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Research Motivation 

 Develop shell models which capture structural damping and 
joint stiffness in a reduced manner. 
 Capture Micro- and Macro-Slip with physics incorporated directly into 

the shell. 

 Bar-like model developed by Quinn and Segalman. 

 Shearable beam-like model developed by Brink and Quinn. 

 Develop a convenient framework to include the nonlinear 
joint into modal dynamics. 
 Quinn developed a method which incorporates joint forces into the 

modal equations of motion. 
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Importance of Including Shear 
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• Shearing allows forces to transmit passed the 

slip initiation length. 

• The shorter the cross-section, the more bar-like 

the behavior becomes 



Importance of Including Shear 

 Shearing allows for 
a precipitous drop 
off from the cubic 
power law bar 
solution. 

4 



Shearable Shell Derivation 
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Shearable Shell Derivation 
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Shearable Shell Derivation 
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Some Shell Results 
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Hysteresis curves and energy dissipated per cycle versus forcing amplitude 

are as expected. 



More Shell Results 
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Energy dissipated over a 

cycle shows expected 

flat spotting. 



Modal Analysis 
 Quinn solves modal equations of motion for a monolithic 

structure, then adds the effect of the joint back in. 
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Monolithic Response 

Forces Arising From Joint at Interfaces 



Modal Analysis – Elastic Bar 
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Modal Analysis – Elastic Bar 
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Conclusions 

 A nonlinear shearable elastic shell is developed which directly 
incorporates friction into its formulation. 

 The shell is capable of modeling micro- and macro-slip 
phenomena. 

 Quinn’s modal analysis method is a concise way to introduce 
joint nonlinearities into modal framework. 
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Future Work 

 Compare the shearable elastic shell to the elastic bar using 
the modal analysis techniques. 

 Introduce the reduced order shell models and Quinn’s modal 
analysis techniques into a finite element framework. 
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