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=F7L  Data reduction: J-integral
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=FL 34-700-TP415 carbon fiber system
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1. Fragmentation and pull-out
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=PrL  Material selection "
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£PFL  Translaminar fracture - Interlayer hybrids
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=PFL  Hybrid effect quantification
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4 Positive hybrid effect

-
-
-
-
e
-
-
-
s
-
-
-
-
P
-
-
-

x / N
90° ply-block  0° ply-block

ERR [kJ-m?]

-
P
-
-
P
s
-
-
-
P
e
-
-
-
-
P

Negative hybrid effect

> * Need to decouple the two effects

Low strain volume fraction y

» Hybrid effect = result different from expectations

- Comparison against a Rule of Mixture (RoM)



=PrL

ERR normalized by ROM
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=PFL Deviation from ROM -Secondary damage

o —sfe— 3373460 YY
a5 ..v..mmﬁga
< C - e 4 °
~ °r
[ptraSaA s RES S Qb o s 3 o4 2
1 €
S E > -

Load [kN]
) .

% D) {

0 L : l
0 1 2 3 ¢
Displacement [mm]
E a2 - ’ > 2 - _ 4




11

=PFL  Translaminar fracture - Interyam and intrayam hybrids
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=PFL  Translaminar fracture - Interyam and intrayam hybrids *
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£PFL  Translaminar fracture - Interyam and intrayam hybrids

v, *’I w ¢ ‘ P - > ,'\ 4
i Y e A » 5 Yel
"N‘\A

D S ‘;. .
‘\:I"A 1..«1.') iy

e

~
-

’ ’ ’ k 4 :M » r
i ngh-straln Low-strain .' - ngh-stram

failure bridgin , failure
{.-‘? .m . ?' as’? rv“-‘\ PEERE -

~';
LA
~<

Mechanism : low-strain tow bridging



=P7L " Energyvs. pull-out length
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=F7L A dual-scale modelling approach
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Cumulative count of bundles in RVE (> 1 pm)

Microscale result
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Experimental J; . [kJ-m?]
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Macroscale results
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Conclusion

= Pull-out drives translaminar fracture toughness
= As ply-thickness decreases, pull-out length decreases
= Fiber-hybridization modulates pull-out length and density

= Translaminar toughness can be predicted according to pull-out
distribution
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