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A study on simplified elastic-plastic correction (Ke factor) for thermal loading
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Abstract The simplified elastic-plastic correction factor Ke is quoted in fatigue damage assessments for
component design to predict elastic-plastic strain from elastic strain without performing elastic-plastic
analyses. The K. factor has been widely used in various design codes, although its value has been determined
according to individual policy to achieve conservative assessments. Recently, the American Society of
Mechanical Engineers (ASME) modified the Ke factor for thermal loading. By assuming elastic-plastic strain
could not become large for thermal loading, a reduced K. value was applied when the stress was caused by
thermal expansion loading. This paper discusses the applicability of K. for thermal loading to the design code
by the Japan Society of Mechanical Engineers (JSME). First, the Ke factor for thermal loading and its
background are reviewed, and then, Ke values from several codes are compared. Second, finite element
analyses (FEA) for a straight pipe subjected to a fluid temperature transient are conducted to obtain values
for comparison of the Ke factor prescribed in the ASME and JSME codes. The K. values obtained by FEA
become larger than those of the revised Ke of the ASME. It is shown that K value depends on the boundary
condition. The K. factor of ASME is valid only when the axial displacement is fully constrained or frequency
of the fluid temperature fluctuation is fast enough. Third, based on detailed investigations, conservative Ke
value for thermal loading is proposed. Finally, the characteristics of the change in the elastic-plastic strain for
thermal loading are summarized and discussion is made about how the Ke factor is prescribed in the JSME
design code.
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Fig. 1 A schematic drawing for defining equivalent secant
modulus E* for elastic-plastic condition.
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Fig. 2 Comparison of K. factors for a thermal loading
prescribed in JSME, ASME and French (RCC-M)
design codes for nuclear power plant components.
JSME code assumes Sy/Sn = 2.
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Table 1 Constants used for thermal stress analyses.

3.85x 109 [J/m*K]
15.86 [W/mK]

25 [kW/m?K]

174 [GPa]
Poisson’sratio: v 0.3

1.64 X 107 [1/K]

Density x Specific heat:
Heat conduction coefficient:
Heat transfer coefficient

Young’s modulus: £

Heat expansion coefficient: o

Axial force due to internal pressure

Tt

Fluid

740 61

Fig. 3 Geometry of pipe subjected to fluid temperature

fluctuation (unit :mm).
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Fig. 4 Assumed fluid temperature fluctuation patterns.
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Fig. 12 Change in strains obtained by elastic and elastic-
plastic analyses obtained for cyclic loading pattern
(4T=240K, Pn=0, t= 10,000 s).
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Fig. 13 A schematic drawing representing elastic and elastic-plastic behavior that occurred by thermal deformation.
The elastic-plastic condition exhibited larger strain range when axial constraint is not considered, while it is
completely the same with that obtained by elastic condition when the axial constraint is considered.
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Fig. 16 Change in strains obtained by elastic and elastic-plastic
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K, z.=10,000 s). The results for the hoop direction
were the same as those obtained with axial constraint.
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so that Aowmi/(2Sy) to be 5.
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The thermal expansion near the surface brings about compressive elastic deformation e and er(ep). Larger
driving force for elastic deformation is obtained by elastic analysis than that by elastic-plastic analysis.
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