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Stress(MPa)
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Nominal stress (MPa)

Case 2
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- Sample number: 151
400}
Catastrophic rupture
300} occurs diversely!
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Boundary displacement (mm) after Xu XH
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What happens
beyond Drucker’s proposition

?

Catastrophic rupture
R)

\\\ or
“Gradual failure
- »

dp*dg> 0

dp*dg<0
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A. Heterogeneity

Global mean field approximation — ESB model
Energy criterion

Size effect — statistical interpretation

B. 3 interrelated features

Continuous Bifurcation,
Damage Localization

Catastrophic Rupture (CR)

C. Preliminary application
M9 earthquake, 2011, Japan
M8 earthquake, 2008, Wenchuan



Statistical description of
meso-scale heterogeneitis

—_—_——————— e — — — — — — e — —————— ——

-
-~
-
—
-~
-
—
-
-
—
-~
-
—
-
-
—
-
-
—
~—
-

Meso-coordinate independent

|

Distribution functions

| l

Time Time
dependent independent




<(5C>

Ao

A 4

Heterogeneity

WA

(b)

0.6

0.4

0.2F .

(a)




A-1 Elastic Statistically-Brittle (ESB) Model

every meso element:

—

Elastic-
brittle

e Same elastic constants

o Different strength o,
with distribution h(c.)

v

h(o,)




Coupling average (CA)

Meso-elastic O eso = E€meso

Average + Damage

oc=<0o..><0._. (1-D)+0-D>=<o

meso meso

> (1-D)

meso, =0

Mean field approximation (MF) O meso,z0 = Ot

Strain-equivalence o =0,(1-D)
= O meso 20 (1_ D) =Ee
= E¢(1-D)

(1-D)

meso




ESB model

Uniaxial compression

G=z(1-D)=ze*
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ESB: Biaxial compression
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A-2. Catastrophic Rupture (CR) or
Globally Stable deformation (GS)
Two modes: GS and CR

dW >0 GS
dW ~0 CR

K, <-K.(u,)




0

Global Mean Field (GMF) Approximation






CR - Aw<0

N
critical: vKon
m>m_ CR (k\:l)

m<m_ Gradual failure

359?

\O 2
(k=1) \
1D stress state \
0\I/

4 [

v=1/4

m_=4.29

(v=1/4)
1D strain state
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Size effect — statistical interpretation
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Size effect — statistical interpretation
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230 Cal strain
EXxp strain at CR
at CR (GMF)
2007 (Granite)
150 ¢ 0.00850 0.00879
[
o 0.00655 0.00839
2, 100
o 0.00645 0.00810
b
501 0.00636 0.00694
0.00634 0.00682
0 . | . | .
0.000 0.003 0.006 0.009 |0.00515 0.00661
P
; ~(+32%)
Too late

Why?
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A

ESB

Elastic-Plastic

Elastic



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

Theories avallable >>> YES

In Practice >>> usually not

Then, what happens?
why?

ESB
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B. 3 interrelated features

Continuous Bifurcation,
Damage Localization
Catastrophic Rupture (CR)



B-1. Continuous Bifurcation
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Multiple bifurcation Continuous Bifurcation
State: OR State : AND

Deterministic = Stochastic INM



B-2 Localization
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Strain fluctuation
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Damage Localization

the part with continuing damage

GA

1-v

the part with accumulated unloading




Evolution of localized damage zone vy
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Continuous Bifurcation
Damage Localization

Any localized zone Y satisfies all conservation laws
(mass, force and energy)

c= 0 (¢, IY) -
: @=—2 5[ 512 5
=g G e
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Examples of o (g, )




Catastrophic Rupture (CR)

With localization
e Two modes:

dW >0 GS

dW ~0 CR
GE,(5) A NP GS
E!(5) 0)- j Eu(a)y( 2 ‘~E(6,) CR




CR with simplified damage localization

Cal strain at | Cal strain at | Width of
Exp strain | CR CR localized
at CR (with (GMF) zone y

Localized

zone )
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

+ 6%

after Hao et al 2007




B-4. Power law singularity
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But -1/2 power law singularity emerges ahead of CR,
no matter damage localization
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log,,(R,/ Rzmax)

Power law singularity

2
log, (1-UU)

K=0.2, m=2

ESB model

log, (R, / R, )log,(1-UIU))
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* Preliminary applications
M9 earthquake, 2011, Japan
M8 earthquake, 2008, Wenchuan



Co-seismic Asy, M9 Japan
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3 key parameters:

8X1018 7 : released energy
2X10°km?: related area
1X106 : rebounded Astrain
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Co-seismic incremental strain Aey
M9 Japan

x 10°
8

1X10°
2X10° km?2

Latitude North(®)

L L L
136 137 138 139 140 141 142 143 144
Longitude East(°)

Lu MF et al (2011) Sci China D M



Relation btw E, A and ¢,

E =8X1018
J~
N4.8+MX 1.5

2X10"8J
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Coseismic, M8 Wenchuan quake
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Pre-seismic (2004.6~2007.6) of M8 Wenchuan quake(2008.5)
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-1/2 power law emerges

ahead of quake in a region around quake rupture
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Discussions

e Heterogeneity plays a key role in CR: m_

e Beyond Drucker’s proposition, Continuous
Bifurcation and Damage Localization leads to

“stochastic” Catastrophic Rupture (CR)
e -1/2 power law singularity emerges before CR

« Application of the ideas to 2 quakes seems
encouraging

INM
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