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Validity of Dynamic Elastic-Plastic Fracture Toughness Values Measured
by Instrumented Precracked Charpy Test

Toshiro KoBaYASHI, Isamu YAMAMOTO and Masaki KAMIMURA

Synopsis :

In this paper, the validity of dynamic elastic-plastic fracture toughness J; value by the developed evalua-
tion system is studied on the steel for reactor pressure vessel. The effectiveness of the new system for the
evaluation of the dynamic fracture toughness is also examined and proved on other kinds of materials such
as aluminum alloy, Ti alloy, ductile cast iron and various steels.

Moreover, the simple formura for the calculation of the specimen compliance (C,) under dynamic loading
condition, which is necessary for the correction of the crack initiation energy when J; is evaluated, is pre-
sented. ,

Elastic-plastic fracture toughness is generally affected by the specimen size. The valid condition for the
specimen size under static loading condition is defined in ASTM E813-81. The valid condition for the
specimen size determined under dynamic loading condition based on the same procedure appears severer
than that of ASTM E813-81. However, it is clarified that the valid dynamic elastic-plastic fracture tough-
ness (Jyy) is possible to obtain from small specimen such as the standard Charpy size one with the side
grooves.

Key words: mechanical testing; dynamic elastic-plastic fracture toughness; instrumented Charpy test; speci-

men size; side grooves.
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Table 1. Mechanical properties of test materials.

. Yield stress Tensile stress Young's modulus
Material o,(MPa og(MPa) E kN/mg)
DCI 243.1 729.3 16.66x107
7075 Al 481.3 548.3 7.27X 10;
Ti-6246 885.9 989.8 9.73X10
SS 41 306.3 459.6 20.6 X107
HT 80 769.8 821.2 20.6 X107
SS41% 368.5 522.8 20.6 X107
HT 80* 843.3 1046.0 20.6 X107

*  Heat treated (850°CX 30 min OQ 300°CX2h)
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Fig. 1. Test specimen geometries.
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Table 2. Dynamic fracture toughness J; and mate-
rial tearing modulus T,,, obtained from various
methods.

Jg (kN/m) Tonat
Material o
Comp™ ™ Stop block Key curve Stop block
DCI 29.5 30.4 17.3 21.3
Ti-6246 96.0 98.5 2.6 2.7
7075 Al 8.79 11.1 0.53 0.56
SS41 47.0 59.8 186.4 227.5
HT 80 135.2 166.6 152.6 124.9
ssa1* 57.0 40.0 448.0 485.5
HT 80%* 119.0 109.8 115.8 113.8

# Heat treated (850°C X 30 min OQ 300°C X2 h)
%% Compliance changing rate method
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/
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/ I . .
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Deflection

Fig. 2. Correction of energy until crack initiation
by compliance method.
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Fig. 5. Relationship between impact velocity and
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Fig. 7. Effect of specimen size on J,; value.
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