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Fibre-matrix longitudinal debonding, governed by the interfacial shear strength and fracture 

toughness, alters the stress transfer mechanism in the composite by changing the stress field 

around the broken fiber [1]. In a majority of the fibre-matrix debonding finite element models 

in the literature, as in [2], the debonded length has been imposed based on the experimentally 

measured lengths. The simplified models typically treat the matrix as a linear elastic material 

and/or exclude the effects of interfacial friction and thermal residual stresses on the stress 

behavior of the constituents. The current work develops high-fidelity debonding models, which 

include the main relevant phenomena occurring in reality to perform a numerical parametric 

study of the interfacial properties in carbon fibre/epoxy systems in single-fiber (Figure 1a) and 

multi-fibre composites (Figure 1b-c). Numerical results show that the thermal residual stresses 

constrain the debond propagation and the interfacial friction has a significant influence on how 

the axial load in the broken fibre recovers (Figure 1d). Figure 1e shows the effect of fracture 

toughness on the stress profile for the broken fibre in the single-fibre model. It is concluded 

that, within the range of reported interfacial properties, for large friction coefficients (𝜇 > 0.4) 

or high interfacial fracture toughnesses (𝐺𝐼𝐼
𝑐 > 0.1 𝑁/𝑚𝑚) no debonding will be developed. 

 

 
 

Figure 1. Cross-section of (a) single-fibre and multi-fibre models in (b) hexagonal and (c) random 

fibre packings with a single broken fibre in the centre; effect of varying (d) friction coefficient and (e) 

fracture toughness on recovered normalized stress along the broken fibre. 
References 

[1] B.W. Kim and J. Nairn (2002) Observations of fiber fracture and interfacial debonding phenomena 

using the fragmentation test in single fiber composites.  Journal of Composite Materials, 36, 1825–

1858. 

[2] P.W.J. van den Heuvel, M.K. Wubbolts, R.J. Young and T. Peijs (1998) Failure phenomena in two-

dimensional multi-fibre model composites: 5. a finite element study. Composites Part A, 29, 1121–

1135. 

 

Acknowledgments 

The research leading to these results has been performed within the framework of HyFiSyn and 

FiBreMoD projects and has received funding from the European Union’s Horizon 2020 research and 

innovation programme under the Marie Skłodowska-Curie grant agreements No 765881 and No 722626, 

respectively.  

(d) (e) Distance Along Broken Fibre (mm) 

 
Distance Along Broken Fibre (mm) 

 

𝜀 = 2% 𝜀 = 2% 


