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Our  r iva lry5

LSU meets UCF on Jan. 1, 2019 (source: ESPN)



Des cript ion & Goa ls



Mot iva t ion

• Pressure vessels failure poses significant risk to surrounding people/equipment

• Study of pressure vessel failure poses similar risk to experimentalists/equipment

• Proper safety enclosure design is necessary

• Simulation of high energy shrapnel collision can give insight into enclosure design
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Me s h  s e t up

• Components of model:

• Projectile shot into barrier at initial 
velocity

• Gasket present in half of simulations

• Gasket may help absorb some energy
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Projectile Barrier Gasket



Goa ls

• Simulate with various enclosures to find projectile kinetic energy (KE) required to 
either penetrate barrier or launch a “plug” projectile out of barrier

• Two barrier materials: A36 steel (bulk of barrier) and polycarbonate (viewing window)

• One gasket material: neoprene

• Three steel barrier thicknesses:
• 6.35 mm (0.250 in)
• 9.53 mm (0.375 in)
• 15.88 mm (0.625 in)

• Three polycarbonate barrier thicknesses:
• 12.70 mm (0.500 in)
• 19.05 mm (0.750 in)
• 31.75 mm (1.250 in)
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Model



Mode l ch o ice

• Two models were chosen: elastic/plastic and Johnson-Cook

• Elastic/plastic:
• Simple linear relationship between stress and strain
• Neglects effect of temperature and strain rate

• Johnson-Cook:
• Requires more test data
• Requires curve fitting
• Incorporates temperature and strain-rate effects
• More accurate representation of damage and fracture
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Joh n s on - Cook m ode l

• Stress-strain relationship:

The von Mises tensile flow stress 𝜎𝜎 is expressed by

where 𝐴𝐴, 𝐵𝐵, 𝐶𝐶, 𝑚𝑚, and 𝑛𝑛 are constants, 𝜖𝜖 is the equivalent plastic strain, ̇𝜖𝜖∗ is the 
nondimensionalized strain rate, and 𝑇𝑇∗ is the homologous temperature [1]
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𝜎𝜎 = (𝐴𝐴 + 𝐵𝐵𝜖𝜖𝑛𝑛)(1 + 𝐶𝐶 ln ̇𝜖𝜖∗)(1 − 𝑇𝑇∗𝑚𝑚)



Joh n s on - Cook m ode l

• Damage model

The damage 𝐷𝐷 to an element is expressed by

where Δ𝜖𝜖 is the increment in equivalent plastic strain, and 𝜖𝜖𝑓𝑓 is the strain required to 
fracture, defined by

where 𝐷𝐷1, … ,𝐷𝐷5 are constants and 𝜎𝜎∗ is the nondimensional pressure-stress ratio. [1]
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𝜖𝜖𝑓𝑓 = (𝐷𝐷1 + 𝐷𝐷2 exp 𝐷𝐷3𝜎𝜎∗ )(1 + 𝐷𝐷4 ln ̇𝜖𝜖∗)(1 + 𝐷𝐷5𝑇𝑇∗)

𝐷𝐷 = ∑ �Δ𝜖𝜖
𝜖𝜖𝑓𝑓



Simula t ions



Sim ula t ion s15



Sim ula t ion s16



Sim ula t ion17



Sim ula t ion  – Po lyca rbon a t e  0 .75 in  w /  Ga s ke t  a t  275 m / s18
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Con clus ion s

• The effect of the gasket was negligible for most cases

• For steel plates, a switch is seen between which orientation punctures at lower 
energy as plate thickness increases

• For polycarbonate, sharp took less energy for all thicknesses

• The Johnson-Cook model required higher energies for penetration than the 
Elastic/Plastic

• For moderate wall thickness, viewing window area should be minimized

• The strength to stop a projectile does not guarantee safety from plugs
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Any quest ions?

Tha nk you!!! :D
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