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ABSTRACT 

Structural and mechanical components that exhibit snap-through buckling 
are becoming increasingly utilized across a wide range of industry due to 
their energy absorption capabilities. Additionally, snap-through buckling is 
still considering a type of structural instability and could cause catastrophic 
damage if an arch were to buckle under load. Therefore, the need to 
understand its complex behavior is of the utmost importance. Snap-through 
buckling problems can undergo very large deformations and will exhibit 
geometrically non-linear behavior. Numerical solutions and experiments are 
often used to describe snap-buckling, but such analyses cannot provide 
insight on the underlying relationships among the many variables in the 
problem. Thus, there are three primary objectives of this thesis. First, to 
derive the governing equations for snap-through buckling of shallow arches. 
Second, to present two exact solutions and explore the physics of snap-
through buckling. Third, to perform a computational analysis across different 
arch profiles and loading types that are common in applications. These 
objectives, together, will well equip future researchers by providing a basis 
for numerical modeling and providing insight on the underlying physics of 
the problem. The governing equations for snap-through buckling of shallow 
arches is derived and then two special cases are then solved exactly. The first 
case is a sinusoidal shallow arch with a sinusoidal distributed loading. While 
this case is impractical, it allows for an exact solution of the problem in non-
dimensional form by reducing the problem to a single non-linear differential 
equation. This differential equation is solved by first neglecting all time 
derivatives and exploring the so-called equilibrium behavior, which is all 
combinations of load and displacement in which the arch is in equilibrium. 
Then, the governing non-dimensional differential equation is solved 
numerically. A similar approach is taken for a case that considers geometric 
imperfections of the arch. Furthermore, these cases were chosen due to its 
readiness as a means of verification for the finite element modelling 
methodology. In a computational analysis, two additional arch profiles are 
chosen due to their use in applications and other types of loadings are 
considered. These additional profiles and load types provide eleven more 
cases, and their non-dimensional equilibrium and dynamic behavior is 
explored. The results showed that across each arch profile, the equilibrium 
behavior was different. However, within one arch profile each loading case’s 
equilibrium behavior were similar in shape, but not magnitude, when the 
proposed non-dimensionalizing factors were used. This implies that the 
assumption for the original configuration and the loading are critical for 
understanding the behavior of a system. These cases are intended to serve 
as a basis to design problems, and to showcase the modeling technique.  

 

FIELD OF STUDY 

Civil and Environmental Engineering 

(Structural Mechanics) 

THESIS TOPIC 

THEORETICAL FORMULATION, EXACT SOLUTIONS, AND 

COMPUTATIONAL ANALYSIS OF SNAP-THROUGH 

BUCKLING OF ARCHES 

EXAMINING COMMITTEE 

Dr. Jane Liu, Chair 

Dr. Guillermo Ramirez 

Dr. Steven Anton 

Dr. Benjamin Mohr 

 

 


