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. The ductility loss of some materials upon exposure to fast neutron fluences 

· can limit thair application in core str~ctures. Also, bending deforma~ion 

; . 

··is significant in LMFBR core components and can be affected by the ductility 

loss, especially during seismic loading of core ducts. Thus, a series of 

tests were performed to determine the available bending deformation capability 

and ductility of preirradiated Type 304 stainless steel {SS) for core 

applications.[l] This material was tested under conditions at which it 

exhibits less ductility than Type 316 SS or other stainless steels cunently 

· under considerations for core applications. · 

Tensile testing of Type 304 SS with specimens from EBR-II ducts \·Jhich were 

irradiated to fluences bet\'leen 5 to .10 x 1022 n/cm2 {E > 0.1 r'1ev) revealed 

a significant reduction of uniform elongation (UE) and total elongation (TE), 

·but smaller decreases in reduction of area._{RA).E 2] These specimens fail .. 

with significant but very localized necking. The ductility of this 

material decreases with decreasing strain rate if the test temperature is 

above the irradiation temperature. A large reduction in ductility is caused 

by a change from a transgranular to an intergranular fracture mode. 

Results of such tensile tests are listed in Table 1. 

·This tensile material behavior was compared with the deformation and failure 

.,·characteristics of specirren loaded in bending using material from the sarre 

·: preirradiated EBR-II ducts. These bend test specimens {0.040 inch {0.01 mm) 

thick and. 0.5 ·inch {12.7 mm) wide) were loaded in the center of a 1.50 inch 

. (38.1 nnn) span. The testing limitations of the hot-cell allov1ed only load 

and deflection measurements. Bending strain e·stimates at fracture were 

obtained by analysis. The results of the bend test measurerrents and the 

estimated bending strains at failure. are listed in Table 2. The last column 

of this table compares the bending and the corresponding tensile failure 

strains of the preirradiated Type 304 SS specimens. It is a well established 

fact that the failure strain due to the state of stress which exists i·n a 

wide bend test specirren is approximately 50% lower than the uniaxial failure 

strain in· a tensile test specimen.[ 3 ,4] Hov1ever, Table 2 indicates that the 

irradiated bending specimens failed at strains less than 50% of the tensile 

failure strains.· 
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·These results were verified by independently calculating the maximum 
t' · possible strains in the bend specimen. The end of load push rods had 

an 0.-125 inch (3.2 mm) cylindrical radius. Bending of the specimen over 
the push rod can only generate a maximum surface strain of ap;Jroximately 
14%. Therefore, the first bend specimen in Table 2 and potentially 
the fourth specimen should not have failed. 

Possible explanations for the limited bending ductility_of the irradiated 
materia 1 are: 

• Fracture in a ductile-brittle transition mode. 

e The variation of the strain rate over the cross section combined with 
a strain rate sensitivity of the material. 

o A very localized tensile instability. 

Thus, the bending tests demonstrate that the bending flexibility of irradiated 
specimen cannot be reliably predicted based on the tensile true fracture 
strain values. However, the tes~ series also shows that for irradiated 

. Type 304 ·ss bending failure strains of Table 2 exceed the total 
·elongation strains (TE) of Table 1. Therefore, the TE appe~rs to provide a 

conservative limit for bending strains. Further evaluation ~nd comparison 
of. the bend test results with the results of a series of additional· duct 
crushing test results[l] demonstrates that ir~adiation hardening increases 
the bending strength of Type 304 SS by a factor of two. Also, the material 
exhibits adequ!}te ducti 1 ity to satisfy functi ana 1 deformation requirements 
typical of LMFBR cores. 
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Test 
· Specirren Irrad~ (em}. Number . Temp. ( °F) OF 

1 800 900 
2 800 1000 
3 735 1000 
4 800 1000 
5 835 1100 
6 835 1100 
7 835 1100 
8 835 1150 

·: 
i 

--- -- ----------~------------------------.,_ 
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·TABLE 1 •' 

'TENSILE TEST RESULTS 

F1~ence Strain Strength KS.I 
:· ... ·' 

· · (1 0 n/cin2 Rate · Ductf 1 1ty % 

E>0.1 MeV~ ( 1/mi n) YS UTS UE TE RA ... 

5.7 0.2 87.6 90.2. 0.6 1.7 42.0 
5.5 0.2 77.3 80.2 0.9 2.5 20.0 
8.6 0.2 76.4 86.2 0.8 3.1 29.1 
5.5 0.002 73.1 73.5 0.2 0.5 11.8 
4.1 0.2 71.0 73.5 0.7 1.9 15.4 
4.1 0.02 71.5 72.6 0.4 1.0 10.9 
4.1 . 0. 002 64.1 64~8 0.3 0.7 8.7 
3.9 . 0.2 55.3 . 58.4 1.3 2.7 18.2 
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*Premature Elastic Failure 
**E.stimated Based on Analyses 

***Calculated from RA Values of Table 1 
****Corresponding Low Strain Rate Tensile Test at 900° Test Temperature.r.ot·Available< 
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