
VALIDATION OF STRUCTURAL DESIGN OF JHR FUEL ELEMENT 
 
 

S. BRISSON, G. MIRAS 
AREVA TA, 1100 av. Guillibert Gautier de la Lauzière, 13593 Aix-en-Provence Cedex 3 - France 

 
L LE BOURDONNEC 

AREVA NP, Cadarache - Chantier RJH - 13115 St Paul-Lez-Durance - France 
 

P. LEMOINE(1), MC.ANSELMET(2), V. MARELLE(2) 
(1)CEA-Saclay, 91191 Gif sur Yvette Cedex –  France 

(2)CEA– Cadarache, 13108 St Paul lez Durance Cedex –  France) 
 
 

ABSTRACT 
 

The validation of the structural design of the Jules Horowitz Reactor fuel element 
was made by the Finite Element Method, starting from the Computer Aided Design. 
The JHR fuel element is a cylindrical assembly of three sectors composed of eight 
rolled fuel plates. A roll-swaging process is used to join the fuel plates to three 
aluminium stiffeners. The hydraulic gap between each plate is 1.95 mm. The JHR 
fuel assembly is fastened at both ends to the upper and lower endfittings by 
riveting. 
 
The main stresses are essentially thermal loads, imposed on the fuel zone of the 
plates. These thermal loads result from the nuclear heat flux (W/cm2). The 
mechanical loads are mainly hydraulic thrust forces. The average coolant velocity is 
15 m/s. Seismic effects are also studied. 
 
The fuel assembly is entirely modelled by thin shells. The model takes into account 
asymmetric thermal loads which often appear in Research Reactors. The 
mechanics of the fuel plates vary in function of the burn up. These mechanical 
properties are derived from the data sets used in the MAIA code, and the validity of 
the structure is demonstrable at throughout the life of the fuel. 
 
Results concerning displacement are compared to functional criteria, while results 
concerning stress are compared to RCC-MX criteria. The results of this analysis 
show that the mechanical and geometrical integrity of the JHR fuel elements is 
respected for Operating Categories 1 and 2. 
 
This paper presents the methodology of this demonstration for the results obtained. 

 
 
1. Introduction 
 
1.1 Qualification program for JHR elements 
 
The fuel element is one of the major parts of the JHR project because it has to ensure the 
performances required for reactor operation and to guarantee the functional requirements. 
The aims of the qualification program are [1] [2] [3]: 
 

- The validation of the fuel element design option to prove the required performances, 
- The qualification of the manufacturing routes for plate fabrication and assembly, 
- The qualification of the hydraulic behaviour, 
- The qualification of the behaviour under irradiation [4] [5]. 

 



This paper focuses on the validation of the design option, i.e. the demonstration of the JHR 
fuel element’s mechanical and geometrical integrity under Operating Categories 1 and 2. 
 
1.2 Succinct geometrical description of JHR Fuel Element 
 
The JHR Fuel Element is a cylindrical element, composed of a fuel section fitted with an 
endfitting at each extremity. The fuel section is constituted of an assembly of three sectors of 
8 sizes of concentric plate (see figure 1). The plates are roll-swaged to three stiffeners which 
ensure the connection with the endfittings [6].  
 

 
Fig. 1: JHR Fuel Element 

 
Each plate consists of a fuel core in high density U3Si2 (4.8 g/cm3) and of a boron insert in an 
AG3 frame, cladded by an AlFeNi cover-sheet. 
 
The nominal thickness of the plates is 1.37 mm, i.e. 0.61 mm core fuel and 0.38 mm 
cladding. The plates are separated by a watergap of 1.95 mm (see figure 2). 
 
 

 
Fig 2: JHR fuel section 

 



Endfittings are riveted to the fuel assembly. These endfittings provide interfaces permitting 
the positioning and locking of the Fuel Element to the reactor’s internal structures. 
 
2. Validation of the fuel element design 
 
The purpose of this study is to perform the dimensioning of the RJH fuel element based on 
the results of the study of the fuel plates but without replacing it. This means that plate size 
is not addressed in this document. Instead the influence of the plates on the behaviour of the 
entire fuel element is studied by means of equivalent models. 
 

• It can be considered that at the end of the Fuel Element’s life cycle, the oxide layer 
on the core zone has a uniform thickness of 50 ãm. 

• The thermal conductivity of the “meat” at the end of the Fuel Element’s life cycle is 
considered to be 10 W/m/K. 

• The effects of the boron poison insert, colaminated at the end of the fuel plate, are 
ignored. The insert is considered to have the same mechanical characteristics as the 
AlFeNi. 

• In the thin shell modelling, the fuel plate is considered to have the mechanical 
behaviour of the AlFeNi, i.e. the equivalent Young’s modulus and Poisson’s ratio are 
those of the AlFeNi. Thus, the fuel plate as a whole is considered to have the thermal 
mechanical behaviour of the AlFeNi, apart from thermal conductivity, which varies 
with the burn up and which is calculated by MAIA. 

 
2.1 Operating categories 
 
The fuel plates and elements are designed to guarantee three fundamental reactor safety 
functions: 
 

• Confinement of radio-elements, 
• Removal of decay heat, 
• Control over reactivity 

 
The functional requirements for the fuel element are as follows [7]: 

 

Operating Categories Fuel functional requirements 
OC1 – Normal conditions Cladding integrity 
OC2 – Incidental conditions Cladding integrity 
OC3 – Emergency conditions Several fusion possible though no fusion 
OC4 – Faulty conditions Fusion possible though limited 

 
Table 1: Operating categories and associated functional requirement for the fuel 

 
2.2 Ambient conditions 
 

• The maximum burn up for a Fuel Element is 140 Equivalent Full Power Days and 
169,900 MWd/tU, or 73% (2.21x1021 f/cm3) for the maximum value of one plate. 

• The average heat flow, without uncertainties, changes during operation or 
technological factors is 152 W/cm2. 

• The average wet temperature, considering uncertainties, operational changes in 
operations and technological factors, is 65°C. 

• The maximum heat flux at the operating limit, all uncertainties and technological 
factors included, is 516 W/cm2. 



• The maximum wet temperature at the operating limit, all uncertainties included, is 
165°C. 

• The maximum coolant velocity is 16 m/s. 
 
3. Meshing 
 
3.1 2D meshing of the fuel assembly 
 
First, a model of a one-third fuel assembly with symmetric conditions at the stiffeners is built 
with the finite element software I-DEAS, as presented in figure 3. 
 

 
Fig. 3: 2D type meshing of a one-third fuel assembly 

 
The elements are solid tetrahedral. The thickness of the elements is sufficiently reduced to 
consider this model as a representation of 2D-type phenomena. The introduction of this 
thickness is however necessary in the I-DEAS code, to set up the heat generation load in the 
fuel core. 
 
3.2 3D meshing of the fuel assembly 
 
To limit the size of the model (see figure 4), we choose shell elements which means: 
 

• Using average thermal loads in the thickness of the fuel plates, 
• Evaluating the equivalent mechanical characteristics of the fuel plates. 



 
 

Fig. 4: 3D meshing of JHR fuel assembly 
 

To model the links between the stiffeners and the tips, we need to represent the binding of 
the Fuel Element to its endfittings. The model of the fuel assembly is completed by three 
types of beam: 
 

• Rigid beams installed in the holes of the stiffeners like bicycle spokes – the beams 
converge radially at the centre of the holes – to represent the transmission of forces 
to the neutral axis of the rivets, 

• Solid round beams modelling the rivets, 
• Very rigid beams representing the upper and lower endfittings. 

 
3.3 3D meshing of the endfittings 
 
The 3D model elements of: 
 

• The upper endfitting (see figure 5) 
• The lower endfitting (see figure 6) 
• The upper endfitting lock (see figure 5) 

 
are tetrahedral solid elements. Meshes are made directly from the geometry of the CAD 
drawing. This avoids input errors. 
 

 
Figure 5: Tetrahedral meshing of the upper endfitting and its lock 



 
Figure 6: Tetrahedral meshing of the lower endfitting 

 
4. MAIA / I-DEAS exchanges 
 
MAIA calculations contribute to the validation of the structural design of the JHR fuel 
element. This contribution includes: 
 

• Changes in the characteristics of the materials (thermal conductivity, mechanical 
properties of the fuel plates and exchange coefficients) 

• The oxide layer kinetic law 
• Displacement of the fuel plates due to swelling 
• Consideration of the distribution of swelling in the fuel plates, which helps overcome 

the impact of this on the load of the stiffeners. 
 
5. Loads 
 
5.1 Thermal loads 
 
The thermal loads of 2D-type calculations are as follows: 
 

• Power density expressed in W/cm3 in the core zone 
• Coolant temperature 
• Exchange coefficient. 

 
We obtain a temperature gradient within the thickness of the fuel plate, which is used to 
calculate an average temperature, in order to apply a temperature loading imposed on the 
3D shell model of the fuel assembly. 
 
The results of the 2D-type calculation for the temperature of the stiffeners and the non-core 
zone of the fuel plate are also imposed on the 3D model of the full assembly. 
 
These sets of imposed temperature are the thermal loads of the 3D model of the fuel 
assembly. 
 
5.2 Mechanical loads 

5.2.1 Mechanical loads on the rivets 
 



The 6 rivets of the lower endfitting are solicited by the force of hydraulic pressure in 
Operating Categories 1 and 2. The 6 rivets of the upper tip are solicited in the event of 
failure of the first fuel element lock. 
 
The force of the hydraulic pressure is evaluated at 4,400 N. 
 
The stress applied to the rivets results from the combination of stress due to thermal 
expansion with the forces resulting from 3D assembly loads. 
 

5.2.2 Mechanical loads on the endfittings 
 
The most important primary mechanical force applied on the upper tip is the force of 
hydraulic pressure, i.e. 4400 N, applied to the mass of the endfitting receiving the lock. The 
resulting forces due to thermal expansion of the fuel plates are also applied to the holes for 
the rivets. 
 
Similarly, for Operating Categories 1 and 2, a value of 4,400 N due to the force of hydraulic 
pressure is applied to the holes for the rivets of the lower endfitting, and added to the 
secondary forces resulting from thermal expansion of the fuel plates. 
 
5.3 Seismic effects 

5.3.1 In the horizontal direction 
 
The fuel element is secured to the rack by the upper and lower grids. The rack is secured to 
the caisson (see figures 7, 8, 9). 
 

 
Figure 7: Design of the core-rack 

 



 

 
 

Figure 8: Design of the Lower Grid 
 
 

 
Figure 9: Design of the Upper Grid 

 
 
The reactor building is placed on aseismic bearing pads. The horizontal and vertical spectra 
encountered by the Fuel Element are those of the floor’s response to the earthquake. 
 
The rack-caisson set with the 34 fuel elements has a rigid dynamic behaviour in the 
horizontal direction because of the effect of the seismic restraints. In the horizontal direction, 



the fuel element may be treated as a supported-supported beam. The first bending 
frequency is beyond the horizontal floor peak spectrum of 0.7 Hz (see figure 10). 
 

 
Figure 10: Floor response spectra (horizontal direction) 

 
A horizontal acceleration of about 0.2 g is applied. So in operation, the horizontal seismic 
effect is negligible. 

5.3.2 In the vertical direction 
 
The fuel element is rigidly secured to the lower grid. This grid is linked to the rack. The fuel 
element – grid – rack set is considered to have a frequency above the vertical spectrum 
cutoff frequency (see figure 11). 
 

 
Figure 11: Floor response spectra (vertical direction) 



 
A vertical acceleration of about 0.5 g is applied. So in operation, the vertical seismic effect 
and the weight effect are negligible with regard to the hydraulic thrust force. 

5.3.3 Conclusion 
 
The stresses induced by seismic effects are negligible with regard to the hydraulic thrust 
forces. They are not taken into account in the calculations for the validation of structural 
design in the JHR fuel element. 
 
6. Results and criteria 
 
6.1 Results of the 2D-type calculations 
 
Thermal loads and results are summarized in Table 2. 
 

Load set Description Stiffener 
temperature 

Fuel zone temperature 

OC1 set n°1 Maximal local power density at the star t of 
the first cycle – symmetrical load 

58°C 102°C 

OC1 set n°2 Maximal local power density at the star t of 
the first cycle – asymmetrical load 

58°C 102°C on 2 fuel sectors 
71°C on one fuel sector 

OC1 set n°3 Maximal local power density at the end of 
the last cycle – symmetrical load 

46°C 139°C 

OC1 set n°4 Maximal local power density at the end of 
the last cycle – asymmetrical load 

46°C 139°C on 2 fuel sectors 
97°C on one fuel sector 

OC2 set n°5 Overshoot at the start of the first cyc le – 
symmetrical load 

62°C 113°C 

OC2 set n°6 Overshoot at the start of the first cyc le – 
asymmetrical load 

62°C 113°C on 2 fuel sectors 
79°C on one fuel sector 

OC2 set n°7 Overshoot at the end of the last cycle – 
symmetrical load 

47°C 156°C 

OC2 set n°8 Overshoot at the end of the last cycle – 
asymmetrical load 

47°C 156°C on 2 fuel sectors 
109°C on one fuel 
sector 

 
Table 2: Results of 2D-type calculations 

 
The asymmetrical loads on the three sectors of the fuel element are due to the neutron flux 
asymmetries existing in the core of the reactor (orientation of each Fuel Element relative to 
the others, presence of devices in the alveoli of the rack, partial reloading of used Fuel 
Elements). 
 
6.2 Results of 3D calculations of the fuel assembly and associated criteria 
 
The results of the calculations of overall Fuel Element distortion are analyzed to take this 
result into account in the geometric functional analysis of the reactor. Then the results 
concerning stress in the stiffeners are compared to the RCC-MX criteria. 
 
 



 
 

Figure 12: Example of the results of 3D symmetrical calculations  
 

 
 

Figure 13: Example of results of 3D asymmetrical calculations 
 

The selected results of fuel assembly 3D calculations are as follows: 
 

• Radial deformation of plate 8 with regard to the functional condition of the cooling 
gap between plate 8 and rack 

• Radial deformation of the stiffeners 
• Maximum vertical deformation of the stiffeners. 



 
These results are presented: 
 

• As a graph for symmetrical loads between the sectors of the fuel plates 
• As a table for asymmetrical loads between the sectors of the fuel plates. As the 3D 

geometry is distorted along the three axes, the significant result selected is that of 
maximum radial deformation. 

 
 
 

Radial deformation of plate 8 under symmetrical loads
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Figure 14: Radial deformation of plate 8 under symmetrical loads 
 
 
 
 
 

Load sets Maximum radial deformation of the most 
deformed plate 8 (mm) 

OC1 set n°1 0,339 mm 
OC1 set n°2 0,466 mm 
OC2 set n°1 0,375 mm 
OC2 set n°2 0,524 mm 

 
Table 3: Maximum radial deformation of the most deformed plate 

 
 



Radial deformation of stiffeners under symmetrical thermal loads
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Figure 15: Radial deformation of stiffeners under symmetrical thermal loads 
 
 
 

Load sets Maximum radial deformation of the most 
deformed stiffener (mm) 

OC1 set n°1 0,328 mm 
OC1 set n°2 0,340 mm 
OC2 set n°1 0,362 mm 
OC2 set n°2 0,506 mm 

 
Table 4: Maximum radial deformation of the most deformed stiffener 

 
 

 
6.3 Results for stiffener stress  
 
The field of analysis of the stiffeners is that of negligible irradiation. Although the fuel 
element is at the heart of neutron production, its life expectancy is short enough to fall short 
of the significant irradiation curve. 
 
This is also true for the other substructures studied. 
 
The maximum thermal flux encountered by the stiffeners is 2.36x1014 nth/cm2. 
 
The maximum fluency encountered by the stiffeners is thus: 
 

2.36x1014 x 3,600 x 24 x 35 x 4 = 2.85x1021 nth/cm2 < 28x1021 nth/cm2 at 50°C 
 
which is the limit for analysis as negligible irradiation. 



 

 
 

Figure 16: Results of Von Mises Stress calculation in the rivet holes of the stiffeners 
 
 

Load set Maximum Von Mises Stress in a stiffeners : at 
the rivet holes 

OC1 set n°1 – symmetrical thermal load 31 MPa 
OC1 set n°2 – asymmetrical thermal load 172 MPa 
OC1 set n°3 – symmetrical thermal load 31 MPa 
OC1 set n°4 – asymmetrical thermal load 235 MPa 
OC2 set n°1 – symmetrical thermal load 37 MPa 
OC2 set n°2 – asymmetrical thermal load 190 MPa 
OC2 set n°3 – symmetrical thermal load 52 MPa 
OC2 set n°4 – asymmetrical thermal load 264 MPa 

 
Table 5: Results of Von Mises stress calculation in the rivet holes of the stiffeners 

 
Study of type P damage 
 
There is a maximum Von Mises stress of 23 MPa in the body of the stiffeners. 
There is a maximum Von Mises stress of 49.5 MPa at the rivet holes. 
 
The following criteria must be respected: 
 

• Pm<Sm in the body of the stiffeners 
• Pl<1.5 Sm at the rivet holes 

 
The value of the Sm is 87 Pa from 20°C to 75°C for the type of alumini um used. 
 
In the body of the stiffeners we find 23 MPa < 87 MPa. 
At the rivet holes we find 49.5 MPa < 130 MPa. 
 
The RCC-MX dimensioning criteria are respected for type P damage. 
 
Study of type S damage 
 
In the body of the stiffeners, secondary thermal stresses reach a maximum of 200 MPa. 



 
The maximum primary stress in the body of the stiffeners is 49.5 MPa. Consequently: 
 

Max (Pl+Pb) + ∆Q < 3 Sm 
49.5 + 200 < 261 MPa 

 
The only stresses over 200 MPa are very localised around the rivet holes, and can be 
considered as peak stress: the fatigue analysis appear below. 
 
Fatigue analysis 
 
The point of maximum load around the rivet holes displays a localised thermal stress of 264 
MPa and a primary stress of 49.5 MPa. This gives a total of 313.5 MPa, to be considered as 
a peak stress. 

MPatot 5.313=∆σ  

( )
E

totσνε ∆⋅+⋅=∆ 1
3
2

1  

according to the RCC-MX. 
 

As the primary stresses are low (49.5 MPa) 02 =∆ε is selected. 
 

For the calculation of 3ε∆ the RCC-MX indicates: 

 

If iε∆ is not known, an increase factor of 321 εεε ∆+∆+∆ is obtained by supposing that 

iε∆ =0. 

 
Thus 

11

1

3

2 εεσνε ∆=∆⋅∆⋅+⋅=∆ totfic E
 

 
So 

1321 εεεε ε ∆⋅=∆+∆+∆ K  

 

( ) 14 1 εε ν ∆⋅−=∆ K  

And therefore 
 

( ) 14321 1 εεεεε νε ∆⋅−+=∆+∆+∆+∆ KK  

=∆+∆+∆+∆=∆ 4321 εεεεε ( ) ( )11
3

2 −+⋅
∆

⋅+⋅ νε
σν KK
E

tot  

For the type of aluminium used, at 94°C: 
33,0=ν  

E=72500 Mpa 
002,1=εK  

001,1=νK  

ε∆ =0,386% 
 
The corresponding number of admissible cycles is about 2,225. 
 



As the actual number of cycles is 100, fatigue damage is calculated thus: 

( ) 045,0
2225

100 ==∆εAV  

Conclusion: The stiffeners do not suffer fatigue damage. 
 
6.4 Stress on rivets 
 
The combined effects of hydraulic force and stiffener expansion on the most heavily loaded 
rivet are: 
 

• Vertical shear force at the two stiffener / endfitting interfaces 
• The hydraulic force of 4,400 N distributed over the 6 rivets 

 
The results of the 3D dimensioning calculation are added, i.e. about 8,000 N. 
 
The equivalent Von Mises stress is: 
 

MPaVM 2741533683 2222 =⋅+=⋅+= τσ  
 
For a titanium rivet where : 

Rm=897 Mpa  
 

Sm=Rm/3=299 Mpa 
 
the following inequation must be respected: 
 

MPaSMPaVM m 299274 =≤= . 

 
This is the case. 
 
6.5 Stress results in the other substructures of the Fuel Element 
 
The field of analysis of these substructures is that of negligible irradiation. Only the stress 
results are compared to the RCC-MX criteria. 
 

6.5.1 Upper endfitting 
 
Operating Categories 1 and 2 
 
The upper endfitting is only subject to a thermal load due to its own expansion and the force 
applied via the rivets by stiffener expansion. As the upper endfitting is not weaker than the 
stiffener and has no supporting function, this load can be considered as secondary. 
 
For symmetrical loads the maximum stress, around 33 MPa, is much less than the RCC-MX 
criteria of 3Sm (6061-T6 at 50°C) = 261 MPa. 
 
For asymmetrical loads stress within the structure remain less than, or equal to, 3Sm = 261 
MPa, with the exception of one tiny red point which can be considered as insignificant 
because the secondary stress will naturally be distributed around this point. 



 
SLR Operating Category 
 
The operating category known as SLR (Situation de Limitation du Risque: risk limitation 
situation) is analyzed as a level 4 Operating Category, since the load is constituted only by 
the forces due to hydraulic pressure. In this category, only the primary stresses are 
analyzed, since there is no risk of buckling for this structure which is not at all slender and 
the thermal load can thus be ignored. 
 
The structure attains a very localised maximum of 395 MPa which falls very rapidly away 
from this point. In manufacturing, the sharp edges will be attenuated. 
 
A supporting line segment sketched on the structure and passing through the point gives the 
following stress: 
 

( ) MPaCAàRSInfMPaP mmm 182502;7,0;4,2112 =°⋅⋅≤=  

 

( ) MPaCAàRSInfMPaPP mmbm 273502;7,0;4,25,1191 =°⋅⋅⋅≤=+ . 

 
Conclusion: 
 
The inequations are respected. The upper endfitting is sufficiently well-dimensioned for all 
reactor Operating Categories. 
 

6.5.2 Upper endfitting lock 
 
The lock is only under load in the SLR Category, in the event of flange rupture on the lower 
endfitting. On this totally primary load the maximum stress within the lock reaches 902 MPa. 
 
One RCC-MX material capable of resisting this load is the stainless steel of type 
X6NiCrTiMoVB-25-15-2 used for fastenings. 
 
As this material is very hard, the membrane breaking limit must not be exceeded and the 
Category 4 fastenings criteria for membrane plus bending stresses must be applied. In the 
event of rupture of one of the flanges we obtain: 
 

( ) MPaRMPa mbm 886902 min =≈=+σσ (10S at 50°C) 

 
Although the limit is exceeded by 1.5 %, this is not significant considering the precision of 
the calculations and the loads, and the following must be considered: 
 

• Flange rupture without lock rupture is already hypothetical, since the dimensions of 
the flange are calculated. Rupture of the flange is thus a Category 4 event and, as 
the system is not sealed, level 4 criteria are appropriate. As the effort is distributed 
over the two locks, it is reduced by half, and the above inequation is thus satisfied 
with a margin close to 50%. The event of simultaneous rupture of flange and one 
lock is thus beyond level 4, and so it is admissible that the level of stress be at the 
extreme limit. 

• According to the RCC-MX, it is possible to use for the lock steel of group 10S with a 
higher Rm, of up to 1150 MPa. 



 

6.5.3 Lower endfitting 
 
Study of type P damage 
 
The structure as a whole encounters only weak stress. Neither membrane stress nor 
membrane plus bending stresses need be considered. The structure attains a maximum of 
68 MPa localized at the flange, which can be considered as a local primary membrane 
stress. 
 
The following inequation is respected: 
 

( ) MPaCatASMPaP ml 130875,15025,168 =⋅=°⋅≤= . 

 
Study of type S damage 
 
Two types of thermal load must be considered in addition to the loads due to hydraulic 
pressure. 
 

• Symmetrical loads : 
 
The sum of primary and secondary stress attains a maximum of 109 MPa, and the following 
inequation is respected: 
 

MPaCAàSMPaQPP mbl 261)502(3109 =°⋅≤=∆++  

 
Conclusion: There is no risk of progressive deformation. 
 

• Asymmetrical loads : 
 
Over almost all the structure the sum of primary and secondary stress is less than 3Sm = 261 
MPa, except for one very localised point where the stress can be considered as a peak, 
analyzed only as fatigue. 
 
There is thus no risk of progressive deformation. The peak stress is analyzed below as 
fatigue. 
 
Fatigue analysis: 
 

At the point of maximum load, the flange, peak stress reaches =∆ totσ 440 MPa and 
analysis at 50°C gives the following: 

( ) ( )11
3

2 −+⋅∆⋅+⋅=∆ νε
σνε KK
E

tot
  

 
where: 

33.0=ν  

MPatot 440=∆σ  
E=74000 Mpa 
 
According to RCC-MX: 

026,1=εK  



012,1=νK  

 
Thus: 

%55,0=∆ε  
 
According to RCC-MX, the corresponding number of admissible cycles is 706. 
 
This is a conservative analysis, since the most severe thermal loads are applied to each 
cycle. 
 
As the real life of the Fuel Element is of 100 cycles, fatigue damage V respects the following 
inequation: 
 

( ) 114,0
706

100 ≤===∆
adm

A N

n
V ε  

 
In conformity with RCC-MX, fatigue resistance is thus satisfactory. 
 
7. Conclusion 
 
MAIA, with its more mechanistic modelling, proved to be the ideal support for the simplified 
modelling of I-DEAS.  
 
RCC-MX criteria are respected for stress in the upper endfitting, the upper endfitting lock, 
the lower endfitting, the rivets and the stiffeners. 
 
The deformation results are taken into account for geometrical functional analysis of the 
reactor, in particular: 
 

• The maximum radial displacement of plate 8 (0.6 mm) 
• The maximal vertical displacement of the fuel element in operation (1.5 mm) 

 
so as to respect the minimum coolant gap, and the assembly clearances necessary for 
assembly and operation. 
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