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A Study on Racking Deformation of Multi Thin Plate Structure
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Abstract A pure car carrier has a typical structure consisting of multiple thin-plates. In particular, when
an asymmetric load is applied to the centerline of a cross-section of this structure, a racking
deformation of the structure occurs in which a rectangular cross-section is deformed into a
parallelogram cross-section of the structure. This study derived the theoretical calculation formula
based on beam theory and verified the accuracy of the formula by conducting tests on the structure.
In particular, the elastically supported Timoshenko beam was used to model the thin plates in the
structure, and the governing equation of plate deformation was derived by enforcing strain continuity
at any joint between the plates. In addition, a reinforcing frame structure between plates was found by
substituting the joint with the equivalent spring stiffness. In addition, tests were conducted on simple
box, frame only, and multi thin-plates structures, respectively, and the theoretical calculation was found

to have an error of less than 9.6 % compared to the test results.

Keywords : Multi Thin Plate Structure, Pure Car Carriers, Racking Deformation, Strain Continuity
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Fig. 3. Force and moment acting on left side plate
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Table 1. Spring constants
n 1 2 3 4 5
ki 1.600 1.363 1.267 1.211 1.173
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k4 2.000 2.000 2.000 2.000 2.000
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Fig. 5. Modelling of longitudinal beams
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Fig. 13. Web frame only test model

Table 3. Result comparison of web frame only model
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Table 4. Result comparison of inner thin plates only
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