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JAPANESE INDUSTRIAL STANDARD JIS Z 2284 : 1998

Method of elastic-plastic fracture
toughness Jjc testing for metallic materials
in liquid helium

. 1 Scope This Japanese Industrial Standard specifies the method of elastic-plas-
tic fracture toughness Jic testing for metallic materials at very low temperature in
liquid helium based on unloading compliance method.

Remarks : Very low temperature in liquid helium used in this Standard is the
boiling point of liquid helium at the atmospheric pressure [approxi-
mately 4 K (-269 °C)]. Unless otherwise specified, this is called sim-
ply “very low temperature”.

2 Normative references The following standards contain provisions which, through
reference in this Standard, constitute provisions of this Standard. Normative refer-
ences described on the most recent editions shall apply.

JIS B 0601 Surface roughness—Definitions and designation
JIS B 7507 Vernier, dial and digital callipers

JIS B 7721 Verification of the force measuring system of the tensile testing ma-
chine

JIS G 0303 General rules for inspection of steel
JIS G 0306 Steel forgings—General technical requirements
JIS Z 2277 Tensile testing method for metallic materials in liquid helium

JIS Z 2283 Method of low cycle fatigue testing for metallic materials in liquid
helium

JIS Z 8401 Rules for rounding off of numerical values

3 Definitions For the purpose of this Standard, the definitions given in JIS Z
2277 and JIS Z 2283 and the following definitions apply:

a) Jintegral (J) The integral with respect to an optional line or plane path starting
from the lower surface of crack and coming to the upper surface of crack in the
form surrounding the tip of crack. It describes the local stress—strain field in
the vicinity of the tip of crack.

b) elastic-plastic fracture toughness (Jic) The breaking resistance at the time
when plane strain type ductile tear fracture of mode I starts from the precracking.
Without regard to the size of yield, it is the material constant not depending on
the shape and dimension of the test piece and the tensile and bending loading
methods.

c¢) stress intensity factor (K) Dynamic parameter describing a local stress—strain
field in the vicinity of the tip of crack when satisfying the small scale yield con-
dition.
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d)
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n)

0)

p)

plane strain fracture toughness (Kic) Fracture resistance at the time when
a fracture of mode I starts from the precrack, when satisfying the plane strain
and the small scale yield condition.

In addition, Kic (J) converted from Jic is Kic corresponding to the ductile tear
fracture.

crack surface direction Relating to the shape of products, the system to show
the surface and direction of the fracture. In the system, the designation is given
using code with hyphen in such a way that the first letter expresses the direc-
tion perpendicular to the crack surface and the following letter does the expected
direction of crack extension.

crack length (@) The length from the plane in parallel with the end surface
of the test piece and including the loading line to the front edge of crack.

initial crack length (a,) The crack length at the time of starting the frac-
ture toughness testing.

amount of crack extension (4a) An increase of the crack length during the
test.

effective yield strength (6y) Assumed value of uniaxial yield strength ex-
pressing the influence of plastic yield given to fracture toughness testing pa-
rameter. In this Standard, oy is specified to be the average value of 0.2 % proof
stress and tensile strength.

tunneling A phenomenon in which the crack extension is smaller in the
neighbourhood of the surface of the test piece and becomes larger at the middle
part of the thickness. Namely, a phenomenon that the front edge of the crack
is curved. .

compliance Ratio of a displacement to an increase of test force. Namely, the
inverse of the inclination of the test force—displacement curve.

unloading compliance method The method of presume the amount of crack
extension by detecting the change of rigidity of the test piece resulting from the
crack extension. Unloading in the course of applying a load to the test piece for
measuring the compliance at the time of unloading to, as a result, presume the
crack length.

blunting line An approximate straight line of J— Aa relation before the time
of fracture beginning.

start of stable crack extension The start of slow and stable crack exten-
sion from the tip of the blunted crack.

R curve A logarithmic curve approximation of J - Aa relation after the start
of the fracture.

dimensionless crack length (a/W) Ratio of crack length (a) to width (W) of
the test piece. The width of test piece is measured from the loading line to the
back end surface of the test piece.
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q) adiabatic heating Internal heating in the test piece generated by reason that
the heat generated by plastic work in fracture toughness testing cannot trans-
mit immediately to the surrounding coolant.

. 4 Principle of test This test is to apply a tensile test force at very low tempera-
ture to a test piece to which a precrack is introduced to obtain the fracture tough-
ness at the time when the plane strain ductile tear fracture starts from the fatigue
precrack.

5 Testing apparatus and instruments The fracture toughness test shall be carried
out using a testing apparatus such as a testing machine of the displacement speed
control type equipped with cryogenic apparatus specified in 5.2 and displacement
gauge in 5.4.

5.1 Testing machine The testing machine shall conform to at least grade 1 specified
in JIS B 7721 and have sufficient rigidity.

5.2 Cryogenic apparatus The apparatus for applying a load to the test piece in
an ambience of very low temperature shall be as follows:

a) The cryogenic apparatus is of the structure consisting of a dewar for storing
liquid helium and test jig for holding the test piece in it and loading it. Fig. 1
gives an example of the cryogenic apparatus.

b) The dewar has sufficient insulation layer enough to keep the test piece at very
low temperature.

¢) The cryogenic apparatus is provided with a transfer tube having insulation layer
for supplying liquid helium to the dewar.

5.3 Test jig The test jig made of the material having a sufficient mechanical prop-
erties at very low temperature shall be used. As shown in Fig. 2, the pin hole sur-
face (flat surface) which touches the loading pin shall not be more than 0.80 umR,
specified in JIS B 0601, in order to allow the test piece to rotate during the test
and to reduce friction.

5.4 Displacement gauge The displacement gauge shall be as follows:

a) The displacement gauge which has been calibrated, in accordance with Annex 1,
in advance of the test is used.

b) The displacement gauge is mounted on the test piece.

5.5 Level gauge The dewar of the cryogenic apparatus shall be equipped with a
level gauge suitable for monitoring the surface of liquid helium in order to confirm
that the test piece is completely within the liquid helium.
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5.6 Dimension measuring instruments The instruments for measuring dimen-
sions shall be as follows:

a) Vernier calliper The vernier calliper which is for measuring the width and
thickness of the test piece is of the maximum measuring length 150 mm and
the minimum reading value 0.05 mm specified in JIS B 7507 or those equiva-
lent or superior thereto in accuracy.

b) Reading microscope The reading microscope which is for measuring the crack
length is of the reading accuracy of 0.05 mm or those equivalent or superior
thereto in accuracy.

6 Test pieces

6.1 Sampling of test pieces The sampling of test piece shall be as follows:

a) Sampling position of specimen Unless otherwise specified, JIS G 0303 and
JIS G 0306 apply to the sampling of specimen and test pieces.

b) Crack surface direction The relation between the test piece notch direction,
the main manufacturing direction of the material and the test force direction is
expressed with the letter code shown in Fig. 3, and the first letter indicates the
direction perpendicular to the crack surface, and the following letter indicates
the expected crack extension direction.
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"a) Crack surface direction b) Crack surface direction
to board material to inclined direction

z
Flow of crystal grain in radial direction Flow of crystal grain in axial direction
Machining direction along axis Machining direction along radius

c) Crack surface direction to round
rod and hollow cylinder

Fig. 3 Crack surface directions

6.2 Classification of test pieces The classification of test pieces shall be as follows:

a) Standard test piece The standard test piece shall be compact test piece of thick-
ness B =25 mm, width W =50 mm and dimension of each part is in proportion to
W shown in Fig. 4 a). Besides, either test piece without side groove (Fig. 4 a)] or
test piece with side groove [Fig. 4 b)] may be used. In the case of the test piece
with side groove, the net thickness of the test piece (By) is the interval of the bottom
of the side groove, and the effective test piece thickness (Be) is given by the for-
mula (1).
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