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Foreword

This part of BS 6835 has been prepared by Technical Committee ISE/NFE/4.

It supersedes BS 6835:1988 which is withdrawn. A number of detailed amendments
have been made in the light of the experience of users of BS 6835. In particular, a
coherent system of units has been adopted for all the formulae. It is one of a series of
standards on fatigue testing and is intended for use in conjunction with BS 3518-1,
General principles, which gives general guidance relevant to this specialized form of
mechanical testing.

It has been assumed in the drafting of this British Standard that the execution of its
provisions is entrusted to appropriately qualified and experienced people.

Annexes A and C are normative, annexes B and D are informative.

A British Standard does not purport to include all necessary provisions of a contract.
Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, pages i and ii, pages 1
to 23 and a back cover.
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1 Scope

This part of BS 6835 describes a method for
determining the rate of growth of a fatigue crack at
ambient temperature as a function of the cyclic
range of the crack tip stress intensity factor. It is
limited to metal specimens tested in air that remain
predominantly elastic, and to constant amplitude,
sinusoidal or triangular waveform loadings which
only induce crack face displacements perpendicular
to the crack plane. Crack growth rates

below 10~8 m/cycle and threshold stress intensity
factor ranges are not covered. The method is
restricted to cases where the crack advances on a
nominally straight front across the thickness of the
specimen.

NOTE 1 In some materials, growth rates in air can be influenced
by humidity, waveform and testing frequency.

NOTE 2 The data produced may be used in the design and
evaluation of engineering structures and for establishing, in
quantitative terms, the effects of metallurgical and mechanical
variables on fatigue crack growth.

NOTE 3 At rates above 10 8™ cycle, growth rates under
nominally identical test conditions may differ by a factor of two in
replicate tests. This intrinsic variability should be taken account of
in determining the number of tests to be undertaken to
characterize the crack growth behaviour of a material and also in
any engineering application of the data.

NOTE 4 This method does not cover the determination of rates
below 10~ m/cycle, nor the determination of threshold stress
intensity factor ranges, i.e. ranges below which the rate of growth
of a fatigue crack is negligible. For both these purposes a
technique involving the smooth reduction of the stress intensity
factor range with increasing crack length by automated force
control would be preferred. A procedure for conducting such tests
is given in DD 186. However, it is anticipated that this will be
succeeded soon by BS 6835-2.

2 Normative references

The following normative documents contain
provisions which, through reference in this text,
constitute provisions of this part of this British
Standard. For dated references, subsequent
amendments to, or revisions of, any of these
publications do not apply. For undated references,
the latest edition of the publication referred to
applies.

BS 1134, all parts, Assessment of surface texture —
Methods and instrumentation.

BS EN 10002-1:1990, Tensile testing of metallic
materials — Method of test at ambient temperature.

BS EN 10002- 2:1991, Tensile testing of metallic
materials — Verification of the force measuring
system of the tensile testing machine.

BS 1610-1:1992, Materials testing machines and
Jforce verification equipment — Specification for the
grading of the forces applied by materials testing
machines.

3 Definitions

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

3.1

force

force applied to the specimen, considered positive
when its direction is such as to cause the crack
faces to move apart

3.2

range

difference between the maximum and minimum
values of a variable

3.3

reference plane

plane perpendicular to the intended direction of
crack extension, used as a datum for the
measurement of crack length

NOTE See Figures 1 to 5.

3.4

crack length

distance from the tip of the crack to the reference
plane

3.5

specimen width

distance from the reference plane to the surface of
the specimen in the direction of crack extension
3.6

specimen thickness

dimension of the specimen parallel to the line of the
notch tip

3.7

notch length

distance from the tip of the notch to the reference
plane

3.8

stress intensity factor

factor proportional to the magnitude of the stresses
near to the tip of a crack in an elastic body

NOTE It has been found that stress intensity factors, calculated
assuming that specimens respond purely elastically, correlate the
behaviour of real cracked bodies provided that the size of the
zone of plasticity at the crack tip is small compared to the crack
length and the length of the uncracked ligament.

3.9

stress intensity factor function

function relating the stress intensity factor of a crack
to the force, the crack length and the width and
thickness of the specimen

3.10

fatigue crack growth rate

average crack extension per cycle of force

3.11
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4 Symbols and units

Symbol Quantity Unit

NOTE The equations presented in this standard are in a form M is the notch length (see Figure 5) m
which require the use of a coherent set of units, namely : force is n is the notch width (see Figure 5) m
MN, length is m, stress intensity factor range is MPa\/m, and . .
growth rate is m/cycle. The units listed in this clause should be N is the number of loading cycles
used for calculation purposes. It is recognized that other units P is the force applied to the
may be more practical for the measurement of force and length. specimen MN
Indeed for convenience the specimen and fixture dimensions given i . .
in this standard are expressed in millimetres (Figures 1 to 10). Prax  is the cyclic maximum value of P MN
When such practical units are employed in the test procedure itis — p . is the cyclic minimum value of P MN
necessary to convert the measured values into coherent units in min .
order to calculate the test results. AP is the force range P, max — P min MN
For the purposes of this British Standard the q is the resolution of the crack
following symbols and units apply. length measuring system m
Svmbol ) Uni R is the force ratio Ppin/Pmax MN
ymbo Quanmy e R, is a measure of the surface
a is the crack length m roughness as defined in BS 1134 um
Qo is the minimum precrack length 7o is a dimension equal to
(see Figure 5) m (Kiax/0Y)? m
B is the specimen thickness T is the outer diameter of the
'(SGG Flgurgs 1 to4) . m loading rod thread m
D ¥s the loa.dmg hole diameter m Sp is the value of (W—a) at which
da/dN is the fatigue crack growth per net section yielding is expected m
cycle m/cycle w is the specimen width
E is Young’s modulus MPa (see Figures 1 to 4) m
F, F}  are the distances between the Y is the stress intensity factor
loading hole centres and the function
notch centre line oy is the 0.2 % proof strength of a
(see Figures 3 and 4) m metal, determined in accordance
is the overall width of a compact with BS EN 10002-1 MPa
Fensmn specimen . m ot is the arithmetic mean of oy and
is the half-height of the specimen the tensile strength, determined
(see Figure 3) m in accordance with
is the stress intensity factor BS EN 10002-1 MPa
(see clause 7) MPaVm
Kg is a notional value of K used in s s
the estimation of the loading 5 Prm(':lp le .
conditions for precracking Thfe test is peﬁqrmed on a notched specimen. A
(see 9.1) MPaVm fatlg_ue cragk is 1nd_uced at the': root Qf the notch by
Kyt is a notional value of K used in cygﬁh; lloadlfcllglg a:ln(i lti ﬁgrowthkls momficcl)lre;l by a
the estimation of the loading sul ?. (f tm‘ih 0d. As Lhe crac .gl‘;o‘ws d N orge ra:inge
conditions for precracking applied to the specimen is maintained or reduced in
~ a controlled manner until the crack is of sufficient
(see 9.1) MPa-Vm . L
is th . al fK length for the influence of the notch to be negligible
max :15 the mal)(lrrél_lm v 11e 0 MPar and AK reaches the lowest level of interest. The
during a foading cycle avm force range is then maintained constant and the
min 1S tl_1e minimum value of K crack length recorded as a function of elapsed
during a loading cycle MPa-Vm cycles. These data are then subjected to numerical
AK is the stress intensity factor analysis, enabling da/dN to be determined as a
range Kpax — Kmin MPa-\m function of AK.
Kic is the plane strain. fract.ure Crack growth rates presented in terms of AK are
toughness detgrmmed in generally independent of the geometry of the
accordance with BS 7448-1 MPa-Vm specimen used except that they may be influenced

L is the overall specimen length m

are the distances between the
inner and outer loading points on

by specimen thickness. However variations with
thickness are not expected within the range of
thicknesses covered by this part of BS 6835.

a bend specimen m NOTE Residual stresses can markedly affect the observed
L is the distance between the inner behaviour. Thermal stress relief should therefore be considered
3 S e S a ce betwee e. € prior to testing, but if this is not acceptable, the possibility of an
loading pqmts on a four-point effect should be recognized in the interpretation of the results.
bend specimen m Documents
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6 Testing equipment and measuring
accuracy

6.1 Testing machine

The testing machine shall have smooth start up and
backlash free operation if passing through zero
force.

The testing machine shall be verified in accordance
with class 1.0 of BS EN 10002-2 for tensile forces and
grade 1.0 of BS 1610-1 for compressive forces
throughout the full range of forces to be used in the
test. Friction at loading pins, rollers and knife-edges
shall be minimized. Lubricants shall be used on all
the interfaces between the specimen and the loading
system at which movement could occur. During
testing the indicated value of AP shall not vary by
more than 2 % nor the indicated value of Py,,x by
more than 1% of their desired values.

NOTE With some testing systems significant inertial forces,
additional to those applied to the specimen, may be applied to the

force measuring system under dynamic conditions. Correction
should be made for this if necessary.

Test fixtures shall conform to annex A.

6.2 Crack length measurement

Crack lengths shall be measured to within 0.01W;
changes in crack lengths shall be measured to
within 0.003W.

NOTE Whilst checks on the surface lengths of a crack are called
for during the early stages of the determination, a method that
measures the average crack length across the thickness of the
specimen is generally preferable. Suitable techniques are described
in annex B. Automatic methods of crack length recording are also
preferable to minimize the loss of data due to test stoppages (see
clause 11).

6.3 Cycle counting

The number of applied load cycles shall be
accurately counted. When da/dN is less

than 10~° m/cycle the unit of counting shall not
exceed 1075/ da/dN where the da/dN is measured in
m/cycle. Otherwise individual cycles shall be
counted. Calculation based on nominal frequency
and elapsed time is not permitted.

NOTE For example, if da/dN is to be determined as a function of
AK at rates of growth up to 1079 m/cycle, then the cycle counting
device used should count in units not greater than 10~° divided

by 1075, i.e. in tens of cycles.

7 Specimens

7.1 Geometry
One of the following types of specimen shall be
used:
— three-point single edge notch bend (SENB3);
— four-point single edge notch bend (SENB4);
— compact tension (CT);
— centre-cracked tension (CCT).

The geometries of the specimens shall be in
accordance with Table 1 and Figures 1 to b.

7.2 Specimen preparation

7.2.1 Marking out and extraction

The notch direction and material identity shall be
clearly shown. Sufficient allowance for the removal
of all material affected by the process of cutting out
shall be made. In all cases the blank shall be not less
than 2 mm oversize.

NOTE 1 A method for crack plane identification is given in

BS EN ISO 3785.

NOTE 2 Cold or semi-cold methods should be used to extract the
blank, e.g. sawing or spark erosion to minimize the amount of
machining subsequently required.

: 6
f—y
W //
Reference '
lane
R | X
j—y Y-Y
L p—
W=10
02W=B=W
L=4W+10
NOTE 1 The crack length is measured from reference plane X-X.
NOTE 2 Specimen is unsuitable for R = 0.
All dimensions are in millimetres.
Figure 1 — Three-point single edge notch bend specimen (SENB3)
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