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1. Introduction 
 

In this paper, a procedure for material property 
calibration to develop a simplified beam model of 
spent nuclear fuel rod is described. To evaluate the 
structural integrity of spent nuclear fuel under 
vibratory or shock loading, a detailed finite element 
analysis is necessary including spent fuel assemblies 
and cask. But due to the complicated shape and 
uncertain material properties of spent fuel rods, the 
usage of simplified model is inevitable. The procedure 
introduced in this paper focuses on the treatment of 
interfacial condition between the pellets and cladding 
of fuel rod, which is known to have a significant 
influence to the load resistance of spent fuel rods.  

 
2. Material Properties of Spent Fuel Rod 

 
2.1 Cladding Material Property 

 
The material property of irradiated cladding 

depends on many variables, such as temperature, 
neutron fluence, burnup, strain rate and so on. 
Geelhood et al.[1] developed a sophisticated material 
model of high burnup fuel cladding from hot cell test 
data and the model for the Zircaloy-4 cladding under 
573 K is adopted in this work. The stress-strain curve 
for this cladding is as shown in Fig. 1.  

 

 
Fig. 1. Stress vs Strain curve of Zircaloy-4 cladding. 

The uniform elongation of the cladding is 
calculated as 1.2% and this value is considered as 
failure criteria of cladding under impact load in this 
work.  

 
3. Finite Element Analyses of Detailed Model 
 
3.1 Finite Element Modeling  

 
The finite element model is constructed using solid 

elements in ABAQUS as shown in Fig. 2. The shape 
of pellets and cladding are from literature and to 
account for the stress concentration in the pellet-
cladding interface, enough degrees of freedom are 
assigned.  

 

 
(a) Fully bonded pellet-clad interface 

 

 
(b) Fully de-bonded pellet-clad interface 

 

Fig. 2. Finite element models of fuel rods. 
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The fully bonded interface between the pellet and 
cladding is modeled using the tie constraint between 
the adjacent surfaces while the fully de-bonded 
interface is modeled using the frictionless hard 
contact.  

 
3.2 Analyses Results  

 
In the static analyses, the critical bending moment 

which produce the critical plastic strain of 1.2% in 
the cladding is calculated for both models. For 
bonded interface, the critical moment is 12,690 

N mm while it is 20,410 N mm for de-bonded case.  

 
4. Material Calibration for Simplified Model 

 
4.1 Strategy of Model Simplification 

 
In this work, the spent nuclear fuel rod is 

simplified into a beam made of an isotropic material 

and power law. The cross section of the beam has the 
same diameter with the fuel rod while it can be a 
hollow tube. Two points in the load-displacement 
curve of the detailed fuel rod model are chosen and 
an optimization is performed with this formula: 

Find K, n, t such that 

 
Minimize f(K,n,t)= (Ub1-Us1)2+(Ub2-Us2)2    (1) 

 
Where Ub is the displacement calculated with 

beam model, Us is the displacement calculated with 
detailed solid model. The number 1, 2 denote two 
points at the load-displacement curve.  

The solution was found by using an advanced 
optimization algorithm, the Adaptive Simulated 
Annealing and the results are shown in Fig. 3.  

 

 
 

Fig. 3. Comparison the loading curve of detailed model and 
simplified model. 

 
5. Conclusions 

 
Simplified beam models of spent nuclear fuel rods 

are successfully developed using a sophisticated 
optimization procedure. The developed model will be 
tested considering various types of loadings such as 
vibration, and impacts. It was also shown that the 
behavior of fuel rods are significantly different 
according to the pellet-clad interfacial condition.  
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