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1.0 INTRODUCTION 
 

Fuel channel creep elongation is a life-limiting mechanism in a 
few older Canadian CANDU (CANada Deuterium Uranium) 
reactors, which were designed with a welded stop collar on one 
face that does not accommodate axial elongation of the fuel 
channel on both reactor faces.  To address this issue, channels 
will be cut and axially shifted to allow for additional travel; 
however, this new configuration will also change the applied 
loads on fuel channel components.  In particular, the new 
configuration will increase the loads on the stop collar, a 
component whose primary function is to restrain the fuel 
channel from axial, torsional, and lateral/bending loads during 
regular service.  To demonstrate conservatism in the detailed 
finite element (FE) analysis, comparing calculated stresses on 
the stop collar to ASME Code Section III Division I, Section  
NB-3200 requirements, a full scale mock-up of the fuel channel 
end-fitting and stop collar will also be tested under simulated 
design analysis conditions with multi-axial design loads at 
elevated temperatures while monitoring full-field strains. 

2.0 METHOD 
 

Mock-up test specimens were installed into a test rig. An 
isometric drawing of the test setup is shown below in Figure 1.    
The stop collar component is shown in orange.   

3.0 RESULTS 
 

To date, commissioning tests have been conducted.  Tests were 
conducted both at room temperature and at 282°C, under 
individually applied and combined loading conditions. Strain 
measurements obtained with strain gauges and the digital 
image correlation (DIC) system were in reasonable agreement.   
 
An example of the resulting data is shown in Figures 3 and 4.  
Figure 3 shows a digital image, displaying a contour plot of the 
strains measured by DIC at top dead centre of the stop collar 
under maximum bending loads at room temperature, and 
Figure 4 shows a plot, comparing DIC results with strain gauge 
measurements at the gauge location.   
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Full-scale mock-up testing is valuable to quantify some of the  
conservatisms of FE analysis (e.g., due to using lower bound 
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of providing full-field strain data that can be compared node-
for-node with FEA results.   
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The test rig applies simultaneous torsional, axial, bending, and 
lateral loads through the use of hydraulic cylinders with in-line 
load cells and a torque sensor controlled by an MTS FlexTest® 
system.  Applied loads are equivalent those used in the FE 
analysis. Maximum loads applied are shown below in Table 1.    

Maximum Load Actuator Type  

Axial  23862 lb 6 Axial Cylinders 

Torsion 6773 in-lb 1 Torque Actuator 

Bending 233170 in-lb 
1 Linear Cylinder (upward) 

1 Linear Cylinder (downward) 

Lateral 1468 lb 
1 Linear Cylinder (upward) 

1 Linear Cylinder (downward) 

The insulated enclosure around the stop collar component 
retains heat produced by multiple heating elements to 
maintain the stop collar metal temperature at 282°C (540°F).  
The enclosure has windows on the top and on one of the sides 
to allow strain measurement by digital image correlation (DIC).   

Figure  2 

-2500

-2000

-1500

-1000

-500

0

0 50000 100000 150000 200000 250000

St
ra

in
 (m

m
/m

)

Approximate Bending Moment (in-lb)

Strain gauges

DIC

Figure  3                                          Figure 4 

Digital image correlation is an optical method that tracks the 
displacement of random patterns applied, in this case painted, 
on the test surface to measure 3-D full-field strains during 
loading. High temperature strain gauges were also applied 
under the painted surface to verify DIC data.  A photograph of 
the test setup is shown in Figure 2. 

Furthermore, resultant strains from incremental loading were 
found to be close to expected strains calculated for a simple 
beam in bending.   


