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Zr-4 used for a cladding and an end plug of reactor component has creep
deformation under operation at high temperature. Creep is regarded as the time
dependent deformation of a material under constant applied stress. Although the
major source of the deformation of zirconium component in water-cooled reactors is
irradiation creep, the thermal creep may give a rise to significant deformation in
reactor component especially at relatively high temperatures and at various constant
stresses, and therefore it must be predicted accruately. Stress relaxation is the time
dependent change of stress at constant strain and it is a process related intimately to
creep.

In this paper, the creep behavior and stress relaxation of Zr-4 is examined at the
temperature of 500C that is 40% of the absolute melting temperature of Zr-4 under
the stress below yield stress and under the various constant strains.

The results obtained are summarized as follows:

1) With an increase of stress, the steady state creep rate increases and the creep
rupture time decreases.

2) The steady state creep rate £(%/s) for the stress o.(kgf/mm?) of Zr-4 increases
outstandingly. All the empirical equations computed for Zr-4 are in accord with
Norton’s model equation(é=Ko.”), The constants of materials computed are as
follows:

K=3,9881x10"°, =n=1, 9608
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3) The rupture time 7; (hr) decreases linearly with the increase of stress on the

log-log scaled graph. The empirical equations computed for Zr-4 are in accord with

Bailey’s model equation (7,=K,c.™).

follows:

The constants of materials computed are as

K,=1,2875X10%, m=—3, 467
4) It seems clear that the strain could be quantitatively dependent on the high
temperature creep properties such as creep stress, rupture time, steady state creep
rate and total creep rate, It is found that these relationships are linear on the log-

log graph.

5) In stress relaxation test, as the critical costant strain that can be allowed to the

specimen is larger, stress relaxation becomes more rapid, and as the constant strain

is smaller, the stress relaxation becomes slower.

List of symbols

é . angle of inclination
K and K, . material constants

& . initial strain(%)

£ . stran(%)

é . steady state creep rate(%/sec)

& . total creep strain(%)

& : total creep rate(%/sec)

Tr . rupture time (hr)

e . creep stress (kgf /mm?)

o, . yield strength (kgf /mm?)

o7 . tensile strength (kgf /mm?)

n . stress exponent for steady state
creep rate

m . stress exponent for rupture

HyB > Rockwell hardness(B scale)

Tn . temperature of melting point " K)
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Table 1. Chemical composition of Zr-4

Element Composition Element Composition
Sn 1.54% Mg <10ppm
Fe 0.20% Mn <10ppm
Cr 0.11% Ni <35ppm
Al 41ppm N 39ppm
B <0, 25ppm Si 75ppm
Cd 150ppm w <50ppm
Co < 10ppm Ti < 25ppm
Cu 15ppm U <1, Oppm
Hf 64ppm 0] 1, 360ppm
H <5ppm Zr Balance
Table 2. Mechanical properties of material used
Material Tensile strength Yield strength Elongation Hardness
oy (kgf [ mm?) o, (kgf /mm?*) e (%) HyB
Zr-4 56, 67 34,44 24 85~96
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Fig. 1. Shape and dimension of creep and ol flange® whEQlon] JEMIAES (IR

stress relaxation test specimen (mm).
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Fig. 2. Creep curves of Zr-4 according to
various stress at constant temperature
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Fig. 3. Relationship of creep rate versus creep
stress of Zr-4 at 500°C.
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Table 3. Data of creep test under uni-axial tension at 500°C

St Initial Stready state Rupture Total creep Total creep
. ress strain creep rate time strain rate
Specimen  [No e .
.y 2) & 3 Tr & &
(kg /mm (%) (104%/5) (hr) (%) (10-*%/5)
1 1.62 0,12 1.2 18. 00 35,98 5.6
2 3.24 0.18 2.3 5,20 33.10 19.6
Zr-4 3 3.50 0,24 4.1 3.80 31.75 23.2
4 3.90 0. 30 5.4 1.50 27.51 50.9
5 4,24 0,36 8.5 0.75 L 25.40 9.1
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Fig. 4. Relationship of creep stress versus creep
rupture time at 500°C.
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