed blocks

Aerogel layer
For insulation and air-tight seal

3D Printed glass panel from silica
(with air-tight & Radiation Shield Performance)

Integrated Channel for cables & pipings

Integrated Kink
for climbing/ assembly grabbing

Lighting Fixtures

10cm

1

2

1m

Removed Component
for climbing accessibility



fabrication: mock-up

Construction & Materialisation

1:1 Fabrication Mock-Up (EPS foam)

Subtractive process
(milling out material)

(zoom in to 1:1)



Comparative Lesson from Workshop: toolpath design process on the computational tool

fabrication: 3D printing technology

Construction & Materialisation

Additive process and result 
(concrete 3D printing at vertico, Eindhoven)



assembly mock-up: Human-Robot Interaction (HRI)

Construction & Materialisation

4. Adjusting Component
5. Placing component (Assisted)

Construction & Materialisation

2. Picking component (assisted)
3. Transporting component to designated point

1. Approaching component 1. Approaching component

2. Grabbing component (assisted)
3. Transporting component to designated point

1. Approaching component

Robotic process Supported by computer vision (CV)



robotic crane and climbing robots

Construction & Materialisation

Source: Nasa.gov

Crane System to deploy smaller units and transmit energy
developed by Esa with Oviedo University

LEMUR By Nasa
tested in Death Valley, California

Proposed Systems for exploring lunar underground pits

Source: ESA.INT



Construction & Materialisation

assembly during construction

minor adjustment to create
accessible site terrain profile

Components assembly by swarm robots
layer by layer

stacked components create walkable topography
for the robots during assembly process



Construction & Materialisation

Source: Adaptive On- and Off-Earth Environment (Book)

Source: youtube.com/watch?v=DUgjFaYyecE

Sweeper Robot
developed in Wageningen university & Research

Rovers

energy & resources
collection/ distribution



building service/ life support systems

Construction & Materialisation



climate control strategy

Construction & Materialisation



closed-loop life support system

Construction & Materialisation

The Micro-Ecological Life Support System Alternative (MELiSSA)



final phase (P4-P5)

Drawings/ Graphical representation
Renderings (illustrate more playfulness)
Additional scaled models

Future Planning

Minor Improvement &
Production



Ergonomics & human bodies:
-  Rethinking sitting position to raise awareness on bodies
-  Movement/posture-based architecture instead of function-based architecture

Knowledge transfer loop to on/off-earth architecture

Circular design and lifestyle:
-  Exemplary towards often theoretical circular design on earth
-  In-situ resource utilisation & Automated Construction
-  Closed loop life cycle learnt from melissa
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