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Fracture at different length scale
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Fig. 5. Mapping of where bonds break during crack propagation. Intensity-colorized images of
propagating cracks on notched samples containing dioxetane cross-linker in the first network, showing
the light emission due to the breakage of bonds in SN, DN, and TN samples. The size and geometry of
the sample are shown with a white dashed line. Vertical lines in the DN and TN image are due to
detector artifacts; in DN and TN, spots far from the crack tip are due to reflection of the light on surface
inhomogeneities and do not correspond to a local light emission. (Right) Schematic of the sacrificial
bond-breaking mechanism in front of the crack tip for the DN and TN; the first network is represented
in blue, and the second and third networks are in red.
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Fracture precursor
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DWS technology in polymer network
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Experimental set-up
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DWS measurement on PDMS

PDMS rubber+
TiO, (d=258 nm, ¢$=0.05%)

¢ 4mm

20x42 mm

Macroscopic fracture —— Force data
Mesoscopic change —— DWS



Data analysais and fitting
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Particles dynamics in fracture

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




Particles dynamics in fracture

1. Intrinsic thermal fluctuation
2. Translation due to fracture, relaxation and creep...
3. Displacement limited by chains
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Yassine Nagazi PhD thesis, 2017

1. Static sample/clamp

Sample + system
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Particles dynamics in fracture

1. Intrinsic thermal fluctuation

2. Translation due to fracture, relaxation and creep...

3. Displacement limited by chains
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2. Translation
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Practical complex drifting field: Drifting correction
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Particles dynamics in fracture

1. Intrinsic thermal fluctuation
2. Translation due to fracture, relaxation and creep...
3. Displacement limited by chains (dynamics change)
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3. Multi-steps delayed fracture

Yassine Nagazi thesis, 2017
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Macroscopic fracture
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Renormallized o(Mpa)

Mesoscopic measurement
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Fitting results
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Spatial distribution

24



2nd

2.0

-D-2nd ROI 1
-O-2nd ROI 2
-A-2nd ROI 3

10}

100 }

T,(S)

10 Y

t(s)

r———r———r——p—
0 500 1000 1500

—
2000

—
2500

1
3000

Displacement(mm)

J=

0.20

r0.15

1

r0.10

r0.05

0.00

0

5000

10000 15000 20000
Time (s)

25000

Engineering stress(Mpa)

2.5

2.0

1.5

1.0

0.5}

100 ¢

(¢ Sy
NPTl
s e-a (U0 Crgd

-0 6thROI'1

e

-Q-6th ROI 2
-A-6th ROI 3

MW

7

7

.....

500

1000 1500

t(s)

2000

To(x,y)

25



4. Conclusion

* 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
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Outlook: DWS & Mechanophore & more
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Fatigue testing on EL-250 (DSM)
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Accommodation(uncut)

Material strained to a highest
strain than the maximum strain
used in cyclic fatigue.

Getting rid of Mullins and other
transient effects.

Fracture property

Rate dependence
Temperature dependence
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Characterization(uncut)

Evaluation of energy release rate ¢

for different imposed deformations
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