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Recent work in an international consortium [1] has resulted in the process breakdown of human survival requirements, to be studied in detail when proper funding has been secured.  The seven major processes identified were: 

· Living (Breathing, eating, cooking, cleaning, washing...)

· Food production and life support (Agriculture and air/water recycling...)

· Mining and processing (Drilling, blasting, surface mining, beneficiation...)

· Power and transport (Power plants or solar cell farms, vehicles and infrastructure...)

· Simple manufacture (Machine shop, casting, forging and handicraft of "low-tech" products.)

· Complex manufacture (Machining and assembling of complex or high precision products.)

· Construction (Manufacture of large structures: buildings, walls, apartments, furniture...)

Obviously, these processes are strongly interlinked through material input and output.  A tentative qualitative process analysis is performed, but a quantitative breakdown will take time and effort and is therefore an important part of the proposed project. 

Here, we will concentrate on the construction process, as the actual buildings will constitute by far the largest mass of any lunar outpost, because shelters for living and working areas will be required for any sustained activity. Thus, employing the self-sufficiency approach for the construction process will give early benefits.   

All problems related to construction must be well defined and should be thoroughly investigated and ground tested before making any move towards the Moon or any other spatial body. These will include the following considerations:

· Definition of lunar design and construction standards

· Choice of construction concept

· Choice of construction materials, considering manufacture and/or transportation effort 

· Modification of construction equipment for lunar environmental and production conditions

· Adoption of appropriate construction techniques to lunar conditions

Effectively, the first thing to do is to define design and safety conditions for lunar construction. The main loading parameters in this respect will be inside pressure in the structures, weight of shielding, and meteorite impact. These parameters, together with other boundary conditions including air tightness and radiation shielding as well as material availability and producability, will set the ground for an adequate choice of construction concept for the lunar settlement. Concepts to be considered could include natural cavities (lava tunnels), man made cavities (rock drilling, blasting), concrete structures or inflatables covered with regolith, and regolith based structures [2]. An active design procedure has to be followed enabling control of safer and economical operations for construction, use and maintenance.

In choosing construction materials, the most important consideration is perhaps the ratio of in-situ manufactured materials to imported structures.  Obviously, this ratio will depend on the ambition level and time scale of the operation. It appears that, in the initial period of colonization the main construction materials to be used are imported materials (mainly lightweight tensile resistant plastics), lunar regolith, and lunar concrete produced using lunar regolith. Obviously in-situ materials means raw and processed regolith and rock, and that shows the importance of excavation, hauling and processing regolith. So the first problem to be solved is the design of appropriate excavation and hauling procedures and equipment to be used on the surface of the Moon.  Equipment and procedures will be adapted from well tried terrestrial practices, most probably with quite important modifications, while solving lunar specific considerations such as dust problems, loss of lubrication through vacuum evaporation and the much lower equipment weight available for bracing in the 1/6 Earth gravity.

After implementation of a proper regolith processing facility, the first activity will be the manufacture of construction units using regolith: gabions, regolith sacks, bricks, reinforced regolith, etc. With these materials it will be possible to erect structures for habitation and industrial use. At the same time, work will take place for production of lunar concrete using regolith. The production of first bucket of lunar concrete will mark an important step in lunar colonization. It will prove the success of preceding operations and point out the start of more complicated manufacturing processes.

An estimated view for the use of construction materials in lunar colonization is shown in Fig.1. This diagram has to be detailed and coupled with other diagrams presenting the main features of the other process steps to yield a general schedule of all the operations. All activities in this schedule have to be investigated thoroughly before starting operations towards the Moon. Some parts can be verified by simulations, but much will need experimental verification in concept or in whole system setups. It is now time for starting research in process steps that have not yet been addressed, and giving impulses for renewed efforts in ongoing studies. And all this work has to be organized and followed centrally in order to minimize economical and temporal losses.
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Figure 1. Use of construction materials in lunar colonization. “a” marks the start of regolith excavations, “b” marks the start of structural use of regolith, “c” marks the first production of lunar concrete, “d” marks the end of main constructions. 
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