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ABSTRACT

The present report describes the automated ball indentation test

techniques and the results of their applications. The ball indentation test

technique is an innovative method for evaluating the key mechanical

properties from the indentation load-depth data.

In the 2nd chapter, the existing technique for evaluating basic

deformation (tensile) properties is described in detail, and also the

application result of the technique is presented. The through-thickness

variations of mechanical properties in SA 508 C1.3 reactor pressure vessel

steels were measured using an automated ball indentation(ABI) technique.

Mechanical parameters such as yield strength, ultimate strength, Brinell

hardness, and strength coefficient and strain hardening exponent in

power-law flow curve were evaluated from the load-indentation depth

curves. The through-thickness variations in the reactor pressure vessel

steels were successfully measured by the ABI tests.

In the 3rd chapter, a method under development, which is similar to that

in the 1st chapter, is introduced, and the applicability of the method is also

discussed. The new method is based on the theoretical solutions rather

than experimental relationships. The result of the application showed that

the stress-strain curves of various metals were successufully determined

with the method.

In the 4th chapter, a new theoretical model was proposed to estimate the

fracture toughness of ferritic steels in the transition temperature region.

The key concept of the model is that the indentation energy to a critical

load is related to the fracture energy of the material. The theory was

applied to the reactor pressure vessel (RPV) base and weld metals. ABI
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tests were performed at the temperatures of -150~0°C, and the fracture

stress and fracture toughness (estimated Kjc) were calculated from

indentation load-depth data. The temperature dependency of the estimated

fracture toughness was almost the same as that of the ASTM Kjc master

curve. The reference temperatures, To, of the steels were determined from

the estimated Kjc versus temperature curves. The computer simulation by

ABAQUS code showed that the stress triaxiality of indentation deformation

is similar to that of the deformation in the cracked specimens.
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