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Abstract:
Material thickness variations are required to optimize the design of laminated composite structures.
These thickness variations are accomplished by dropping layers of material (plies) along the structure
to match the load carrying requirements. Unfortunately, these ply drops produce internal stress
concentrations as a consequence of material and geometric discontinuities. This thesis provides a
parametric experimental investigation of ply drops in E-Glass stranded fabric reinforced polyester
composites and structures. These parameters include: ply drop location, laminate thickness, number of
plies dropped at one location, fabric type, loading condition, fiber content, and spacing between ply
drops. The damage which develops at ply drops is typically delamination cracks which propagate
between the layers of reinforcing fabric.

There were two parts to this study: (1) to examine delamination propagation rates at ply drops and
determine crack growth threshold levels, and (2) to determine the effect of ply drops on the lifetime of
various composite materials. Tests were conducted on both small coupons of material and beam
structural elements with ply drops in the flanges.

A strong sensitivity to ply drop position and manufacturing details is shown for fatigue damage
initiation and growth. The results indicate that it will be difficult to completely suppress damage and
delamination initiation in service. For 0° plies, single internal ply drops provide the greatest
delamination resistance. Multiple ply drops should be spaced at correct intervals so that the
delaminations from each do not overlap prior to arrest. It was found that, in most cases, there is a
threshold loading under which little growth after initiation is noted. Delamination retardation
techniques such as ply edge feathering, “Z-Spiking” and adhesive layers improve the delamination
resistance in many cases. After delamination has occurred, especially with exterior ply drops, it can be
repaired with adhesives. Ply drops adversely affect fatigue lifetime of low fiber content laminates more
severely than for high fiber content laminates. The choice of fabrics used in a laminate can have a
significant impact on delamination rates, but the lifetime of the laminate is insensitive to fabric type. 
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