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Motivation

Near-Earth object (NEO) impacts pose a significant risk to the Earth, with
potential consequences ranging from localized destruction to global-scale
environmental disruptions. A critical aspect for NEO impacts is the likelihood
that an incoming projectile detonates in the atmosphere during entry versus
penetrating through the atmosphere to impact the Earth’s surface. When a
projectile detonates in the atmosphere as an airburst, the environmental effects
depend on the detonation altitude and the amount of energy deposited into the
atmosphere. When a projectile impacts the surface, the catastrophic effects can
depend and potentially be mitigated by how much disruption of the projectile
occurred in the atmosphere prior to surface impact. Prior work has shown that
material strength and density can have a significant effect on projectile
disruption during entry [1-4].

Using a suite of 2D numerical hydrocode models, we examine how
material strength affects the disruption of NEO projectiles as they enter
the Earth’s atmosphere and influence the likelihood of airburst detonation
or surface impact.

Methods

We utilize the numerical hydrocode CTH [5] in 2D axisymmetric geometry. We
model material strength using the updated ROCK strength model [6,7]
which utilizes a damage and temperature-dependent yield strength [8]. The
damage parameter represents bulk fragmentation and accumulates based on
plastic strain. Projectiles are modeled as pyrolite using updated parameters [9]
for the M-ANEOS package [10]. The Earth’s atmosphere is modeled using a
SESAME table for air [5]. Adaptive mesh refinement is utilized to resolve the
projectile to 20 cells per projectile radius [11].
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As test cases, we examine projectiles 20m, 80m, and 300m in diameter. The
20m projectile is similar to the expected size for Chelyabinsk (airburst height of
28.4km), and the 80m projectile is similar to the expected size for Tunguska
(airburst height of 5.74km) [8]. We vary the initial strength by adjusting the
initial material Damage parameter between 0 (completely intact), 0.5, and 1
(completely fractured). We also test impacts of strengthless projectiles to
examine the effects of the strength model on projectile disruption.
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Disruption Altitudes for v=20km/s impact
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Material Diameter Strength Detonation Altitude
pyrolite 20 m intact (0% Damage) 14 km
pyrolite 20 m 50% Damage 22 km
pyrolite 20 m 100% Damage 32 km
pyrolite 20 m no strength (hydro) 50 km
pyrolite 80 m intact surface
pyrolite 80 m 50% Damage surface
pyrolite 80 m 100% Damage surface
pyrolite 80 m no strength (hydro) 26 km
iron 20 m intact surface
iron 20 m no strength (hydro) 40 km
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Results

Projectiles had lower detonation altitudes with increasing
material strength (lower initial damage).

For 80m projectiles (Tunguska scale), only the strengthless
projectile detonated in the atmosphere; however, inclusion of
porosity or lower density projectiles may allow for higher
detonation altitudes of projectiles with strength.

For iron projectiles, the small 20m projectile with strength
impacted the surface. Drastically different surface effects
could occur for iron projectiles, which poses a mitigation
difficulty given the similar albedos of iron and OC meteors.

References: [1] Robertson D. K. & Mathias D. L. (2019). lcarus, 327, 36—47. [2]
Robertson D.K. & Mathias D.L. (2019) JGR Planets, 122, 599-613. [3] Pearl et al. (2023)
lcarus, 404, 115686. [4] Boslough M.B.E. & Crawford D.A. (2008) Int. Jor. of Impact Eng.,
35(12), 1441-1448. [5] McGlaun J.M. et al. (1990) Int. Jor. of Impact Eng. 10 (1-4),
351-360. [6] Senft L.E. & Stewart S.T. (2007) JGR Planets. 112 (11),1-18. [7] Harwell M.L.
et al. (2023) LPSC 54. #2838. [8] Collins G.S. et al.(2004) MAPS, 39 (2), 217-231. [9]
Stewart S.T. et al. (2022) LPSC 53. #2678. [10] Thompson S.L. et al. (1972) Sandia
National Lab. Report, SC-RR-71. [11] Crawford D. (1999) 15th US Army Symp. on Solid
Mech. [9] West A. et al. (2024) Airbursts and Cratering Impacts, 2, 1-30.

Acknowledgement: This work is supported by the NASA Postdoctoral Program



