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Future City 



Da Vinci 1505-1508;      7” (18cm) diameter  
 ¾” (2 cm) across 



(1882 – 1945)  
Robert H. Goddard 
in 1926 (first launch of a 
liquid-fueled rocket) 

(1857-1935) 
Konstantin Tsiolkovsky 
1903 paper on space travel & rocket 
equation 
 
(1881-1957)  
Robert Esnault-Pelterie 
1912 independent derivation of rocket 
equation  

(1894-1989)  
Hermann Oberth  
Research on rocket science 1923-1929   
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Florida Today 

4 



Neil Armstrong (1930-2012) 

Neil 



Harrison Schmitt Apollo 17 



Composition of the lunar regolith 

Water 
Found 
Recently 
By 
NASA’s 
LCROSS* 
Probe 

*Lunar Crater  
Observation 
 and Sensing  
Satellite June-Oct  
2009; crash South  
Pole 

Lunar Composition 
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Energy Production 



Mining/Platinum 



Lunar-Based Astronomy: Lunar Far Side 



Tourism – Hilton Exterior 

Concept and picture courtesy Peter Inston 

Barron Hilton 1958  



Tourism – Hilton Interior Mall 

Concept and picture courtesy Peter Inston 



Lunar Marriott 



3d Football 



1962 



Lunar Environment 
•  gMoon = 1.62 m/s² 

•  internal air pressurization can range from 34.5 
kPa (5 psi)  to 101.3 kPa (14.7 psi) 

•  protection from radiation and micrometeoroids 

•  insulation (temperature differentials of 250°C) 

•  2.5 m - 3.0 m of regolith cover needed 
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Additionally!! 

• Human physiological unknowns – 
survival in low g; radiation effects 

• Human psychological issues 
• Medicines don’t work – 

 Pharmacology only for 1 g 
•  Survival of other living organisms 
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Micro/Low Gravity 
•  Cardiovascular Deconditioning 
•  Bodily Fluids Shift to the Upper body 
•  Distorts Vestibular sense 
•  Loss of Blood Volume 
•  Cataracts 
•  Muscle Atrophies 
•  Cancer 
•  Bone Demineralization (1.5%/month) 
•  Pharmacology issues 18 



Boeing 1963 



Cylinder 
Modules 

Brand Griffin 



Mars 



Courtesy Orbital Sciences 



Radiation 

NASA 





A Lunar Crater Base 

Concept and picture courtesy to A. Eichold (NASA) 



A Box Shaped Inflatable 

Concept and picture courtesy to P. Nowak 



Inflatable 

Gary Kitmacher A Spherical Inflatable 



A Spherical Inflatable 

Concept and picture courtesy M. Roberts (NASA) 28 



Proposed Design: 
A Tied-Arch Shell Structure 

Concept and picture by F. Ruess and H. Benaroya 
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Structural Analysis 

global safety factor applied: 5 
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Bending Moment: Circular Arch 
Internal Pressure Dominated 
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Loads 
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Thermal Loads and Parameters 
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(120 K ~ -153 ºC ~ -244 ºF)  (343 K ~ 70 ºC ~ 158 ºF)  
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Thermal Loads and Parameters 
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(120 K ~ -153 ºC ~ -244 ºF)  
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Base Layout 
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Drawing: Andre Malok, Newark Star Ledger 

Base – Star Ledger 

Rutgers Concept 



Drawing: Carter Emmart 1996 

Emmart 

Carter Emmart 



Emmart 
Carter Emmart 



Picture courtesy A. Benaroya 

Lava Tube 
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Images of the Marius Hills pit as observed under different solar illumination 
conditions by the SELENE/Kaguya Terrain Camera and Multiband Imager 
[JAXA/SELENE]. 

2007- 
2009 
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Spectacular high Sun view of the Mare Tranquillitatis pit crater revealing boulders on 
an otherwise smooth floor. Image is 400 meters wide, north is up, NAC M126710873R 
[NASA/GSFC/Arizona State University]. 
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LUNAR MANNED LUNAR BASE  - 2050 
ENERGIA-STERNBERG PROJECT 

BASE 2050: Residential Zone in Crater, General View 

Russian 



Cross-section View 

Russian 



3D-Printing using Regolith 



ISRU Mars Construction 

Courtesy A. Benaroya 
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Khoshnevis 2012 
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Thank You! 
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