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Abstract: Ceramic materials are numerically studied to understand their fracturing behaviour upon dynamic conditions and impact loadings. During a ballistic
impact of a projectile against a ceramic armour system, an intense fragmentation composed of numerous oriented cracks, develops in the target. It is the reason
why the conditions of crack initiation, propagation and arrest in these materials need to be investigated. In the present work, a dynamic testing configuration has
been developed in order to characterise the dynamic fracture toughness (𝑲𝑰,𝒅), considering a single crack that propagates from the specimen notch tip. The
“Rockspall” testing technique, which employs a two-notch specimen loaded in a spalling experiment, was used. Thanks to the reflection of a compression wave
into a tensile load from the sample free-end, a single dynamic crack is triggered. The sample geometry is optimised by means of a series of FE numerical
simulations involving an anisotropic damage model.

A testing technique to investigate the dynamic 
crack propagation in armour ceramic

Numerical analysis through « Rockspall »
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 NUMERICAL

 To determine the optimal geometry of the sample

 To predict the crack velocity and to validate the measurmeent of 𝐾𝐼,𝑑

Goals

[Denoual and Hild, 2000; Forquin and Hild, 2010]

 Principle: Each defect (e.g. pores) has an initiation stress above
which a crack can propagate. When one of them initiates and
propagates, a volume of relaxation stress called obscuration volume
𝑉0 is generated around the crack, preventing the triggering of
critical defects in its vicinity.

Damage model for brittle materials: DFH (Denoual-Forquin-Hild)
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Rockspall: Rocking by spalling

Striker Input bar
Sample

GlueVimpact

Protective box

Incident wave Tramsitted wave

Reflected wave

 EXPERIMENTAL

 To perform these experiments on ceramics

 To compare experimental results with numerical predictions

DAMAGE PARAMETER

𝐷 = 𝑃𝑜𝑏𝑠𝑐𝑢𝑟𝑎𝑡𝑖𝑜𝑛 = 1 − exp −න
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CRACK PROPAGATION and TOUGHNENING

𝑣𝑐𝑟𝑎𝑐𝑘 = 𝑘. 𝐶0 ;      𝑉0 𝑇 − 𝑡 = 𝑆 𝑣𝑐𝑟𝑎𝑐𝑘 𝑇 − 𝑡 𝑛

 Finite Element Analysis using ABAQUS\Explicit.

Optimisation of the geometry – Predictions
First experimental results

Example on a SiC ceramic (Forceram®), impacted at 4.58m/s.
Ultra High Speed Camera (Kirana®)

1Mfps = 1μs of time exposure

Visualisation of crack propagation kinetic 

by Digital Image Correlation (CorreliQ4

LMT’s software)
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Crack propagation (SDV8 variable) 

Single cracking occurs when the average

flexural stress 𝜎𝑤 is reached
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 Different configurations tested:

 Big notch length

 Small notch length

 Distance between notches

E.g. 10-4-9 = 10-mm big notch, 4-mm small
notch, 9-mm between notches

 Get the approximative fracture toughness
rate ሶ𝐾𝐼:

Crack distance for different configurations:
10-4-9 is found to be the best

 Finite Element modelling with DFH model allows to compute crack phenomenon in dynamic, here illustrated in
single fragmentation.

 Rockspall tests are used to investigate single crack propagation and so to characterise dynamic resistance, where
impact velocities are predicted thanks to numerical simulations.

 Further work: To compare numerical and experimental crack velocities.

CONCLUSION

ሶ𝐾𝐼,𝑛𝑜𝑚𝑖𝑛𝑎𝑙~4.81MPa.𝑚
1/2. 𝜇𝑠−1
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𝑽 displacement ε22 deformation

𝐾𝐼 calculus (until cracking) 
with displacement

extrapolation method, 
based on Crack Opening

Displacement (COD)
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