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1 Filament winding method
2 Mosaic pattern
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3 User material subroutine (VUMAT)
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1 Digital image correlation
2 K-means
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Fig. 1. Different stages of fabrication and preparation of samples: a) Making mandrel, b) Filament winding machine, c)
Tube curing, d) Pipe made by the filament winding machine, ¢) Composite pipe cutting, and f) Final composite sample
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Fig. 2. Image of loading a cylindrical sample under a quasi-static axial load and sensors attached to the sample
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2 Hourglass
3 Implicit
4 Fortran
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Table 1. Geometrical specifications of composite tubes
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Table 2. Mechanical properties of composite tube
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Table 3. Fracture energies of composite specimens [19]
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Table 4. 3D-Hashin theory [21]
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3 Discrete wavelet transform
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Fig. 3. The flowchart of 3D-Hashin criteria
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Fig. 4. Comparison of the results of the force-displacement of the loaded sample in experimental test and
numerical simulation
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Fig. 5. Description of sample failure due to local failure: a) SEM image, and b) Compressive loading of the sample
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Fig. 6. History of 35-degree filament wound composite tube deformation
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Fig. 7. a) Maximum force diagram per total mesh number (mesh sensitivity), and b) Stress change in the
direction of failure
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Table 5. Comparison between different parameters of the experimental test and numerical simulation
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Fig. 8. a) Frequency of AE signals with respect to the displacement, and b) Amplitude-frequency diagram of AE signals
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Table 6. Percentage of failure mechanisms obtained using the acoustic emission method
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Fig. 9. a) Frequency distribution, and b) Energy percentage of each of the 8 components resulting from the decomposi-
tion of acoustic emission signals
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