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Experimental and Simulation Study on Opening Reinforcement

Techniques of Composite Laminates
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Abstract: The asymmetric reforcement technique of composite laminates with small holes has been studied a lot,
but the lamiates with big holes are paid less attention. The tensile and shear experiments are conducted for the
laminates reinforced by bolt connection technique and intercalation technique. The finite element method is used
to perform the numerical simulation for the reinforced composite laminate, and the simulation results are in ac-
cord with experiment results. The position where maximum strain happens are gotten from experiment study
and numeral simulation, and the reinforcement schemes are compared. The results show that the intercalation
reinforcement scheme is better than bolt reinforcement scheme.
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Fig. 1 Experimental sample reinforced by bolt connection
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Fig. 3 Experimental sample reinforced by intercalation
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Table 2 Numbers of the experimental samples
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Fig. 4 The arrangement of strain gauges in the

tensile experiment
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shear experiment
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Fig. 7 The fixtures in the shear experiment
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Fig. 8 The typical strain data of experimental sample

reinforced by bolt connection in the tensile experiment
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Fig. 9 Force-displacement curve of experimental sample

reinforced by bolt connection in the tensile experiment
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Fig. 10 The typical strain data of experimental sample

reinforced by intercalation in the tensile experiment
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Fig. 11 Force-displacement curve of experimental sample

reinforced by intercalation in the tensile experiment
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Fig. 12 The typical strain data of experimental sample

reinforced by bolt connection in the shear experiment
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Fig. 13 Force-displacement curve of experimental sample

reinforced by bolt connection in the shear experiment
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Fig. 14 The typical strain data of experimental sample

reinforced by intercalation in the shear experiment
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reinforced by intercalation in the shear experiment
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reinforced by bolt connection in the tensile experiment
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calculation of samples reinforced by

intercalation in the tensile experiment
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connection in the shear experiment
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calculation of samples reinforced by

intercalation in the shear experiment
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