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How to deal with 
stress?

Stress singularities and concentrations are 

common in structural engineering

One can either

1. Ignore them (St. Venant’s principle)

2. Resolve them by refined analysis
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Causes of stress singularities/concentrations:

‒ a concentrated load

‒ abrupt local transitions in loading

‒ constraining a model at a point

‒ abrupt transitions in kinematic constraints

‒ abrupt transition between materials

‒ sharp re-entrant corners

Curved shell structures may feature unique 

parameter-dependent stress concentrations

“The exact distribution of a load is not important far away 
from the loaded region, as long as the resultants of the 
load are correct” [Saint-Venant, 1855]
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Standard DPG setup
(for stress relieve)
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Standard DPG setup
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Standard 
DPG setup

‒ Ultraweak formulation

‒ Discontinuous test spaces

‒ Independent trace variables

‒ Optimal test functions
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DPG method: properties
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DPG theory (i)
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DPG theory (ii)
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Kirchhoff-Love model



University of Oulu

DPG for Kirchhoff-Love model
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Discretization of the traces
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Kirchhoff-Love: numerical example
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Convergence
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Adaptive refinement
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Shallow Koiter model
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Shallow Koiter model
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DPG formulation
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Numerical discretization
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Scordelis-Lo roof
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Scordelis-Lo roof: convergence
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Analysis of the ”hot spot”
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Stress concentration near the ”hot spot”
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Hot spot on a hyperbolic shell at R/t=100
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Concluding
remarks ‒ DPG provides stable numerical 

discretization of plate and shell models

‒ Adaptivity is built in and works from the 

start (coarse mesh)

‒ The method provides accurate predictions 

of both displacements and stresses

including shear forces!

‒ Numerical locking effects can be alleviated 

by appropriate trace approximations
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