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Derivation of Knockdown Factors for Composite Cylinders with
Various Initial Imperfection Models

Do-Young Kim*, Chang-Hoon Sim*, Jae-Sang Park*', Joon-Tae Yoo**,
Young-Ha Yoon**, Keejoo Lee***

ABSTRACT: This paper derives numerically the buckling Knockdown factors using two different initial imperfection
models, such as geometric and loading imperfection models, to investigate the unstiffened composite cylinder with an
ellipse pre-buckling deformation pattern. Single Perturbation Load Approach (SPLA) is applied to represent the
geometric initial imperfection of a thin-walled composite cylinder; while Single Boundary Perturbation Approach
(SBPA) is used to represent the geometric and loading imperfections simultaneously. The buckling Knockdown factor
derived using SPLA is higher than NASAs buckling design criteria by approximately 84%, and lower than buckling
test result by 9%. The buckling Knockdown factor using SBPA is higher than NASA’s buckling design criteria by about
75%, and 14% lower than the buckling test result. Therefore, it is shown that the buckling Knockdown factors derived
in this study can provide a lightweight design compared to the previous buckling design criteria while they give
reasonably a conservative design compared to the buckling test for both the initial imperfection models.
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Fig. 1. Buckling Knockdown factors [4,9,13,18]
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Fig. 3. Z07 composite cylinder [20]

Table 1. Properties of Z07 composite cylinder [20]

Property Value
Radius, R (mm) 250
Length, L (mm) 510
Thickness, t (mm) 0.5
Ply thickness, t,;, (mm) 0.125
Poisson’s ratio, v,y 0.271
Elastic modulus, E; (GPa) 125.77
Elastic modulus, E;. (GPa) 10.03
Shear modulus, G, (GPa) 5.56
Lay-up condition (deg) [+24/-24/+41/-41]
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Fig. 4. Geometric imperfection(single dimple) in SPLA [20]
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