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Foreword

This British Standard, published under the direction of the ~ Compatibility between K. and COD test methods is
lron and Steel and the Non-Ferrous Standards Committees, achieved by using clip gauge instrumentation. The necessity

has been prepared to take account of the experiences of using a sharp crack in the test piece precludes direct
derived from the procedures contained in DD 19 : 1972 measurement of the crack opening displacement. Crack
for carrying out crack opening displacement (COD) testing  opening displacement values are inferred from clip gauge
on metallic materials. Such procedures are used in the measurement.

United Kingdom particularly for obtaining data to - Attention is drawn to the fact that the units used for stress
support design criteria for pressure vessels and similar and linear dimensions are N/mm? and mm in this standard
equipment. {(and in the standard for K. testing, BS 5447). This will

give numerically different K¢ and K values to those obtained

This standard replaces DD 19 but since the test method is with the units used in DD19 (and DD 3).

similar to that for K testing, it is based as far as possible

on BS 5447 : 1977 which describes the method of plane .  Users should check existing data.
strain fracture toughness testing. The crack opening NOTET.A N mm™/ =0.0316 MN m™/2, .
displacement test is used normally in conditions of greater

ductility where linear elastic fracture mechanics becomes o o P

invalid. NOTE 2. In this British Standard, the term COD refers to ‘crack tip
opening displacement’. This displacement is alternatively referred to
in other organizations by the term CTOD in order to avoid
confusion with other displacements within a crack.
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British Standard Methods for

Crack opening displacement (COD) testing

1. Scope

This British Standard specifies the method for carrying out
crack opening displacement {COD) tests on metallic
materials. It specifies the requirements for test pieces,

test equipment, analysis of data and recording results.

The test method and specimen configuration are similar

to those specified for Kj testing in BS 5447, The test is
carried out on material of the full thickness of interest.

If this thickness is sufficient to give a valid K, in accordance
with BS 5447 and the other requirements of this standard
are met, the result can be presented in those terms. If not,
it can be presented in terms of COD in accordance with

the methods specified here. The basis to be used for
determining the minimum value of COD to be specified

for a given application is outside the scope of this standard.
Different events may be measured in the test; which of
these should be used in any particular application is also
outside the scope of this standard.

2. References

The titles of the standards publications referred to in this
standard are listed on the inside back cover.

3. Summary of test

3.1 The objective of the test is to determine certain values
of the crack opening displacement at the tip of a defect

up to attainment of the maximum load. Values at the
onset of unstable crack initiation which lead either to
complete rupture of the test piece or to an arrested brittle
crack or pop-in, and are not preceded by slow crack growth,
shall be recorded. Where unstable cracking or pop-in is
preceded by slow crack growth, the value at the onset of
the brittle instability and/or that at the initiation of slow
crack growth shall be recorded. In tests where a maximum
force plateau is observed, this will be preceded by slow
crack growth, and in such tests the COD at the initiation
of slow crack growth and/or that at the first attainment of
the maximum force plateau shall be recorded. When slow
crack extension occurs, the selection of the ‘critical’ value
(either that at the initiation of slow crack growth or those
at the onset of unstable crack extension or the first attain-
ment of maximum force plateau) shall be by agreement
between the manufacturer and the purchaser.

3.2 A test piece in which a sharp crack has developed,

by fatigue, from a machined notch is subjected to loading.
Test results are recorded by plotting autographically the
applied force against the clip gauge displacement measured
at the test piece surface across knife edges located on ’
opposite sides of the notch, The clip gauge displacement
at the selected point on the load displacement curve is

related to crack tip opening displacement at this point at

temperatures of interest, using a previously determined
theoretical calibration,

4. Nomenclature

For the purposes of this standard the foliowing nomen-
clature applies:

Symbol Term

W Test piece width

B Test piece thickness

L Half loading span

N Notch width

M Effective notch length

a Effective crack length

4, Amount of slow crack growth

1% Half distance between knife edge clamping points

z Distance of clip gauge location from test piece
surface

T Test temperature

Ps Fatigue pre-cracking force

Y Stress intensity coefficient

K Fatigue stress intensity factor

R Fatigue force ratio, that is the ratio between
minimum and maximum load in the fatigue cycle

R-curve Plot of the increase in resistance to crack growth
versus crack length

K Stress intensity factor calculated from P, P;, P,
or P,

P Applied force

P, Applied force at either:

(a) unstable fracture or
{b) onset of arrested brittle crack or pop-in.

This term only applies where there is no evidence
in either (a) or (b) to suggest that slow crack
growth has occurred,

P; Applied force at which slow crack growth
commences

P Applied force at the maximum force plateau

P, Applied force at either:
(a) unstable fracture or
{b) onset of arrested brittle crack or pop-in,
This term only applies where there is evidence
in either {a) or (b} to suggest that slow crack

growth has occurred.  yasuyIMents
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Vy Values of clip gauge displacement &; . Crack opening displacement at which slow crack ‘
V,  Clip gauge displacement at either: growth commences
(a) unstable fracture or 6m Crack opening displacement at first attainment
{b) onset of arrested brittle crack or pop-in, of maximum force plateau
:Th|§ ‘aerm( o)nly at;))phes where there is no evidence 8. Crack opening displacement at either:
in eit heL a) or (b) ':jo suggest that slow crack (a) unstable fracture or
growtn has occurred. {b) onset of arrested brittle crack or pop-in.
Vi Clip gauge displacement at which slow crack This term only applies where there is evidence
growth commences in either (a) or (b) to suggest that slow crack
V,, Clip gauge displacement at the first attainment of growth has occurred.
the maximum force plateau oy 0.2 % proof stress at temperature of interest
V,  Plastic component of clip gauge displacement - E Young’s modulus at temperature of interest
V, Clip gauge displacement at either: v Poisson’s ratio
{a) unstable fracture or .
{b) onset of arrested brittle crack or pop-in, 5. Standard test pieces
.Th's. term only applies where there is evidence . 5.1 The standard test piece shall be of thickness (B),
in either (a) or (b) to suggest that slow crack equal to that of the material under examination. The test
growth has occurred. piece shall be one of the types shown in figures 1 and 2,
) Value of crack opening displacement and of sufficient length for testing in three-point bending
8, Crack opening displacement at either: over a loading span (2L) of 4 x test piece width (). ’
(a) unstable fracture or Proportional dimensions and tolerances for preferred and
(b) onset of arrested brittle crack or pop-in. subsidiary test pieces are given in figures 1 and 2.
This term-only applies where there-is no evidence Since the subsidiary test piece may be less constrained
in either (a) or (b) to suggest that slow crack than the preferred test piece, which gives lower bound
growth has occurred, 5 values, the design of the subsidiary specimen shall be
B*08% -
/\ W0.4%
a .
Vi Section through
4 / \[> notch
@, o
=} QQ
2.3W / 2.3W
p2%wW
N ®
L]o.a%w|a]
M
a
N_ o .
K 60 nominal
Width =W
Thickness =B=05W
Half loading span L =2 W )
Notch width N = 0,065 W max. {if W is over 256 mm) or

Effective notch length M
Effective crack length a

= 1.5 mm max. {if W is less than or equal to 26 mm)

=0,25 Wto 0.45 W
=0.46 Wto 0655 W

NOTE 1, Sawn notches may also be used (see 5.2).

NOTE 2. Where one {or more) of the specimen surfaces is the original product

surface machining of that surface is not required,
All dimensions are in millimetres.

Figure 1. Proportional dimensions and tolerances for bend test pieces: preferred test piece
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B+08%
77\ W:0.4% e
Qy o / SO:’OSecﬁ‘i(;:»tr;;\hrough
23w /| 23w <
-/ /]0.2% Wl Al

'_N,I

M
a (s}
60 nominal
Width =W
Thickness =B=W

=2W
0.065 W max. (if W is over 25 mm) or

Half loading span L
Notceh width N

]

Effective notch length M
Effective crack length a

NOTE 1. Sawn notches may also be used (see 5.2).

110.4% W A

1.5 mm max. (if Wis less than or equal to 25 mm)
by agreement between the manufacturer and the purchaser

NOTE 2, Where one {or more) of the specimen surfaces is the original product surface

machining of that surface is not required.
All dimensions are in millimetres.

ES
Figure 2, Proportional dimensions and tolerances for hend test pieces: subsidiary test piece

such that the plastic constraint is similar to that in the
structure of interest. For this reason, use of the subsidiary
specimens shall be the subject of agreement between the
manufacturer and the purchaser,

NOTE. When the test material is not in plate form the specimen
thickness should be chosen by agreement between the manufacturer
and the purchaser.

5.2 [nitidting notches are normally produced by milling or
sawing. In order to reduce the risk of producing a
non-planar fatigue crack, where the milled V-notch is used,
the notch root radius shall be not greater than 0.10 mm
and, where a sawn notch {s used, this shall finish with a
slot width of 0.156 mm,

.Edge of test piece

NOTE. With the apex of the envelope iocated at the tip of the
fatigue crack, the whole of the machined notch has to lie within
the envelope as shown.

Figure 3. Limiting envelope and example of form of notch and
fatigue crack

In most instances it is not practicable to machine 0.15 mm
wide slots to depths greater than 2.6 mm and it will be
necessary to introduce a composite notch. This is satisfac-
tory provided that the total included angle from the tip of
the fatigue crack to the notch surface does not exceed 30 °,
as shown in figure 3. Machining requirements for accom-
modating integra! ty pe knife edges are shown in figure 4.

Tﬁ(ﬁ /
9o°(;/ /\ ‘ _*_I?N

(a) Integral type

2y

I i LIRLD
T i i

i

(Lo o

{b) Screw-on type
NOTE, Provided adequate strength can be ensured, the above knife

edges may be fixed with adhesive, Then mm esrz'ts

between the bottom edges of the lirife edfes:
Figure 4. Knife edges for lccatica o1 olif yauges

(O ) %
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6. Testing equipment For other types of machine the stiffness shall be measured ’
as specified in BS 4759.

6.1 Testing machines 6.1.2 Force measurement. The sensitivity of the

6.1.1 General, A large number of universal testing machines force-sensing device sha!l be sufficient to avoid distortion

and special loading frames are suitable for making COD caused by over-amplification, and the device shall have a

tests. degree of linearity similar to that for the displacement

signal. The combination of force-sensing device and
recording system shall permit the force P as used in clause 8
to be determined from the test record with an accuracy

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

are available in which either the force or the displacement of £1%.

are controlled. Either is suitable for making COD tests, 6.2 Fatigue cracking machines. The machine shall have a
but the type of control used shall be recorded with the method of loading such that the stress distribution is
test results, symmetrica! about the notch.

Strain gauges and materials - - T \U/
should be selected to suit — —

testing environment
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Displacement gauge mounted on test piece U;
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Dimensions of beams Dimensions of 3.61

spacer block

Bridge measurement circuit

All dimensions are in millimetres. X-Y recorder DOCU ments

Figure 5. Details of clip gauge
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