
A.  Modiriasari1*,  A.  Boener2,  A.  K.  Theinat1  ,  A.  Bobet1 ,  H.  J.  Melosh2  ,S.  J.  Dyke1,3,  J.  Ramirez1  ,A.  Maghareh1,  D.  Gomez1
1Lyles  School  of  Civil  Engineering,  Purdue  University,  2Department  of  Earth,  Atmospheric,  and  Planetary  Sciences,  Purdue  University,  

3School  of  Mechanical  Engineering,  Purdue  University.  *amodiria@purdue.edu

The  50th Lunar  and  Planetary  Science  Conference  March  18-22,  2019

Effect of Induced Seismicity of Indirect Meteorite
Impacts on the Stability of Lunar Lava Tubes

Hazards  for  Lunar  Habitation Structural  Stability  of  Lava  Tubes

In addition, interdependencies between structures are modeled based on Systems Operational Dependency Analysis [6]. Each dependency is represented with three parameters: strength of dependency (SOD), criticality of dependency (COD), and impact of dependency [6], see Figure 3. SOD accounts for how much the functionality of the structure (k) depends on the functionality of the structure (i or j). COD and IOD quantify how the functionality of the structure (k) degrades when the structure (i or j) is experiencing a failure. Here, dependencies are modeled as piecewise linear relationship, suitable to analyze various scenarios, including partial dependencies.
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Future  Direction

• Lunar Reconnaissance Orbiter (LRO) and 
SELenological and ENgineering Explorer (SELENE)
images of skylights near the volcanic areas and sinuous 
rills

• Gravity Recovery And Interior Laboratory (GRAIL) 
mass deficit region (hot colors) near the skylight

Diameter: 
1-2 km

• Lunar Radar Sounder (LRS)

Diameter: 300 m

echo pattern (hot colors) near 
the skylight

• SELENE-Kaguya/LRO-LOLA
morphometric analysis of 
collapses (skylights and pit 
chains)

Diameter: 500-1100 m

Evidence  of  Lava  Tubes

Lunar lava tubes can provide 
immediate protection against 
surface hazards

• Static analysis: 
Effect of size, roof thickness, and material strength

• Dynamic analysis:
Effect of impact-induced seismic events

Model set-up in ABAQUS
Convergence criterion, difference 
in radial displacements of crown 
and invert

Yielding Regionscrown

invert

Ø Modeling induced seismicity using iSALE (Melosh et al., 1992) 
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Ø Motion history from iSALE at 15.75 m distance from 
meteorite impact 

(Robinson et al., 2017)

(Chappaz et al., 2017)

(Kaku et al., 2017)

(Sauro et al., 2018)

Meteorite

750  cells

100  m
1000  cells

Symmetry  axis

1  m
Basalt
Density:  2860  kg/m3

Poisson’s  ratio:  0.3

Structural  Stability  of  Lava  Tubes

Analyzing the structural stability of lunar lava tubes 
under the effect of impact-induced seismic events:
• Using finite element method software ABAQUS
• Lava tube dimension (width: 1000 m, height: 333 m, 

roof thickness: 100 m)
• Basalt material properties and GSI 70
• Importing velocity history from iSALE as the 

boundary condition in the left lateral boundary of the 
ABAQUS model
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iSALE ABAQUS

(Anderson et al., 1994)

Ø Prediction of lunar meteorites (main source of seismicity) 
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