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 Dynamic Certification Laboratories, Sparks, Nevada, May 12-13, 2015 
 


 Sandia assembly with 
– Three instrumented Zircaloy-4 tubes 


• One with Pb rope 
• One with Pb pellets 
• One with Mo pellets 


 
 Rail shock and vibration tests including rail coupling shock 


– Mod/Sim project (Adkins) “P3” (“2043”) rail data inputs 
– Tests based on railcar deck accelerations and basket accelerations 


 
 Truck shock and vibration tests 
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A Non-Normal Condition  
of Transport 
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Test 10z-2: Rail coupling shock, side view 
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Test 10z-2: Rail coupling shock,  
bottom-nozzle view 
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Shaker actuators 
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Test 10z-2: Rail coupling shock,  
GoPro view, 11 frames/second 
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Test 10z-2: Rail coupling shock strains 
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Measured strains very low relative to  
elastic limit of Zircaloy 
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Test 9: rail shock  
max x, y, z basket accelerations 
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Test 10xyz: Rail coupling shock 
GoPro view, 11 frames/second 
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Comparison of micro-strains on different rods: 
no significant differences in rods with pellets 
and rod with Pb “rope” 


TEST 9 
Rail Shock – 


Basket 
Loadings 


Pb-“rope” rod Mo-pellet rod Pb-pellet rod 


  S8 S7 S3 
0° 172 44 112 
90° 171 225 241 


225° 109 182 209 


TEST 12 
Truck Shock 


Pb-“rope” rod Mo-pellet rod Pb-pellet rod 


  S8 S7 S3 
0° 192 214 160 
90° 165 108 95 


225° 301 146 135 


June 10, 2015 DOE/NE UFDC Annual Meeting Las Vegas, NV 13 


TEST 10xyz-3 
Rail coupling 


Pb-“rope” rod Mo-pellet rod Pb-pellet rod 


  S8 S7 S3 
0° 130 91 104 
90° 82 34 30 


225° 208 47 77 
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Comparison of micro-strains at pellet-pellet 
interface v. strain on single pellet: 
virtually no difference in strains measured 


TEST 9 
Rail shock – 


Basket Loadings 


Mo-pellet rod 
S.G. straddled 


pellet-pellet gap 


Mo-pellet rod 
S.G. straddled 
single pellet 


  S5 S4 


0° 67 52 


90° 118 108 


225° 83 81 


TEST 12 
Truck Shock 


Mo-pellet rod 
S.G. straddled 


pellet-pellet gap 


Mo-pellet rod 
S.G. straddled 
single pellet 


  S5 S4 


0° 149 158 


90° 52 56 


225° 104 114 
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Maximum micro-strains DCL rail tests 


Test Maximum micro-strain Strain gauge 
4: rail vibration, max x 


(railcar deck g) 7 S3-90 


5: rail vibration, max y 
(railcar deck g) 9 S3-90 


6: rail vibration, max z  
(railcar deck g) 8 S3-90 


7: rail shock, max x and z 
(railcar deck g) 19 S1-0 


8: rail shock, max y 
(railcar deck g) 34 S3-90 


9: rail shock, max x, y, z  
(basket g) 241 S3-90 


10xyz-3: rail coupling 208 S8-225 
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Maximum micro-strains DCL truck tests 
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Truck shock, 1-100 Hz v. 5-100 Hz 
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Comparison of rod strains for a truck shock test 
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Pb pellets 


Pb “rope” 


Mo pellets 
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Comparison of rod strains for a rail shock test 
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Rail shock railcar loadings v. basket loadings, 
comparison of micro-strains 
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RAIL SHOCK   
  maximum µstrain 


TEST 7 – railcar loadings 19 
TEST 9 – basket loadings 172 
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Comparison of strains from all three test 
series at same location on assembly 
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The UFDC has a story to tell: 
Can irradiated rods withstand NCT 
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Assembly shaker 
and truck tests: 
NCT loads on 


rods 
(very low ε) 


SNL 


Irradiated rod 
testing: 
material 


properties 
(ductility, DBTT, 


stiffness, fatigue) 
ANL / ORNL 


Assembly 
modeling: 
validation 


(good agreement 
with test results) 


PNNL 
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What’s next? 
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Possible Rail Test Option 
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NLI 10/24 casks and railcars in Augusta, Georgia 
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TCRC Railyard 
Richland, Washington 
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• Controlled test environment 
• Variety of track conditions 
• Repeatability 
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