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Abstract:[Purposes] Cold—formed thin-wall steel shelves are widely used in the storage industry
owing to their light weight, easy assembly and disassembly, and high space utilization. However, this
type of structure is highly sensitive to corrosion damage, and as service time increasing, the safety is-
sues caused by corrosion become increasingly prominent. [Methods] Therefore, mechanical property
analyses and safety monitoring of the three—dimensional shelf structure were conducted, taking corro-
sion damage into account. [Results] The applicabilities of random non-uniform corrosion damage

model and uniform corrosion damage model to cold—formed thin—walled steel structures are analyzed
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and verified. Based on the mechanical analysis of the corrosion shelf, the safety monitoring scheme for

existing three—dimensional shelf during service life is determined. The principles for the layout of

stress and deformation monitoring points and the method for establishing the monitoring threshold un-

der multiple safety levels are proposed. The mechanical analyses and safety monitoring of cold—formed

thin—wall steel shelf are performed, and the feasibility and effectiveness of the proposed method are

validated.

Keywords: three—dimensional shelves; cold—formed thin—walled steel; corrosion damage;

mechanical analysis; safety monitoring
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Fig.1 Thickness of random non-uniform corrosion tensile specimen
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Fig. 2 Comparison of failure modes of tensile specimens
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Fig. 3 Stress—strain curves of tensile specimens
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Fig.4 Diagram of angle sensor monitoring
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Table 2 Corresponding conditions of threshold determinations
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Fig. 6 Results of finite element analysis
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Table 4 Displacement monitoring thresholds

[aRts t;,/mm ty,/mm
T 2 s —2.5 —3.4
IR —1.6 —2.2

RO HAERFENRE

Table 5 Inclination sensor monitoring thresholds
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Fig.8 Sensor layout
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Fig. 9 Distributions of ratio between measured value and threshold value
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