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Influence of Plastic Strain on Fatigue Damage Assessment for Seismic Load
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Abstract In the fatigue damage assessments in component design, the elastic-plastic strain range is estimated
from the elastic strain by using the so-called Ke factor. The K. factor corresponds to the ratio of the strain
range obtained by elastic analysis to that obtained by elastic-plastic strain analysis. The design code of the
Japan Society of Mechanical Engineers (JSME) prescribed the Ke values for component design. The values
were determined so that analysis results for representative component geometries and loading patterns could
be predicted conservatively. Since most of the loads assumed for determining JSME K. values were caused
by thermal transients such as plant start-up and shutdown, the values may not be valid for seismic analyses,
for which the load is given by acceleration of boundaries. In seismic analyses, even if the plastic strain
becomes significant, the hysteresis property of the stress-strain property may bring about a damping effect.
The main objectives of this study were to calculate K values, which are referred to as Ks values for seismic
loads, and to understand Ks characteristics. The single elbow model or the piping system, which consisted of
elbows, straight pipes and a weight, was assumed for seismic analyses. It was shown that, the Ks values were
much less than the Ke values prescribed in the JSME code. It was revealed that the damping caused by the
hysteresis property suppressed the increase in the strain range. It was found that the damping effect was not
the same for each element. The strain becomes relatively large at particular elements such as the elbow and
pipe near a fixed end. Since such elements acted as a damper, the strain range and Ks value tended to be
relatively large.
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Fig. 1 Model for elbow pipe subjected to a seismic loading.
Acceleration is given as a boundary condition at
bottom end.
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Point of maximum e,

Fig. 2 Finite element mesh used for analyses. A half of the
whole model was analyzed.
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Fig. 3 Change in acceleration used to simulate seismic load
of 1,200 gal. The seismic loads for vertical (UD)
and horizontal (EW and NS) directions were
prepared, although only that for UD direction was
used for elbow pipe model.
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Fig. 4 FFT analysis result for input acceleration of UD
direction of 1,200 gal.
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Fig. 5 Response acceleration obtained by analysis
(1,200 gal, E/E=0.01, W=0.6t, n=1%).
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Fig. 6 FFT analysis result for response acceleration
(1,200 gal, E/E=0.01, W=0.6 t, = 1%). The
peak of the frequency is identical to the eigen
frequency of the model, which is 15.5 Hz.
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Fig. 7 Change in hoop and axial strains obtained by analysis
at position of maximum equivalent strain range,
which appeared inside of elbow crown (1,200 gal,
EJE=0.01, W=0.6t, n=1%).
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Fig. 8 Relationship between input acceleration and the
maximum equivalent strain range Aecqmax) for various
damping ratios 77 (£/E=0.01, W=0.61).
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Fig. 9 The K; factor obtained by Ageqmax), Which is denoted
as Kye), for various input accelerations and
damping ratios 77 (£/E=0.01, W=0.61).
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Fig. 10 S-N curves used to calculate usage factor UF. Two
kinds of curves, DFC and Eq. (9), were applied.
Fatigue limit is not assumed for Eq.(9), whereas
fatigue limit of 94 MPa is assumed in DFC.
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Fig. 11 Relationship between input acceleration and the UF
obtained using Eq. (9) for various damping ratios 7
(E/E=0.01, W=0.61).
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Fig. 12 Change in K factors obtained using UF and Aécqmax)
with damping ratio (1,200 gal, £/E =0.01, W=
0.6 t). The value of Kur) was less than unity
regardless of the damping ratio.
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Fig. 13 Change in response acceleration with the applied
mass weight for various input accelerations (£y/E
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Fig. 14 Change in the maximum equivalent strain range
Aecqmax) With the applied mass weight for various
input accelerations (£,/E = 0.01, 7= 1%).
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Fig. 18 Influence of E/E on K analyzed for A4Seqe/4Sy =3
(7= 1%). Although smaller plastic slope £, brought
about larger Kye), the results for £,/E£=0.01
exhibited well converged K.
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Fig. 19 Equivalent strain ranges obtained from the rainflow

counting procedure using time-serious equivalent
strain (1,200 gal, E/E=0.01, W=0.6t, n=1%).
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Fig. 20 K; factors obtained controlling the elastic stress
ASeqey4Sy to be fixed value for various mass weights
(Ey/E=0.01, 7= 1%). The results for which input
acceleration was less than 5,000 gal are shown.
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Fig. 21 The piping model and finite element mesh used for analyses (unit: mm). The “area” denotes the
pipe or elbow sections which showed relatively large strain range.
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Fig. 22 Von Mises stress distribution when equivalent strain range showed the maximum values (1,200 gal).
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Fig. 23 Change in the maximum equivalent strain range
Aeeqmaxy With the applied input acceleration.
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Fig. 24 K; factors obtained using Aecqmax) for various input
accelerations.
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Fig. 25 Change in equivalent strain during the simulation
for 1,200 gal. Ratcheting strain (&;) was caused
during the analyses.
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Fig. 26 Magnitude of ratcheting strain caused during the
analyses.
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Fig. 27 K; factors considering effect of &, which is
denoted as K’ g, for various input accelerations.
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Fig. 28 Usage factor UF obtained for various input
accelerations.
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Fig. 29 K; factors obtained using UF for various input
accelerations.
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Fig. 30 Change in UFy, with elastic stress 4Seqey/4Sy. The
values correlated well except values for areas 3

and 4.
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Fig. 31 Equivalent strain ranges obtained from the rainflow
counting procedure using time-serious equivalent
strain obtained by elastic and elastic-plastic
analyses for 600 gal.
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