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Introduction:  Space agencies around the world are 

making plans for the development of human settlements 

on the Moon and Mars, to be inhabited for extended 

periods of time by astronauts. If feasible, using locally 

available resources to build habitable structures would 

be a very efficient way of constructing habitats on the 

lunar or Martian surface. 

Before trying this in-situ, conducting a range of 

preparatory tests on analogue soils here on Earth is of 

the utmost importance to construct secure habitats 

suited for human life. Using analogue soils for Moon 

and Mars as starting materials, it is found that it is 

possible to use concrete as a building material.  

An important question, which is also heavily discussed 

by major governmental space agencies as well as lunar 

commercial partners, is whether concrete makes for the 

best option of locally produced building material [1]. 

Besides utilizing lava tubes, melting holes inside the ice 

caps in polar craters, and simply covering a crater, one 

of the most recurring ideas is to sinter regolith [2-6]. 

Although sintering regolith (by heating it up to 1000-

1150 oC) will result in higher flexural or tensile strength 

than concrete [7, 8], it generally gives less protection 

against radiation than normal, water-containing 

concrete. Besides, heating up lunar dust can be 

dangerous when humans are present, is often harder to 

mold precisely, is at its strongest in water-free 

conditions, and is not very cost effective in terms of 

energy [9, 10]. 

To lower the energy intake, one could think of 

constructing mirrors, with their focus point on 

(partially) melting the regolith. This would be hard to 

realize however on any surface that is further away from 

the Sun than the Earth or Moon, on extraterrestrial 

surfaces which contain an atmosphere, or on any dusty 

surface that might partially cover up the mirrors. 

To further investigate these options, this project focuses 

on the influence of geological properties – such as 

geochemical composition, grain sizes, abundances on 

the surface, and after strong recommendation from 

colleagues of the University of Central Florida, the 

mineralogy - of extraterrestrial soils on concrete.  

The overall goal of this thesis project is to define the 

strongest kinds of concrete one could construct on the 

lunar or Martian surface incorporating locally available 

material as main ingredients.  

Analogue Soils: To make for a variety of lunar and 

Martian soil tests, several types of analogue soils have 

been acquired. Most of these analogue soils are 

predominantly based on the geochemical composition, 

which can lead to a somewhat inaccurate mineralogy. 

The list of soils that were tested can be found below, 

some of which have been altered to make a more 

realistic representation of the grain size distribution of 

lunar and Martian soils.  

Name Full name of the simulant 

EVLS-N:  (Eifel Volcanic Lunar Simulant) 

CLVS: (Canarian Lunar Volcanic Simulant) 

LHS: (Lunar Highland Simulant) 

LMS: (Lunar Mare Simulant) 

MM1: (Mojave Mars Simulant) 

MM2: (Mojave Mars Simulant) 

JEZ: (Jezero Delta Soil Simulant) 

MGS-1: (Mars Global Simulant) 

MGS-1C: (Mars Global Simulant – Clay Variety/ISRU) 

MGS-1S: (Mars Global Simulant – Sulfate Variety) 
Table 1: Analogue soil names that were used as basis for the soils 

tested in this study.   

Tests: Other than testing the geochemical compositions 

of the analogue soils that were acquired (Table 1) with 

XRF, the structural tests used to define basic mechanical 

properties of the concrete were performed on standard 

sized concrete prisms of 160 x 40 x 40 mm. These tests 

can be summarized as pure compressional, flexural and 

compressional shear strength tests, see figure 1 below. 

Figure 1: A schematic display of the three structural tests that were 

conducted on the ‘building blocks’; flexural, pure compressional 

and compressional shear strength tests. 

Besides testing the several types of analogue soil, 

different grain size distributions were tested, as well as 

several other types of concrete. All other tests were 

based on concrete with a normal, Earth-type, Portland 

cement (SPP, of Swedish origin, with a relatively high 

MgO abundance (3.4wt.%)). 
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All tests were conducted in threefold, and some tests 

were reused in different series (the simulant series, grain 

size series, and cement-type series all used the same 

baseline measurement, which was then also conducted 

twice as often to ensure a good comparison).  

Figure 2: Building blocks after they have undergone the tests. Note 

that some of the blocks withstood the pure compressional test (top 

part of the concrete prism) and did not yield under 25 MPa pure 

compressional strength. 

 

Results: The results show that the average simulated 

lunar concrete yields a flexural strength of 7.30 MPa (σ 

1.55), a minimum compressional strength of 24.41 MPa 

(σ 2.85), and a shear strength of 8.62 MPa (σ 0.39). 

Martian concrete has a flexural strength of 4.76 MPa (σ 

0.92), a minimum compressional strength of 24.36 MPa 

(σ 2.29), and a shear strength 7.29 MPa (σ 2.09). This 

leads to an obvious difference between the average 

lunar and average Martian flexural strength, see also 

figure 3. 

 
Figure 3: The average flexural strength distribution of different 

lunar and Martian analogue soils show a distinctly larger strength 

of lunar-based concrete than that of Mars-based. 

 

These results were only achieved when Portland cement 

was used as the binding agent. 

Other types of cement, such as pure calcium oxide, or 

calcium oxide mixed with iron sulfate and sodium 

carbonate, resulted in much weaker concrete types, with 

compressive strengths of 6.35 MPa (σ 0.82) and 4.41 

MPa (σ 1.00) respectively. 

Finally, it was also clear that a coarse (>0.333 mm) or 

unsorted (0 – 1 mm) aggregate is favored in terms of 

flexural strength and shear strength. 

A clear caveat to these results is that the mixing of the 

concrete as well as the strength tests performed 

afterwards were done under standard room 

temperatures, atmospheric pressure, and gravity on 

Earth. To ensure a safe and structurally sound habitat, 

more tests are needed under the extreme conditions 

found at the surface of the Moon and Mars.  
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