Mode III and mixed-mode interlaminar fracture toughness and the factors affecting it
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We have previously discussed the concept of toughness in composites and its applicability as a material
property [1]. We then proceeded with workshops on mode I [2] and mode II interlaminar fracture
toughness [3]. We now proceed with the more complex loading modes, including mode III and mixed-
mode. This paper provides a brief introduction to the challenges of defining and measuring interlaminar
fracture toughness in these modes, as well as the factors that affect it.

Mode III (tearing) is the fracture mode associated with out-of-plane shear. It is less commonly studied
than mode I (opening) and mode II (sliding), but it is important for certain loading cases, such as bolt
holes and some impact damage scenarios. Several specimen geometries and fixture combinations have
been proposed. The edge crack torsion test is the most common example [4, 5] (see Figure 1a). It uses
a rectangular laminate with an edge delamination subjected to torsion. It can produce a dominant mode
III and is reasonably reproducible with careful calibration. The extraction procedures are, however,
cumbersome, and the test is sensitive to the details of the boundary conditions. An alternative method
is the split cantilever beam test (see Figure 1b). developed by Donaldson [6]. This conceptually simple
test, however, struggles to achieve full mode III. Another alternative is the angle-ply edge delamination
test, also referred to as edge delamination tension [7] (see Figure 1c). Delamination migration also
remains a significant concern in mode III tests [8].

Mixed-mode often refers to a combined mode I and II but could also include mode III. Achieving and
maintaining a stable and well-defined mixed-mode ratio is challenging. Many of the traditional
challenges in interlaminar fracture toughness measurements are even more pronounced in mixed-mode
measurements: non-straight crack fronts, difficulty in detecting crack tips, especially when the mode II
contribution is large, difficulty in establishing the initiation point, friction effects, and unstable crack
propagation. The mixed-mode bending test is the only one that is standardised (ASTM D6671 [9]). This
standard’s data reduction method requires (1) the measurement of the elastic moduli Ei1, E2» and Gis,
hence requiring extra tests, and (2) accurate measurements of the delamination length, which is often
challenging in practice. These challenges have led researchers to develop alternative data reduction
methods [10, 11] and test fixtures, such as Arcan-type [12] or asymmetric double cantilever beam
(ADCB) tests [13, 14].

Figure 1: Mode III test geometries and fixtures: (a) the edge crack torsion test [5], (b) the split cantilever beam test [6] and
the angle-ply edge delamination test [6].

Overall, mode III and mixed-mode tests are more challenging to perform than mode I and II tests. It
remains a matter of debate whether it is even possible to achieve a pure mode III test, and identifying
the precise mode mixity is a significant challenge. Additionally, there is debate on whether mode III
should even be distinguished from mode II. Clearly, there are many challenges remaining in these test
methods and their interpretation, which will provide ample food for discussion at the workshop.


mailto:yentl.swolfs@kuleuven.be
mailto:M.Wisnom@bristol.ac.uk
mailto:fparis@us.es

REFERENCES

[1] Y. Swolfs, F. Paris, M.R. Wisnom, Is fracture toughness applicable as a material property for
composites? https://bristol.ac.uk/composites/events-and-seminars/events/2023/is-fracture-toughness-
applicable-as-a-material-property-for-composites.html, 2023.

[2] F. Paris, M.R. Wisnom, Y. Swolfs, Mode I interlaminar fracture toughness and the factors affecting
it. https://www.bristol.ac.uk/composites/news/2024/international-workshop-on-mode-i-
toughness.html, 2024.

[3] M.R. Wisnom, F. Paris, Y. Swolfs, Mode II interlaminar fracture toughness and the factors affecting
it https://www.bristol.ac.uk/composites/events-and-seminars/events/2025/mode-ii-workshop.html,
2025.

[4] J.G. Ratcliffe, Characterization of the Edge Crack Torsion (ECT) Test for Mode III
FractureToughness Measurement of Laminated Composites, NASA Technical Reports Server (NTRS),
2013.

[5]J. Li, S.M. Lee, E.W. Lee, T.K. O'Brien, Evaluation of the Edge Crack Torsion (ECT) Test for Mode
3 Interlaminar Fracture Toughness of Laminated Composites, J] Compos Technol Res 19 (1996) 1-33,
10.1520/CTR10028J

[6] S.L. Donaldson, Mode III interlaminar fracture characterization of composite materials, Compos.
Sci. Technol. 32(3) (1988) 225-249, https://doi.org/10.1016/0266-3538(88)90022-X

[7] K.T. OBrien, Mixed-Mode Strain-Energy-Release Rate Effects on Edge Delamination of
Composites, American Society for Testing and Materials, ASTM STP 836, Philadelphia, USA, 1984,
pp. 125-142.

[8] C. Canturri, E.S. Greenhalgh, S.T. Pinho, The relationship between mixed-mode II/III delamination
and delamination migration in composite laminates, Compos. Sci. Technol. 105 (2014) 102-109,
https://doi.org/10.1016/j.compscitech.2014.10.001

[9] ASTM D6671-22 - Standard Test Method for Mixed Mode I-Mode II Interlaminar Fracture
Toughness of Unidirectional Fiber Reinforced Polymer Matrix Composites, ASTM International, West
Conshohocken, USA, 2022.

[10] Y. Gong, H. Zhang, L. Jiang, Z. Ding, N. Hu, Determination of mixed-mode I/II fracture toughness
and bridging law of composite laminates, Theoretical and Applied Fracture Mechanics 127 (2023)
104060, https://doi.org/10.1016/j.tafmec.2023.104060

[11] M.Z. Sadeghi, J. Zimmermann, A. Gabener, K.U. Schroeder, The applicability of J-integral
approach in the determination of mixed-mode fracture energy in a ductile adhesive, Int. J. Adhes. Adhes.
83 (2018) 2-8, https://doi.org/10.1016/j.ijadhadh.2018.02.027

[12] F. Alizadeh, C. Guedes Soares, Experimental and numerical investigation of the fracture toughness
of Glass/Vinylester composite laminates, European Journal of Mechanics - A/Solids 73 (2019) 204-211,
https://doi.org/10.1016/j.euromechsol.2018.08.003

[13] T.E. Tay, Characterization and analysis of delamination fracture in composites: An overview of
developments from 1990 to 2001, Applied Mechanics Reviews 56(1) (2003) 1-31, 10.1115/1.1504848

[14]J. Cafias, J. Justo, F. Paris, Evaluation of the interlaminar fracture toughness on composite materials
using DCB test on symmetric and unsymmetric configurations, Compos. Struct. 297 (2022) 115944.



https://bristol.ac.uk/composites/events-and-seminars/events/2023/is-fracture-toughness-applicable-as-a-material-property-for-composites.html
https://bristol.ac.uk/composites/events-and-seminars/events/2023/is-fracture-toughness-applicable-as-a-material-property-for-composites.html
https://www.bristol.ac.uk/composites/news/2024/international-workshop-on-mode-i-toughness.html
https://www.bristol.ac.uk/composites/news/2024/international-workshop-on-mode-i-toughness.html
https://www.bristol.ac.uk/composites/events-and-seminars/events/2025/mode-ii-workshop.html
https://doi.org/10.1016/0266-3538(88)90022-X
https://doi.org/10.1016/j.compscitech.2014.10.001
https://doi.org/10.1016/j.tafmec.2023.104060
https://doi.org/10.1016/j.ijadhadh.2018.02.027
https://doi.org/10.1016/j.euromechsol.2018.08.003

