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Measurement of Fracture Toughness of A533B-1 Steel
by Ultrasonic Method Using Point Focusing Probes
Takashi YASUNAKA, Nobuhiko IwaO, Nobuaki FuRruva,
Hisashi YAMAWAKI, Shojiro MATSUMOTO and Katsuyoshi KiMURA
Synopsis:

A single specimen method for determining fracture toughness Jic has been studied using both ultrasonic

through transmission and angle beam reflection techniques.

Compact tension specimens of A533B-1

steel were used. By the use of point focusing probes, the crack extension in the midthickness portion of
the specimen is measured. A computer is utilized in the measuring system for controlling apparatus, re-

cording data, and calculating J values.

The fracture processes such as blunting of precrack tip, stable crack extension and transition process be-
tween them can be revealed by this method. The Ji¢ value obtained by ultrasonic method is in close agree-

ment with that obtained by R-curve method.

Furthermore, crack growth resistance curve (J-R curve) can be determined because there is a linear
relation between amount of relative decrease in through transmission pulse height and crack extension

length.
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(a) through transmission method, (b) angle beam
reflection method. The hole of 3 mm in diameter is pro-
vided for normalizing pulse height.

Fig. 1. Specimen configurations used in the pre-
liminary experiment and positions of ultrasonic
probes (dimensions in mm).
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Fig. 2. Block diagram of measuring system.
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Fig. 3. Pulse height curves of reflection (A)
and through transmission (B) using two normal
probes which are moved on the specimen shown
in Fig. 1 (a).
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Fig. 4. Changes in profile of pulse height of
reflection during blunting of the precrack tip.
A point focusing angle probe is moved on a
CT specimen (Fig. 1(b)). A wedge is in-
serted in the interstice of the notch under
loading and load is released.
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Fig. 5. Variation in pulse height of through
transmission (E;) and angle beam reflection
(E;) with load line displacement during load-
ing and unloading. Blunt notched specimen

is used.
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Fig. 6. Typical pulse height and load versus load
line displacement curve showing the point of the
onset of crack extension with the arrows.
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Fig. 7. Schematic representation of the relation
between variation in ultrasonic pulse height and
crack extension process.
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Photo. 1.
displacement levels of 0.81 mm (a),

Scanning electron fractographs near precrack tips.

Specimens are loaded to the

1.04mm (b), and 1.13mm (c), where §;,=1.07 mm

showing &;, is the critical displacement at the onset of crack extension. The data obtained from

those specimens are plotted in Fig. 8.
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Fig. 8. Comparison between J;, values obtained
by ultrasonic method and R-curve method. The
range of transition process before the onset of
crack extension is indicated by shading.
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Fig. 9. Relation between relative amount of
decrease in through transmission pulse height
and crack extension.
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Fig. 10. J-R curve measured by ultrasonic method.
Open circles represent the measured values of crack
extension. Specimens have the same crack plane
orientation of L-S showing their reproducibility of
J-R curve.
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