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2D Linear Elastic Fracture Mechanics

normal to crack

pPOCESS Zohe

G: the elastic energy flowing into process zone

2D equation-of-motion: GC = G(UT,L, AT) X L

Fracture energy Energy release rate

2-D theories, Kostrov, Freund, Andrews (60-70s)



Classical speed limits
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Crack velocity (m s-1)

Validated speed limits in laboratory
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Sharon and Fineberg, 1999; Svetlizky et al., 2019; Kammer et al., 2018



Beyond classical speed limits in 2D
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Wang et al, 2023 Gori et al, 2018




Finite rupture width in 3D

10 @ >10 2004 Mw 9.3 Sumatra

A SRCMOD e ,
. O Wells and Coppersmith, 1994 e o
2004 Mw 6 Parkfield 8 | & Homy ansDas 2000 A,
. @ Strike-slip o, 14°n) ©
E Slip m @ Dipslip :
S
- =
é% 3 122N}
o
©_ - —
g -20 -0 “—
Distance Along Strike (km) E 10°NF
]
)
Q. 8°Nf
Ma et al 2008 £
6°NF
4°NF
2°NE

Wang et al 2011




Extended 3D LEFM theory

3D equation-of-motion:
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Highly damaged fault zone

Damage zone >300m
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Strand of ultracataclasite or gouge

Multiple fault cores (Several 100 m)
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Unbounded ruptures in numerical simulations
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Mach fronts in mode |l

v Vi=0.8

Weng, 2024, In review



Mach fronts in mode |l
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Theory for viscoelastic ruptures
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Theory for viscoelastic ruptures

Also valid in 2D
Two curves converge
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Velocity dispersion and attenuation

Dispersion 7 Attenuation
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Weng, 2024, In review



Theory for viscoelastic ruptures
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Finite thickness of viscoelastic layer
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Finite thickness of viscoelastic layer
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Take-home messages

» Viscoelastic ruptures can propagate at a continuum of terminal

speeds not bounded by classical speed limits.

» All simulated speeds are predicted by the new theory

Incorporating viscoelasticity.

» Beyond classical speed limits, rupture dynamics are independent
of any macroscopic length and 1s controlled only by local
properties around the rupture tip.







