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What type and under what conditions and with what consequences is a failure acceptable? 
What is the acceptable probability of failure or appropriate level/margin of safety?
What is the desired performance (i.e., degree/rate of deterioration, maximum deformations)?
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Title
Outline

• Engineering Lunar Structures – a Gap in Knowledge 
• Standards: 

• Why we need them? How do we use them? 
• “Architectural” Data Gaps to Address

• To reduce cost, increase reliability  
• Case Study: 

• Design of a Launch and Landing Pad 
• Closing Comments 

Mount, et al., (2025) “Lunar Landing and Launching Pad Design 
Considerations Using ISRU Materials,” Acta Astronautica, (240) 
pp. 165-182, https://doi.org/10.1016/j.actaastro.2025.11.071. 
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Title
Engineering Lunar Structures – a Gap in Knowledge 

The engineering of reusable and resilient lunar structures is a critical element toward 
achieving the ambitious Moon base plans.

• The surface of the Moon is more extreme than anywhere on Earth.
• Solicitations (environment and loads) include: 

• Temperature extremes / Temperature gradients 
• Hard Vacuum / Pressure differentials 
• Abrasive Dust 
• Micrometeoroids 

• We need to know much more about these solicitations to design structures.

• Radiation 
• Gravity 
• Moonquakes
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Title
Engineering Lunar Structures – a Gap in Knowledge 

• Regolith-based materials, are being proposed for construction on the Moon. 
• Pros include reduced cost of transporting large amounts of materials or prefabricated 

elements, instead relying on just transporting equipment 
• Cons are that materials that are made, all or in part, from indigenous Lunar materials 

are likely to have wide variability based on the make-up of the material, location where it 
was taken from, production processes, and time 

For design, engineers need dependable information about both the solicitations and the 
materials for the design of safe, reliable and durable structures from these materials. 
Simulants are not reliable for this purpose – in situ measurements are needed. 
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Concrete 
• Brittle 
• Weak in tension, strong in 

compression 
• Thermal – good insulator, 

degradation expected 
• Variability in strength due to 

preparation, regional 
differences, etc 

In Situ Structural Material Properties

Regolith-based structural materials 
• Assumed brittle 
• Unknown 

What 
scale? 
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Title
Standards: Why we need them? 
How do we use them?

• A standard is a guideline to perform a type of test, 
ensuring testing is performed on a uniform and 
consistent basis. 

• Several types of standards will be necessary for 
building safe and durable structures to serve as 
habitats, shelters, foundations, launch pads, blast 
shields, and possibly roadways. 

Split 
Tensile 
Test

Compressive Test
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Title
Standards: Why we need them? 
How do we use them?

• Standards will then enable test results that are repeatable and reproducible.

• Allow the engineer to make useful comparisons of test data for design. 

• The function of and the solicitations (environment and loadings) 
on the structure will determine the type of material properties 
that are needed to inform the design. 

Dyke, et al. (2024). “Establishing Standards for Lunar 
ISRU Structural Materials,” AIAA Journal, Vol. 62, No. 7, 
pp. 2414-2423, https://doi.org/10.2514/1.J063816 
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Title
Architectural Data Gaps to Address

• Subsurface 

• Interface between the Structure and Subsurface

• Manufactured Structural Materials 
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Title
Architectural Data Gaps: Subsurface

• Subsurface is not known to the level of detail needed to inform design
• The behavior of granular materials such as regolith requires in situ measurements and 

observations 
• Need to know, at least: 

• Depth of the regolith
• Material characteristics (grain size distribution, density, relative density)
• Mechanical properties as a function of depth 
• Voids or boulders – to determine site preparations

• At this time candidate sites have been identified, but have not examined them to the 
level of detail needed to consider if they can support a Moon base 
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Title
Architectural Data Gaps: Interaction Between the Subsurface and Structures 

• We know rocket plumes will interact with the structure/soil 
• Interactions also occur between the structure and subsurface

• Friction at the interface between the soil and structure
• Expand/contract with variation in temperature
• Causing stresses within the structure that must be quantified

• The structure will compress the soil locally
• Require a good estimate of the stiffness of the soil and/or the 

coefficient of subgrade reaction 
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Title
Architectural Data Gaps: Manufactured Structural Materials 

• Manufactured structural 
materials are expected to: 
• Be brittle
• Spatial variability

• Need to characterize 
those materials for: 
• Compressive strength
• Tensile strength 
• Durability 
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Title
Case Study: Design of a Launch and Landing Pad 

Consider the design of an LLP engineered to 
resist the impact of a lander 
• 50-ton spacecraft 
•  30m diameter pad
•  1 m diameter footpad 

• First principles approach 
• It also makes it possible to illustrate 

the impact of assumptions on the design outcome
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Title
Case Study: Design of a Launch and Landing Pad 

• Decisions: 
To make in advance to inform the design: 
• Reliability needed?
• Reusable? 
• Expected service life, number of landings? 
• How much damage is tolerable? 
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Title
Case Study: Design of an ISRU Launch and Landing Pad 

Goal: develop and demonstrate  a framework suitable for 
designing an LLP from ISRU materials. 

Concrete Slab-on-grade design
Consider
1. Thermal considerations
2. Heavy concentrated loads
3. Punching shear
4. Rocket plume thermal loads
  

Typical 
slab-on-grade 
construction
(Westergaard, 1926)
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Subbase drag effect: (a) Slab segment between joints; 
(b) Equilibrium of horizontal forces; and (c) Cross-section view

1. Thermal considerations: friction 
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Effect of differential temperature or shrinkage: 
(a) Warping of slab; (b) Strains and warping stresses.

2. Thermal considerations: restrained shrinkage 
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2. Heavy Concentrated Loads  
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3. Punching shear
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Assumptions:
• k = 8.0 pci
• E = 7,252 ksi

LLP Thickness – Required to Prevent Flexural Cracking using an 
allowable stress of 2/3 the tensile strength – to nearest inch Design 

Results
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LLP Thickness – Sensitivity to k with Microwave Sintered 
Material for different levels of compaction

Assumptions:
• k = 8.0 pci
• E = 7,252 ksi

Design 
Results
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Surface temperature boundary conditions implemented over time for 
launch condition (a) worst case, (b) more typical

4. Thermal loads
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Mechanical strains for 800°C 
and 1200°C load cases 
with a 0.02 maximum strain

Analysis 
Results

26



Mechanical strains for 10 min, 100 sec and 60 sec plume exposure with a 0.02 maximum strain
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Findings

• The initial value of LLP thickness must be at 
least 14 inches (~36 cm) for a 50-ton lander 
using assumed (ideal) properties of a 
microwave sintered material and is not 
influenced by the value of k.

• Cracking must be controlled through the 
use of an appropriate LLP thickness 
obtained using allowable tensile stresses, 
and results in the design thickness being 
insensitive to the value of k. 

• Scientific data gathered on the above issues 
will be critical to inform the construction of 
structures that will sustain more than one 
landing/launch.  
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• The initial value of LLP thickness must be at 
least 14 inches (~36 cm) for a 50-ton lander 
using assumed (ideal) properties of a 
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Data We Need to Design Any Structure

• LLP material properties must be obtained from 
standardized tests, at scale, to design. 

• In situ, site-specific geotechnical properties 
including: regolith depth, specific gravity, void 
ratio, strength and stiffness depth profile, 
internal friction angle, etc.
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Findings

• The initial value of LLP thickness must be at 
least 14 inches (~36 cm) for a 50-ton lander 
using assumed (ideal) properties of a 
microwave sintered material and is not 
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• Cracking must be controlled through the 
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landing/launch.  

Data We Need to Design Any Structure

• LLP material properties must be obtained from 
standardized tests, at scale, to design. 

• In situ, site-specific geotechnical properties 
including: regolith depth, specific gravity, void 
ratio, strength and stiffness depth profile, 
internal friction angle, etc.

• Interaction between regolith subgrade and 
structural material, i.e., coefficient of friction.

• For long-term durability, multiple performance 
factors will need to be considered: 
temperatures, hard vacuum, radiation, 
meteoroid impacts, seismicity, and pressure 
and temperature conditions during takeoff and 
landing.

• Simulants are not real regolith, and the 
variability of real regolith will need to be 
established.
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Closing Comments
• Civil engineering certainly has the expertise and ability to safely build 

structures that perform under the most extreme conditions given the 
availability of data and standards to ensure that material performs repeatably 
and reliably.
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Closing Comments
• Civil engineering certainly has the expertise and ability to safely build 

structures that perform under the most extreme conditions given the 
availability of data and standards to ensure that material performs repeatably 
and reliably.

• Recommendation: Build-observe-test-learn approach for the first LLP, preceded 
by acquiring the highest priority data from testing done in situ. 
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• Civil engineering certainly has the expertise and ability to safely build 
structures that perform under the most extreme conditions given the 
availability of data and standards to ensure that material performs repeatably 
and reliably.

• Recommendation: Build-observe-test-learn approach for the first LLP, preceded 
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• Without the necessary data, any structural design will need to be extra-
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Closing Comments
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Title
Closing Comments

• Civil engineering certainly has the expertise and ability to safely build 
structures that perform under the most extreme conditions given the 
availability of data and standards to ensure that material performs repeatably 
and reliably.

• Recommendation: Build-observe-test-learn approach for the first LLP, preceded 
by acquiring the highest priority data from testing done in situ. 

• Without the necessary data, any structural design will need to be extra-
conservative, and likely, expensive or potentially delayed due to technical 
knowledge gaps.

• In situ measurements are necessary before one should make large investments 
or commitments to a particular location. 

• Lunar science activities should prioritize this data to help realize safer and 
more reliable structures.

Closing Comments

37



38


