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SUMMARY 

As a part of the project “High Fidelity Ion Beam Simulation of High Dose 
Neutron Irradiation” an Integrated Research Program (IRP) project from the U.S. 
Department of Energy, Nuclear Energy University Programs (NEUP), TEM 
geometry samples of ferritic cladding alloys, Ni based super alloys and model 
alloys were irradiated in the BOR-60 reactor to ~16 dpa at ~370°C and ~400°C. 
Samples were sent to Los Alamos National Laboratory and subjected to shear 
punch testing. This report presents the results from this testing.  
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1. INTRODUCTION 
As a part of the project “High Fidelity Ion Beam Simulation of High Dose Neutron Irradiation” an 
Integrated Research Program (IRP) project from the U.S. Department of Energy, Nuclear Energy 
University Programs (NEUP), two capsules of TEM geometry (3mm diameter by 0.25 mm thick) samples 
of various cladding and model alloys irradiated in the BOR-60 reactor to ~16 dpa at ~370°C and ~400°C. 
Dose and temperatures are reported to the current best models, more precise estimates of dose and 
temperature are ongoing at Terrapower. A listing of samples tested is shown in Table 1.  Sample capsules 
were sent from the BOR-60 reactor in Dimitrovgrad, Russia to Los Alamos National Laboratory and 
subjected to shear punch testing. This report presents the results from this testing. 

 

2. EXPERIMENTAL 
Shear punch testing was carried out with a fixture seen in Figure 1 and 2.  TEM specimens (3mm 
diameter, 0.25mm thick) were subjected to a 1mm punch in uniaxial compression. The punching is 
carried out on an Instron 30kN screw driven load frame located in the hot cells in Wing 9 of the CMR 
building at LANL.  The raw Load-Extension data is transformed into an Effective Shear Stress-Extension 
curve via simple calculations.  The Effective Shear Stress (ESS) is the Load/Area, with Area being the 
deformed region, which is the circumference of the punch divided by the thickness of the TEM sample.  
This ESS vs Extension curve can be correlated to tensile yield and UTS via simple relationships, more 
details can be seen in references 1-3.  Each TEM sample is measured before testing with a micrometer in 
the hot cells.  Due to the sample fabrication methods, punching from a sheet of material, and subsequent 
cupping of the samples, as well as some burrs on the sample (Figure 3) there was some uncertainty in the 
thickness measurements of each sample.  A new micrometer with 1/16” ball tip was fabricated to measure 
the sample’s thickness. This thickness measurement, along with comparison to measurements on the 
sheets of raw material before punching, were used to correct some of the early tests.   
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Figure 1. Schematic of Shear Punch Test fixture for 3mm x 0.25mm TEM samples using a 1mm punch.  

 
Figure 2. Images of Shear Punch Test fixture for 3mm x 0.25mm TEM samples using a 1mm punch.  



Shear Punch Testing of BOR-60 Irradiated TEM Specimens  
4/30/2017 3 
 

 

 
Figure 3. TEM samples showing cupping (top) and burrs (bottom) due to punching from sheets. 

 

3. RESULTS 
Table 1. displays the summary of all the shear punch tests conducted as a part of this study, including 
control materials.  Red rows correspond to suspect thickness measurements, and blue rows correspond to 
corrected data using thickness from other samples made from the same material. Often there is the case of 
multiple corrected measurements for the same sample due to some uncertainty to which sheet of material 
the sample originated in.  The original sheet thicknesses (prior to 3mm x 0.25mm being punched from 
them) are shown in Appendix A for reference.  Further work is needed to correlate individual samples to 
originating sheet so final corrections can be made. The variation in thickness across a polished sheet is 
generally small, but sheet to sheet variation is quite significant in some cases.  
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Data from HT9 shear punch testing from this irradiation, along with samples of similar dose and 
irradiation conditions tested from the ACO3 duct [3] can be seen in Figure 4.  The BOR 60 and ACO3 
samples are from the same original lot of HT9 material, 84425.  As expected, it appears that irradiation 
temperature is more significant than dose  with respect to their effect on mechanical properties.  The 
ACO3 A plate samples may be outliers due to estimated dose and temperature, vs. more precise 
calculations for the ACO3 E plate samples.  Additional uncertainty of irradiation temperature for the BOR 
60 irradiated samples, may also affect the comparison.  The control data is quite consistent, as seen in 
Figure 5.  

 

 

 
Figure 4. HT9 shear punch data from AC03 and BOR-60 irradiated samples 
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Figure 5. HT9 control shear punch data from AC03, BOR-60 (same as ACO3 lot) and INL heats.  

 

 

Additional ESS vs. Extension Curves can be seen in Appendix B.  Data sets will be more significant with 
addition of higher dose data from BOR-60 irradiations, along with better thickness corrections and data 
from other irradiations. Notably, some data sets are missing control samples, which should be measured 
in the next round of testing.   

 

 

 

4. CONCLUSIONS 
Despite some uncertainty in the thickness measurements, the results are relatively consistent and are a 
great basis for comparison for the impending 32 dpa and higher dose TEM samples from the same 
irradiation (32 dpa sample arriving at LANL later this year).   Some additional investigations are ongoing 
to correlating the individual samples to the original sheet ID’s, thus narrowing down the uncertainty of 
the pretest sample thickness. These samples will be an excellent basis for comparison to the 8mm shear 
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punch samples that are being tested from the ATR NSUF UCSB irradiation.    Comparing the controls of 
each geometry should provide a comparison of size effects for 1mm punchouts in 0.25mm thick samples 
vs 1.5mm punchouts in 0.5mm thick samples. The irradiated data will fill in some lower dose gaps in the 
BOR60 TEM shear punch data set. Punches from these samples were sent to UC Berkeley for subsequent 
nanohardness testing as well as FIB preparation of TEM and APT samples. The complete data set of 
shearpunch, nanohardness and microstructural data will help inform modelling efforts of irradiated 
materials properties as a part of a collaboration lead by  UC Santa Barbara. 
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Appendix A 
 

Original Sheet Thickness Measurements 
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Appendix B 
All ESS vs Extension Curves for Initial BOR-60 

Irradiated TEM Samples 

 
All T91 Data. No control samples available at this time.  
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NF616 Samples, no control samples available. 
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All Fe9Cr Samples 
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All Fe12Cr Samples, no controls available. 
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800H and Fe21Cr32Ni samples from BOR60 irradiation, no controls for Fe21Cr32Ni samples 
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All a Fe samples. Note soft elastic region in F50 control, probably due to cupped sample.  

 


