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Skin/Stiffener Separation




Fatigue: Skin/Stiffener Separation

propagation of skin/stiffener separation S
under cyclic loads?




Nondestructive Evaluation (NDE) Techniques
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Paris data is not useful for crack
initiation.

These tests are slow and expensive to
conduct.

R-curve effects produce multiple Paris
laws.

Tests must be conducted at different
stress ratios R and mode mixities B.

Implementation into a cohesive law is
difficult.



Fatigue: S-N or Paris Law?

S-N Curve Paris Law
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S-N Curve and Paris law are related: f=2m

Can we develop a cohesive model based on S-N
that can predict crack propagation?




S-N Cohesive Fatigue Damage Model (Davila 2020)

Consider case of bar subjected to cyclic load
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fatigue damage

What damage law?




Consider damage accumulation function at point P: L
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Fatigue Strength, oc™*/c,
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Determination of Damage Model Parameters
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Damage model entirely defined by
parameters 77, & and p
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Affects pre-factor “C”
of Paris law

Affects slope of
S-N and Paris law



UMAT Subroutine

Fatigue damage

QS mixed-mode parameters

Fatigue parameters

O, K, AC, Af (Turon)
[
Quasi-static tearing damage
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R-Curve Effects
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R-curve is capture by superposing two layers of
elements with bilinear cohesive laws.
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Simplified Shell Model of 3PB Specimen

Skin (3 layers of elements)
Continuum Shell Model / Cohesive Doubler (2 layers)

Empirical cohesive properties capture
the effects of all damage mechanisms

Interface law w/ bridge

Interface law — nominal tape/tape

Bridge
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"~ Shell Model
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3PB Fatigue — Experimental Results




Delamination length in 3PB Doubler
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Delamination length in 3PB Doubler

3PB DoublerR=0.4
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Concluding Remarks

Fatigue Cohesive Constitutive Model:

e Based on S-N curve rather than Paris law.

e Relies on relationship between S-N and Paris.

e Simplified loading procedure keeps load constant during analysis.

e Fatigue model parameters obtained from DCB test data.

e Same fatigue parameters were used in all analyses (7=0.95, £¢=0.2, p = f).
* Very simple to implement on top of a UMAT of a bilinear cohesive law <=

R-Curve Effects Modeled Using Cohesive Superposition

e R-curve is intended to capture effect of blunting, delving, bridging, and migrations.

e Shift in Paris lines is predicted.

Skin/Stiffener Spearation: 3PB Doubler Test
e Specimen is initially pristine.
* |Interface characterized by quasi-static R-curve.
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