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Abstract: In this study, the theory of spherical indentation based on incremental plasticity is extended to an indentation
method for evaluating creep properties. Through finite element analysis (FEA), the point where the elastic strain effect
is negligible and the creep strain gradient constant is taken as the optimum point for obtaining the equivalent strain rate
and stress. Based on FE results for spherical indentation with various values of creep exponent and creep coefficient,
we derive by regression an equation to calculate creep properties using two normalized variables. Finally a program is
generated to calculate creep exponent and creep coefficient. With this method, we obtain from the load-depth curve
creep exponents with an average error of less than 1.5 % and creep coefficients with an average error of less than 1.0 %.
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Table 1 Selection of creep parameter for FEM analyses

Properties Elastic material
Young’s modulus (£, GPa) 1000
Friction coefficient 0
Poisson’s ratio (V) 0.3
1.0x107,
Creep coefficient (4, MPa™s™) 1.0x107"°,
1.0x10™
c Y 0.13,0.2,
reep exponent (1/m) 0.33,0.5, 1.0

Fig. 1 FE mesh for creep indentation analysis
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Table 2 Comparison of creep properties obtained from
CRD tensile and indentation tests

log A Computed
C ted
dg 1/m | (MPa® 'ﬁftd ‘T?ue log A
(GPa) sec’) | metho n (MPa~sec™)
Tensile 0.333 -9.0
1000 | 0.333 -9 Ind
naen= 0,331 9.3
tation
102 : ‘
E = 1000 GPa, 1/m = 0.33,
A=1.0x10"MPa’sec”’
indentation test
— 10* | o
vo o
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2] . o
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Fig. 9 Comparison of equivalent stress—strain rate curves
obtained from CRD tensile and indentation test
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Table 3 Comparison of computed creep properties to
those given

Computed log 4 Computed
E (GPa) 1/m 1/m (GPa™ log A
(Error %) sec-') (Error %)
0.196
0.2 2.2) -15 -15.3 (1.8)
0.332
1000 0.33 (0.2) -12 -10.0 (0.1)
1.019
1.0 (1.9) -5 -4.9 (0.8)
0.198
0.2 (1.1 -15 -15.1 (0.9)
0.325
100 0.33 (2.6) -10 -10.2 (1.9)
1.015
1.0 (1.5) -5 -4.9 (0.7)
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