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Abstract: By using a set of self-invented clamps and thin-walled tubular specimens with
small diameter, a series of monotonic tension tests at different temperatures and low
cycle fatigue tests at 375 ‘C for Zr-4 and Zr-1Nb alloys were carried out, then monotonic
and cyclic constitutive relationships and Manson-Coffin life-estimating expressions for
two alloys were given. The results show that the Young’s modulus, yield stress, ten-
sile strength, and strain hardening decrease significantly with increasing temperature,
however, the higher temperature is, the less effect of temperature on the strain harden-
ing for Zr-4 is. The uniaxial properties of Zr-4 were hardly affected by the strain rate at
375 °C. Under constant strain amplitude cycling, Zr-4 presents cyclic hardening espe-

cially at lower strain amplitude. Zr-1Nb shows cyclic hardening at lower strain ampli-
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tude, however it exhibits cyclic soften at higher strain amplitude. Comparing to the

monotonic tension behavior, Zr-4 presents cyclic strain hardening evidently at different

temperatures.

Key words: Zr-1Nb alloy; Zr-4 alloy; low cycle fatigue; thin-walled tube; life estimation
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Fig. 1 High temperature test device
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Fig. 3 Tensile stress-strain curves of Zr-1Nb (a) and Zr-4 (b) alloys
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Table 1 Uniaxial tensile properties of zircaloys
R-O A S5
ok VB E/C E/GPa 00.2/MPa o/ MPa
60/ MPa e/(mm * mm 1) a n
Zr-1Nb 20 92.5 341 662 501 0.005 418 5. 667 7.148
375 77.0 145 312 228 0.002 972 9.968 5. 731
Zr-4 20 100. 3 378 658 518 0.005 163 6. 608 8. 155
175 84.7 239 450 345 0.004 069 7.254 6. 719
275 82.1 176 372 274 0.003 335 9. 870 5.925
375 75.7 151 325 238 0.003 143 9.614 6. 061
375 ) 75.6 150 318 234 0.003 997 7.989 6.242
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Table 2 Parameters of cyclic constitutive relationships
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Fig. 7 Constitutive curves of Zr-4
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Table 3 Parameters of M-C model for materials
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Fig. 9 Life predicting curves using M-C model
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