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ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.

THE PREPARATION OF THIS DATA ITEM

The work on this particular Data Item which supersedes ESDU 76031, was monitored and guided by the Stress

Analysis and Strength of Components Committee. This Committee first met in 1964 and now has the following
membership:

Chairman
Mr A.J. Batchelor — Imperial Chemical Industries Ltd

Vice-Chairman
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Mr J.V. Vint — NEI Parsons Ltd

Members

Mr H.L. Cox — Independent

Dr M.S.G. Cullimore University of Bristol

Mr C.E. Day Independent

Prof. J.P. Duncan’ University of British Columbia, Vancouver, Canada
Mr D. Duval Foster Wheeler Power Products Ltd

Dr R.B. Heywood A.Macklow-Smith Ltd

Dr L.C. Laming Imperial College of Science and Technology

Mr D. McKinlay Lloyd’s Register of Shipping

Dr R.M.G. Meek
Prof. J. Spence

National Engineering Laboratory
University of Strathclyde

Prof. C.E. Turner — Imperial College of Science and Technology.

Corresponding Member

The construction and subsequent development of the Data Item was undertaken by

Mr C.R. Hookham — Senior Engineer.
The person with overall responsibility for the work in this subject area is Mr M.E. Grayley, Group Head.

The ESDU Stress and Strength Series is recognised as a valuable source of validated data and methods by the
Institution of Mechanical Engineers and its Structural Technology and Materials Group is involved in continually
reassessing the scope and focus of the content of this Series.
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1. NOTATION
a crack length or crack half-length as defined in Sketch 7.1 m in
b panel half-width m in
B thickness of specimen (see Sketch 7.1 and Table 7.1) m in
C coefficient for linear interpolation of crack growth rate m3/2 no in3/2 n
curve defined by da/dN = C(AK)" m(T) '”(W)
f, 0.2 per cent proof stress of material N/m? Ibf/in?
f, tensile strength of material N/m? Ibf/in?
H half-depth of specimens types 4 and 5 (see Sketch 7.1) m in
K stress intensity factor defined by S(ra)” o N/m3/2 Ibf/in®2
AK stress intensity factor range N/m?3/2 Ibf/in®2
L length of specimens types 1, 2 and 3 (see Sketch 7.1) m in
N number of load cycles
n characteristic of slope of crack growth rate curve
P applied direct load for specimens types 4 and 5 (see N Ibf
Sketch 7.1)
Q coefficient defined by Equation (6.3) (N/m?)" (Ibf/in?)"
min/Smax
S stress based upon gross cross-sectional area of specimen N/m? Ibf/in?
W distance from applied load P to edge of specimens types m in
4 and 5 (see Sketch 7.1)
o geometrical factor in stress intensity factor
Suffixes
r denotes step number used when calculating crack growth
using equation da/dN = C(AK)n (see Section 6,
Example, Table 6.1)
max, min indicate the maximum and minimum values of stress or
stress intensity factor in loading cycle
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1.1 Conversion Factor

Both Sl and British units are shown in the notation. The data are presented in terms of Sl units and the
following conversion factor for British units applies

1 MN/m¥2 = 1 MPa./m = 910.047 Ibf/in32,
Note also that

1 MN/m32 = 31.6228 N/mm?372.

2. NOTES
2.1 General

This Item presents fatigue crack propagation rate data in the range da/dN > 10_9 m/cycle to approximately
da/dN = 10~ m/cycle. The data are presented in terms of linear elastic fracture mechanics as described -
in ESDU 80036". The Item is complementary to ESDU 81012" which deals with crack propagation rates
<10 ~ m/cycle down to the threshold value of stress intensity factor; it presents data for materials of similar
specification and there is a certain amount of overlapping of the crack propagation rate curves presented
in the two Items. In this particular Item data are presented on the rate of growth of fatigue cracks in low
and medium strength ( f, <850 MN/mZ) low alloy steel plate, bar and forgings. A low alloy steel is defined
in this case as one where any single alloying element constitutes less than 5 per cent. The chemical
composition and mechanical properties of the material are given in Table 7.1 and are tabulated in order of
increasing values of their 0.2 per cent proof stresses.

2.2 Test Conditions

The data are derived from constant amplitude fatigue tests on specimens of the five types shown in
Sketch 7.1; their dimensions are given in Table 7.1 and their thicknesses were between 5 mm and 76 mm.
The tests were conducted in laboratory air at room temperature and the loading frequencies of the fatigue
testing machines (where known) were in the range 0.1 Hz to 130 Hz.

All the tests were stated to be conducted within the framework of linear elastic fracture mechanics and thus
by implication the tests were terminated before the stresses across the uncracked section of the specimens
exceeded the yield strength of the materials, see ESDU 80036.

ESDU Copyright material. For current status contact ESDU.

It was not always clear from the derivations whether or not the specimens failed in conditions of plane
stress or plane strain. In a few cases the shapes of fractures that occurred during the fatigue process were
described and both oblique (plane stress) and flat (plane strain) fractures occurred. The shape of fractures
for individual specimens could not be identified and therefore the data are presented irrespective of the
stress condition.

Microstructure and heat treatment of materials have been shown to affect crack propagation rates. The data
analysed and presented in this Item are for a wide variety of steels with differing types of microstructure:
for instance the C-Mn steels (presented in Figures 1 and 2) had various ferritic-pearlitic microstructures
and these steels were quite different from the quenched and tempered steels, presented in Figure 3. For this

*

ESDU 80036, “Introduction to the use of linear elastic fracture mechanics in estimating fatigue crack growth rates and residual strength
of components”.
T ESDU 81012, “Threshold stress intensity factors and slow fatigue crack propagation rates in low and medium strength low alloy steel”.
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reason and because in many cases the details of microstructure and heat treatment were unavailable (in
many cases the steels were tested in the “as-received’ condition), the data are presented for engineering
purposes in terms of the material yield strength, fp.

2.3 Presentation of Data

Figures 1 to 4 provide curves of mean crack propagation rate, da/dN, plotted against the stress intensity
factor range, AK . Each of Figures 1 to 3 is presented for a different range of material yield strength. The
material yield strength is taken to be the 0.2 per cent proof stress of the material, designated f, in the
Notation. Figure 1 presents data for materials where, £p< 345 MN/m? and Figures 2 and 3 present data for
345<f <550 MN/m?and for 550 <f_<795 MN/m? respectively. On each figure over 90 per cent of the
data lie within the dashed lines which indicate the limits of the scatter of the crack propagation rate data.
The continuous curves have been drawn by eye between these scatter bands to represent a mean curve for
the crack propagation rate data. Figure 4 summarises the curves of Figures 1 to 3 by super-imposing the
mean curves of the three yield strength groups so that a comparison of the effect of the material yield
strength on crack propagation rate can be made.

3. DISCUSSION OF DATA
3.1 Method of Analysis of Test Data

In the Derivations, basic crack growth data (a, N values) were obtained from the fatigue crack growth
tests. Smooth curves were drawn through these data using appropriate curve fitting methods and these
smoothed curves were differentiated to obtain the crack propagation rate, da/dN , for a given value of stress
intensity factor range, AK. Equation (4.2) of ESDU 80036 defines AK as

AK = (S, = Spin)(72) at. (3.1)

All the data analysed in this Item have been obtained from da/dN and AK data given in the derivations.
The values of o in Equation (3.1) that were used in the derivations were values appropriate to the loading
conditions and geometry of the specimens tested. Typical values of o for the various specimen types have
been tabulated on Sketch 7.1 for two values of a/b or a/W. In some cases the equation used for oo was
found to be questionable, but the change in the value of AK obtained using a more accurate equation for
o was negligibly small, at about 1.5 per cent.

ESDU Copyright material. For current status contact ESDU.

Allowances for the effects of plasticity at the crack tip on the value of AK were generally not made. Where
allowances have been made the difference between the value of AK with and without a plasticity correction
was negligibly small, at about one per cent.

32 Effect of Mean Stress

The effect of the mean stress is presented in terms of the stress ratio R. The majority of the data analysed
were obtained for low valuesof R (R = 0 to 0.1). Only in a few tests were higher values of R investigated
(upto R = 0.7) and in only two cases could the effect of R be distinguished. In these cases high values of
R tended to lie towards the top curve of the scatter bands. It is generally acknowledged that the effect of
variations in the value of R in fatigue crack growth tests on steel specimens is small and is usually swamped
by the experimental scatter. Nevertheless, fatigue crack propagation rate data in steel specimens have been
shown to be sensitive to variations in the value of R at low values of stress intensity factor and very low
crack propagation rates, see ESDU 81012. Data for negative values of R were not analysed.
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3.3 Effect of Specimen Size and Thickness
In the crack growth data analysed no significant effect of specimen size for a given thickness could be seen.

Crack growth rate may be affected by specimen thickness and orientation with respect to load direction and
grain flow. These effects were discussed in the literature but no consistent trend in the results could be
discerned.

3.4 Effect of Material Yield Strength

The data show that, for da/dN > 2 x 1078 m/cycle, increasing the yield strength of a material lowers the
crack propagation rate for a given value of AK (see Figure 4). At values of da/dN > 2 x 10 ~ m/cycle
differences in material yield strength seem to have little effect on crack growth rate although there is a
tendency for the higher yield strength materials to have higher crack growth rate as the crack growth rate
approaches the threshold region (see also ESDU 81012). Comparing Figure 3 with Figures 1 and 2 it can
be seen that the higher yield strength materials produce the largest experimental scatter, nearly one order
of magnitude in crack propagation rate for a given value of AK.

35 Environmental Effects

All the test data analysed were obtained from tests conducted at room temperature and in laboratory air
with uncontrolled humidities. Therefore no effects of changes in environment on the fatigue crack growth
characteristics of steel specimens have been considered in this Item.

4, CALCULATION OF CRACK GROWTH LIFE
41 Use of Curves

As described in ESDU 80036, integration over a selected portion of the crack growth rate curves, Figures 1
to 3 of this Item, will lead to an estimate of the total crack growth and associated number of cycles. In the
absence of any suitable equation to cover the full range of da/dN, the complete curves available from the
data are presented. Values read from these curves are suitable for use in computer programs that predict
crack growth life; the accuracy of such predictions will be dependent upon the number of values provided.
Alternatively, a simple integration over selected portions of the curves will also lead to an estimate of the
total crack growth and the associated number of cycles. Over discrete ranges of the curve the expression
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da n
— = C(AK 4.1
o = C(AK) (4.)
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