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Molecular scale
(~10nm)

Mesoscopic scale
(0.1 ~10 mm)

Macroscopic scale

Martínez, A. B., et al. 2017Ducrot, Etienne, et al.2014 Creton, Costantino, and Matteo Ciccotti.2016

Fracture at different length scale
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Fracture precursor
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Dissipation zone

Local damage zone

Increasing Dynamics
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Delayed fracture

Bonn, Daniel, et al. "Delayed fracture
of an inhomogeneous soft solid."
Science 280.5361 (1998): 265-267.

Lindström, Stefan B., et al. "Structures, stresses, 
and fluctuations in the delayed failure of colloidal 
gels." Soft Matter 8.13 (2012): 3657-3664.



Krajina, Brad A., et al. 2017

Polymer network + Probe particles

5

DWS: Multiple scattering

DWS technology in polymer network
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a: Laser

b: Camera

c: Lens

d: Motor

e: Fixed clamp

f: Sample

g: Moving clamp

h: Tensile sensor

i:  Displacement sensor

Experimental set-up



DWS measurement on PDMS 

4mm

PDMS rubber+ 

TiO2 (d=258 nm, f=0.05%)

20x42 mm
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Macroscopic fracture —— Force data

Mesoscopic change   —— DWS



Data analysais and fitting
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1. Intrinsic thermal fluctuation（baseline）
2. Translation due to fracture, relaxation and creep…（correction）
3. Displacement limited by chains （interested）

Particles dynamics in fracture 
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1. Intrinsic thermal fluctuation 

2. Translation due to fracture, relaxation and creep…

3. Displacement limited by chains

Particles dynamics in fracture 
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1. Static sample/clamp
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PDMS

Metal 
clamps

Stability of system:
Laser stability
Temperature fluctuation
Environment Brightness

Sample + system

Yassine Nagazi PhD thesis, 2017

No loading
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𝝉𝟎𝑪=4,330.0s

𝝉𝟎𝑺 =1756.6s
Stability of system

Sample + system

g2 𝝉 -1= 𝑪𝑰 𝒕, 𝝉 𝒕 = 𝑨𝒆𝒙𝒑 −
𝝉

𝝉𝟎

𝑷
+𝑩
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1. Intrinsic thermal fluctuation 

2. Translation due to fracture, relaxation and creep…

3. Displacement limited by chains

Particles dynamics in fracture 
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u

2. Translation



1.55s

0.54s

0.18s

0.024s
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𝜏0 = 0.0156 ×
1

u
+ 0.003

𝝉𝟎~
𝟏

𝒖

Translation speed~Loss rate of correlation



𝑪𝑰 𝒕, 𝝉 𝒕 → 𝑪𝑰 𝒕, 𝝉, 𝒙, 𝒚 𝒕

Practical complex drifting field: Drifting correction

Cipelletti, Luca, et al. Optics express 2013
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1. Intrinsic thermal fluctuation 

2. Translation due to fracture, relaxation and creep…

3. Displacement limited by chains (dynamics change)

Particles dynamics in fracture 
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3. Multi-steps delayed fracture
Yassine Nagazi thesis, 2017



Macroscopic fracture

Extension length/Force
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Macroscopic fracture:2400 s
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Macroscopic measurement



𝑪𝑰 𝒕, 𝝉 =
𝑰𝑷 𝒕 𝑰𝑷 𝒕 + 𝝉 𝑷

𝑰𝑷 𝒕 𝑷 𝑰𝑷 𝒕 + 𝝉 𝑷
− 𝟏
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Mesoscopic measurement
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Fitting results
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Fracture precursor
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ROI 1



• With the combination of DWS and mechanical testing, different 
dynamics can be distinguished 

• Fracture precursor is observed but the corresponding chain behavior 
is not clear

• Relaxation time of loading force and correlation function

26

4. Conclusion



Outlook: DWS & Mechanophore & more

DWS laser

Molecular scale (~10nm)

Mesoscopic scale (0,1 ~10 mm) 27



injection: Pure Shear sample: 5x37x1mm 

Fatigue testing on EL-250 (DSM)
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Hard Hard Hard

Soft Soft

PBT PTMO
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Accommodation(uncut) Characterization(uncut) Crack Propagation(cut)

Material strained to a highest
strain than the maximum strain
used in cyclic fatigue.
Getting rid of Mullins and other
transient effects.

Evaluation of energy release rate G
for different imposed deformations

Crack propagation rate 
As a function of applied G

Strain
St
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ss
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G = 𝑾 𝝀 h

Fracture property

Rate dependence

Temperature dependence

。。。

Investigation approach

Fixed G/ 𝝀 at different temperature/frequency



Thank you！
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