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Uzay Insaat Miihendisligi Nedir?

Uzay insaat miihendisligi, uzay araclar1 ve uydu sistemleri tasarimi, Uretimi, testi ve
isletmesi gibi konularda teorik ve pratik egitim veren bir alandir .

Uzay insaat miihendisligi, uzay araglarinin yapim streci, mihendislik ve insaat
asamalarindan olusmaktadir. Uzay araglarinin yapiminin temel asamalar1 ise
muhendislik ve insaat asamalaridir Bu alanda egitim alan kisiler, uzay araglar1 ve
uydu sistemleriyle ilgili calismalar yapabilirler.

Uzay insaat miihendisligi, genellikle uzay miihendisligi olarak da adlandirilir ve
uzay araglar1 ve uydu sistemleri tasarimi, Gretimi, testi ve isletmesi gibi konularda
teorik ve pratik egitim verir . Uzay insaat miihendisligi, genellikle makine
miihendisligi, malzeme miihendisligi ve insaat miithendisligi gibi alanlarla iliskilidir
Uzay insaat muhendisleri, uzay endustrisinde ve otomotiv ve gemi insa
endustrisinde gorev alabilirler Uzay insaat miihendisligi, uzay araglar1 ve uydu
sistemleri tasarimi, Uretimi, testi ve isletmesi gibi konularda teorik ve pratik egitim
veren bir alandir



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.
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----- Original Message -----

From: "PARKER, LOUIS A. (JSC-AP161) (NASA)" <louis.a.pz
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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of Moon and Mars. The talks will highlight the architectural and structural engineering challenges in the design of Lunar and
Martian habitats. The papers will address design issues for zero-gravity and planetary surfaces, spatial planning, material and
system selection, and structural design. Accompanying topics may include mechanical aspects related to deployment and
construction methods such as 3D printing.

7. Inflatable and Deployable Structures: Applications for Space and Planetary Environments
Session Organizer: Y. C. Toklu, Ph.D., Beykent University, Istanbul, Turkiye (E-mail: cengiztoklu@gmail.com) and Pezhman

Mardanpour, Ph.D., Florida International University, Miami, FL (E-mail: pmardanp@fiu.edu)

With manned space flight missions increasing in duration to return to the Moon, and Mars, habitable volume in spacecraft and
planetary structures for performing work, living, and storage for supplies must increase as well. Inflatable and deployable
structures have the potential to provide the needed habitable volumes with fewer rocket launches over traditional structures.
This special session will focus on design and analysis these soft good habitat structures and both the benefits and technical
challenges they provide for manned space flight and planetary environments. This topic would include: materials, construction,
deployment, testing and verification, launch packing, radiation protection, simulations, damage protection and repair, terrestrial
analogues, planetary resource utilization in relation to inflatable and deployable structures.

8. Engineering Concepts for Resilient Deep Space (Lunar and Martian) Habitats

Caccinn Mraanizarfie)l: DRDamach R Malla Dl NV E ACQCHE E CAAl A E AIAA- | Inheareibvy ~fF TCannacticmit Ctarre (T F E_mail-
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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 “nature” 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 met new natural conditions.
Increased richness enabled humans to discover larger areas thus to
enlarge their environmental area.

New natural conditions made them more flexible and more powerful to
deal with new difficulties thus increasing their technological abilities.



GLOBALIZATION

This spiral of
Increased Increased
Environmental <>  use of
Area resources
and

higher level of technology

has continued until now so that we have finally reached at the point of
using the term

“globalization”
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The spiral of

WORLD <> ECONOMY & TECHNOLOGY

WORLD

l

RESOURCES + NATURE

~

ECONOMY

~

™~

TECHNOLOGY

—
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OUR WORLD NOW IS THE WHOLE GLOBE.
WE ARE NOW CONCIOUS THAT WE ARE LIVING ON A GLOBE IN
3 DIMENSIONS

23



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.



The Earth — Cradle 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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UZAYLILASMA
SPATIALIZATION / EXTRATERRESTRIALIZATION
WORLD 2050

This picture of the Earth and Moon in a
single frame, the first of its kind ever
taken by a spacecraft, was recorded

September 18, 1977,

by NASA’s Voyager 1 when it was 12
million km from Earth.

Mars is soon to be added to this “world” to
yield World 2100.



Voyager 1
Mon, 05 Sept 1977
161.9 AU

Voyager 2
Sat, 20 Aug 1977
135.1 AU

Silima khemen

Peter lan Kuniholm

THE VOYAGER INTERSTELLAR RECORD
CARL SAGAN

ED.DRAKE. ANN DRUYAN, TIMOTHY FERRIS, JON LOMBERG,
LINDA SALZMAN SAGAN
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UZAYLILASMA
SPATIALIZATION / EXTRATERRESTRIALIZATION
WORLD 2100

- Earth

- Moon

- Mars

- Satellites
of Mars

- Space
between
Earth

and Mars

28


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

Man goes to everywhere he can go

* So, we can look to “space research” simply as a new attack to increase the
dimensions of our world, a push outward of current frontiers.

* This 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

* “Man goes to everywhere he can go”.
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The Moon 1s Earth’s largest natural
satellite, formed when a Mars—
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.

32



A NEW NATURE (1) GENERALITIES

- Lunar gravitation is 1/6 of that on Earth

- There is no atmosphere on the Moon

- There is no global magnetic field on the Moon.
- The same side is always facing the Earth

- 1 lunar day is equivalent to 27.3 terrestrial days, half with
sunlight, half with darkness on lunar equator.




A NEW NATURE (2)
TEMPERATURE

- The lunar surface temperature is predicted to show a
fluctuation such that the range is (between —170°C
and +120°C on the equator) 3 times greater than

that on the Earth, with a minimum of approximately
-250°C at the poles.

- It has also been measured that temperatures 30cm
below ground surfaces remained relatively constant
at =56 9C with a slight variation of only 2°to 4°C. [Lin
et al, 1991]



A NEW NATURE (3) RADIATION

- The surface of the moon is continuously exposed to
a flux of cosmic radiation.

- This effect considerably increases during daytime,
due to solar radiation.



A NEW NATURE (4)
MICROMETEORITES

- The thin atmosphere of the Moon allows even the
smallest micrometeorites to impact with their full
cosmic velocities.

- This bombardment poses a hazard to all surfaces
exposed on the lunar surface, especially to delicate
materials like telescope mirrors and coatings.



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. Uncertainities in the models was obliging the scientists to state
that this estimate could be off considerably. Effectively, and on
purpose impact (July 31, 1999) of Lunar Prospector “produced no
observable signature of water”. But later, scientists have found
evidence for the existence of water on moon.



A NEW NATURE (5.2) WATER

Permanantly Shadowed Regions
(PSR) Guney Kutup Kuzey Kutup

Surekli Golge Bolgeler (SGB)
3.4 milyar yil 6nce yoklar

Su daha ¢cok bu bdlgelerde, 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 wind-generated water

Schorghofer, N., & Rufu, R. (2023). Past extent of lunar permanently shadowed areas. Science Advances, 9(37), eadh4302. 28



A NEW NATURE (6.1)
MOONQUAKES

In Apollo era

28 shallow moonquakes higher than magnitude 3.5
with 8 events over magnitude 5

maximum moonquake recorded at 5.5 on Richter scale
average of 1-2 on Richter scale.

4 seismometers was completed in April 1972 and worked continuously
until September 30, 1977

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



A NEW NATURE (6.2)
MOONQUAKES

1. Thermal moonquakes — caused by the diurnal temperature

2. Deep moonguakes — originated from the zone between 700 — 1,200 km inside of the
Moon (more frequent events), with magnitude less than 3 on the Richter scale Their
origin is unclear, but some researchers tried to relate them to tidal influences caused by
the interaction between the Moon and Earth. More than 7,000 records of moonguakes

were indentified based on Apollo data sets.



A NEW NATURE (6.2)
MOONQUAKES

3. Seismic events due to meteoroid impacts — they exhibit characteristic amplitude
variations with distance from the point of an impact. More than 1,700 events were
recognized in the Apollo measured data sets (from meteoroid masses between 0.1 —
1,000 kg) between 1969 and 1977.

4. Shallow moonguakes — with focus (hypocenter) located between 50-200 km from the
surface. They were strongest of all recorded moonquakes and with 7 of 28 recorded and
recognized events greater than magnitude 5 on the Richter scale.

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

e Terrestrial Nature  Lunar Nature

e Difficulties of transport
of manpower and
resources

* Difficulty of
maintenance

* Low efficiency of
workmanship

* High degree of risk
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PROJECT APOLLO
LUNAR LANDING FLIGHT TECHNIQUES

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 e

Pluto. DIRECT EARTH ORBIT LUNAR ORBIT
RENDEZVOUS RENDEZVYOUS

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



Mars at
Arrival _
" TCM-=6 (9 hours before landing)

TCM-5 (2.6 days before landing)
/ TCM-4 (8.6 days before landing)

(15 days after Iaunch)'

~ TCM-3 (62 days before landing)
Mars at *®

Launch

TCM-2 (62 days after Iau‘/nch)

Perseverance’s <sabir> 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/




Practice for Mars
Exploration Demo

Y Demo Exploration
Framework on Mars

Y Human Presence
on Moon

Kk Current Scope of
M2M Objectives

= o R -H 538 > i y
Human Presence - & MR Future
on Mars . 2 y " Destinations

Partial Scope

NASA MOON TO MARS SCOPE

https://www.nasa.gov/wp-content/uploads/2023/04/m2m_strategy_and_objectives_development.pdf



Diinya Ay Mars

Uydu Sayisi 1 - 2 ANTENNAS

Ortalama ¢api (oran) 1 0.27 0.53 BLADES TMars 2050 e APt o Miars e s

Ortalama capi (km) 12756 3476 6080

Ortalama Yogunluk (kg/m”™: 5520 3340 3950 SOLAR PANEL
Kiitle (oran) 1 0.0123 0.107 g
Yoriinge zaman (giin) 365.24 27.322 687

Giinese uzaklhk (km) 149.6x10"6 - 227.9x10M6 BATTERIES AVIONICS & BODY
Giinese uzaklk (AU) 1 - 1.52
Kacis hizi (km/san) 11.2 2.38 5,03 e essan
Sicaklik (derece) 90 +60 -190+150 -120 +30 R
YerceKkimi (m”"2/san) 9.81 1.62 3.71 SENSORS & CAMERAS

Yercekimi (oran) 1 0.166 0.378 LEGS Sl

Hava basmci (kPa) 101.3 - 0.51 wb;g’:"‘fgg?"{ =

Hava Yogunlugu (kg/m"3) 1,033 - 0,02

MARS UYDULARI Phobos Deimos

https://www.wikiwand.com/en/Ingenuity _(helicopter)

Diinya-Giines (milyon km) 147.1 - 152.1

Diinya-Mars (milyon km) 54.6 - 250
Diinya-Ay (milyon km) 0.384
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2 COMPARING THE ATMOSPHERES OF MARS AND EARTH

ARGON
1.9%

NITROGEN
1.9%

CARBON DIOXIDE
96%

TRACE GASES, INCLUDING: 1

ACETYLENE
CARBON MONOXIDE
KRYPTON

METHANE

OXYGEN

NEON

NITROGEN OXIDE
OXYGEN

0ZONE

WATER VAPOUR
XENON

www.esa.int

Atmospheric composition by velume | Planets not to scale | Atmosphere of Mars is less than 1% of Earth's

20.9%

NITROGEN

78.1%

TRACE GASES, INCLUDING:

ARGON (0.93%)
CARBON DIOXIDE
HELIUM
HYDROGEN
KRYPTON
METHANE

EARTH

Trace gases listed alphabetically

NEON

NITROUS OXIDE
OZONE

SULPHUR DIOXIDE
WATER VAPOUR

XENON

European Space Agency

https://www.esa.int/ESA_Multimedia/Images/2018/04/Comparing_the_atmospheres_of Mars_and_Earth
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¢9 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.



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 neighbor corn
for his loss.



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 sar of 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



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.



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.



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.*

Doganin sagladigr kaynaklari

insanhgin kullanim ve rahati icin kullanmak,

bunlardan yararlanarak

- insanhg1 dogal tehlikelerden ve olumsuzluklardan korumak,
- insanhgin dogal glclukleri asmasinm1 saglamak.



Branches of CE

* Geotechnical Engineering
e Structural Engineering

* Materials of Construction

* Transport Engineering

* Construction Management

* (Hydraulics Engineering, Space Civil Engineering
Education)



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,
adhesion, ...

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

Thickness: Average 4-5m (ranging between a few cm’s to some tens of meters)



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

APOLLO 15
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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.

AS15-82-11168
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Picking up Rock Samples. Apollo 12
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Collecting Soil Samples Apollo 17
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Apollo 17 Astronaut Jack Schmitt Using a Rake
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Collection bag attached to astronaut's
backpack. Apollo 17
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LUNAR SAMPLES RETURNED ON APOLLO MISSIONS

LUNAR SAMPLE 15495

LUNAR SAMPLE 61016 LUNAR SAMPLE 76535

i
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Ay Tasi Ornegi 15555,462
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Comparing the Evolution of Geotechnical Engineering: Earth vs. Moon

Lunar geotechnical engineering reaches a level where
it can support large-scale infrastructure projects, such
as extensive underground tunnels and storage
facilities.

Advanced materials and technologies developed on
Earth are adapted for lunar use, improving
construction efficiency and safety.

Sustainable lunar habitats and life support systems are
further developed.

Lunar exploration efforts continue to expand, with
more missions and infrastructure planned.

Basic geotechnical engineering techniques are
developed for lunar missions, including landing pad
construction and habitat foundation design.

Some resource extraction begins using rudimentary
methods.

Author: R. de Moraes

2070-2080 «

2030-2040 <

P> Present Day - 2030

Lunar geotechnical engineering achieves a level
comparable to Earth, as lunar colonization efforts
mature.

Lunar colonies are largely self-sufficient and have
well-developed infrastructure, including extensive
underground networks.

The moon serves as a stepping stone for further
human exploration of the solar system.

Geotechnical engineering on the Moon advances
significantly with increased human presence.
Construction of lunar bases and habitats becomes
routine, incorporating more advanced geotechnical
considerations.

Resource extraction techniques are refined.

On Earth, geotechnical engineering is highly
advanced, with well-established practices for
infrastructure, construction, and environmental
management.

On the Moon, geotechnical engineering is in its
infancy, with limited practical experience and
knowledge due to the unique lunar
environment.
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MATERIALS OF CONSTRUCTION

* A completely new era

* Three basic routes

- Lightweight tensile resistant materials
- Exploitation of local materials

- Behavior under lunar conditions



i o

L

2 i "

Apollo Mission  Launch Date Landing Site Sample Return (kg)
11 16 Jul 1969 Mare Tranquilitatis, 21.55
12 14 Nov 1969 Oceanus Procellarum 34.35
14 31 Jan 1971 Fra Mauro 42.28
15 26 Jul 1971 Hadley Rille 77.31
16 16 Apr 1972 Descartes 95.71
17 07 Dec 1972 Taurus-Littrow 110.52

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 — mare contact areas
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* In regard of these, several research studies have been carried
out on the feasibility of using lunar regolith as “the” source for
building materials that is aimed eventually to serve to
construct habitats, surface paving, radiation protection
shielding, spacecraft landing pads and so on.

* As 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

e Continuation 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.

* These studies are being followed by Mars soil also, in other ways.



Gorey, Numune, Si02 TiO2>  AlI203 Cr203  Fe203 FeO MnpQ, MgQ CaQ Na20 K20 P205
Apollo 11 10,084 421 7.8 13.7 0.3 — 15.8 0.2 7.9 12 0.5 0.1 0.1
— 42.2 7.8 13.6 — — 15.3 0.2 7.8 11.9 0.47 0.16 0.05

Apollo 12 12,030 46.6 3.6 14.2 0.35 — 154 0.22 9.7 10.4 0.43 0.24 —
12,001 46 2.8 12.5 0.41 — 17.2 0.22 9.7 10.9 0.48 0.24 —

Apollo 14 14,259 48.2 1.73 17.6 0.26 — 10.41 0.14 0.26 11.25 0.61 0.51 0.53
14,163 47.3 1.6 17.8 0.2 — 10.5 0.1 9.6 11.4 0.7 0.6 —

Average 48.1 1.7 17.4 — — 10.4 0.14 0.4 10.7 0.7 0.55 0.51

Apollo 15 15,071 46.95 1.6 12.7 0.465 — 16.29 0.217 10.75 10.49 0.33 0.092 0.16
Apollo 16 61,221 45.35 0.49 28.25 — — 4.55 0.06 5.02 16.21 0.42 0.09 0.1
61,141 45.2 0.58 26.4 0.16 — 529 0.7 6.1 15.32 0.52 0.14 0.12
62,241 44.65 0.56 27 — — 549 0.7 5.84 15.95 0.44 0.13 0.1

64,801 449 0.47 27.7 0.11 — 5.01 — 5.69 15.7 0.51 0.22 0.16

67,461 44.77 0.37 28.99 — — 4.35 0.07 4.2 16.85 0.44 0.06 0.05

— 45 0.54 27.3 — — 5.1 0.3 5.7 15.7 0.46 0.17 0.11

Apollo 17 79,221 41.67 6.52 13.57 0.42 — 15.37 0.21 10.22 11.18 0.34 0.09 0.06
71,501 39.82 9.52 11.13 0.46 — 17.41 0.25 9.51 10.85 0.32 0.07 0.06

71,061 40.09 9.32 10.7 0.49 — 17.85 0.24 0.92 10.59 0.36 0.08 0.07

70,051 422 5.09 15.7 — — 12.4 0.15 10.3 ll.‘j"' AN pl94YS! 7Y 95 —
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1:Si02, 2:Ti02, 3:Al203, 4:Cr203, 5:Fe0, 6:Mn0O, 7:Mg0, 8:Ca0, 9:Na20, 10:K20, 11:P205, 12:S, 13:LOI
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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.



Simulant Country Year Related Reference
MLS-1 USA 1990 Weiblen et al., 1990*
MLS-1P
MLS-2 USA 1992 Tucker et al., 1992*

ALS USA 1993 Desai et al., 1993*
JSC-1 USA 1994 McKay et al., 1994*
JSC-1A
JSC-1AF

Japan 1998 Kanamori et al., 1998*
FJS-1(type 1)
FJS-1(type 2)
FJS-1(type 3)
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 USA 2009 Stoeser et al, 2009*
NU-LHT-1D
NU-LHT-2M
NU-LHT-2C
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 USA Oravec et al, 2010*
GRC-3
TJ-1 China 2010
TJ-2 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 2017 Nash et al., 2017

(by ESA)
CLDS-i China 2017 Tang et al., 2017
BHLD20 China 2017 Sunetal., 2017
NEU-1a China 2017 Liyu et al., 2017;
NEU-1b Li et al., (in press)
KLS-1 Korea 2018 Byung-Hyun Ryu et al., 2018
DNA-1 Italy 2014 Cesaretti et al., 2014
DNA-1A 2019 Marzulli & Cafaro, 2019

AUSTRALIA

CANADA

CHINA
EUROPE UNION - GERMANY
EUROPE UNION - ITALY
INDIA
JAPAN
SOUTH KOREA
USA
TURKIYE
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Tablo 1. Incelenen numunelerin kod adlari, bélgeleri ve koordinatlari

Numune Koordinatlar

codu Toplanan Bdélge Kuzey Dodu
A1 Avanos 38°40'20" 34°5022"
P1 Palanddken 39°50'53.7" 41°16'59.7"
E1 Erciyes Dagi 38°32'33" 35°29'44"
G1 Goreme 38°38'44 4" 34°50'41.9"
K1 Kula 38°34'35" 28°32'55"
S1 Sivrihisar 39°27'11" 31°32'12"
T1 Toros Daglari 37°45'14” 35°11°16.27”
U1 Uludag 40°05'21.6" 29°08'46.4"
U1 Urgiip 38°38'07" 34°53'26"
OL Olivin Temin Edilmistir.

UK Ucucu Kl Temin Edilmistir.

AB Ankara Bazalti Temin Edilmistir.

KB Kayseri Bazalt Temin Edilmistir.

IL lImenit Temin Edilmistir.
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Distribution of oxide contents in local soil samples.

SAMPLES OXIDES % IN WEIGHT
SiO; TiO, AlLO; Cr 05 FeO MnO MgO CaO Na,O K,O P»05 S LOI

Al 47.68 0.91 15.39 0.00 6.57 0.04 2.96 7.28 1.08 4.63 0.14 0.09 12.03
Pl 66.22 0.57 16.09 0.01 4.05 0.12 0.62 242 5.12 3.94 0.15 0.01 0.70
El 51.93 0.66 14.86 0.07 7.23 0.24 8.36 10.14 3.85 0.15 0.07 0.00 243
Gl 7.98 0.03 2.29 0.00 1.01 0.09 17.75 27.88 0.25 0.80 0.05 0.02 41.83
K1 47.34 1.78 18.14 0.00 7.16 0.15 4.61 8.35 5.23 3.49 0.81 0.04 2.89
S1 59.73 0.54 17.97 0.00 4.63 0.12 1.91 6.15 4.64 3.08 0.35 0.01 0.88
T1 1.98 0.00 1.00 0.00 0.33 0.00 0.43 54.21 0.12 0.05 0.03 0.01 41.84
Ul 2.26 0.00 1.02 0.00 0.28 0.02 0.39 53.35 0.06 0.14 0.03 0.02 4241
UR 68.23 0.24 15.45 0.01 243 0.09 0.63 3.26 3.13 3.46 0.09 0.02 2.97
AB 59.81 0.98 16.65 0.00 5.00 0.12 2.99 5.94 4.57 1.88 0.34 0.00 1.74
KB 51.77 1.27 18.00 0.05 8.46 0.18 5.25 9.79 3.72 0.73 0.20 0.00 0.57
OL 42.12 0.00 0.85 0.43 8.15 0.15 46.35 0.58 0.00 0.03 0.01 0.00 1.33
UK 59.72 0.86 19.98 0.00 7.68 0.07 2.24 2.39 1.50 2.29 0.16 0.05 3.06
IL 1.83 57.40 0.82 0.07 38.39 0.65 0.58 0.13 0.00 0.00 0.12 0.02 0.00

Toklu, Y. C., Acikbas, N. C., Acikbas, G., Cercevik, 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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Tablo 18: Aydan getirilen drneklerle (Ost satir), her biri icin elde edilen benzerlerin (alt
satir) karsilastinimalar.
Mi:Hen NO | 5i02 | HO? AI2O? €202 RO Mymo AMz0 Ca0 ¥a20 KO P20F 5 LoI®
Apalio 41.100 | 7800 |13.700 | 0.300 | 15.800 | 0.200 | 7000 |12.000|0.500 | 0.100 | 0.100 |0.000] 0.000
a1
11 42367 | 8087 |13704 | 0.080 | 12353 |0.237| 7602 | 9217|2792 0551 | 0.168 |0.003| 1232
41200 | 7.900 | 13600 0.000 | 15300 | ©.200 | 78200 |11 000|0.470 | 0.160 | 0.050 |0.000] 0.120
A2
42383 | 2808 13710 0.080 | 12206 | 0.236 7573 | 0300 |2.705| 0.552 | 0.168 |0.003| 1200
Apoio 46.600 | 3.600 14200 0350 | 15400 | 0.220 | 0700 |10.4D0|0.430 | 0.240 | 0.000 |0.000| 0.000
A3
11 45.048 | 5430 14304 0.006 | 10.619 0210 ©502  5.504 2240/ 0.581  0.160 0.002 1212
45000 | 2800 12500 0.410 | 17.200 | 0.220 | 700 |10.000 | 0.480 | 0.240 | 0.000 |0.000] 0.000
A4
45422 | 5464 14000 0.100 | 10568 0200 10140 3.881 2857/ 0.565  0.165 0.002 1502
apatle 48.200 | 1.730 | 17600 0.260 | 10.410 | 0.140 | 260 |11.250 | 0.610 | 0.510 | 0.530 |0.000 0.000
A5
14 40585 | 2021 | 16067 0.082 | 8806 |0.183  §£636  0.370 |3.302 0.651 | 0.181 |0.000) 1107
47300 | 1.600 |17800| 0.200 | 10.500 | ©0.100 | 0600 |11 4D0|0.700 | 0.600 | 0.000 |0.000] 0.000
A8
40,630 | 1.980 16012 0.084 | 2734 0181 2853 0361 | 3.200| 0.640 | 0.180 |0.000) 1127
48.100 | 1.700 |17400 | 0.000 | 10.400 | 0.140 | 0400 |10.700|0.700 | 0.550 | 0.510 |0.000] 0.000
AT
40731 | 2042 |16043 | 0.084 | 8850 |0.183 8874  9.124 |3.296 0.650  0.180 0.000) 0932
Apalls 46.050 | 1.600 |12.700 | 0.465 | 16.290 | 0.217 |10.750|10.400 | 0.330 | 0.092 | 0.160 |0.070 0.000
Ag
15 45.546 | 4187 (14078 0.100 | 0030 0.108 11210 2.580 2.871| 0.560 0.163 0.001 1442
Apoio 45350 | 0400 [28350| 0.000 | 4550 |0.060 | 5020 |16.210|0.420 | 0.090 | 0.100 |0.060| 0.000
AD
m s 40508 1215 17258 0.48 8105 0.172 5040 11.728 3.563 0.700 0.193 0.000 2378
45200 | 0.580 26400 0.160 | 5200 | 0.700 | 6100 |15.320|0.520 | 0.140 | 0.120 |0.000] 0.000
AlD
50017 | 1225 |17401 | 0.048 | 2174 0174 5080 11354 3.503| 0.706 | 0.104 |0.000 2023
44.650 | 0.560 27000 0.000 | 5490 | 0.700 | 5840 |15.950|0.440 | 0.130 | 0.100 |0.000] 0.000
all
40801 | 1220 17328 0.048 | 2138 0173 5050 11547 3572/ 0.703 | 0.103 |0.000) 2202
44000 | 0470 27700 0.110 | 5010 |0.000 | 5690 |15.700|0.510 | 0.220 | 0.160 |0.000] 0.000
A12
40 866 | 1221 17350 0.048 | 2140 |0.173 5066 11480 3.581) 0704  0.103 [0.000 2148
49770 | 0370 |28000 | 0.000 | 4350 | 0.070 | 4200 |16.850 | 0.440 | 0.060 | 0.050 |0.000] 0.000
Al3
40.280 | 1207 [17.053 | 0.048 | 2055 0171 5010 12.004 3.541/ 0.696  0.192 0.000 2627
45000 | 0540 27300 0.000 | 5100 | ©.300 | 5700 |15.700 | 0.460 | 0.170 | 0.110 |0.000] 0.070
al4
40,814 | 1220 (17332 0.048 | 2141 0173 5061 11.535 3.57¢/ 0.703 | 0.123 |0.000 2101
Apalls 41.670 | 6520 |13570| 0.420 | 15370 | ©.210 |10.220|11.180| 0.340 | 0.090 | 0.060 |0.120 0.000
2 a1s
17 43278 7.734 13304 0.100 | 11755 | ©0.227 0853  §.641 |2.704| 0.535  0.162 0.003| 1608
30820 | 0520 |11130| 0460 | 17410 | ©.250 | 0510 |10.850|0.320 | 0.070 | 0.060 |0.120] 0.000
AlS
30.786 | 11.163 | 12080 0.101 | 13521 |0.154 0506 2403 2440 0484 0.155 0.004 2008
40000 | 0320 |10.700 | 0.400 | 17.850 | 0.240 | 0020 |10.500 | 0.360 | 0.080 | 0.070 |0.130] 0.000
AlT
30.677 11172 11869 0.106 | 13.537 |0.254 10.111 §$.253 2.394 0475  0.153 0.004 1089
42200 | 5.000 15700 0.000 | 12400 | ©0.150 |10.300|11.500 | 0.240 | 0.070 | 0.000 |0.000] 0.000
Als
m 45,605 5432 14275 0095 105400200 6571 0002 1615 0576 0168 0.002 1574y
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TARGET RO1 R02 RO3 R4 RO5 RO6 RO7 ROR RO9

DISTANCE & 13.43 12.62 14.93 19.16 10.82 11.14 10.00 18.81 25.90

TARGET R10 R11 R12 R13 R14 R15 R16 R17 RI8

DISTANCE & 22.79 23.64 24.40 27.14 23.97 13.36 13.72 14.28 12.02
JAYA ALGORITHM

_ZH:W;(P;'_CI;)E 'x'ﬁ*]:x: —|-r1(gf—xi)—r2(g:"—xi)

=1
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A7 Soil = = = Simulant

1:S5102, 2:Ti02, 3:Al203, 4.Cr203, 5:Fe0, 6:MnO, 7:MgO,
8:Ca0, 9:Na20, 10:K20, 11:P205, 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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A7 Soil = = = Simulant

1:S102, 2:Ti02, 3:Al203, 4:Cr203, 5:FeO, 6:Mn0O, 7:MgO0,

8:Ca0, 9:Na20, 10:K20, 11:P205, 12:S, 13:LOI

On the left, TBGO1 simulant (2021), On the right new simulant produced in November 2023.
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10. UNCU ULKE OLDUK
Turkiye'de Ay topragi benzeri iretildi

1abi M en yakun komgums dlan Ay'de By glem-
orde M 20 maleme kulandacably, Almpadan Qiin-
oy ve Ay'da yered malamedac Tahmin odietiecs-
O Qb Inceten dlmadan ghtirUenier buyik ourk.Qs

ChGIUNAN, ZAMan GINGe yerel maCemaienn oran hala

Atacakty. Ay’ A3 yerel MAZOMERY 56 330000 VO 5200

AY Uzerinde yap: in-
atmin nasil gercek-
lesecedi konusunda
dunyada calismalar
yapshyor. Cengiz Tok-
lu ve arkadagian da,

Apollo’nun getirdigi
omeklerin her birine
yakin kangim formiil-
leri gelistirdi ve yuk-
sek degerde ay top-
raf) Uretti,

tieced Gaerinde calgmaly plankanmaita

Fakat ook ay toprad Gmebder 400 by kadad. By
Smebderin 362 g kadan Apolio 11, 12, 94, 15,16, 17 %e-
Sorkar’ sranda Ay'n & Salpk DAIesInGan abermeg 2200
Smek 0, D hzmu A3 Sovyetier 2amaneda Luna sefer-

Ay toprady dretion iGin yered Soprak drmedierinin alndy yerter: Avanos, Palendhen Dods, Erciyes Dagy Gire-

me, Kula, Shrritisar, Toros Daglen, Uluded, ve Opdp (1)

migte.

= Avustah'da Uetiien ALRS- 1 benderinda New
South Wales eyaetindell br madenden @0e edien ba-
2at med mal2emaier klanimgte.

* MLS 501 ach Kore Ulndnde 38 bu Uenin Oheo-

won BAIQRSNCe Dazat dmekiad kuflandmgty

* Ralya'da Gretien DINA-1 ve 1A Dercarierinde tu O
odekl Boisena keaternoen aide odien maldemaier k-
lardmegye

Turkiye'de ay toprag: Gretme

TUriye 0o CAlGMards 54 horuya dara Qankg br
A0dan bakda, Ghanin vobark G2l kianye Dieen yor.
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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.



Reinforced Regolith - ReRe







AY BETONU CALISMALARI



Studies on Lunar Concrete

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

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

e Brick like materials



Regolith-based ordinary cements and concretes

BETON VE DIGER YAPI
Sulfur-based lunar concretes MALZEMELERI

CONCRETE AND OTHER
Polymer-based lunar concretes CONSTRUCTION MATERIALS

Geopolymerized regolith 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

Toklu, Y. C., & Akpinar, P. (2022). Lunar soils, simulants and lunar construction materials: An
overview. Advances in Space Research, 70(3), 762-779.



Type of Lunar Examples Studies Reported Max Reported Max
Construction Material Compressive Strength Flexural
Strength
Ordinary Concrete Linetal., 1985
Sulfur-based Concrete Omar, 1993 33.8MPa & 3.7MPa
43MPa (with fibers)
Toutanji et al., 2010 22MPa
Toutanji et al., 2012 31MPa
Grugel, 2012 ~47 MPa
Polymer-based Concrete Leeetal., 2015 12.9MPa
Chen et al., 2018 ~60MPa
Suetal, 2019 47.8MPa
Oh et al., 2020 16MPa
Geopolymer Concrete Wang et al., 2016 35MPa
Wang et al., 2017 ~50MPa
Davis et al., 2017 ~19MPa with ambient curing &
~3MPa curing under simulated
lunar exposure conditions
3D Printed Construction Cesaretti et al., 2012
Elements/materials Cesaretti et al., 2014 20.35MPa 7.1MPa
Balla et al., 2012
Sitta & Lavagna, 2018 22.7MPa
Meurisse et al., 2018 ~5MPa
Taylor etal., 2018 19MPa
Other sintered & cast pra55e] 1993 S38MPa 34.5MPa
lunar regolith blocks Indyk & Benaroya, 2017 718.8MPa
Mueller, 2017 (Based on >=200MPa
NASA studies)
Kim et al., 2021 37MPa
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Compressive strength (MPa)

Sintering
/ StarCrete
100 - // (This Work)
Sulphur composite
Polymer composite
(from atmosphere)
. Blood albumin
: : Portland
bioco te el
i concrete
MgO
Powder concrete Phosphoric acid
10 - agglomeration composite
Chitosan
R~ | blocomposite Metakaolin
geopolymer
Cold
—Pressing Geopolymers
1 T T T T T T T T T T T T T T T T T T T T T T T 1
0 10 20 30 40 50 60

Material required beyond unprocessed regolith (wt. %)

Tensile strength 8MPa

Roberts, A. D., & Scrutton, N. S.
(2023). StarCrete: A starch-
based biocomposite for off-world
construction. Open

Engineering, 13(1), 20220390.
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STRUCTURAL ENGINEERING

e Choice of Structure
Type of Structure

Resistant to Radiation and
micrometeorites.

Shielding (using regolith) or
underground (lavatubes e.g.)

Easy to construct/mount

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

* Design of Structures
* Loads
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.



Stress

Linear design - Nonlinear design

Steel Concrete
-~
//
i /
/
/
/
Strain

Strain



- 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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30m? surface
area

UD.L. 5 kN/m?

Total downward
load: 150 kN

5311=200MP3

AL, =750mm?

27mmx27mm

Column

30m? surface area
Total structural
downward load:
150/6=25 kN

2m thick regolith

1500 kg/m* x 10/6N/kg x
2 m = 5000 N/m?,
>>>>]150 kKN

Total compressive load
175 kN.

Inside pressure
latm=1x10°Pa

Total tensile force 3000
kN

-175KN < F < 2825kN
GaHZZUOMPa

A =~14000mm?

118mm x 118 mm

Tension-compression
column




Choice of structures

* Tension resistant
Spherical or like (ellipsoidal, toroidal),
* Spherical structures connected to each other by cylinderical tubes
* Inflatable structures, Deployable structures
e Cable-strut structures, Tensegrity (tensile-integrity) structures
* Prestressed or post-tensioned concrete
* Important shielding (or underground, in lava tubes)
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CABLE-STRUT STRUCTURES

KABLO-CUBUK YAPILAR

TENSEGRIC STRUCTURES, TENSILE INTEGRITY STRUCTURES

CEKME-TUMLESIK YAPILAR



FEMEM EESEY

These structures are highly nonlinear, because of the characteristics of cables: they do
not carry compressive forces.

Therefore, these structures cannot be analyzed directly with classical methods, for
Instance using the well-known Finite Element Method (FEM). There are
methods specially designed for this purpose.

On the other hand, the method developed by Dr. Toklu, named Finite Element Method
with Energy Minimization (FEMEM) <Enerji Enkilciklemeli Sonlu Elemanlar
Yontemi (EESEY)> can solve these problems without necessitating any special
measure.

See for instance:
Toklu, Y. C., Bekdas, G., & Nigdeli, S. M. (2021). Metaheuristics for Structural Design and Analysis.
John Wiley & Sons



Tensegric structure - Tensile integrity structure - Cekme tumlesik yapi
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A 100m high lunar tower. Bottom nodes fixed. Red lines are strings and blue lines are bars

Toklu, Y. C., Muderrisoglu, Z., Ozbasaran, H. (2024) "An Iterative Approach, TPO/MA, for Non-linear Analysis of
Tensegrity Structures Under Terrestrial and Lunar Conditions", ASCE Earth & Space Conference 2024, April 15-18,

2024, Miami, Florida, USA
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3D PRINTED STRUCTURES

3B KATMANLI INSAAT




Nadarajah, N. (2018). Development of concrete 3D printing. MS Zhang, J., Wang, J., Dong, S., Yu, X., & Han, B. (2019). A review of the
thesis. Aalto University, Finland current progress and application of 3D printed concrete. Composites Part A:
Applied Science and Manufacturing, 125, 105533.
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L

A

4

An 14-wall flat

P, = 2%-1(w-1)!

Pz =2V wl

Number
of walls

Start from a given
joint in prescribed

Start from any joint
in any direction

direction
7 46080 645120
8 645120 10321920
14 5,10118E+13 1,42833E+15
31 2,84813E+41 1,76584E+43
17 1,3712E+18 4,66207E+19

Toklu, Y.C, Bekdas, G., Geem, Z.W. (2020) Harmony Search Optimization of Nozzle Movement for Additive Manufacturing
of Concrete Structures and Concrete Elements. Applied Sciences. 10(12), 4413

Toklu, Y. C., Cercevik, A.E. (2023) "Additive Manufacturing of Concrete Structures and Concrete Elements, Optimization of
the Time Consumed" 7th International Congress on 3D Printing (Additive Manufacturing) Technologies and Digital Industry

2023, Otober 25 to 27, 2023 - ISTANBUL, TURKIYE
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INFLATABLE AND
DEPLOYABLE STRUCTURES

:! e |
= o

Redundant
Bladders

Y Windows

MLI Lavyer,

BEAM ‘
Bigelow Expandable Activity Module
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https://en.wikipedia.org/wiki/Bigelow_Expandable_Activity_Module

BEAM Packed Inflated Inflated/Packed

Ratio
Mass (w/ PCBM & FSE) ~1400 kg (~3K Ib) 1.0
Volume 3.6 m3 16 m3 4.4
Length (w/ FRGF) 216 m 401m 1.9
Diameter 2.36m 3.23m 14

Pressure 0 14.7 psi -

Wells, N., & Valle, G. (2018, July). Bigelow Expandable Activity Module (BEAM) ISS Year-Two. In International
Space Station Research & Development Conference (ISSR&D 2018) (No. JSC-E-DAA-TN59119).
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Inflated
Dome

De Boeck, J. (2013). Tensegrity bridges:

Concept design of pedestrian bridges Dronadula, R., Benaroya, H.: Hybrid lunar inflatable
using tensegrity as load carrying system structure. Acta Astronaut. 179, 42-55 (2021)
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e Passive structure

 Active structure, Smart structure, intelligent
structure

* Passive design, active design



TRANSPORTATION ENGINEERING

e Lunar vehicles
e Lunar Railroads
e Cable Transportation



APOLLO 17
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APOLLO 17, December 1972
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ROADS, LANDING AND LAUNCHING PADS




CONSTRUCTION MANAGEMENT

* SITE PLANNING AND SITE CHOICE
* SCHEDULING OF OPERATIONS

* CONSTRUCTION EQUIPMENT

* COST ANALYSIS, COST CONTROL



SITE PLANNING AND SITE CHOICE

Location of site

The polar sides are believed to have the advantage of containing water ice.
Especially southern pole [i)ice(?), ii)largest impact crater, iii)permanently
shadowed crater bottoms, iv)places with almost continuous sunlight, v)constant
temperature ~-30C, vi)close to farside]

Planning of site

In addition to similar problems on Earth, landing areas and their preparations
have to be considered

PSR: Permanantly shadowed regions SGB: Surekli golge bolgeler



SCHEDULING OF OPERATIONS
Risk factor. Follow up very closely.

CONSTRUCTION EQUIPMENT

Soll resistance is similar.

Weight of equipment is low. Thus an anchoring
system or downward push Is necessary.

COST ANALYSIS, COST CONTROL
A new data base will be formed.
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FUTURE ano CIVIL ENGINEERS

It I1Is to be noted that, up to now, the pioneering
countries have been extremely successful iIn their
manned an unmanned operations on the moon and
elsewhere In the space. It is this success that gives all
mankind the hope and the security that the coming
operations also will be successful and thus the
thought that this pioneering work has to be followed.
In this context, civil engineers will continue to do
their work adopted for the new Nature.

Space architect — Space civil engineer



Current Status

« Several space agencies from all around the world, including NASA (USA), ESA
(Europe), CSA (Canada), CNSA (China), JAXA (Japan), Roscosmos (Russia),
ISA (Israel) and ISRO (India), have declared their interests in launching space
missions within the next two decades.

« Some of these missions, which are intended to be destined to Moon, involve
establishing outposts in order to facilitate further deep-space explorations

« DORT ULKE BASARILI INiS YAPTI

» Bugune kadar Ay'a sadece dort Ulke basariyla inis yapti;
bunlar ABD, Rusya, Cin ve son olarak da Hindistan'dur.



CONCIOUSNESS AND DIFFICULTY

Perhaps the most important differences
between the current enlargement of the
living area and the previous ones are

1. The level of conciousness
2. The level of difficulty



consciousness

In the past, most of the activities to push forward the frontiers were
made unconsciously or at least in a half-conscious manner.

Full consciousnhess was rare.

The activities of today are all made in a completely conscious way,
every step being well calculated and measured.



Current difficulties

Effectively, this new attack is much more difficult than the previous
ones. It necessitates

- a powerful economy,

- an advanced level of technology,
- scientific research organizations,
- political will and decisiveness.



Difference between nations

* Very few nations and unions can bring all these together in order to
follow space research and push the boundaries.

* But the fact is that, remembering the spiral which defines our current
position, if a nation does not take place in this process, it will
probably lack the relevant benefits, coming from new resources and
new technologies.



Internationality, Multi-nationality

* Thus, mankind must find a solution to attract the highest number of
nations, groups, and unions into this process.

* The remedies for achieving this goal may be

- To encourage internationality and multi-nationality in space research
projects, and

- To encourage breakdown of the projects into smaller activities which
can be afforded by a larger community.



Summary

Point 1: Space Research is a natural continuation of the historical
activities starting from primitive habitats to globalization, i.e.
the advent or evolution of civilization.

Point 2: Space research is not a single dimensional activity. There
are direct activities which are very expensive to run. But there
are also some side activities that necessitate less amount of
resources but are equally productive.

Point 3: Research on these side subjects can be run by nations or
unions who have limited capabilities. If this is realized, it will
help to form a more uniformly developed world.



Advances in Space Technology
(Direct and Indirect)

Space research is expensive. Developing a rocket to launch a spacecraft
to comet Halley or establishing an outpost on the south pole of the
Moon necessitates billions in any currency.

But there are activities which can be run by nations who cannot be
categorized among the richest ones.



Examples of Indirect Research
Areas

* In the following are given some indirect research subjects which could
well be attacked by smaller sized research and development
organizations that can be found in many places over the globe.



Examples of Byproducts

- Wind Turbine

- Water ballasted raft

- Viscoelastic foam

- Agents for safer railroads

- Structural foam protecting external tank of boats and ships
- “Cognitive fitness” software to monitor alertness

- A tiny sensor, that monitors voltage changes near sensitive
Instruments



Byproducts

* |t seems that, until now, there have been more than
30000 innovations like the ones given above. Most of
them are indirectly related to space research, and
many of them have helped to give birth to
unexpected byproducts which can be used in areas
not related to space affairs.

* This means that space research is not a single
dimensional activity. On the contrary, it is a multi-
dimensional task if not infinite dimensional. This is
true for the aims and for outputs at the same time.



Feedback to Earth

“We went to explore the Moon, and in fact discovered

the Earth,”

Eugene Cernan

Apollo 17 astronaut
“Last man on Moon”
1934 -2017



TURKIYE’YE VE DUNYAYA UYGULAMA DUSUNCELERI

- Yeni tip betonlar
Cimento yerine baska baglayici kullanan betonlar

- Afet bolgelerinde kullanilabilecek yapilar
Sisme Yapilar
Acilir kapanir yapilar
Kablo-cubuk yapilar



Benefits of Multinationality

* In this way, a higher percentage of the world
population will be contributing to the space research,
directly or indirectly.

* This will also mean that more people will benefit
from the economical and technological benefits of
space research.

* Such an approach will be helping to a more evenly
developed world.



Benefits of International Cooperation

* Increasing scientific payoff

e Sharing costs and increasing cost effectiveness

* Providing access to needed facilities

* Providing access to technology or experience possessed by others

* Increasing domestic support for space pograms

e Strengthening relationships among allies or creating friendlier relationships with non-allies
* Influencing the content or direction of a partner’s space efforts.

* Demonstrating leadership and enhancing prestige.

Peter Eckart 2006



China Zhurong rover
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Le Petit Prince - Man will certainly go to
other space bodies for good
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Muhendislik, insanin cevresiyle beraber uyum icinde yasatilmasi sanatidir.
Insanoglu ilk 6nce yakin cevresiyle uyum icinde olmaya calismis, dolayisiyla
yakin cevresiyle ugrasmistir. Sicak tlkelerde ormanlarda yasayanlar agac
liflerinden asma kopruler, agac tepelerinde evler yaparken, uzun liflerin
olmadigl ama bol miktarda tas bulunan yerlerde insanlar kemer yapmayi
ogrenerek bunlarla tapinaklar ve kopriler yapmayi becermislerdir. Agaclarin
ve taslarin olmadigi yerlerde ise en 6nemli yapi hammaddesi toprak olmus,
kerpic ve benzeri unsurlarla barinaklar, surlar insa edilmistir.

Uygarligin ve ulasim olanaklarinin gelismesiyle “yerel” s6zciginin anlami
degismistir. insanlar daha uzaklara gittikce, cok yakinlarinda olan kosullardan
bambaska durumlarla karsilasmis, bunlarla basedebilmek icin yeni
deneyimler edinmisler, teknolojilerini gelistirmislerdir.



Bugun artik insanlik i¢in “yerel” kavrami “kiresel” anlamin1
yiiklenmis bulunmaktadir. Yani insanlar artik adi Dunya olan, klre
biciminde bir cismin Uzerinde yasadiklarinin ayirdina varmislardir.

Yerel kavraminin magaranin ondndeki birka¢ bin metreden, tim
diinyay1 icine alacak sekilde degismesi, bu blylumeye kosut
bilimsel ve teknolojik gelismeleri de beraberinde getirmistir.

Alanin her blyumesi, yeni veriler, degisik kosullar, yenilecek baska
guclukler getirmistir. Teknoloji ve bilimin gelismesi bu etmenler
sayesinde hiz kazanmistir. Gelismeler sonra da alanin blytmesini
saglamis, yeni yerlere gidilebilmesini mimkun kilmistir. Bu sarmal
bizi bu gunlere getirmistir.



Son zamanlarda su sozleri sik¢a duyuyoruz: “Ay’a bu kez kalmak tzere
gidiyoruz!”

Bu demektir ki yerel kavrami yeni bir asama kaydetmek Gzeredir. Bugtnki
miihendislik, insanlig1 Ay Uizerinde yasatacak diizeydedir. “Insan gidebilecegi
her yere gider” kural1 geregi, artik Ay’a gidilecek, orada yasanacaktir.

Ay Uzerine yerlesme, daha sonra da orada surdurilebilir yasam ortami
saglanmasi sirasinda inanilmayacak bilimsel ve teknolojik gelismeler zorunlu
olarak gerceklestirilecektir. Bu arada Ay kaynaklarinin kullanilmasi yoninde
de adimlar atilacak, sonucta Ay, tzerinde Us sahibi olanlara ekonomik ve
askeri firsatlar da sunacaktir.



Bu noktada Ay Uzerinde Us kuracak tlkelerin ne blyuk avantajlara sahip olacaklari
belirginlesmektedir. Bu Ulkeler hem buyuk bir bilimsel ve teknolojik gelismenin icinde yer
alacaklar, hem de Ay’1n saglayacagi ekonomik ve askeri tsttnliklerle donanmis
olacaklardir. Bu ¢alismalardan uzakta kalan tlkelerin ise bundan sonraki gelismeleri
geriden, giptayla izlemekten baska secenekleri olmayacaktir.

Iste bu nedenle Turkiye mutlaka bu faaliyetlerin icinde olmalidir. Tiirkiye’nin Ay’da kendi
Usstinl kurma olanagi olmadig1 agiktir. Bunun icin ne yeterli teknoloji altyapis1 vardir, ne
de gerekli finansman saglanabilir. Ancak, gerceklestirilecek bazi ortakliklarla s0z konusu
calismalarin icinde olmak mumkdndr.

Bilinmelidir ki Ay’da kalic1 bir Us kurulmasi demek, Diinyada var olan hemen her
konunun Ay’a tasinmasi demektir. Bu da neredeyse sonsuz sayida arastirma konusu
anlamina gelir. Ay ile ilgili mimkun olan ¢ok sayida arastirmanin Tlrk bilim insanlarinin
katkilartyla yuratllmesi, Ay Usleri kurulmasi ve yasatilmasi asamasinda Ulkemizin belli bir
yer almasinin 6nunl acabilecektir.



Unutulmamalidir Ki uzay arastirmalar1 demek, sadece uydu
calismalar1 yapmak demek degildir. Ve de Turkiye, Ay, Mars
ve diger gok cisimleri Uzerinde yerlesme ¢abalarimi uzaktan
seyretmek ltkslne sahip degildir.

On-yirmi yil sonrasinda Ay’1, yirmi-otuz yil sonrasinda da
Mars’1 I¢ine alacak insanoglu yerel bolgesinde Turklerin ve
Tiirkiye’nin buyUk Olclide var olmasi, bu calismalarin icinde
olunmasina baghdar.



D .

Phobos Deimos

German-American rocket engineer and space visionary, Kraftt
Ehricke (1917-1984) said “If God wanted man to become a space-
faring species, He would have given man a Moon”.

Neal, C. R., Salmeri, A., Abbud-Madrid, A., Carpenter, J. D., Colaprete, A., Hibbitts, K. A., ... & Sanders, G. (2024). The moon
needs an international lunar resource prospecting campaign. Acta Astronautica. Volume 214, January 2024, Pages 737-747
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