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Johnson-Holmquist 2 Material Model



Johnson-Holmquist 2 (JH-2)

• Phenomenological, strain-rate, and pressure-

dependent softening plasticity model

• Challenges:

• Mesh size dependency

• Time step dependency

• Ambiguities in material properties

2

(Compton et al., 2012)



Material properties

(Cronin et al., 2004)





Johnson-Holmquist 2 (JH-2)
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Bulking pressure

Compression

Tension

𝑃 = 𝐾1𝜇 + 𝐾2𝜇
2 + 𝐾3𝜇

3 + Δ𝑃𝑓

Δ𝑃𝑓 = −𝐾1𝜇𝑓 + 𝐾1𝜇𝑓
2
+ 2𝛽𝐾1Δ𝑈

𝑃 = 𝐾1𝜇

Equation of state

𝜇 =
𝜌

𝜌0
− 1

Volumetric strain

Damage

𝐷 =
Δ𝜀𝑝

𝜀𝑓
𝑝

𝜀𝑓
𝑝
= 𝑑1 𝑝

∗ + 𝑡∗ 𝑑2
Equivalent plastic strain 
to fracture under 
constant pressure

Equivalent stress for ceramic𝜎∗ = 𝜎𝑖
∗ − 𝐷 𝜎𝑖

∗ − 𝜎𝑓
∗

𝜎𝑖
∗ = 𝐴 𝑃∗ + 𝑇∗ 𝑛 1 + 𝐶 𝑙𝑛 ሶ𝜀∗ Intact behavior

Fractured behavior 𝜎𝑓
∗ = 𝐵 𝑃∗ 𝑚 1 + 𝐶 𝑙𝑛 ሶ𝜀∗

(Wang et al., 2018)

(Simons et al., 2016)



JH-2 Stress-Strain
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(Johnson & Holmquist, 1994)



Radial return

(Simons et al., 2018)

(Hallquist, 2006)



(Bürger & Donadon, 2009)



Algorithm (Cronin et al., 2004)



Results
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von-Mises stress

Damage parameter

• 20 mm projectile

• Plate impact

• v = 30, 100, 300 m/s

• Top and bottom roller

• Right side free

v = 300 m/s



Results

von-Mises stress, elements with effective plastic strain > 0.015 removed

von-Mises stress

Pressure
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