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Interlaminar fracture tests:

why we love UD specimens, why we hate multidirectional ones, 

and can this change?



Is it that we like UD specimens more?
If so, why? 

Greenhalgh et al. 2009

Why even ask?

Structural applications    → MD laminates

But

Interlaminar fracture standards   → UD specimens

Why?

Is this conservative?   → Not obvious

Is toughness the same?   → Not obvious

https://doi.org/10.1016/j.compscitech.2009.01.034


Why we love UD specimens, why we hate multidirectional ones?

1. Delamination migration

Santos et al., 2023

Greenhalgh, 2009

Varandas
et al., 2019

Varandas
et al., 2019

UD specimens: migration does not occur

MD specimens: migration can occur

https://doi.org/10.3390/polym15102403
https://shop.elsevier.com/books/failure-analysis-and-fractography-of-polymer-composites/greenhalgh/978-1-84569-217-9
https://doi.org/10.1016/j.compstruct.2019.04.050
https://doi.org/10.1016/j.compstruct.2019.04.050


Why we love UD specimens, why we hate multidirectional ones?

2. Thermoelastic couplings
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Inverse constitutive law (CLPT)

Inverse constitutive law (CLPT)



Why we love UD specimens, why we hate multidirectional ones?

3. Finite width effect

𝐷𝑐 =
𝐷12
2

𝐷11𝐷22

UD specimens

MD specimens

Plane 
stress …

… plane 
strain …

≈

≠

• Low 𝐷𝑐

• Negligible effect

• Potentially high 𝐷𝑐

• Significant effect

▪ Uneven ERR at front

▪ Curved front

▪ Non-self-similar 
propagation

… or ?



Why we love UD specimens, why we hate multidirectional ones?

4. Thermal residual stresses UD specimens

MD specimens

Gonçalves et al., 2022

Micro-residual stresses do not release energy during 
delamination propagation

Micro residual stresses

Ply-level residual stresses

Micro-residual 
stresses only

Nairn, 1997

+

Both micro and ply-
level residual 

stresses

Robinson et al., 1996

Nairn, 2000: suggests double symmetric layups

Sebaey et al., 2011: 
Ply-level stresses 
facilitate migration

Gonçalves et al., 2023: 
Micro & ply-level 
stresses reduce 
effective strength 

https://doi.org/10.3390/polym14132653
https://doi.org/10.1115/1.2788985
https://doi.org/10.1177/096369359600500601
https://doi.org/10.1016/S0143-7496(99)00016-0
https://doi.org/10.1016/j.compscitech.2011.07.002
https://doi.org/10.1016/j.compstruct.2023.117158


Can this change?

What may be missing?Fully-Uncoupled Multidirectional (FUMD) specimens, concept

Migration:

Can we avoid it in mode I tests?

Residual stresses:

Can we fully understand their 

effects?

Set of  MD specimens with UD-like 

thermoelastic behaviour

• No couplings (in arms or 

uncracked region) 

• Free orientations choice

• Arbitrary interface

Garulli et al., 2019

Garulli et al., 2020

𝜀𝑥
0

𝜀𝑦
0

𝜀𝑥𝑦
0

𝜒𝑥
𝜒𝑦
𝜒𝑥𝑦

=

𝑎11 𝑎12 𝟎
𝑎12 𝑎22 𝟎
𝟎 𝟎 𝑎66

𝟎 𝟎 𝟎
𝟎 𝟎 𝟎
𝟎 𝟎 𝟎

𝟎 𝟎 𝟎
𝟎 𝟎 𝟎
𝟎 𝟎 𝟎

𝑑11 𝑑12 𝟎
𝑑12 𝑑22 𝟎
𝟎 𝟎 𝑑66

𝑁𝑥
𝑁𝑦
𝑁𝑥𝑦
𝑀𝑥

𝑀𝑦

𝑀𝑥𝑦

+ 𝛥𝑇

𝛼𝑥
𝜀

𝛼𝑦
𝜀

𝟎
𝟎
𝟎
𝟎

FUMD preliminary experimental results

UD

FUMD 0//45

FUMD 0//15

FUMD 0//30

FUMD 0//0

Varandas et al., 2019

https://doi.org/10.1177/0021998319868293
https://www.sciencedirect.com/science/article/pii/S0266353820322119
https://doi.org/10.1016/j.compstruct.2019.04.050


There are many (reasonable) reasons to love UD specimens

• As easy and as convenient as it gets

• Allow reasonable structural predictions (surprisingly)

There are (still) a few reasons to hate MD specimens:

• More complex behaviour

• Unsolved issues

Can this change?

• Potentially, with some research effort

• If it does, it will enable us to deliberately choose whether to use UD or MD specimens! 

Conclusions
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