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Abstract

The purpose of this study is to evaluate the validity examination of the J-R curve
characteristics for the nuclear reactor pressure vessel steels and Al alloys by the load
ratio analysis. The results of the load ratio analysis are compared with those of the
J-R curve which are obtained by the ASTM unloading compliance method. The crack
length calculated by the load ratio analysis is agree well with the measured final crack
length. The slope of the exponential J-R curve estimated by the load ratio analysis is
slightly smaller than that by the ASTM unloading compliance method. The J-R curve
obtained by the ASTM unloading compliance method is over-predicted and should be
offsetted due to the initial negative crack. On the other hand, the load ratio analysis
method can evaluate the J-R curve by only load-displacement curve without particular
crack measurement equipment.
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Table 1 Chemical composition of SA533B and SAS08C steel (wt%)

Mat omp | e | si|Ma] P | S |NijCriMo|lCo| V | AlSn| As | Sb
SA533B 1 0.20 |0.27 {1.4510.020 | 0.012 {060 {0.14 | 051 | 0.160 | 0.010 {0.023|0.010/0.014! 0.93
SA508C [ 0.1710.04|1.42[0.004 | 0.003 {098 ]0.22 058 |0.045|0.003| - - - -

Table 2 Chemical composition of Aluminum alloy (wt%)

Comp. .. " . .

Mat. Si Fe Cu Mn Mg Cr Zn Ti Pb Al
Al6061 0.53 0.43 0.30 0.08 094 0.18 0.09 0.01 0.005 bal
Al5083 0.15 0.23 0.03 056 4.54 0.03 | 0.014 0.31 0.02 bal
Al7075 0.40 0.50 1.60 0.30 2.50 0.23 5.60 0.05 - bal
Al2024 0.50 0.50 435 0.60 1.50 0.10 0.25 0.15 - bal
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Table 3 Mechanical properties of test specimens

LA

A% 7FAl Load Ratio 8449 84 AE

- Prop. Yield stress Ulitimate tensile Elongation (%)
Materials (MPa) strength (MPa)
SA533B-1 485 622 239
SAS08C-3 513 667 234
Al6061 360 500 183
Al5083 189.5 295 19.0
Al7075 483.6 538 7.0
Al2024 270.8 428 15.0
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Table 4 The test results on J-R curve by using unloading compliance method, ASTM E813-89

Matesial Experimental ] Modified offset ] Variation (96)
Ci Co Cr Cer 4¢ 4C,
SA533B-1 578.94 0.43 553.09 0.59 -4.46% 37.21%
SAB08C-3 773.39 0.65 650.61 0.87 -15.88% 33.85%
Al6061 17541 0.38 119.72 0.67 -31.75% 76.32%
Al5083 147.69 0.33 117.24 0.60 -20.62% 81.82%
Al7075 17.48 0.50 - - - -
Al2024 38.25 0.25 3750 0.30 ~1.96% 20.00%
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Table 5 The test results on J-R curve by using load ratio method, ASTM E813-89, E1152-87

Modified offset Load ratio | Variation (%)
) unloading T o -
Material | mpliance J E1152-87 E813-89 E1152-87 E813-89
Ci Co Cy 07 Cy' C/ 4C 2Co 4Cs A4C,

SAS3IB-1 | 55309 | 059 | 39829 | 055 | 41466 | 056 | -38871%| ~7.27%  -33.38%  -536%
SAS0BC-3 | 66061 | 087 | 42085 | 063 | 440.42 | 069 | -5136%  -38.09% -47.72%  -26.09%
AIG0B1 | 11972 | 067 | 10570 | 052 | 11020 | 088 | -13.26% | -2885% | -864% | -1552%
AIS083 | 11724 | 060 | 8622 | 062 | 908l | 066 | -3598%| 323% | -2910% | 9.09%
AITOT5 | 1748 | 050 | 1476 | 053 | 1543 | 060 | -1843% | 506% | -12.92%| 1667%
ARO2A | 3750 | 030 | 3400 | 035 | 3631 | 039 -1020% 1420% | -328% | 2308%
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