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Modelling of longitudinal compression failure of UD ply
Physical mechanisms ?

How the fibre-dominated strength of a multidirectional laminate 

relates to the strength of a UD composite?
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Experimental evidences

Instability of carbon fibres in polymer matrix observed at microscopic scale (structural effect)

Fibre

kinking

Fibre kinking

 [Laurin 18]

 [Basu 06]

Micromechanical modelling

• Mechanical properties of fibres and matrix (and behaviour)

• Applied loadings (compression, bending …) 

• Boundary conditions (inner or outer plies)

 [Argon 72]

 [Vogler 01]

 [Gutkin 10] …

 [Lee 99]

 [Drapier 99]

 [Pimenta 09]

 [Feld 11]… 

 [Feld 11]

Models at microscale depend on:



Modelling of longitudinal compression failure of UD ply
What is the relevant modelling scale?

How the fibre-dominated strength of a multidirectional laminate 

relates to the strength of a UD composite?
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Modelling of longitudinal compression failure of UD ply
What is the relevant modelling scale?
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Xc longitudinal compressive strength

from a micromechanical approach

Microscale



Mesoscale failure approach
Estimation of macroscopic failure
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Failure envelopes

of UD plies

Macroscopic 

behaviour of

T700GC/M21

[±45°]2s

Onera Failure Model

Key points

• Thermal residual stresses

• Non-linear longitudinal elastic behaviour

• Viscoelastic behaviour

• Influence of ply thickness on IFF strengths

• Advanced failure criteria

 [Schieffer 03, Laurin 05]

 [Parvizi 78, Chang 87]

 [Puck 02, Laurin 07, Pinho 13, Carrere 13]

Identification and validation

• Already identified and validated on 

a Carbon/Epoxy T700GC/M21

 [Huchette 05, Laurin 07]

 [Huchette 05]

 [Laurin 07]

Macroscopic 

behaviour of

T700GC/M21

[45/90/-45/0]s

How the fibre-dominated strength of a multidirectional laminate 

relates to the strength of a UD composite?



Mesoscale failure approach
Estimation of macroscopic failure
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Macroscopic 

behaviour of

TC1225 [±45]2s

How the fibre-dominated strength of a multidirectional laminate 

relates to the strength of a UD composite?

Tensile test on 

TC1225 [0]8s

Macroscopic 

behaviour of

TC1225 cross-ply laminates

Onera Failure Model

Key points

• Thermal residual stresses

• Non-linear longitudinal elastic behaviour

• Viscoelastic behaviour

• Influence of ply thickness on IFF strengths

• Advanced failure criteria

 [Schieffer 03, Laurin 05]

 [Parvizi 78, Chang 87]

 [Puck 02, Laurin 07, Pinho 13, Carrere 13]

Identification and validation

• Already identified and validated on 

a Carbon/Thermoplastic TC1225

 [Laurin 21]

 [Huchette 05]

 [Laurin 07]



Micromechanical approach
Estimation of longitudinal compressive strength of UD ply 
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Microscale modelling

Analytical formula 

Based on FE simulations at microscale

• Two main aspects are considered in the proposed model

 [Drapier 99], [Gardin 02], [Grandidier 12], [Mechin 18]

Structural effectMicro-buckling mechanism

• Fibre buckling 

• Plasticity of matrix

Ramberg Osgood behaviour

𝛾

𝛾𝑈𝐷
𝑦 =

𝜏

𝜏𝑈𝐷
𝑦 +
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𝜏

𝜏𝑈𝐷
𝑦

𝑛𝑈𝐷

𝜎𝑈𝐷
𝑐𝑟𝑖𝑡 =

1

1 + 𝑛𝑈𝐷
3
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 [Budiansky 93] • Ply thickness

• Inner & outer plies

• Different loadings

Compression & Bending

Compression

Bending

Compression

+ Bending

How the fibre-dominated strength of a multidirectional laminate 

relates to the strength of a UD composite?

 [Grandidier 12]



Analysis of available tests on T700GC/M21
Compression vs. Bending loading
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How the fibre-dominated strength of a multidirectional laminate 

relates to the strength of a UD composite?

Comparison with experimental data

Validation on bending and compression tests

• Tensile tests on laminate which failed in compression (reference)

• Bending loadings applied on UD plies  [Laurin 16, Laurin 18]

(rgf, f)

(G, gy
c, n)

Structural 

effect

(Ef, Em, nm) from literature

Micro-buckling

F:fiber misalignment

Identification of micromodel on a Carbon/Epoxy

Micromodel analysis agrees with test data

+30% +20%Reference



Analysis of available tests on TC1225
Influence of 0-plies position through the thickness
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Comparison with experimental data

Validation different compression tests

• Cross-Ply and Quasi-Isotropic laminates 

• Different strains at failure for inner and outer 0-plies

 [Fougerouse 23]

Structural effect

(Ef, Em, nm) from inverse identification

Identification on Carbon/Thermoplastic

Micromodel analysis agrees with test data

Micro-buckling

-29%
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Fibre kinking
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In QI laminate

How the fibre-dominated strength of a multidirectional laminate 

relates to the strength of a UD composite?



Analysis of available tests on TC1225
Influence of 0-plies position through the thickness
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Comparison with experimental data

Validation different compression tests

• Cross-Ply and Quasi-Isotropic laminates 

• Different strains at failure for inner and outer 0-plies

Structural effect

(Ef, Em, nm) from inverse identification

Identification on Carbon/Thermoplastic

Micro-buckling

-29%
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How the fibre-dominated strength of a multidirectional laminate 

relates to the strength of a UD composite?

 [Fougerouse 23]

→ Perspectives:

• To consider different bending loadings on TC1225

 [Laurin 18], [Wu 23]



References

11

[1] A.S. Argon, Fracture of Composites, in: H. HERMAN (Ed.), Treatise Mater. Sci. Technol., Elsevier, 1972: pp. 79–114.

[2] T.J. Vogler, S.-Y. Hsu, S. Kyriakides, On the initiation and growth of kink bands in fiber composites. Part II: analysis, Int. J. Solids Struct. 38 (2001) 2653–2682.

[3] R. Gutkin, Understanding and modelling failure of laminated composites, Doctorate thesis Imperial College of London, 2010.

[4] S. Drapier, J.C. Grandidier, M. Potier-Ferry, Towards a numerical model of the compressive strength for long fibre composites, Eur. J. Mech. - ASolids. 18 (1999) 92.

[5] S. Pimenta, R. Gutkin, S.T. Pinho, P. Robinson, A micromechanical model for kink-band formation: Part II: Analytical modelling, Compos. Sci. Technol. 69 (2009) 956–964.

[6] N. Feld, O. Allix, E. Baranger, J.-M. Guimard, A micromechanics-based mesomodel for unidirectional laminates in compression up to failure, J. Compos. Mater. 46 (2012) 2893–2909.

[7] S.H. Lee, A.M. Waas, Compressive response and failure of fiber reinforced unidirectional composites, Int. J. Fract. 100 (1999) 275–306.

[8] F. Laurin, P. Paulmier, F.-X. Irisarri, Determination of the longitudinal compressive strength of a CFRP ply through a tensile test on a laminate, Compos. Part Appl. Sci. Manuf. 113 (2018) 209–219..

[9] S. Basu, A. Waas, D. Ambur, A macroscopic model for kink banding instabilities in fiber composites, J. Mech. Mater. Struct. - J Mech Mater Struct. 1 (2006) 979–1000.

[10] C. Huchette, Analyse multiéchelle des interactions entre fissurations intralaminaire et interlaminaire dans les matériaux composites stratifiés, Doctorate thesis Université de Paris VI, 2005.

[11] F. Laurin, N. Carrere, J.F. Maire, A multiscale progressive failure approach for composite laminates based on thermodynamical viscoelastic and damage models, Compos. Part Appl. Sci. Manuf. 38 (2007) 198–209.

[12] A. Schieffer, Modélisation multiéchelle du comportement mécanique des composites à matrice organique et effets du vieillissement thermique, Doctorate thesis Université de Franche-Comté, 2003.

[13] F. Laurin, Analyse multiéchelle des mécanismes de rupture et de la tenue structurale des composites à matrice organique, Doctorate thesis Université de Franche-Comté, 2005.

[14] A. Parvizi, K. Garrett, J. Bailey, Constrained cracking in glass fibre-reinforced epoxy cross-ply laminates, J. Mater. Sci. 13 (1978) 195–201.

[15] F.-K. Chang, M.-H. Chen, The In Situ Ply Shear Strength Distributions in Graphite/Epoxy Laminated Composites, J. Compos. Mater. 21 (1987) 708–733.

[16] A. Puck, H. Schürmann, Failure analysis of FRP laminates by means of physically based phenomenological models, Compos. Sci. Technol. 62 (2002) 1633–1662.

[17] S.T. Pinho, G.M. Vyas, P. Robinson, Response and damage propagation of polymer-matrix fibre-reinforced composites: Predictions for WWFE-III Part A, J. Compos. Mater. 47 (2013) 2595–2612.

[18] N. Carrere, F. Laurin, J.F. Maire, Micromechanical-based hybrid mesoscopic three-dimensional approach for non-linear progressive failure analysis of composite structures, J. Compos. Mater. 47 (2013) 743–762.

[19] C. Gardin, J.C. Grandidier, M. Potier-Ferry, Homogenized models for the modelling of instability in long fibre media, Rev. Mec. Appliquée ThÉorique. 1 (2002) 171–203.

[20] J.-C. Grandidier, P. Casari, C. Jochum, A fibre direction compressive failure criterion for long fibre laminates at ply scale, including stacking sequence and laminate thickness effects, Compos. Struct. 94 (2012) 3799–3806.

[21] P.-Y. Mechin, V. Keryvin, J.-C. Grandidier, D. Glehen, An experimental protocol to measure the parameters affecting the compressive strength of CFRP with a fibre micro-buckling …, Compos. Struct. 211 (2019) 154–162. 

[22] B. Budiansky, N.A. Fleck, Compressive failure of fibre composites, J. Mech. Phys. Solids. 41 (1993) 183–211.

[23] F. Laurin, C. Julien, P. Paulmier, Damage and strength analysis of open-hole laminated plates under tensile, compressive and bending loadings, in: 17th Eur. Conf. Compos. Mater. ECCM17, Munich, Germany, 2016.

[24] C. Fougerouse, Understanding and modelling of the effects of out-of-plane waviness defects on the mechanical performance of a thermoplastic matrix laminate, Doctorate thesis Université Paris-Saclay, 2023.

[25] F. Laurin, A. Mavel, P. Paulmier, M. Herman, Analysis of the non-linear behaviour and damage mechanisms in a thermoplastic matrix composite material, in: 22ème journées nationales des composites, online, June 2021.

[26] X. Wu, M.R. Wisnom, Compressive failure strain of unidirectional carbon fibre composites from bending tests, Compos. Struct. 304 (2023) 116467.

How the fibre-dominated strength of a multidirectional laminate 

relates to the strength of a UD composite?



12

w w w. o n e r a . f r


