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Earthquakes Energy Budget:
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Breakdown work:
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including dissipative processes

slip 

stress 

Wbd= ∫0
𝐷𝐷𝑓𝑓𝑓𝑓𝑓𝑓 (𝜏𝜏 − 𝜏𝜏 𝐷𝐷 ) 𝑑𝑑𝑑𝑑
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Earthquakes often described as ordinary cracks. 
 Stress and displacement field controlled by square root 
singularity (Linear Elastic Fracture Mechanics)

Constant residual stress

𝜉𝜉 = −0.5

Breakdown work:

including dissipative processes

Wbd= ∫0
𝐷𝐷𝑓𝑓𝑓𝑓𝑓𝑓 (𝜏𝜏 − 𝜏𝜏 𝐷𝐷 ) 𝑑𝑑𝑑𝑑

Showed by laboratory earthquakes 
in analog materials and rocks.

Svetlizky and Fineberg, 2014
Kammer et al., 2019

Earthquakes breakdown work
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slip 

stress 
Frictional weakening talking place behind the 
rupture tip can modify the singularity order 
(Unconventional singularity)
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𝜉𝜉 ≠ −0.5

Constant residual stress

Breakdown work:

including dissipative processes

Wbd= ∫0
𝐷𝐷𝑓𝑓𝑓𝑓𝑓𝑓 (𝜏𝜏 − 𝜏𝜏 𝐷𝐷 ) 𝑑𝑑𝑑𝑑

Viesca and Garagash, 2015
Brantut and Viesca, 2017
Brener and Bouchbinder, 2021

Earthquakes breakdown work
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Describes the slip dependence of Wbd as:

𝑾𝑾𝒃𝒃𝒃𝒃~ 𝑲𝑲 𝝃𝝃 𝟐𝟐
𝒓𝒓𝟏𝟏+𝟐𝟐𝟐𝟐/𝝁𝝁

For (square root singularity)

𝑟𝑟1+2𝜉𝜉 = 1
𝑊𝑊𝑏𝑏𝑏𝑏 slip independent

For 

𝑟𝑟1+2𝜉𝜉 ≠ 1
𝑊𝑊𝑏𝑏𝑏𝑏 slip dependent

Brener and Bouchbinder, 2021

𝜉𝜉 = −0.5

𝜉𝜉 ≠ −0.5

Earthquakes breakdown work
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High frequency recording
system (2 MHz)

𝜎𝜎𝑛𝑛

𝜏𝜏

Stick-slip events

Hydraulic pumps

PMMA samples
Strain gauges rosettes
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What we would expect for 
𝜉𝜉 = −0.5

Wbd= ∫0
𝐷𝐷(𝜏𝜏 − 𝜏𝜏 𝐷𝐷 ) 𝑑𝑑𝑑𝑑

We observe 
continued 
weakening

Leading to a slip 
dependent Wbd
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Compatible with 𝜉𝜉 ≠ −0.5



F. Paglialunga, F. Passelègue, M. Lebihain, M. Violay
federica.paglialunga@epfl.ch

𝑢𝑢𝑥𝑥 𝑟𝑟, 𝜃𝜃 =
2𝐾𝐾𝐼𝐼𝐼𝐼

𝜉𝜉

�𝜇𝜇 2𝜋𝜋 𝑅𝑅(𝐶𝐶𝑓𝑓
2𝛼𝛼𝑠𝑠𝑟𝑟𝑑𝑑

𝜉𝜉+1 𝑠𝑠𝑠𝑠𝑠𝑠 �𝜉𝜉 + 1)𝜃𝜃𝑑𝑑 − 𝛼𝛼𝑠𝑠(1 + 𝛼𝛼𝑠𝑠2) 𝑟𝑟𝑠𝑠
𝜉𝜉+1 𝑠𝑠𝑠𝑠𝑠𝑠 �𝜉𝜉 + 1)𝜃𝜃𝑠𝑠

𝜏𝜏 𝑟𝑟,𝜃𝜃 =
2 𝜉𝜉 + 1 𝐾𝐾𝐼𝐼𝐼𝐼

𝜉𝜉

�2𝜋𝜋 𝑅𝑅(𝐶𝐶𝑓𝑓
4𝛼𝛼𝑠𝑠𝛼𝛼𝑑𝑑 𝑟𝑟𝑑𝑑

𝜉𝜉 𝑐𝑐𝑐𝑐𝑐𝑐 𝜉𝜉𝜃𝜃𝑑𝑑 − 1 + 𝛼𝛼𝑠𝑠2 2 𝑟𝑟𝑠𝑠
𝜉𝜉 𝑐𝑐𝑐𝑐𝑐𝑐 𝜉𝜉𝜃𝜃𝑠𝑠

𝐾𝐾𝐼𝐼𝐼𝐼
𝜉𝜉 =

𝐸𝐸 𝑊𝑊𝑏𝑏𝑏𝑏 𝐷𝐷𝑓𝑓𝑓𝑓𝑓𝑓
1 − 𝜈𝜈2 𝑓𝑓𝐼𝐼𝐼𝐼(𝐶𝐶𝑓𝑓) 𝑟𝑟1+2𝜉𝜉with

Results. Slip and stress controlled by 𝜉𝜉 ≠ −0.5

Un unconventional order singularity
𝜉𝜉 ≠ −0.5 can better describe both
stress and displacement evolution
than classical LEFM for our
experiments

Brener and Bouchbinder, 2021
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WHY?
The activation of thermal weakening mechanisms can modify the 
stress evolution behind the crack tip, inducing a slip-dependent Wbd

 FLASH HEATING investigated as 
possible candidate
(already observed by Rubino et al., 2017)

Asymptotic solutions for FLASH HEATING 
(Brantut and Viesca, 2017) well describe the 
observed slip-dependence of Wbd
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Viesca and Garagash, 2015
Brantut and Viesca, 2017
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- We observed continued weakening in laboratory 
frictional ruptures leading to slip dependent 
breakdown work.

- We showed how frictional ruptures can be 
described by unconventional singularity order (𝜉𝜉 ≠
− 0.5).

- This is possibible due to activation of frictional 
weakening (flash heating) behind the crack tip.
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