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ABSTRACT 

Industrial air ducts are compound structures consisting of sheet 
metal panels reinforced with stiffeners at consistent intervals 
along the length of the duct. Existing industrial design standards 
for reinforced duct systems are commonly based on plate 
models formulated under Timoshenko equations. Plate models 
in the existing sheet metal construction standards and 
literature fail to consider the deformation of stiffeners, causing 
the deflection predictions to be far less than what the duct 
models and experiment data show. 

 This thesis serves to extend the existing research on 
determining a plate model that can accurately predict the 
behavior of a duct system. The introduced beam-reinforced 
plate model not only accounts for the deformation of the 
stiffeners, but also the geometric nonlinearity of the plates 
when the duct is subjected to a uniform internal pressure. The 
commercial finite element software, Ansys Mechanical, was 
used to generate and analyze models of duct systems and 
compare the deflections to the deflections of the proposed 
beam-reinforced plate model and the existing plate models. 
The current study focuses on the advantages and limitations on 
the proposed plate model compared to the existing industry 
standards. Parametric case studies were also performed to 
understand how geometric variables affect the deflections of 
duct panels. Understanding the effects of changes in geometry 
allows the limitations of the beam-reinforced plate model to be 
defined. Based on these limitations, further research is 
recommended to continue the development of plate models 
that can thoroughly predict the behavior of complicated duct 
systems. 
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