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Foreword

This British Standard, prepared under the authority of the
Iron and Steel and the Non-Ferrous Metals Standards
Committees, supersedes DD 3 ‘Methods for plane strain
fracture toughness (K;.) testing’, which is therefore with-
drawn, and describes the procedures to be followed in the
plane strain fracture toughness testing of metallic materials.
The methods of test described in this standard reflect
current practice based on experience in applying DD 3 and
also a related standard £399.72 ‘Standard methods of tests
for plane strain fracture toughness of metallic materials’
prepared by the American Society for Testing and
Materials.

Appendix A gives recommendations concerning non-
standard test pieces to facilitate their standardization when
more experience has been gained.

Appendix C gives a validity check list that will facilitate a
systematic approach to testing and enable a faulty test to be

metallurgical variables, heat treatment and fabrication
procedures, e.g. welding. It is also intended to be used as

a basis for establishing design data and in the standardization
of testing methods for cases in which fracture toughness
requirements are specified in materials or product

standards.

abandoned at the earliest possible stage.

The standard is intended for use in establishing, in
quantitative terms, the effects on fracture toughness of
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BS 5447:1977

British Standard Methods of test for

Plane strain fracture toughness (K,)

of metallic materials

1. Scope

This British Standard specifies methods of determining the
plane strain fracture toughness of metallic materials. It
defines the terms used and specifies the requirements for
bend and tensile test pieces, test equipment, analysis of
data and recording of results, By agreement the test may
be applied at temperatures other than ambient.

The basis to be used for determining the minimum value of
fracture toughness to be specified for a particular appli-
cation is outside the scope of this standard.

2. Reference

The title of the standards publication referred to in this
standard is given on the inside back cover.

3. Definitions

For the purposes of this British Standard the following
definitions apply.

3.1 plane strain stress intensity factor (K,), The elastic
stress field intensification at the tip of a crack subjected to
opening mode displacement. It is a function of applied force
and test piece geometry, having dimensions of stress x
Iengthi‘.

3.2 plane strain fracture toughness (K.). A property of a
material indicative of the material’s resistance to crack
growth under conditions in which the stress at a short
distance ahead of the crack front is predominantly triaxial
(plane strain) and in which plastic deformation is limited.

It is the critical value of K at which the first significant
extension of the crack occurs under the influence of a
rising force under conditions of high constraint to plastic
deformation. Significant crack extension is defined in terms
of force/displacement characteristics as described later in
this standard.

3.3 stress intensity factor rate (K'). The rate of increase of
K, per unit of time.

3.4 stress intensity factor coefficient (Y). A coefficient
derived from stress analysis for the particular test piece
geometry.

3.5 fatigue stress intensity factor (K). The plane strain
stress intensity factor corresponding to the maximum force
of the fatigue cycle during the final stage of fatigue crack
growth, that is the last 1.25 mm or 2.5 % W, whichever is
the greater.

3.6 fatigue force ratio (R). The algebraic ratio of minimum
to maximum farce in the fatigue cycle.

3.7 effective crack length (a). The effective notch length
plus fatigue crack length.

4. Symbols and deéignations

For the purposes of this British Standard the following
symbols and designations apply (see also figures 1, 2 and 6).

Symbol Designation

w Test piece width for bend test piece or
effective width for tensile test piece

B Test piece thickness

L Half loading span

N Notch width.

m Effective notch length

a Effective crack length

C,D,F,H | Other test piece dimensions

K¢ A critical value of K|

K, Plane strain stress intensity factor

Ka A provisional value of K.

K Stress intensity factor rate

Y Stress intensity factor coefficient

K; Fatigue stress intensity factor

AK Tensile range of fatigue stress
intensity factor

R Fatigue force ratio

Oy 0.2 % proof stress

E Young's modulus

P Applied force

Ps Particular value of P (see figure 6)

Pa Particular value of P (see figure 6)

v Inelastic displacement at Pq = Pg
(see figure 6)

vy Inelastic displacement at P = 0.8P¢
(see figure 6)

b. Summary of test

The test involves the following two stages:
{a) the development by fatigue loading of a crack from
a machined notch in a test piece;
(b) the propagation of that crack by applying an increas-
ing force, which may be either bending or tensile, to
produce fracture.

The applied force is plotted against the increase in the dis-
tance between the two faces of the notch during a rising
force test.

The objective is to determine the force at which a given
amount of crack extension has taken place. This is estab-
lished from the test force/displacement record in terms of
a given deviation from linearity. The plane strain fracture
toughness can then be calculated using the stress analysis

relationship for the specific type o%éﬂments
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6. Test pieces

6.1 The test pieces shall comply with the requirements

of 6.2 to 6.6, the particular type of test piece used being
dependent upon the form, the strength and the toughness of
the materijal to be tested.

6.2 The basis of the test piece size requirements is that,
for a valid K, measurement, both the crack length a and the
thickness B shall be not less than

2,5(_/9&)2
Oy

where oy is the 0.2 % proof stress of the material under the
conditions of test, i.e. orientation, temperature and loading
rate.

To take account of uncertainties such as underestimation
of the K, value and the possibility of the test not meeting
some of the other validity criteria, it is recommended that,
if possible, larger test pieces should be used, e.g. 2 and B
should be at least

2
Oy

6.3 Initially the test piece size shall be based on either

(a) an estimate of the K. of the material (in the first
instance, it being better to over-estimate the K, value
and therefore to use a larger test piece than may
eventually be necessary);

or

(b) the ratio of 0.2 % proof stress to Young's modulus as
given in table 1.

Table 1. Recommended thickness and crack length

OFY Recommended
thickness and
crack length

Over Up to and mm

including

- 0.0050 100

0.0050 0.0057 75

0.0057 0.0062 63

0.0062 0.0065 50

0.0065 0.0071 38

0.0071 0.0080 25

0.0080 0.0095 13

0.0095 - 6.5

lb24bbd 0077916 9 WA

6.4 Except as allowed in 6.5 and 6.6, the proportional
dimensions and tolerances for the bend test pieces having
thicknesses of 13 mm or greater shall be as given in figure 1
and for the tensile test pieces having thicknesses from

13 mm to 100 mm shall be as given in figure 2. These pro-
portions have resulted from optimization of the efficiency
of fracture toughness measurement and boundary effect.
A typical series of tensile test piece dimensions complying
with the requirements of figure 2 is given in table 2.

6.5 If required the following alternative thickness to width
ratios may be used:

{a) bend test pieces: B/W between 0.25 and 1.0;
{b) tensile test pieces: B/W between 0.25 and 1.25.

6.6 If required, for example if fatigue crack initiation
and/or propagation is difficult to control satisfactorily,

a chevron notch configuration as shown in figure 3 may be
used. If required, its included angle may be increased from
90° to 120°.

7. Test piece preparation

Test pieces shall normally be machined in the fully heat-
treated condition. For test pieces in material that cannot
easily be completely machined in the fully heat-treated
condition, the final heat treatment may be given prior to
the finish machining provided that at least 0.5 mm per face
is removed from the thickness at this finish machining stage.
However, heat treatment may be carried out on fully
machined test pieces in cases in which heat treatment will
not result in detrimental surface conditions or distortion,

8. Testing equipment

8.1 Testing machines. The machine shall incorporate an
electrical force-sensing device that allows the force signal
to be plotted against the displacement gauge output on a
recording system.

8.2 Force measurement. The sensitivity of the force-sensing
device shall be sufficient to avoid distortion caused by over-
amplification, and the device shall have a degree of linearity
similar to that for the displacement signal. The combination
of force-sensing device and recording system shall permit
the force Pg {as defined in 10.2) to be determined from the
test record within an accuracy of = 1 %.

8.3 Fatigue cracking machine. The machine shall have a
method of loading such that the stress distribution is
symmetrical about the notch and the applied force shall be
known to an accuracy within * 2% %.

Table 2. Typical series of tensile test piece dimensions complying with the requirements of figure 2

All dimensions are in millimetres.

Test Values of dimensions for various thicknesses, 8

piece
dimension 13 25 50 75 100

+ 0.1 + 0.2 +04 + 0.6 +0.8
D 6.5_0 12.5_0 25.0_0 37.5_0 50.0 o
F 10.4 £ 0.05 20,0+ 0.10 40.0 £ 0.20 60.0 £ 0.30 80.0 + 0.40
N 1.7 max. 3.25 max. 6.5 max. 9.75 max. 13.0 max.
M 6.51t010.4 12.5 to0 20.0 25.0 t0 40,0 - 375t060.0 50.0 to 80.0
c 32.6 min. 62.5 min. 125.0 min. 187.5 min. 250.0 min.
w 260+ 0,10 50.0 £ 0.20 100.0 £ 0.40 150.0 + 0.60 200.0 + 0.80
B 13.0+0.10 25.0+ 0.20 50.0 £ 0.40 75.0 £ 0.60 100.0 + 0.80
H 156 £ 0.15 300+ 0.30 60.0 + 0.60 90.0 £ 0.90 120.0 + 1.20
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8.4 Displacement gauge. The determination of an absolute
calibration constant is not necessary since only relative
changes in displacement are measured. However, the gauge
sensitivity shall be not less than 20 mV/mm in order to
minimize errors due to over-amplification of a weak signal.

The linearity of the gauge shall be such that the deviation
from true displacement shall be not more than 0.003 mm
for displacements up to 0.6 mm and not more than 1% of
recorded value for larger displacements. The procedures
outlined in BS 3846 for calibration, either in a rig or using
an elastic device, should be used for checking linearity but
other methods capable of the same accuracy-are not
excluded. :

Figure 5 shows typical methods for facilitating positive
location of the displacement gauge on the test piece.

A suitable design of displacement gauge is described in
appendix B but other proven designs of gauge are not
excluded.

8.5 Recorders. The recording system shall be such_that the
accuracies specified for force and displacement measure-
ment can be realized. The response time and recording
speed shall be sufficiently fast to follow the signals resulting
from changes in force and displacement.

8.6 Testing fixtures

8.6.1 Bend test fixture. The bend test shall be performed
using a loading fixture designed to reduce friction at the
loading pins to a minimum. This can be achieved if the test
fixture is designed to allow the support pins to rotate and
move apart slightly, thus maintaining rolling contact through-
out the test. The diameter of the rolls and of the centre
loading point should be not greater than the test piece width
W and not less than one-third of the test piece width W.
Details of a satisfactory design for such a fixture are given in
appendix B. :

8.6.2 Grips and fixtures for tensile test piece. In order to
minimize friction between the loading device and the test
piece, a clevis and pin arrangement shall be used. This
arrangement shall permit rotation and self alignment as the
test piece is loaded. Details of a typical design are given in
appendix B.

9. Test procedure

9.1 Initiation and propagation of fatigue crack. Using a test
piece fully heat-treated to the condition in which it is to be
subsequently fracture-tested, develop a fatigue crack from
the starter notch applying the following limitations.

{a) R shall be in the range 0 to 0.1 except that, to
expedite crack initiation, one or more load cycles of
equal or lower magnitude and opposite sign may first be
applied. . )
{b) K¢ (which shall be recorded) shall not exceed 0.7
(ov1/0v2)Ka
where
Oy is the 0.2 % proof stress at the temperature of
fatigue cracking
Oy is the 0.2 % proof stress at the fracture toughness
test temperature.

BS 5447:1977

(c) The length of the fatigue crack shall not be less than
1.25 mm and shall be such that the a/W ratio {as measured
after fracture) is in the range 0.45 to 0.55.

(d) The crack shall lie within the limiting envelope as
shown in figure 4, :

9.2 Inspection before testing to fracture. After fatigue
cracking inspect the crack at the test piece surface to ensure
that its dimensions and position comply with the require-
ments of 9.4. Measure the thickness B and width W to the
nearest 0.1 % W on a line not further than 10 % W away
from the crack plane.

9.3 Testing to fracture

9.3.1 General. Load the test piece such that the rate of
increase of stress intensity factor immediately prior to

initial crack extension is within the range 15 to 80 N mm3/2
per second. However, subject to agreement, tests may be
performed at other rates in-which cases the actual rates

shall be recorded in terms of the stress intensity factor rate
K immediately prior to initial crack extension.

Measure the temperature of the test piece to within £ 2°C
over the range — 196 °C to + 200 °C and to within £ 5°C
outside this range. For measurements other than at room

-temperature use a thermocouple in contact with the test

piece surface in a region not further than 2 mm away from
the crack tip.

9.3.2 Bend testing. Set up the bend fixture so that the
line of action of the applied force passes through the
centre of the notch and also midway between the support
centres within 0.5 % of the distance between these centres
{e.g. within 0.6 mm for a 100 mm span).

9.3.3 Recording. Obtain a plot of the output of the force-
sensing device versus the output from the displacement
gauge, the initial inclination of the plot being between 40°
and 65°. '

9.4 Crack measurements after fracture. After fracture
measure, to the nearest 0.5 % W, the maximum and mini-
mum fatigue crack lengths and also the fatigue crack
length at the following three positions:

25% B,50% B, 75% B. -
The average of these last three measurements shall be the
effective crack length g, used to calculate K. The test is
invalid if

(a) the difference between any two of these last three

measurements exceeds 2.5 % W;

or

(b} the difference between the maximum and minimum
crack lengths exceeds 5% W,

or

(c) any part of the crack front is closer to the machined
notch than 2.5 % W or 1.26 mm, whichever is the greater;
or .

{d)} any part of the crack surface lies in a plane the slope

of which exceeds an angle of 10° from the plane of the
notch;

or

{e) the fatigue crack front is not in one plane, i.e. effects
of multinucleation are present.
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