LUNAR PLAYSCAPE: CLIMBING

living on the moon?

T0 WORK?
T0 PLAY?
T0 CommUuNE?

LUNAR ARCHITECTURE & INFRASTRUCIURE
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GRADUATION PROJECT 2024-2025 TU DELFT BR
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moon exploration
IN THE PAST



RESEARCH BACKGROUND | APOLLO MISSIONS

11

PERFORMED LUNAR LANDING AND RETURN T0 EARTH
(NATIONAL GOAL BY PRESIDENT KENNEDY),
DEPLOYMENT OF A TELEUISION CAMERA T0 TRANSMIT SIGNALS T0 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

12

LUNAR ERPLORATION TASKS BY THE LUNAR MODULE.

DEPLOYMENT OF THE APOLLO LUNAR SURFACE EKPERIMENTS PACKAGE,
SELENOLOGICAL INSPECTION,
SURUEYS AND SAMPLINGS IN LANDING AREAS,
DEUELOPMENT FOT PRECISION-LANDING CAPABILITIES,
FURTHER EUALUATIONS OF WORKING FOR LONG PERIOD, DEPLOYMENT AND RETRIEUAL OF OTHER SCIENTIFIC
EHPERIMENTS, PHOTOGRAPHY OF CANDIDATE EXPLORATION SITES FOR FUTURE MISSIONS

11

GEOLOGICAL SURUEYING AND SAMPLING OF MATERIALS, DEPLOYING AND ACTIUATING
SURFACE EHPERIMENTS, CONDUCTING IN-FLIGHT ERPERIMENTS AND PHOTOGRAPHIC TASHS

DURING LUNAR ORBIT AND TRANS-EARTH COAST,
DEPLOYED EXPERIMENTS SUCH AS APOLLO LUNAR SURFACE EXPERIMENTS PACKAGE, WITH A HEAT FLOW
EXPERIMENT, LUNAR SEISMIC PROFILING, LUNAR SURFACE GRAUIMETER, LUNAR ATMOSPHERIC COMPOSITION
EXPERIMENT, LUNAR EJECTA AND METEORITES, LUNAR SAMPLING AND LUNAR ORBITAL EXPERIMENTS

APOLLO 12

APOLLO 11




RESEARCH BACKGROUND | ACTIUITIES DISTRIBUTION
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RESEARCH BACKGROUND | WORK & PLAY

mork lifestyle criticism

Y ‘T '\#\ -
g \
RN ,/// ™ See— N —
L - <
ol < ¢ N {
a¢ e
&% Tiem Gy | ) i
5 Biis N —
3
= = &‘( —T
 /
\ N, i
\ \ e
&
. =S
2 P
X S ——
- * R SR
S - T s
& f 7

NEW BABYLON WALKING CITY
BY CONSTANT

BY ARCHIGRAM



RESEARCH BACKGROUND | WORK & PLAY

DAUID SCOTT (AP1S) ALAN SHEPARD (APIH) JOHN YOUNG (AP16)
HAMMER AND FEATHER GOLF ON THE moon MID-AIR SALUTE PHOTO

“TOWARDS THE END OF OUR STAY, WE GOT EXCITED AND WE WERE GOING T0 DO THE HIGH JUMP,
AND | JUMPED AND FELL OUER BACKWARDS. THAT WAS A SCARY TIME,
BECAUSE IF THE BACKPACK GOT BROKEN, | WOULD HAUE HAD IT.”
-CHARLES DUKE. APOLLO 167"~



RESEARCH BACKGROUND | WORK & PLAY

“SUBJECTED T0 HIGH WORKLOADS UNDER A TIGHT
SCHEDULE WITHIN A CONFINED ENUIRONMENT, ASTRONAUTS
HAUE DRAWN ON LEISURE ACTIUVITIES IMPORTED MOSILY
FROM EARTH. POPULAR LEISURE ACTIVITIES DOCUMENTED
10-DATE HAUE CONCENTRATED ON PASSIVE PERUSAL OF
MEDIA LIKE RECORDS, AUDIO CASSETIES, NEWSPAPER,
LETTERS, BOOKS, MAGAZINES, TELEUISION, AND MOUIES™

GAME FOR SPACE
PROTOTYPE TESTED AT ISS




-PROPOSAL-
lunar playscape



lunar playscape
REQUIREMENTS



RESEARCH QUESTION | PHYSICAL REQUIREMENT

1. physical

NEW WAY OF EKERCISE

LONG-TERM HABITATION
In
LOW LUNAR GRAUITY

l AFFECTS

BODY STRUCTURE
MUSCLE & BONE DENSITY

TREADMILLING IN THE MIR SPACE STATION
(SAMANTHAR CRISTOFORETTI, ESA)




RESEARCH QUESTION | PHYSICAL REQUIREMENT
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mork out distribution

AUE. 2-HR DAILY WORRK OUT

HAUING BREAKFAST

GOING TO MEETING

GOING T0O GROUND SURFACE

SITTING IN LUNCH LECTURE

HAUING SOCIAL EUENING

GOING TO GYM

HEADING HOME



RESEARCH QUESTION | PHYSICAL REQUIREMENT

©...1 D0 GET A SENSE OF SATISFACTION FROM WORKING OUT THAT POSITIUELY LIFTS MY
ATTITUDE. SO, FOR ME, EKERCISE IS NOT ONLY A CRITICAL PHYSICAL COMPONENTTO
LIFE UP HERE, ITHAS AN IMPORTANT PSYCHOLOGICAL COMPONENT 100.”

-PEGGY WHITSON, ISS- . \.J

"I COULD REALLY RUN [IN PLACE] AT DIFFERENT SPEEDS AND FOR LONG DURATIONS, : & A ~

o
r

AND THAT' S THE WAY | DID ALL MY EXRERCISE.” - R, _
-GENE CERNAN, APOLLO 17~ :

| HATE OUR EXERCISES ... BORING AND MONOTONOUS, AND HEAUY WORK ...~
-B.J. BLUTH (SALYUD-

“SOMETIMES IT1S UERY HARD TO FORCEYOURSELF T0 DO. WE LIKE THE TREADMILL
THE MOST, BECAUSE WE CAN DO SUCH A UARIETY OF ERERCISES ON IT. IN FACT, WE'UE
EUEN MADE UP SOME NEW EXRERCISES OF OUR owN.”

-LEBEDEU, SALYUT-

winbow AND CAMERA ARE ENTERTAINING ITEMS
(J. WILLIAMS, ASTRONAUDN




RESEARCH QUESTION | PHYSICAL REQUIREMENT

incorporating muscle mwork & architecture

PHYSICAL & SOCIAL WELL-BEING



RESEARCH QUESTION | CLIMBING AS A NEW NORMAL

climbing as an act of new normal
10 MOUE BY CLIMBING > IMMERSIUE DIFFUSION INTO LUNAR CONDITIONS

176 WEIGHT OF EARTH -
LIGHTER BODY WEIGHT, HIGHER IMPACT-LESS FALL

FULL BODY MUSCLE USE

RICH ACTIUITY
DEUELOPMERNT OPTIONS

TRIGGER OF ANOTHER
BODY MOUEMENTS
(GRIPPING, JUMPING, FALLING)




RESEARCH QUESTION | CLIMBING AS A NEW NORMAL

muscle activation

90-100F STRESSED

50-90+ STRESSED
LESS THAN 507 STRESSED



RESEARCH QUESTION | PHYSICAL REQUIREMENT

body movement against gravity

ELONGATED SPINE

Earth gravity, 4.0 ft/sec (1.22 m/sec) Lunar gravity, 4.1 ft/sec (1.25 m/sec)

la} Walk,

Earth gravity, 19.8 ft/sec (6.04 m/sec) Lunar gravity,13.1 £t/sec (3.99 m/sec)

(ch Sprint.

Figure 8.- Stickman representation of typical walk, lope, and sprint in earth and lunar gravity. Length of bar at ground line denotes distance of one step, Dashed line denotes
position of left arm and leg. Time interval between each figure is 0.16 second.

ABSENCE OF FRICTION
T0 PUSH BACH

COMPARATIUE MEASUREMENTS OF
WALKING AND RUNNING GAITS A966) NEUTRAL POSITION & START OF WALKING



RESEARCH QUESTION | PHYSICAL REQUIREMENT

FALL FROM 1M
0.45 SEC L1 SEC
U= 4.4mM¢S U=1.8MFS

/

U-1.8M-S

0.17M

fall and jump

G (MFS2)
EARTH moon
9.8 1.6
FALL FROM 2m FALL FROM 3M FALL FROM 5m

0.64 SEC 1.6 SEC 0.18 SEC 1.9 SEC 1 SEC 2.5 SEC
U-6.26M¢S Uz 2.5McS U= 1.1m/S U= 31m/s U= 9.9m¢’S U= 4mes
U= 2.5M7S U= 3.1m/7S U= 4mes
0.32M 0.49M 0.82M

JUmP FROM GROUND

o5M-——>2.17Mm

FALL FROM 1om
143 SEC 3.54 SEC
U=14m¢s U= 5.6M¢S

/

U-5.6M°S

1.6M




RESEARCH QUESTION | PHYSICAL REQUIREMENT

mork ergonomics criticism

THE END OF SITTING BY RAAAF




RESEARCH QUESTION | SOCIAL REQUIREMENT

[ ]
2. social
NEW RITUAL NEW LIFESTYLE

INCREASING MOONERS
POPULATION

i LEADS T0

A QUERY IN
community CREATION

SPACE STATION WARDROOM TABLE FOR SHYLAB,
AMERICA’S FIRST ERPERIMENTAL SPACE STATION




RESEARCH QUESTION | SOCIAL REQUIREMENT

social life in previous spaceship

UERY LOW IN PRIORITY

“HAUING DINNER IS A SOCIAL ACTIUITY SHARED BY MANY CULTURES AND IS ONE OF THE
HABITUAL SOCIAL CUSTOMS THAT PEOPLE CARRY INTO SPACE ... ON SKYLAB MISSIONS,
CREWS REFUSED 10 FLOAT OUER 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

CLIMBING COULD BE UIILISED
AS MEANS OF CONTROL OF CommUuNITY CREATION

(b)

=

SPACE STATION WARDROOM TABLE FOR SHYLAB,
AMERICA’S FIRST ERPERIMENTAL SPACE STATION




RESEARCH QUESTION | CLIMBING AS A NEW NORMAL

AN EFFECTIUE SOCIAL BONDING TOOL




RESEARCH QUESTION

RESEARCH QUESTION
how is playscape designed under benefits of lunar environment

to foster work productivity and social interaction
during long-term lunar habitation?

DESIGN DIRECTION
climbing city ->
to create interactive, adaptive and engaging
environment, space and furniture



architectural application
COMPONENTS



DESIGN COMPONENTS

vertical configuration

UERTICAL ITERATION - INITIRL SKETCHES

ASSUMPTIUE MODEL OF LUNARR LAUA TUBE



DESIGN COMPONENTS

T - Leibnitz
- ——"Malapert Beta

Haworth

Shoemaker
Faustini

% Shackleton 7 _*

de Gerlache #
1

& - ;ﬂm -
SOUTH POLE OF THE moon IS - A PITFOUND CLOSE TO NORTH POLE OF THE
FILLED WITH CRATERS . . moon, SUSPECTED TO BE A LAUA TUBE

SOUTH POLE OF moon LUNAR LAUA TUBE
DIAMETER UARIES FROM 5-300M
RESOURCES PROTECTION
WATER (CE) -» CRATER BASE RADIATION
Sun POWER -» CRATER RIM TEMPERATURE FLUCTUATIONS

METEORITE SHOWER



DESIGN COMPONENTS

PASI
missions now

<
<«

project timeline

ANTICIPATED FUTURE IMPLEMENIATION

APOLLO,
PAST SPACE STATIONS

SPACE STATIONS
(ISS, TIANGONG)

PHASE 1

- DEPLOYING EQUIPMENT

-SHELTER T0O HOUSE IMPORTANT
EQUIPMENT FOR FUTURE LONG-
TERM ERPLORATION

- 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) mMIsSSion

PHASE 2

- PREPARATION OF LUNAR
PERMANENT BASE

- STRUCTURE TO HOST MEDIUM
LENGTH (SEUERAL MONTHS)
MISSIoN FOR LESS THAN 10
INHABITANTS

-INFLATABLES AND MODULAR
T0 BE CONNECTED T0 PHASE 3,
WITH ALL BASIC NEEDS:
SHIELDING & OKYGEN

- START OF ISRU REGOLITH
UTILISATION WITH HUMAN-ROBOT
INTERACTION

DISTANT FUTURE



DESIGN COMPONENTS

main structure
orientation

SCANNING WITH CLIMBING ROBOT
OR/ AND ROCKET-ENGINE DRONE

LAUA TUBE SURFACE MAPPING




DESIGN COMPONENTS | PROJECT REFERENCE

THE SANCTUARY BY ARTHUR NESTERENKO




DESIGN COMPONENTS | LEARNING FROM WORKSHOP
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DESIGN COMPONENTS | LEARNING FROM WORKSHOP

INTUITIUE DESIGN EXERCISE
BASIC LUNAR CONDITIONS RESEARCH
CONSTRUCTION LOGIC KNOWLEDGE
ERISTING TECHNOLOGY KNOWLEDGE

LIMITATIONS
(I.E. ACCURACYTOLERANCE)

PICTURE TO ANOTHER TECHNOLOGIES

INTERLOCHING LOGIC

ADDITIUE METHOD

STACKING GESTURE

3-DIMENSIONAL INTERLOCKING EDGES



DESIGN COMPONENTS | LEARNING FROM WORKSHOP

INTUITIUE DESIGN EXERCISE
BASIC LUNAR CONDITIONS RESEARCH
CONSTRUCTION LOGIC KNOWLEDGE
ERISTING TECHNOLOGY KNOWLEDGE

LIMITATIONS
(I.E. ACCURACYTOLERANCE)

PICTURE TO ANOTHER TECHNOLOGIES

INTERLOCHING LOGIC

ADDITIVE METHOD

e

ADDITIVE PROCESS AND RESULT (CONCRETE 3D PRINTING AT UERTICO, EINDHOUEN)




DESIGN COMPONENTS

GROUND SURFACE

ground surface

underground
structure

UNDERGROUND



DESIGN COMPONENTS

interfaces and spatial experiences

GROUND SURFACE UNDERGROUND
PUBLIC SPACE PUBLIC SPACE PUBLIC SPACE
I 1
L] L]
ENTRANCE LIVING QUARTERS LIUING QUARIERS ENTRANCE
OBSERUATORY OBSERUATORY
10 SURFACE AND 10 CAUE

OUTER SPACE



DESIGN COMPONENTS | PROJECT REFERENCE
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DESIGN COMPONENTS

program specification
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INDOOR (RIR-LOCHED)

MULTIPLE ACCESS &

(INDOOR) (ENTRANCE)

[~ MULTIPLE EGRESS TO

CIRCULATION LOOPS

LIRCULATON  SURFACE MOBILITY

COMMUNAL
AREAS PARKING/
100 . STOWAGE ACCESS
= ©o TRANSLATION PORTALS &
z PASS THROUGHS
& % DINING EHERCISE ||
5 OTHER SERUICES, EUA SUIT
€ 5 WORKSPACE PLANT GROWTH INCL. LIFE SUPPORTS DONNING & DOFFING
S o MEDICAL ARER (ORYGEN COLLECTION,
= jo | PERSOnAL HYGIERE — || WASTE MANAGEMENT, ETC) -
QUARTER | i
— 1
1 | - | |
| \
| | |
% 7 7 7
/
= % %
=)
t—|
(1
o
= AN
S
f \
= ' _T01AL OF 8000M’ ¢ 80M°HABMATBLE SPACE PER PAH %
m o




DESIGN COMPONENTS

spatial crrangement trial

COMPUTATIONAL DESIGN GOAL

WORHKHSPACE HYGIENE

HALLZEUENT AREAS EXRERCISE

. DINING . MEDICAL
BEDROOM PLANT GROWING

PLAN UIEW (ALIGNED US DISTRIBUTED)

THE CONSTRUCTION INDUSTRY OF TOMORROW IMPLEMENTED TODAY
THESIS BY THIJS KOELEMAN (2020)

SPACES ARE UERTICALLY DISTRIBUTED FRONT UIEW BACK UIEW




materialisation



DESIGN IMPLEMENTATION

[ ]
exterior
IN-SITU RESOURCE UTILISATION (ISRU) & 3D PRINTING

o = P e ot
. - . W g G oS
d " P P N ) s

REGOLITH METAL ICE
SHAPED T0 ACCOMMODATE LARGE OPENING COUER
STRUCTURAL SHELLS RADIATION SHIELD

FOR CLIMBING FOR OPEN UERTICAL ATRIUM



DESIGN IMPLEMENTATION

APOLLO DURATION (TOTAL) DURATION (LUNAR SURFACE) | AUE. RADIATION

8D 3H13M 21H 38Mm 1.8 MSU

12 10D HH 31mM 31H 31M 5.8 MSU

14 9D 1Im 33H 31m 1.4 MSU

15 100 14 1m S6H 54 3.0 msu mooners cycle

16 1D 15 s1m bl >.1MsU RADIATION EXPOSURE LIMIT= 100-2000 DAYS
11 12D 13H 51mM TYH 59M 5.5 MSU

ANNUAL CYCLE OF NEW MOONERS

AGE 25 35 ys 55
MALE 1,500 MSU 2,500 mSv 3,250 MSU 4,000 mSU

FEMALE 1,000 msu 1,750 mSu 2,500 mMSU 3,000 mSu



DESIGN IMPLEMENTATION

material impression = contrast

EKTERIOR -» MONUMENTAL, PERMANENT

LIUING IN INTERIOR -* LIGHTING, CONNECTION T0 OUTSIDE, PHYSICAL IMMERSIVE-NESS

INTERIOR -» (PARTIALLY) FLERIBLE
SENSE OF FREEDOM? PERSONALITY




DESIGN IMPLEMENTATION

[ ] [ ]
interior
IN-SITU RESOURCE UTILISATION (USRU) & 3D PRINTING
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ZAN
RGN

NETS MODULAR & POROUS INFLATABLES
DESIGNED
REGOLITH BLOCHS



DESIGN IMPLEMERNTATION | PROJECT REFERENCE
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INTERACTIUE NET BLOW-UP IN YOKOHAMA BY NUMENAFOR USE

NETS AS MATERIAL
STRONG, LIGHT, RECONFIGURE-ABLE,
OFFER GRIP FOR CLIMBING,
PLEASANT CONTRASTING AESTHETIC WITH HARD STRUCTURE




concLusion

GRAUITY
RADIATION
DAY-NIGHT CHCLE
EXRTREME TEMPERATURE

l

moon conbiTions

UERTICAL ORIENTATION
UNDERGROUND STRUCTURE
UIEW TO ERRTH AND LAUA TUBE
CLIMBING ACTIVITIES FOR PHYSIQUE AND SOCIALS

|

LUNAR PLAYSCAPE:

AS BENEFITS INSTEAD OF LIMITATIONS

CLIMBING CITS

A

4

UNIQUE
ERPRESSION, CIRCULATION, SPATIAL EXPERIENCE

being on the moon is the perfect time to re-feel our body

by engaging with new gravity

& new architecture around us
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