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Effect of Cyclic Stressing on Delayed Fracture of High Strength Steel

Kaovi Tzursu, Kenichi Takar and Michihiko Nacumo

Synopsis : The delayed fracture characteristics of a PC bar steel have been examined under the FIP test. Earlier fracture occurs
by applying cyclic stress compared with the constant stress even when the maximum stress is the same. The peak
temperature of desorption of hydrogen at thermal desorption analysis is about 473K. Both the amount of diffusible
hydrogen and desorption rate at room temperature of specimens just after the FIP test are irrelevant to the stress mode.
After annealing the specimens at 473K for 30min after the test and reimmersing in the FIP solution, the total amount
of diffusible hydrogen decreases to about 2/3. The effect of cyclic stressing appeares as the increase in the reduction
of hydrogen released up to 473K. It is discussed that the effect of cyclic stressing on the delayed fracture characteristics
is through a dynamical interaction of hydrogen with defects produced by plastic deformation.
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Table 1. Chemical composition(mass%) of the steel.

- C Si

Mn

P S Ti

Al N o

0.316

1.64 0.75

0.009

0.004 0.001 0.023

0.0020  0.0026

Table 2. Heat treatment conditions of the steel for
diameters of bmm and 7mm.

Diameter (mm)

Quenching temp. (K )

Tempering temp. (K )

5

1293

803

7

1298

743

10%

2.5% 5%

Load, o

Time

Fig. 1. Schematic illustration of the cyclic loading
patterns.
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Fig. 2. Delayed fracture diagram for 5mm¢ speci-
mens.
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Fig. 3. Delayed fracture diagram for 7mme¢ speci-
mens.
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Fig. 4. Delayed fracture diagram for specimens
subjected to cyclic loading at 5 or 10 cpm.
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Fig. 7. Hydrogen evolution curves during heating
for specimens subjected to the FIP test for
various periods (a) under a constant stress of
0.50%, (b) added with cyclic stressing of 10%
in amplitude.
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Fig. 8. Hydrogen evolved at the temperature range
of the first peak in Fig.7 for specimens tested
with/without cyclic loading.
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Table 3. Absorbed hydrogen in specimens subjected
to the FIP test for 24h under a stress of
0.503 with/without stress cycling. The
amounts of hydrogen diffused out during
keeping at room temperature, during suc-
cessive heating up to 1273K and the resid-
ual one measured on melting are separate-
ly listed. A specimen dipped in the FIP
solution without loading, 24N, is also in-

cluded.
Stress Evolved hydrogen |Evolved hydrogen | Hydrogen by Total
o Specimens {atR.T. up to1073K melting analysis | hydrogen
condition
(mass ppm) (mass ppm) (mass ppm) | (mass ppm)

24B-48h 3.131 0.719 0.30 4.15

24B-12h 1.779 1.969 0.30 4.05

constant [, 5 an 0.473 3.246 0.40 4.12
stress

24B-Oh - 4,044 0.30 4.34

24B-Z - - 3.40 3.40

24H-48h 5.069 0.378 0.44 5.89

24H-12h 3.315 1.664 0.24 522

cyclic 24H-3h 1.268 3.414 0.25 4.93
stress

24H-0h - 4.224 0.26 4.48

24H-Z - - 425 4.25

no stress 24N-0h - 3.737 0.26 4.00
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Fig. 9. Hydrogen evolution rate at room tempera-
ture from specimens subjected to the FIP
test at 0.503 for 24h with/without cyclic
loading.

Table 4. Hydrogen evolved during heating from
specimens subjected to FIP test for 48h
under stress of 0.563, and from specimens
annealed at 474K for 30min after the test
and re-immersed in the FIP solution for 48
without loading.

Evolved Evolved
hydrogen hydrogen
Stress Specimens betheensR.T, AHg T ~a73x* ben’:/eengk.t AHg 1~ 1073k
condition and473K | (massppm) | oq1073K | (mass ppm)
(mass ppm) (mass ppm)
48B 1.863 3.105
constant 0.642 1.208
SWESS | 48B-473K 1.221 1.897
; 48H 2.148 3.155
cyclic 0.728 1.042
stress | 48H-473K 1.420 2.113
*AH denotes the difference b ted and
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