
26 MARS 2013

Recent advances on the 
nuclear fuel behaviour

simulation

October 15, 2013

MMSNF-2013 | Renaud MASSON, Fuel Behaviour Simulation Laboratory

17 OCTOBRE 2013 |  PAGE 1
CEA/DEN/DANS/DMN/SEMI/LCMI/RL | 03 

juillet 2012



26 MARS 2013

An example of fuel behaviour simulation
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An example of fuel behaviour simulation
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How does it work: a 3D model
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(O,x0,y0) Inter-pellet plane

(P,x1,y1) Mid-pellet plane

Uz = Up

Uz = Uc

Up – Uc = constante when the gap is closed

Symmetry conditions : 
- pellet and cladding on plane (O,r0,z)
- cladding on plane (O,x0,z)

Uz = 0

Uz IP plane ≥ Uz min clad

Uy ≥ 0

Unilateral contact 
with friction

only ¼ of a pellet fragment 
and the overlying piece of cladding

621 mesh elements :
- 396 in the pellet fragment
- 225 in the piece of cladding
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How does it work: a multi-physics problem
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Behavior of fission products (production, swelling and release, 
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How does it work: FP codes
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How does it work: FP code in an unified plateform
(PLEIADES)
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Fuel Behaviour Simulation: four main scientific axis
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Fracture criteria

Validation

Chemical-
physical

behaviour

Constitutive laws
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High temperature � Fuel viscoplastic behaviour : isotropic creep model
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� All parameters of this model are adjusted on non-irradiated samples and this model is 
used to represent irradiated rods.

Irradiation effects on the creep behaviour of UO2 fuels
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3D PCMI simulations (nominal+transient)

Irradiation effects on the creep behaviour of UO2 fuels
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Expression of thermal creep model:

( )2exp BUβ−

new parameter
burnup

Irradiation effects on fuel creep behaviour of UO2 fuels
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Expression of thermal creep model:
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Irradiation effects on fuel creep behaviour of UO2 fuels

Rods without holding time are better modelled.

Same trend for rods with a long holding time.

10% deviation for rods with a long holding time.



CONCLUSIONS

Constitutive laws
- Adjustment of fuel creep behaviour law 

based on post-ramp EPI (dish, ridges) and 
3D simulations

Julien et al., Top Fuel Conference, 2012
- Development of deductive approaches (full-

field calculations and homogenization)



CONCLUSIONS

Chemical-physical behaviour
- Central hole formation (SFR fuels)

V. Bouineau et al., SMIRT, 2011
- Release of volatile fission products

B. Baurens et al., MMSNF, 2013

Constitutive laws
- Adjustment of fuel creep behaviour law 

based on post-ramp EPI (dish, ridges) and 
3D simulations

Julien et al., Top Fuel Conference, 2012
- Development of deductive approaches (full-

field calculations and homogenization)



CONCLUSIONS

Validation



CONCLUSIONS

Validation
- PWR : C. Struzik et al., Top Fuel 

Conference, 2012
- SFR : M. Lainet et al., FR13, 2013

Chemical-physical behaviour
- Central hole formation (SFR fuels)

V. Bouineau et al., SMIRT, 2011
- Release of volatile fission products

B. Baurens et al., MMSNF, 2013

Constitutive laws
- Adjustment of fuel creep behaviour law 

based on post-ramp EPI (dish, ridges) and 
3D simulations

Julien et al., Top Fuel Conference, 2012
- Development of deductive approaches (full-

field calculations and homogenization)

Fracture criteria
- A local defect correction method
L. Barbie et al., ECT, 2014
- Closed-form solutions for PCMI
J. Sercombe et al. ,NED, 2013



Many thanks for your attention !
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