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UzayĶnĸaatM¿hendisliĵiNedir?

Uzayinĸaatm¿hendisliĵi, uzayara­larēveuydusistemleritasarēmē, üretimi, testive

iĸletmesigibi konulardateorikvepratikeĵitimverenbir alandēr.

Uzayinĸaatm¿hendisliĵi, uzayara­larēnēnyapēmsüreci, mühendislikveinĸaat

aĸamalarēndanoluĸmaktadēr. Uzayara­larēnēnyapēmēnēntemelaĸamalarēise

mühendislikveinĸaataĸamalarēdērBu alandaeĵitimalankiĸiler, uzayara­larēve

uydusistemleriyleilgili ­alēĸmalaryapabilirler.

Uzayinĸaatm¿hendisliĵi, genellikleuzaym¿hendisliĵiolarakda adlandērēlērve

uzayara­larēveuydusistemleritasarēmē, üretimi, testiveiĸletmesigibi konularda

teorikvepratikeĵitimverir . Uzayinĸaatm¿hendisliĵi, genelliklemakine

m¿hendisliĵi, malzemem¿hendisliĵiveinĸaatm¿hendisliĵigibi alanlarlailiĸkilidir

Uzayinĸaatmühendisleri, uzayendüstrisindeveotomotivvegemiinĸa

endüstrisindegörevalabilirlerUzayinĸaatm¿hendisliĵi, uzayara­larēveuydu

sistemleritasarēmē, üretimi, testiveiĸletmesigibi konulardateorikvepratikeĵitim

verenbir alandēr
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Space Civil Engineering

Space civil engineering is an emerging discipline that focuses on extending and expanding civil engineering 

know-how to address the unique challenges of space exploration and habitation. Civil engineers play a crucial 

role in the space industry by designing and analyzing structures for space missions, lunar habitats, and 

planetary settlements.

Civil engineers are employed in the space industry because they are well-versed in the design and analysis of 

structures, which is essential for space exploration and habitation.

They are involved in various aspects such as the construction of consumables depots for crew and power, 

habitat construction, and addressing the engineering challenges posed by future expeditions to the moon, 

Mars, and deep space.

The role of civil engineers in the space program is significant, as they contribute to the development of 

structures for future space travel, lunar missions, and Mars settlement design. 

This field offers exciting opportunities for civil engineers to make new discoveries and contribute to changing 

the world through their expertise in structural design and engineering.



SUNUCU

PRESENTER

5



1960. One of my rockets exploding during take-off. When I was a middle school student.
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----- Original Message -----  

From: "PARKER, LOUIS A. (JSC-AP161) (NASA)" <louis.a.parker@nasa.gov> 

To: "'Cengiz Toklu'" <cengiz.toklu@emu.edu.tr> 

Sent: Thursday, February 06, 2003 5:47 PM 

Subject: RE: Columbia 

 

Dr. Toklu, 

   Thank you for your kind words.  We're coping well, although it's still 

hard to imagine that we lost our 7 astronauts the way we did.  We're working 

hard to find the problem, and rest assured, we'll find it, correct it, and 

will move forward.  The Shuttle will fly again, and we'll be stronger for 

it.... Keep your eyes on the stars! 

 

Louis Parker  

JSC Exhibits Manager  

tel        281 483 8622  

fax       281 483 4876  

e-mail  louis.a.parker@nasa.gov <mailto:louis.a.parker@nasa.gov>   

web     www.jsc.nasa.gov/programs 
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19th Conference, since 1988
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BOARD MEMBER



GĶRĶķ

INTRODUCTION
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Manned flights to space

Mars

Moon

Gagarin
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A CAVE, FIRST HABITAT
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A SMALL WORLD

First environment of 

humans was a few 

miles around their 

habitats. They were 

exploiting the 

resources in that 

environment. They 

new the 

characteristics of 

the ñnatureò which 

was prevailing in 

that area.
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AREA GETTING BIGGER

As their environmental area got bigger, the resources became richer in 
variety and quantity and the humans metnew natural conditions. 
Increased richness enabledhumans to discoverlarger areasthus to 
enlarge their environmental area.

New natural conditions made them moreflexible and more powerful to 
deal withnew difficulties thus increasing their technological abilities. 
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GLOBALIZATION

This spiral of

Increased Increased
Environmental <>      use of

Area resources
and

higher level of technology

has continueduntil nowso that we have finally reachedat the point of 
using the term

άƎƭƻōŀƭƛȊŀǘƛƻƴέ
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The spiral of 
WORLD <> ECONOMY & TECHNOLOGY

 ȹW

WORLD

RESOURCES + NATURE

ECONOMY TECHNOLOGY
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OUR WORLDNOW IS THEWHOLE GLOBE. 
WE ARE NOWCONCIOUSTHAT WE ARELIVING ON AGLOBE IN 

3 DIMENSIONS
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Are we now masters of this globe? Non, not yet. But we are close. The 

undiscovered areas of the Earth is getting smaller and smaller. We know the 

places of almost every natural resources. We have ample information about 

climate conditions in different parts of the World.

Unfortunately the last sentence, though it seems to be true momentarily, it is 

not valid for all times. We are now aware that climate is changing in the global 

scale and this change may have disastrous effects on humanity. It is also 

interesting to know that climate change is a natural phenomenon, but men is 

contributing to make it more devastating. 

In our speech, we will concentrate on going away from Earth, space research, 

and space habitations. 

24



The Earth ςCradle of Mankind

The Earth is the Cradle of Mankind, but one cannot expect to remain 
forever in the cradle.

Konstantin Tsiolkovsky

Russian scientist

1857 - 1935
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DünyaƛƴǎŀƴƭƤƐƤƴōŜǒƛƐƛŘƛǊ, ama kimsesonsuzakadarōŜǒƛƐƛƴŘŜkalmaz.
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SPATIALIZATION / EXTRATERRESTRIALIZATION  

WORLD 2050
This picture of the Earthand Moon in a 

singleframe, the first of its kind ever
taken by a spacecraft, was recorded

September 18, 1977,

by NASAΩs Voyager 1 when itwas 12 
million km from Earth. 

Mars is soon to be added to thisάǿƻǊƭŘέto
yield World 2100.
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Voyager 1
Mon, 05 Sept 1977 
161.9 AU

Voyager 2
Sat, 20 Aug 1977 
135.1 AU

Silima khemen

Peter Ian Kuniholm
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SPATIALIZATION / EXTRATERRESTRIALIZATION

WORLD 2100

- Earth

- Moon

- Mars

- Satellites

of Mars

- Space

between

Earth

and Mars
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http://www.realestateradiousa.com/blog/wp-content/uploads/2010/08/Earth-Moon-Mars-Scale.jpg


Man goes to everywhere he can go

Å{ƻΣ ǿŜ Ŏŀƴ ƭƻƻƪ ǘƻ άǎǇŀŎŜ ǊŜǎŜŀǊŎƘέ ǎƛƳǇƭȅ ŀǎ ŀ ƴŜǿ ŀǘǘŀŎƪ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ 
dimensions of our world, a push outward of current frontiers.

ÅThis means that it is a natural phenomenon. As history has shown all 
through the passed millenniums, mankind will stop at no boundaries. On 
the contrary, humans will always go beyond, following the moto

Åάaŀƴ ƎƻŜǎ ǘƻ ŜǾŜǊȅǿƘŜǊŜ ƘŜ Ŏŀƴ ƎƻέΦ
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YENĶ BĶR D¦NYA, YENĶ BĶR ¢EVRE

A NEW WORLD, A NEW ENVIRONEMENT

30



AY

MOON
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The Moon is Earthôs largest natural 

satellite, formed when a Marsï

sized planet collided with Earth 4.6 

billion years ago.

Some of this planet, called Theia, 

was absorbed into Earth and the 

rest of the debris clumped together 

to form the Moon.
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A NEW NATURE (1)  GENERALITIES

- Lunargravitationis1/6 of that on Earth

- Thereisno atmosphereon the Moon

- Thereisno globalmagneticfield on the Moon.

- Thesamesideisalwaysfacingthe Earth

- 1 lunar day is equivalent to 27.3 terrestrial days, half with
sunlight,half with darknesson lunarequator.
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A NEW NATURE (2) 
TEMPERATURE

- Thelunarsurfacetemperatureis predictedto showa
fluctuation suchthat the range is (betweenς1700C
and +1200C on the equator) 3 times greater than
that on the Earth,with a minimum of approximately
-2500Cat the poles.

- It hasalso been measuredthat temperatures30cm
below ground surfacesremainedrelatively constant
atς56 0Cwith a slightvariationof only 20 to 40C. [Lin
et al,1991]



A NEW NATURE (3) RADIATION

- Thesurfaceof the moon is continuouslyexposedto
a flux of cosmicradiation.

- This effect considerablyincreasesduring daytime,
dueto solarradiation.
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A NEW NATURE (4)  
MICROMETEORITES

- The thin atmosphereof the Moon allows even the
smallest micrometeorites to impact with their full
cosmicvelocities.

- This bombardment poses a hazard to all surfaces
exposedon the lunar surface,especiallyto delicate
materialslike telescopemirrorsandcoatings.
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A NEW NATURE (5.1)     WATER

Until very recently, research has indicated water ice presence at both 
the north and south lunar poles. Data from Lunar Prospector was 
indicating the possible presence of discrete, confined, near-pure 
water ice deposits buried beneath as much as 400 mm of dry 
regolith, with the water signature being stronger at the north pole 
than at the south. The estimated total volume of ice was 6.6 billion 
tons. Uncertainitiesin the models was obliging the scientists to state 
that this estimate could be off considerably. Effectively, and on 
ǇǳǊǇƻǎŜ ƛƳǇŀŎǘ όWǳƭȅ омΣ мфффύ ƻŦ [ǳƴŀǊ tǊƻǎǇŜŎǘƻǊ άǇǊƻŘǳŎŜŘ ƴƻ 
ƻōǎŜǊǾŀōƭŜ ǎƛƎƴŀǘǳǊŜ ƻŦ ǿŀǘŜǊέΦ But later, scientistshavefound
evidencefor the existenceof water on moon.
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A NEW NATURE (5.2)     WATER
PermanantlyShadowed Regions 
(PSR)

SürekliGölgeBölgeler(SGB)

3.4 milyaryēlönceyoklar

Su dahaçokbubölgelerde, buz
halinde. 

- Volcanic outgassing peaked 3.7 
to 3.5 Ga ago but continued to at 
least 2 Ga ago.

- Water from comets and 
asteroids  (About 1013 kg. Clark, R. N. 

(2009). Detection of adsorbed water and 
hydroxyl on the Moon. Science, 326(5952), 

562-564.)

- Solar windïgenerated water

38
Schörghofer, N., & Rufu, R. (2023). Past extent of lunar permanently shadowed areas. Science Advances, 9(37), eadh4302.

GüneyKutup KuzeyKutup



A NEW NATURE (6.1)
MOONQUAKES

In Apollo era

28shallowmoonquakeshigherthanmagnitude3.5

with 8 eventsovermagnitude5

maximummoonquakerecordedat5.5 onRichterscale

averageof 1-2 on Richterscale.

4 seismometerswas completedin April 1972 and worked continuously
until September30, 1977

Jablonski,A. M. (2010). Technicalaspectsof seismicityon themoon. Apollo TheInternationalMagazineOf Art And Antiques,
(613), 1-25.

Watters, T. R., Weber, R. C., Collins, G. C., Howley, I. J., Schmerr, N. C., & Johnson, C. L. (2019). Shallow seismic activity and young
thrust faults on the Moon. Nature Geoscience, 12(6), 411-417.

Nunn, C., Garcia, R. F., Nakamura, Y., Marusiak, A. G., Kawamura, T., Sun, D., ... & Zhu, P. (2020). Lunar seismology: A data and

instrumentation review. Space Science Reviews, 216(5), 89.
39



A NEW NATURE (6.2)
MOONQUAKES

1. Thermalmoonquakesïcausedby thediurnaltemperature

2. Deepmoonquakesïoriginatedfrom thezonebetween700ï1,200km insideof the
Moon (more frequentevents),with magnitudelessthan 3 on the Richter scaleTheir
origin is unclear,but someresearcherstried to relatethemto tidal influencescausedby
the interactionbetweenthe Moon andEarth. More than7,000 recordsof moonquakes
wereindentifiedbasedonApollo datasets.
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A NEW NATURE (6.2)
MOONQUAKES

3. Seismiceventsdue to meteoroidimpactsïthey exhibit characteristicamplitude
variationswith distancefrom the point of an impact. More than 1,700 eventswere
recognizedin the Apollo measureddatasets(from meteoroidmassesbetween0.1 ï
1,000kg) between1969and1977.

4. Shallowmoonquakesïwith focus(hypocenter)locatedbetween50-200km from the
surface. Theywerestrongestof all recordedmoonquakesandwith 7 of 28 recordedand
recognizedeventsgreaterthanmagnitude5 on theRichterscale.

41

Very different frequency content than Earthquakes, of 
the order of tens of Hz, and may last about an hour 
because of the low damping of the Moon rocks



Earth-Moon Differences

ÅTerrestrial Nature ÅLunar Nature

ÅDifficulties of transport 
of manpower and 
resources

ÅDifficulty of 
maintenance

ÅLow efficiency of 
workmanship

ÅHigh degree of risk
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AY veMERĶH

MOON and MARS

43



https://www.space.com/how-long-does-it-take-to-get-to-the-moon

Currently, the fastest crewed 

flight to the moon was Apollo 

8. The spacecraft entered lunar 

orbit just 69 hours and 8 

minutes after launch

The fastest flight to the moon 

without stopping was achieved 

by NASA's New Horizons 

probe when it passed the 

moon in just 8 hours 35 

minutes while en route to 

Pluto. 
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Perseveranceôs <sabēr> Route to Mars, including several trajectory correction maneuvers (TCMs) to adjust its flight path.

7 months, 480 million kms. Window open every 26 months.
https://mars.nasa.gov/mars2020/timeline/cruise/
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NASA  MOON TO MARS SCOPE

https://www.nasa.gov/wp-content/uploads/2023/04/m2m_strategy_and_objectives_development.pdf
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https://www.wikiwand.com/en/Ingenuity_(helicopter)



https://www.esa.int/ESA_Multimedia/Images/2018/04/Comparing_the_atmospheres_of_Mars_and_Earth
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ĶNķAAT M¦HENDĶSLĶĴĶ

CIVIL ENGINEERING

49



I!aa¦w!.LΩ{ 
CODE

~1800 BC

Å282 items

Å9 about us
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53. If anyone be too lazy to keep his dam in proper condition and does 
not so keep it; if then the dam break and all the fields be flooded, 
then shall he in whose dam the break occurred be sold for money, 
and the money shall replace the corn which he has caused to be 
ruined. 
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54. If he be not able to replace the corn, then he 
and his possessions shall be divided among the 
farmers whose corn he has flooded. 

55. If any one open his ditches to water his crop, 
but is careless, and the water flood the field of 
his neighbor, then he shall pay his neighborcorn 
for his loss.
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228. If a builder build a house for someone and 
complete it, he shall give him a fee of two 
shekels in money for each sarof surface. 

229 If a builder build a house for someone, and 
does not construct it properly, and the house 
which he built fall in and kill its owner, then that 
builder shall be put to death
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230. If it kill the son of the owner the son of that 
builder shall be put to death. 

231. If it kill a slave of the owner, then he shall pay 
slave for slave to the owner of the house. 

54



232. If it ruin goods, he shall make compensation 
for all that has been ruined, and inasmuch as he 
did not construct properly this house which he 
built and it fell, he shall re-erect the house from 
his own means. 

233. If a builder build a house for someone, even 
though he has not yet completed it; if then the 
walls seem toppling, the builder must make the 
walls solid from his own means.
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Thomas Tredgold, 1828
"That species of knowledge which constitutes the profession of Civil 

Engineering; being the art of directing great sources of power in 
Nature for the use and convenience of man, as the means of production 
and of traffic in States both for external and internal trade, as applied 

in the construction of roads, bridges, aqueducts, canals, river 
navigation and docks, for internal intercourse and exchange; and in the 

construction of ports, harbours, moles, breakwaters and lighthouses, 
and in the art of navigation by artificial power for the purpose of 

commerce; and in the construction and adaptation of machinery; and 
in the drainage of cities and towns.ñ

Doĵanēnsaĵladēĵēkaynaklarē

insanlēĵēnkullanēmēverahatēiçin kullanmak,

bunlardan yararlanarak

- insanlēĵēdoĵaltehlikelerden veolumsuzluklardan korumak,

- insanlēĵēndoĵalgüçlükleri aĸmasēnēsaĵlamak.
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Branches of CE

ÅGeotechnical Engineering

ÅStructural Engineering

ÅMaterials of Construction

ÅTransport Engineering

ÅConstruction Management

Å(Hydraulics Engineering, Space Civil Engineering 
Education)

57



GEOTECHNICAL ENGINEERING

Regolith,the soil formed by the continual bombardment of the lunar rocks by 
micrometeorites.

Properties as to grain size, bulk density, porosity, surface area, shear strength, 
ŀŘƘŜǎƛƻƴΣ Χ

Modulus of subgrade reaction: Typically, 1000 kN/m2/m which means 10 mm 
settlement under a pressure of 10 kN/m2

Thickness: Average 4-рƳ όǊŀƴƎƛƴƎ ōŜǘǿŜŜƴ ŀ ŦŜǿ ŎƳΩǎ ǘƻ ǎƻƳŜ ǘŜƴǎ ƻŦ ƳŜǘŜǊǎύ
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Apollo 15 Soil Mechanics Investigation
The Self-Recording Penetrometer being used in training
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Apollo Missions
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Apollo 15 Extra Vehicular Activities
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APOLLO 15, 3rd EVA. The third EVA began at 4:52 a.m. EDT on August 2, about 
1.5 hours late to allow the crew to get some additional rest. This EVA included a 

5.1-kilometer traverse west to Scarp Crater and northwest along the edge of 
Hadley Rille, and east across the mare to the lunar module. The EVA was 

shortened to approximately 4 hours and 50 minutes to meet the lift off time line.
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Pickingup Rock Samples. Apollo 12
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Collecting Soil Samples Apollo 17

65



Apollo 17Astronaut Jack Schmitt Using a Rake
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Collection bag attached to astronaut's 
backpack. Apollo 17
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Ay ¢ŀǒƤmǊƴŜƐƛ15555,462
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MATERIALS OF CONSTRUCTION

ÅA completely new era

ÅThree basic routes

- Lightweight tensile resistant materials

- Exploitation of local materials

- Behaviorunder lunar conditions

71



These missions are so arranged that Apollo 11 and 12 landed on mare areas, Apollo 14 and 15 
landed on highlands, and Apollo 16 and 17 landed on highland ςmare contact areas
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Evolution of Habitat Productions
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First lunar resource - Soil

ÅIn regard of these, several research studies have been carried 
ƻǳǘ ƻƴ ǘƘŜ ŦŜŀǎƛōƛƭƛǘȅ ƻŦ ǳǎƛƴƎ ƭǳƴŀǊ ǊŜƎƻƭƛǘƘ ŀǎ έǘƘŜέ ǎƻǳǊŎŜ ŦƻǊ 
building materials that is aimed eventually to serve to 
construct habitats, surface paving, radiation protection 
shielding, spacecraft landing pads and so on.

ÅAs a first step of these studies, since the regolith brought by 
previous lunar missions are very limited, (~300kg) various lunar 
soil simulants have been developed. 
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Learning on Lunar and Martian Soil 
Conditions

ÅContinuation of these studies for thorough verification of properties 
and behavior of lunar building materials are crucial for the success of 
lunar missions aiming to establish lunar outposts. 

ÅThese studies are being followed by Mars soil also, in other ways.
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1:SiO2, 2:TiO2, 3:Al2O3, 4:Cr2O3, 5:FeO, 6:MnO, 7:MgO, 8:CaO, 9:Na2O, 10:K2O, 11:P2O5, 12:S, 13:LOI
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MARE AREAS

HIGHLANDS CONTACT AREAS



An International Project

- Lunar soil simulants production might be more feasible with 
the use of source materials from different countries in the 
world.

- Manufacture of lunar building materials from such simulants 
and studies providing information on their properties and 
behavior have the potential to make significant contributions 
to the related scientific literature.

- Many countries can contribute to this project improving their 
own level of science and technology. 
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Simulant Country  Year  Related Reference 

MLS-1 
MLS-1P 

USA 1990 Weiblen et al., 1990* 

MLS-2 USA 1992 Tucker et al., 1992* 

ALS USA 1993 Desai et al., 1993* 

JSC-1 

JSC-1A 
JSC-1AF 

USA  1994 McKay et al., 1994* 

 
 

FJS-1(type 1) 

FJS-1(type 2) 
FJS-1(type 3) 

Japan 1998 Kanamori et al., 1998* 

MKS-1 USA   Carpenter, 2005* 

OB-1 Canada 2009 Battler & Spray, 2009* 

CHENOBI Canada  http://www.evcltd.com  

/index_005.htm* 

CAS-1 China 2008 Zheng et al, 2008* 

GCA-1 USA  2008 Taylor et al, 2008* 

NU-LHT-1M 

NU-LHT-1D 
NU-LHT-2M 

NU-LHT-2C 

USA  

 

2009 Stoeser et al, 2009* 

Oshima Japan 2008 Sueyoshi et al, 2008* 

Kohyama, Japan 2008 Sueyoshi et al, 2008* 

NAO-1 China 2009 Li et al, 2009* 

CLRS-1 China 2009 Chinese Acad. of Sci., 2009* 

CUG-1 China 2010 He et al, 2010* 

GRC-1 

GRC-3 

USA   Oravec et al, 2010* 

TJ-1 

TJ-2 

China 2010 

Jiang et al, 2010* 

KOHLS-1 China 2010 Jiang et al, 2010* 

BP-1 USA  2010 Rahmatian&Metzger, 2010* 

CSM-CL USA 2010 Dreyer & Susante, 2010* 

ASRL-1 Australia 2012 Bonnano& Bernold, 2015 

TRI-1 India 2014 Sreenivasulu, 2014;  
Jayalekshm & Kumar 2019 

QH-E China 2015 Zou et al., 2015 

EAC-1 Germany 

(by ESA) 

2017 Nash et al., 2017 

CLDS-i  China 2017 Tang et al., 2017 

BHLD20 China 2017 Sun et al., 2017  

NEU-1a 

NEU-1b 

China 2017 Liyu et al., 2017;  

Li et al., (in press) 

KLS-1 Korea 2018 Byung-Hyun Ryu et al., 2018 

DNA-1 
DNA-1A 

Italy 2014 
2019 

Cesaretti et al., 2014 
Marzulli & Cafaro, 2019 
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AUSTRALIA

CANADA

CHINA

EUROPE UNION - GERMANY

EUROPE UNION - ITALY

INDIA

JAPAN

SOUTH KOREA

USA

TURKIYE
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Toklu, Y. C., A­ēkbaĸ, N. Ç., A­ēkbaĸ, G., Çerçevik, A. E., & Akpinar, P. (2023). 

Production of a set of lunar regolith simulants based on Apollo and Chinese 

samples. Advances in Space Research. 72 (2), pp. 565-576. 
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JAYA ALGORITHM



1:SiO2, 2:TiO2, 3:Al2O3, 4:Cr2O3, 5:FeO, 6:MnO, 7:MgO, 

8:CaO, 9:Na2O, 10:K2O, 11:P2O5, 12:S, 13:LOI

2021. The output of a scientific research project run under the leadership of Dr. Toklu at 
Beykent University in collaboration with Bilecik University. A simulant, named TBG-01, close 

to lunar soil brought to Earth with Apollo 14 mission. This project makes Turkey the 10th 
country in the World producing a lunar soil simulant.   
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1:SiO2, 2:TiO2, 3:Al2O3, 4:Cr2O3, 5:FeO, 6:MnO, 7:MgO, 

8:CaO, 9:Na2O, 10:K2O, 11:P2O5, 12:S, 13:LOI

On the left, TBG01 simulant (2021), On the right new simulant produced in November 2023.
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Regolith provides  a good protection medium 

against radiation and micrometeorites. 

Estimate: ~2 m.> sufficient protection

Pressed, prefabricated blocks of regolith for smaller 

thicknesses.

It can be used as a raw material also for many other 

applications, the most important being concrete 

production.
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Reinforced Regolith - ReRe
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Studies on Lunar Concrete

ÅFurther studies involving the use of such simulants for producing conventional 
building materials such as cement and concrete has been carried out. 

ÅWaterless concrete, sulphur-based concrete, polymer concrete, and phosphoric 
acid-based concrete have been considered and investigated.

ÅBrick like materials
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Toklu, Y. C., & Akpinar, P. (2022). Lunar soils, simulants and lunar construction materials: An 

overview. Advances in Space Research, 70(3), 762-779.

Regolith-based ordinary cements and concretes

Sulfur-based lunar concretes

Polymer-based lunar concretes

Geopolymerizedregolith concretes sintered or cast regolith blocks

Regolith bricks with microbial induced calcite precipitation

Regolith-based magnesium oxychloride composites with graphene

Biopolymer-bound regolith composites

Starch added lunar concrete

Lunar construction materials with 3D printing

BETON VE DĶĴER YAPI 

MALZEMELERĶ

CONCRETE AND OTHER 

CONSTRUCTION MATERIALS
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Tensile strength 8MPa

Roberts, A. D., & Scrutton, N. S. 

(2023). StarCrete: A starch-

based biocomposite for off-world 

construction. Open 

Engineering, 13(1), 20220390.



STRUCTURAL ENGINEERING

ÅChoice of Structure

Type of Structure

Resistant to Radiation and 
micrometeorites.             

Shielding (using regolith)  or 
underground (lavatubese.g.)

Easy to construct/mount

At the beginning using terrestrial 
resources, but as the time goes 
on, using lunar resources

ÅDesign of Structures

ÅLoads

Gravity Loads 1/6

Inside pressure 1 ~ .85atm
85~100 kPa

Structures will resist compressive 
forces and/or tensile forces, thus 
the name tension-compression-
column

Optimisation to highest degree.
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Linear design - Nonlinear design

Steel                                                      Concrete

Strain
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- Phase One (2010-2020): Designs for equipment shelters during initial unmanned robotic or 

manned missions (short term manned missions);

- Phase Two (2020-2030): Development of structures for medium length of stay (up to 

several months, approximately one year);

- Phase Three (2030 on): Long-term construction of lunar structures for different purposes 

(primarily for long term habitats, resource use, laboratories, and finally permanent lunar 

bases).

Jablonski, A. M. (2010). Technical aspects of seismicity on the moon. Apollo The 

International Magazine Of Art And Antiques, (613), 1-25.
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