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1. Intro 

This paper, named “How to construct an extraterrestrial city—Part II,” is an extension of the original 

paper “How to construct an extraterrestrial city” based on remarks and suggestions of those who read 

the original. This extension contains more details of the concept and addresses main issues related to 

the concept. This paper covers: 

 

 Construction of the settlement 

 Safety within the construction  

 Daylight transfer 

 Maintainance of the construction 

 

2. Construction elements 

Figure 1  shows the main construction  blocks, and figure 2 shows the floor and service shaft elements 

in different colors.  

 

Figure 1-main construction blocks 

https://deeepunderground.com/extra_cities.html
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Figure 2-floor and service elements 

 

A single cell consists of a foundation, support beams, wall elements, floor elements, and service shaft 

elements. All elements should be 3D printed from local materials. Elements are designed to resist 

compressive loads rather than shear or tensile loads.  

 

o Foundation  

The bottom level of a cell of a five-floor settlement must be built on a foundation below beams on the 

bedrock. Its dimensions should be about 1.8x1.4x0.5 m. Alternatively, foundations can be formed on 

regolith of adequate quality or on piles. Materials for foundation can be artificial (hard foam, for 

example) or an extraterrestrial version of concrete. A construction on the Moon (and Mars too, as new 

findings indicate) would require additional elements in foundations for limiting the transfer of 

earthquake loads to construction. 

 

o Support beams (1,5) 

Beams should be 3D printed as a whole frame at the site, since those elements are heavy. The size and 

shape of those beams heavily depend on a local gravity force (Mars or Moon) and structural properties 

of 3D printed elements. This is a wide topic and is not covered in this paper, so I translated an Earth 

construction experience to assess the dimensions and weight of frames.  

 

o Floor elements (6-9) 

Floor elements are simple elements which can form floor. 
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o Service shafts (10) 

A 2.5 m diameter shaft where cables and pipes can be placed.  

 

3. Construction of a single cell 

Figure 3 shows the first three construction steps of a single cell. First, the foundation should be 

constructed, and support beams on each foundation should be printed. Then, support beams should 

be connected with horizontal beams.  

 

 

Figure 3-construction of foundation and support beams.  

 

Figure 4-adding bottom wall element  
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Figure 5-adding floor elements  

 

Figure 6-adding upper wall elements  
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Figure 7-adding wall elements  

 

Then, a second element, a bottom wall element, should be added, as shown in figure 4. Floor elements, 

as shown in picture 5, and upper wall elements, as shown in picture 6, come next. Finally, wall elements 

are added from the outside, and a single cell is constructed, as shown In figure 7.  

 

4. Construction of multiple cells 

There is not much sense to constructing a single cell like that, so the next step should be to construct 

the cell next to the first one in exactly the same way, or a lot of cells in exactly the same way, as shown 

in figure 8. The only additional element is a service shaft in between cells, which can serve multiple 

purposes.  

 

So, when the first floor is constructed like that, the next one can be constructed in the same way, only  

without a foundation.  
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Figure 8-multiple cells construction   

 

5. Important details 

I received a lot of questions like: 

 Why such a structure? 

 Why is there filling in between cells? 

 Why circular rooms? 

Figure 9  shows beam elements of multiple floor construction, and it can easily be seen that all 

elements are deployed uniformly around the area, and the whole construction is connected. That kind 

of construction is very strong, because all elements are connected in some way despite the fact that 

single elements are not strong, and they are flexible at the same time for the same reason.  

 

So, the main reason for such a structure is statics. We need strong structures on Mars or the Moon, 

constructed from elements with not the highest load capacities. Such structures handle those 

requirements best.   
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Figure 9-beam elements for multi-cell and multi-floors construction   

 

Filling in between cells is required to decrease the load to the walls, as shown in figure 10. Element 4, 

the wall element, is slightly shorter than the height of a single floor, therefore the outer extension of 

the next floor, element 2 (lower wall element) is not based on the wall itself, but on the regolith. This 

way, the upper floor pressure doesn’t load wall elements from above in any other way, but from the 

side via regolith load pressure, which is applied in a horizontal direction.  

 

Figure 10-Details of how elements are sticking together  
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The inner extension of element 2 has the function of additional security. Floor elements are founded 

on horizontal beams entirely, but in the case of additional loading (an earthquake, for example), this 

extension can offer some support to the floor plate.  

 

To maintain the uniform load of all elements of the structure, the inside places should be filled too, 

because this is the easiest way to achieve that. And since wall elements are in all directions loaded in 

a horizontal direction, I provided circular shapes to additionally improve the load capacities of wall 

elements and remove the need for additional support, needed for flat walls.  

 

6. Air membranes 

Such a structure cannot survive inner air pressure if it’s sealed, so it is provided that an air membrane 

is installed around construction, at least 0.5 m from the boundaries of construction, and air is pumped 

into a cluster of cells after construction and membrane installation. It is also provided that structure is 

constructed in a canyon. I  also provided a thin top layer of regolith, no more than 3 m, to decrease a 

load to construction.  

 

 

Figure 11-settlement profile and layout—with membrane and compressive loads to the construction  

 

Figure 11 shows the load state for construction. On Mars, the horizontal load to construction at the 

bottom would achieve a value of about 100 kPa, which is about the same value as inner air pressure, 

but on the Moon this pressure is much smaller, so it is a good idea to provide a system which holds a 

membrane at its place, even with no outer support. Therefore, we provided the cables through the 

service shafts and anchors in the ground.   

 

To hold this membrane in the same place even with no outer load, we need anchors with about 5000 

kN capacity in each shaft, which is a lot, but since shafts are relatively big, several anchors can be 

installed in a single shaft, with less capacity.  
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This system then provides the air bubble without loading the structure or depending on outer load 

support from a regolith load.  

 

7. Construction phases and safety 

Construction must be carried out in phases, with the first one being constructed as shown in figure 12.  

 

 

Figure 12-longitudinal profile of the settlement, initial phase of construction   

 

Left and right clusters must be constructed in an angle, to keep the regolith on the top stable. Every 

cluster has its own membrane, with a safety tower in between clusters, with its own oxygen source,  

used for entering and exiting clusters, and as a safety place in case of decompression of the clusters.  

Extending such a structure requires decompression of one of the side clusters, upgrading it and refilling 

it with air. So, any extension would require at least an upgrade of a one-sided cluster to full cluster and 

construction of another side cluster.  

 
Figure 13-settlement profile and layout-double membrane version  

 

Construction in a canyon offers another possibility for additional safety, another membrane 

installation, as shown in figure 13.  

 

An idea is to fill the space within membranes with air, but at a significantly lower pressure. That way, 

an explosive decompression might be avoided in case of air leakage from inside, and more time to 

escape into a safe place might be available.  

 

8. Big places within the cluster 

Leaving big places within weaken such constructions, so there are not many options to construct large 

open places. I see only two possibilities.  
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Figure 14 shows the first possibility, which is to use the upper floor for such a purpose. The beam 

elements are replaced with pillars (green dots), and over the service shaft and surrounding fill, a plate 

should be put, leaving only a hollow pipe for anchor ropes. We also need to additionally support the 

side walls. But this way, we can get an open space with an area of about 1000 m2, interrupted only by 

pillars.  Something similar can be achieved to excavate a cellar below the foundation, by leaving the 

rock material under the foundation intact.  

 

 

Figure 14-Open place layout, upper floor.  

 

9.  Daylight and living conditions 

I propose a more robust variant of this:  

https://www.youtube.com/watch?v=1a9TYfYPg7E 

In my variant, receivers would be placed on the surface, and daylight cables would be collected at the 

surface and transferred into the settlement via small pipes. The residents of the settlement should be 

obliged to spent some time in rooms with natural daylight every day. 

 

 

 

 

https://www.youtube.com/watch?v=1a9TYfYPg7E
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      10. Maintenance of the construction  

It’s not hard to replace beam elements, because they can be accessed. A bit harder is to replace wall 

elements. Element 3 must be removed first, and after that the plate can be replaced. A bigger challenge 

is to fix a membrane. First, it needs a sensor system to determine where the problem is, and then  a 

small borehole can be excavated through the filling at the exact right place to access the problematic 

place.  

 

11. Settlement capacity 

In a canyon that is 40-50 m wide and 300 m long, about 1000 cells can be constructed. Every cell has 

about 28 m2, which is probably enough for a single room. Such a settlement might support about 100 

people living in it. The rest of the cells should be used for farming and other purposes.  
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