
2012 LNM年会

细观非均匀性的
跨尺度效应和新尺度涌现跨尺度效应和新尺度涌现

非均匀性 连续分叉 渐进和灾变破坏- 非均匀性, 连续分叉, 渐进和灾变破坏
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现状1:非均匀性在力学理论中几乎没有考虑

after Rong F
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现状2: 固体力学理论中还缺什么
σ σσ

??
ε εε
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Case 2

Sample number: 151

C t t hi tCatastrophic rupture 
occurs diversely!

Granite 

after Xu XH



What happens 
beyond Drucker’s proposition p

??
Catastrophic rupture
(CR)

or 
Gradual failure

q

dp*dq> 0         dp*dq<0
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Statistical description of 
meso-scale heterogeneitis

Meso-coordinate dependent Meso-coordinate independentMeso coordinate dependent Meso coordinate independent

Correlation functions Distribution functionsCorrelation functions Distribution functions

Time Time
dependent independent
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A-1  Elastic Statistically-Brittle (ESB) Model
every meso element:

Elastic σc
• Same elastic constants

• Different strength σc

Elastic-
brittle

σc

h( )

with distribution h(σc)

Weibull distribution

h(σc)

Weibull distribution
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σS



Coupling average (CA)Coupling average (CA)

meso mesoEσ ε=Meso-elastic
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ESB model
Uniaxial compressionUniaxial compression
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ESB: Biaxial compression
5 0 1 0 25: m=5, α=0.1, ν=0.25
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A-2.  Catastrophic Rupture (CR) or 
Globally Stable deformation (GS)Globally Stable deformation (GS) 
Two modes: GS and CR

0dW GS> 0
0

dW GS
dW CR

>
≈ 0dW CR≈

( )K K≤ ( )m s sK K u≤ −
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Size effect – statistical interpretation
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Size effect – statistical interpretation
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CR 
Global Mean Field (GMF) Approximation

C l i C l i Wid h f

Global Mean Field  (GMF) Approximation

Exp strain 
at CR
(Granite)

Cal strain at 
CR
(with 
Localized

Cal strain 
at CR
(GMF)

Width of 
localized 
zone γ

(Granite) Localized 
zone γ)

0.00850 0.00816 0.00879 7.1 mm

0.00655 0.00694 0.00839 7.9 mm

0.00645 0.00674 0.00810 6.7mm

0.00636 0.00611 0.00694 7.9 mm

0.00634 0.00633 0.00682 6.3 mm

0.00515 0.00606 0.00661 6.9 mm

∼(+32%)∼(+32%)
Too late 
Why?
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现状2: 固体力学理论中还缺什么
σ σσ

??
ε εε

Elastic                                  Elastic-Plastic                                ESB
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Elastic                                  Elastic-Plastic                                ESB



σ σσ σσ
Q: Stiff machine  >>>   
Full stress- strain relation?Full stress strain relation?

Theories available >>> YESTheories available >>> YES
In Practice  >>> usually not

QQ

ε εε

Then, what happens?
why?

Elastic                                  Elastic-Plastic                                ESB

why? 
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B-1.  Continuous Bifurcation
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B-2 Localization
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Distance from rupture plane (mm) Distance from rupture plane (mm)
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Damage Localization

γ the part with continuing damageγ the part with continuing damage

σσ

σ
EEγ

ε1-γ εεγ

1- γ the part with accumulated unloading



Evolution of localized damage zone  γ
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Continuous BifurcationContinuous Bifurcation
Damage Localization

Any localized zone γ satisfies all conservation laws 
(mass force and energy)(mass, force and energy) 
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Examples of  σ (ε, ∫γ)
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Catastrophic Rupture (CR)
With localizationWith localization

• Two modes:
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CR with simplified  damage localization

C l i C l i Wid h f
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Critical point U is sensitive to damage localization

B-4. Power law singularity
Critical point UCR is sensitive to damage localization
But -1/2 power law singularity emerges ahead of CR, 

no matter damage localization
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Power law singularity
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ContentContent

• 3 distinct features
continuous bifurcation, 
damage localization
catastrophic rupturep p

P li i li ti• Preliminary applications
M9 earthquake, 2011, Japan
M8 earthquake, 2008, Wenchuan



Co-seismic ΔεY M9 Japan

GPS 
observations 

M9 Japan
http://www.gsi.go.jp/

3 key parameters:3 key parameters:

8×1018 J :        released energy
2×105 km2 : related area2 10 km :     related area 
1×10-6 :           rebounded Δstrain



Co-seismic incremental strain ΔεY    
M9 Japan
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Relation btw E, A and εc   
M9 JapanM9 Japan
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Coseismic M8 Wenchuan quakeCoseismic, M8 Wenchuan quake 
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Pre-seismic (2004.6~2007.6) of M8 Wenchuan quake(2008.5)

-1/2 power law emerges
ahead of quake in a region around quake ruptureahead of quake in a region around quake rupture
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DiscussionsDiscussions

• Heterogeneity plays a key role in CR: mc

• Beyond Drucker’s proposition, Continuous 
Bifurcation and Damage Localization leads toBifurcation and Damage Localization leads to
“stochastic” Catastrophic Rupture (CR)

• -1/2 power law singularity emerges before CR

• Application of the ideas to 2 quakes seems 
iencouraging
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