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FRACTURE TOUGHNESS (KIc) VALUES OF SOME STEELS

1. NOTATION

pre-cracked Charpy V-notch slow bend energy J ft lbf

Charpy V-notch slow bend energy J ft lbf

Charpy V-notch energy J ft lbf

modulus of elasticity N/m2 lbf/in2

plain strain Mode I toughness N/m lbf/in

critical Mode I value of J-integral in plane strain N/m lbf/in

statistical factors incorporating coefficients of variation of 
samples, see Section 4, Equations (4.1) and (4.2)

crack-tip stress-field-intensity factor N/m3/2 lbf/in3/2

plane stress fracture toughness (critical value of stress in 
intensity plane stress)

N/m3/2 lbf/in3/2

plane strain fracture toughness in Mode I (critical value of 
stress intensity in plane strain)*

* See Data Item No. 80036, “Introduction to the use of linear elastic fracture mechanics in estimating fatigue crack growth rates
and residual strength of components”.

N/m3/2 lbf/in3/2

dynamic plane strain fracture toughness in Mode I N/m3/2 lbf/in3/2

temperature ºC ºF

temperature difference ºC ºF

dimensional constant, see Appendix B 103 m–2 in–1 ft–1

dimensional constant, see Appendix B ºC ºF

dimensional constant, see Appendix B ºC m2/N ºF in2/lbf

dimensional constant, see Appendix B 106 m–2 103 ft–1 in–1

dimensional constant, see Appendix B 106 m–3 103 ft–1 in–2

Poisson’s ratio

0.2 per cent proof stress N/m2 lbf/in2

See Appendix A for definition of crack orientation with respect to grain flow.

Both SI and British units are quoted.
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Suffixes

1.1 KIc Conversion Factors

1 MN/m3/2  =  0.910 047 × 103 lbf/in3/2  =  0.910 047 ksi  .

Note also that,

1 MN/m3/2  =  31.623 N/mm3/2  = 1 MPa  .

2. NOTES

2.1 General Notes

This Item presents plane strain fracture toughness (KIc) values for a variety of steels along with notes on
fracture toughness and other related topics in linear elastic fracture mechanics (LEFM).  Further topics
relating to fracture mechanics are discussed in Data Item No. 80036.

Fracture toughness values are used to determine within LEFM the static strength of components containing
fatigue cracks or defects.  Such flawed components will fail under a slowly increasing applied load when
the stress intensity factor, K, reaches a critical value.  In relatively thick sections, the crack may propagate
rapidly and unstably through the component, causing sudden, complete failure.  The critical value in this
case is called the “plane strain facture toughness”, designated KIc , which is a constant material property
with respect to the specified test environment.

In thin sections or the more ductile materials, the point of instability is less well-defined and depends on
crack tip plasticity, thickness and other geometrical aspects (see also Section 5.1 of Data Item No. 80036).
The results of tests on thinner sections are described simply as “fracture toughness” values (without the
qualification “plane strain”) and are designated Kc .  The plane strain KIc value for a given material is always
less than the corresponding Kc value and therefore represents a conservative choice for the designer.  A
worked example illustrating a use of fracture toughness data is given in Section 6.

Some of the plane strain KIc values that are in this Item have been calculated from JIc values.  The path
independent J-integral, or energy line integral, is applicable to both elastic and plastic behaviour and its
value depends upon the near crack tip stress-strain field.

The relationship between JIc and KIc is given by Equation (2.1) which is valid under linear-elastic plain
strain conditions.

 . (2.1)

Throughout this Item a modulus of elasticity, E, equal to 200 GN/m2 (29 × 106 lbf/in2) and a Poisson’s
ratio, , equal to 0.3 have been used in deriving KIc from JIc values.

The suffix mean, applied to KIc , refers to the mean 
fracture toughness values in the tables of Section 8.

mean
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2.2 Test Conditions

The data have been taken from tests performed in non-corrosive environments at temperatures between
– 200ºC and 150ºC (– 330ºF and 300ºF) on specimens cut from plate, bar, forgings, castings, et cetera,
manufactured from British and U.S. standard specification materials.  The tests have been carried out in
accordance with the British Standards Institution’s or American Society for Testing and Materials’ standards
(see References 38, 41 and 42).  Briefly, these tests involve applying a steadily increasing load to fracture
a specimen containing a machined notch which has been lengthened and sharpened by fatigue cracking.
Further information on testing is given in Data Item No. 80036.  The standards place tight controls over
various aspects of toughness testing, one of which is a minimum specimen thickness requirement to ensure
plane strain conditions.  To achieve this requirement for low strength, high toughness materials may involve
using very thick specimens, often thicker than 300 mm (12 in).  For such materials, this stipulation is not
always met and the results are invalid according to the standards.  However, if the load/extension record
shows a “pop-in”, that is, a sudden extension of the crack occurring with no increase in load, then it is
usually considered that plane strain conditions have been achieved and a valid KIc result obtained.  Such
data are marked with an asterisk in the tables of Section 8.

2.3 Presentation of Data

The results of the fracture toughness tests evaluated are tabulated in Section 8.  Details quoted include test
temperature, crack orientation relative to grain flow, chemical analysis, heat treatment and proof stress.
Where two values of thickness appear in the column headed “Form and thickness” the first value refers to
the thickness of the test specimen while the second value refers to the thickness of the product, plate, forging,
et cetera, from which the test specimen was taken.  Where only a single thickness value appears in the
column it refers to the thickness of the test specimen.

In order to assist in the interpolation of KIc and  values in the tables, selected data are represented
graphically in Section 7 where the typical dependence of KIc and  on temperature is illustrated.  The
graphs have been drawn by eye through plots of mean KIc and  values, using, in some cases, relatively
few points.  Typical values have been chosen to construct the graphs because the wide variety of heat
treatments, chemical analyses, et cetera, of the materials leads to a fairly wide scatter.

As mentioned in Section 2.1, some of the KIc values that are in this Item have been derived from JIc values.
Such values are presented in italics in the tables.  All the values presented in the tables, with the exception
of those already mentioned in Section 2.2, were found to meet the ASTM/BSI KIc thickness stipulation.

For some of the materials in this Item only room temperature values of proof stress were available and it
was these values that were used to ascertain whether or not the ASTM/BSI thickness stipulation had been
met.  Where this is the case two numbers appear in the column headed “No. of tests”, the first of which
gives the number of test specimens that met the ASTM/BSI thickness requirement.  The second number
gives the number specimens that narrowly missed the thickness requirement.  In the latter cases the test
results could well have been shown to satisfy the requirement had more accurate values of proof stress and,
in the cases of data derived from JIc , modulus, been available.  The reason for this contention is that the
room temperature values of proof stress used were probably lower than the true values at the lower
temperatures at which the tests were conducted, and for which  data were lacking, thus making the
requirement more stringent.

For the statistical confidence with which the KIc data may be applied, see Section 4.

σp
σp

σp

σp

 

ES
D

U
 C

op
yr

ig
ht

 m
at

er
ia

l. 
 F

or
 c

ur
re

nt
 s

ta
tu

s 
co

nt
ac

t E
SD

U
. 

Copyright Engineering Sciences Data Unit 
Provided by IHS Markit under license with ESDU Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: ESDU 83023 A 1995

http://www.avadocuments.com/doc/esdu-83023-a-1995
http://www.avadocuments.com/doc/esdu-83023-a-1995


4

83023�
3. FACTORS AFFECTING FRACTURE TOUGHNESS

The following sections explain the effect on toughness of the most important factors that are often varied
during a test programme to reflect service conditions.  In general, for a given class of material, any treatment
that increases the proof stress is likely to reduce the toughness.

3.1 Heat Treatment

Although a proof or yield stress is a material property, the heat treatment used to achieve a value of proof
stress will also influence the toughness.  It is important to realise that a heat treatment giving a higher
proof stress will, in general, lead to lower toughness.  This is clearly illustrated in Sketches 7.4, where
an 18Ni maraging steel with different heat treatments exhibits reduced toughness for increasing strength
levels:  equal to 1380, 1720 and 2070 MN/m2 (200 000, 250 000 and 300 000 lbf/in2).

Markedly reduced toughness may be caused by a high temperature heat treatment followed by quenching
leading to martensitic embrittlement or low temperature tempering which may promote either tempering
embrittlement or strain ageing.  These effects may arise unintentionally as a result of production processes,
for example, welding.

3.2 Crack Orientation

The notation for crack orientation relative to material grain flow is defined in Appendix A.  Fracture
toughness is reduced by the presence of inclusions.  These inclusions are the main cause of the disparity in
fracture toughness values for different crack orientations, since after heavy mechanical working, the shape
of the inclusions is changed.  The test specimen orientation, if known, is quoted in the tables of Section 8.

3.3 Temperature

Over the range considered in this Item, fracture toughness decreases with decreasing temperature.  Some
materials, notably ferritic steels, are, however, more sensitive to temperature changes than others.  For
example, 18Ni maraging steels exhibit a fairly linear reduction in toughness with decreasing temperature,
but low alloy, low strength steels such as ASTM A533B show a sharp drop in toughness over a 50ºC (90ºF)
range at about room temperature.  The relationship between  and temperature is shown in Sketches 7
for different materials.  Also shown is the relationship between  and temperature.

3.4 Environment

The data in this Item refer to tests carried out in normal atmospheric conditions.  In service, materials
exposed to hydrogen, corrosive agents or nuclear irradiation will have reduced fracture toughness.  Under
corrosive conditions cracks may be lengthened and subsequent failure will occur under static loads that are
much lower than would normally cause brittle fracture in air.

3.5 Rate of Loading

The data in this Item cannot be applied with confidence to rates of loading that are significantly different
from those implied by the rate of increase of stress intensity specified in the standard test procedures, that
is 0.47 – 2.5 MN/(m3/2s)(430 – 2300 lbf/(in3/2 s)).  This precludes, for example, impact loading.

σp

KIc
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4. STATISTICAL ANALYSIS OF DATA

4.1 Introduction

Before the  values can be applied with any confidence, an allowable value for the design in hand should
be determined.  Owing to the cost and complexity of fracture toughness testing, the number of tests
performed on a specific material at a given temperature, orientation, et cetera, is more often than not too
small to constitute a statistically significant sample.  This section explains two basic procedures for
obtaining a  value for use in design.  The procedure selected depends upon the number of  values
available for a particular material under specific test conditions.  With 30 or more values a statistical analysis
can be conducted, the results of which would enable a suitable design value to be obtained.  For these cases,
various rigorous statistical analyses and methods, such as those used in Section 4.2,  may be found in Data
Item No. 91041*; they rely solely upon the data from the sample and assume only a Normal distribution
for the population.  If it is assumed that the sample is of Normal distribution and has a coefficient of variation
close to the typical value of 0.18, Figure 4.1 may be used directly to find the allowable .  With a sample
size less than 30, a rigorous value for allowable  is unobtainable; but an approximate value can be found
from Figure 4.2, which was derived from the typical scatter of  in the population.

4.2 Large Samples

The results of an analysis of a sample of 30 or more values are generally considered to be statistically
significant in that they enable the fit of the sample to a Normal distribution to be assessed.  In this Item
there are four samples of 35 or more values obtained from tests for which the conditions were identical,
and one sample of 34 values for A533B steel for which the specimens were identical except for variations
in their thicknesses.

These samples were tested for normality using ESDUpac A9141† which also gives the mean, the standard
deviation and the coefficient of variation of the sample being tested.  (The coefficient of variation of a
sample is the standard deviation of the sample divided by the sample mean.)  The significance level of the
test for normality is the percentage of samples from Normal populations that will be rejected by the test as
non-normal.  The results of the analyses of the samples are presented in Table 4.1.  It can be seen that the
coefficients of variation of the samples are similar, as are the sample sizes.

* Data Item No. 91041, “The statistical analysis of data from Normal distributions, with particular reference to small samples”.
† ESDUpac No. A9141, “The statistical analysis of data from Normal distributions, with particular reference to small samples”.

TABLE 4.1 

Material Table

Sample 
mean 

(KIc)mean

MN/m3/2

(103 lbf/in3/2)

Sample 
standard 
deviation

MN/m3/2

(103 lbf/in3/2)

Sample 
coefficient 
of variation

Number of 
values

Hypothesis of 
normality accepted at 

significant level of

0.2 % 2.5%

A533B 8.1(v) 40 (36) 6.8 (6.2) 0.17 34 Yes Yes

D6AC 8.14 74 (67) 12.3 (11.2) 0.17 35 Yes Yes

D6AC 8.14 75 (68) 13.3 (12.1) 0.18 47 Yes No

D6AC 8.14 92 (84) 16.3 (14.8) 0.18 52 Yes Yes

D6AC 8.14 67 (61) 12.5 (11.4) 0.19 56 No No

KIc

KIc KIc

KIc
KIc

KIc
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An allowable value of  may be obtained from Equation (4.1), in which  relates to a chosen probability
of survival and a chosen confidence level and (KIc)mean is the sample mean.  For an explanation of the term
confidence level, see Data Item No. 91041, Section 6.

 . (4.1)

For the materials of Table 4.1 it was established that  varied only slightly for the range of coefficient of
variation and sample size seen in Table 4.1 (those are, 0.17 – 0.19 and 34 – 56 respectively).  Figure 4.1
was constructed to give values of  and therefore used a coefficient of variation of 0.18 and a sample size
of 45, these being the respective mean values for the five samples in Table 4.1.

Note that using combinations of low percentage probabilities of exceeding the allowable value and low
percentage confidence levels may lead to cases where the value of  obtained is greater than the minimum
value of the sample given in the tables.  In such cases it is suggested that further consideration is given to
selecting a value to be used for the design in hand.

FIGURE 4.1 STATISTICAL FACTOR  USED TO ESTIMATE ALLOWABLE VALUE OF  FOR 

THE MATERIALS OF TABLE 4.1

4.3 Small Samples

Samples of less than 30 values are not considered statistically significant in themselves and so the following
method was adopted to analyse the data.

(i) The arithmetic mean, (KIc)mean, was determined for a group of 8 or more results for which the
chemical analysis, heat treatment, test temperature, et cetera were identical.  The only factor that
did vary within some of the sets was the thickness of the test specimen.

(ii) Each individual value was divided by the mean of the group to obtain a set of KIc /(KIc)mean values
which were then treated as the normalised sample values.

KIc k1

K Ic k1 KI c( )
mean

×=

k1

k1

k1

80 90 95 98 99 99.5 99.8 99.9

k1

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0
Confidence level (per cent)

80
95
99
99.9

k1 KI c
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(iii) Procedures (i) and (ii) were repeated for all other such sets.

(iv) The sets were tested for normality using ESDUpac A9141.

(v) The sets for which the hypotheses of normality were accepted, 16 in all, were compared to determine
whether or not they could have originated from the same Normal population*.  The hypothesis of
a shared parent population was accepted for 13 of the sets.  These 13 sets are marked with crosses
in the columns headed “No. of tests” in the tables of Section 8.

(vi) The 13 sets were combined and analysed as one sample of 281 values.

The analysis of this sample gave 0.16 as a point estimate of the population coefficient of variation.

An allowable value of KIc may be obtained from Equation (4.2), in which  relates to a chosen probability
of survival and a chosen confidence level.

 . (4.2)

Figure 4.2 gives the value of  calculated from the combined sample of 281 values.

For example, to ensure that  will not be less than the design value 99 times out of a hundred with 95
per cent confidence, a value of  equal to 0.6 is read from Figure 4.2.  Equation (4.2) then gives the design
value as

 ,

where  is obtained from the tables of Section 8.

The worked example illustrates the use of this section.

It is important to note that in the smaller samples there is more uncertainty as to where the mean of the
population lies in relation to the mean of the sample, and that this uncertainty will be carried through to the
allowable value that is obtained.  Note also that using combinations of low percentage probabilities of
exceeding the allowable value and low percentage confidence levels may lead to cases where the allowable
value of  obtained is greater than the minimum value in the tables.  In such cases it is suggested that
consideration is given to selecting a value to be used for the design in hand.

* For details of the method used, see “Metallic Materials Data Handbook”, Volume 1, Section 1, Appendix 5.

k2

K Ic k2 KI c( )
mean

×=

k2

KIc
k2

K Ic 0.6 KI c( )
mean

=

KIc( )
mean

KIc
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FIGURE 4.2 STATISTICAL FACTOR  USED TO ESTIMATE ALLOWABLE VALUE OF  FOR 

SMALL SAMPLES

5. DERIVATION AND REFERENCES
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6. EXAMPLE

6.1 Notation

This notation is supplementary to that of Section 1.

6.2 Example

A proposed design for part of a chemical plant consists of a long pipe with a 300 mm (11.8 in) bore and an
outside diameter of 360 mm (14.2 in) leading from a pressure vessel to a valve.  The vessel and the pipe
will contain a non-corrosive, liquified gas under a pressure of 33 MN/m2 (4790 lbf/in2).  When the valve
is opened, the temperature near the valve will drop to about – 130ºC (–200°F).  It is required to investigate
the fracture toughness of ASTM A302B low alloy, low strength steel to determine whether or not it would
be a suitable material for the pipe.

Linear elastic fracture mechanics will be used to determine the likelihood of the pipe failing due to brittle
fracture caused by the presence of a crack.  In reality, many different crack positions and configurations
would be examined, but for the purposes of this example a longitudinal crack on the outside of the pipe
will be investigated.  The following analysis will determine the maximum size the crack can attain before
the pipe will fail due to brittle fracture.  That is, when the value of * calculated reaches the appropriate
value of .  The pipe is shown in Sketch 6.1.

Sketch 6.1   View of pipe and crack

nominal stress intensity factor at crack tip N/m3/2 lbf/in3/2

internal pressure in pipe N/m2 lbf/in2

, inner and outer radii of pipe respectively m in

*  is used to denote the stress intensity factor in Mode I, appropriate for this situation, where the hoop stress is pulling the crack open
in tension.
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An analysis of this crack configuration is given in Reference 36, from which the critical crack dimension
has been found to be the depth.  The stress intensity at the crack tip is dependent on the hoop stress in the
pipe in the absence of the crack.  Using thick cylinder theory, the hoop stress is given by

 MN/m2 (or 21 760 lbf/in2). (6.1)

Using the graphs of Reference 36, Sketch 6.2 may now be constructed showing the variation of  with
crack depth.

Sketch 6.2   Variation of  with crack depth

The fracture toughness, , of ASTM A302B may be determined using Table 8.2.  A fairly typical heat
treatment, such as that of note (b) in the table will be assumed.  No values are available for T–S orientation,
but upon examination of the table, only minor variations in  with different orientations are observed.
Thus, two values of  at –130ºC (–200ºF) may be chosen, the lowest of which is 33 MN/m3/2

(30 030 lbf/in3/2).

A further factor for consideration is the rate of change of fracture toughness with temperature, a high rate
near the operating temperature being undesirable.  It can be seen however, on referring to Sketch 7.1, that
for ASTM A302B the rate of change is reasonably steady in the region of –130ºC.

A suitable design value is obtained using Section 4.3.  For a probability of 99 per cent that the actual value
of  will exceed the allowable value calculated below, with a confidence level of 95 per cent, a value of

2P

R2/R1( )2
1–

----------------------------------
2 33×

0.18/0.15( )2
1–

----------------------------------------- 150= =

KI

KI

KIc

KIc
KIc( )

mean
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 is obtained from Figure 4.2.  Substituting the values of  and  into Equation (4.2) gives

 = 0.6 × 33 = 19.8 MN/m3/2 (or 18 020 lbf/in3/2).

The mean value of  and the allowable value are shown in Sketch 6.2.  As may be seen the critical crack
depth occurs at just under 4 mm (0.16 in).  Such a crack should be detected by routine non-destructive
examination well before it reaches this depth which means that the material should be quite suitable for
this purpose with regard to this particular crack configuration.

k2 0.6= KIc( )
mean

k2
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7. GRAPHS OF TEMPERATURE DEPENDENCE OF  AND 

Sketch 7.1   Low alloy low strength steels.  See Tables 8.1 – 8.3
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Sketch 7.2   Low alloy high strength steels.  See Tables 8.13 and 8.14

Temperature °C

-200 -150 -100 -50 0 50 100

KIc

(MN /m3/2)

0

20

40

60

80

100

120

140

160

180

200

D6AC low σp

(To spec., g)

4340
(ii, c)

D6AC high σp

(i, a)

Temperature °C

σp

(MN /m2)

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

4340
(ii, c)

D6AC low KIc

(i, a)

D6AC high KIc

(To spec., g)

 

ES
D

U
 C

op
yr

ig
ht

 m
at

er
ia

l. 
 F

or
 c

ur
re

nt
 s

ta
tu

s 
co

nt
ac

t E
SD

U
. 

Copyright Engineering Sciences Data Unit 
Provided by IHS Markit under license with ESDU Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

--`,,```,,,,````-`-`,,`,,`,`,,`---

Full document details: ESDU 83023 A 1995

http://www.avadocuments.com/doc/esdu-83023-a-1995
http://www.avadocuments.com/doc/esdu-83023-a-1995


83023�

17

Sketch 7.3   Nickel steels.  See Tables 8.27 and 8.29

Temperature °C

-200 -150 -100 -50 0 50 100

σp

(MN /m2)

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

9Ni -4Co-0.2C
(i, a)

9Ni -4Co-0.3C
(iii, c)

Temperature °C

-200 -150 -100 -50 0 50 100

KIc

(MN /m3/2)

0

20

40

60

80

100

120

140

160

180

200

9Ni-4Co-0.3C
(iii, c)

9Ni-4Co-0.2C
(i, a)

 

ES
D

U
 C

op
yr

ig
ht

 m
at

er
ia

l. 
 F

or
 c

ur
re

nt
 s

ta
tu

s 
co

nt
ac

t E
SD

U
. 

Copyright Engineering Sciences Data Unit 
Provided by IHS Markit under license with ESDU Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: ESDU 83023 A 1995

http://www.avadocuments.com/doc/esdu-83023-a-1995
http://www.avadocuments.com/doc/esdu-83023-a-1995


83023�

18

Sketch 7.4   Maraging steels.  See Tables 8.30 – 8.32
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Sketch 7.5   Stainless steels.  See Tables 8.34 – 8.37
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8. TABLES OF PLANE STRAIN FRACTURE TOUGHNESS VALUES

8.1 Low alloy, low strength steels

(Tensile strength < 850 MN/m2 (120 000 lbf/in2) and less than 5 per cent of any particular alloying element)

8.2 Low alloy, high strength steels

(Tensile strength > 850 MN/m2 (120 000 lbf/in2) and less than 5 per cent of any particular alloying element.)

8.3 Nickel steels

8.4 Maraging steels

ASTM A533B 8.1
ASTM A302B 8.2
ASTM A517F 8.3
ASTM A508 Classes 2 and 3 8.4
ASTM A469 Class 2 8.5
ASTM A470 Classes 6 and 8 8.6
ASTM A217 (WC9) 8.7
BS 4360 50D 8.8
10Mn–Ni–2Mo 8.9
Cr–Ni–Mo–V 8.10
ASTM A542 8.11
ASTM A543 8.12

AISI 4340 8.13
D6AC 8.14
AISI 4330 M and V 8.15
BS970: 817M40 (En24) 8.16
BS970: 835M30 (En30B) 8.17
BS970: 897M39 (En40C) 8.18
AISI 4130 8.19
HY 130 8.20
ASTM A471 8.21
Ni–Mo–V 8.22
AISI 4140 8.23
HY-TUF 8.24
300 M 8.25
AF1410 8.26

HP 9-4-20 (9Ni–4Co–0.2C) 8.27
HP 9-4-25 (9Ni–4Co–0.25C) 8.28
HP 9-4-30 (9Ni–4Co–0.3C) 8.29

18Ni (200) 8.30
18Ni (250) 8.31
18Ni (300) 8.32

 

ES
D

U
 C

op
yr

ig
ht

 m
at

er
ia

l. 
 F

or
 c

ur
re

nt
 s

ta
tu

s 
co

nt
ac

t E
SD

U
. 

Copyright Engineering Sciences Data Unit 
Provided by IHS Markit under license with ESDU Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: ESDU 83023 A 1995

http://www.avadocuments.com/doc/esdu-83023-a-1995
http://www.avadocuments.com/doc/esdu-83023-a-1995


21

83023�
8.5 Stainless steels

8.6 Abbreviations Used in Tables

8.7 Notes on Presentation of Data

Full details of the way in which the data are presented are given in Section 2.3.  There are, however, four
notable points regarding the presentation of the data and these are restated below.

PH 15-7 Mo 8.33
PH 13-8 Mo 8.34
17-4 PH 8.35
17-7 PH 8.36
AISI 403 8.37
15-5 PH 8.38
Custom 455 8.39

ABQ Aus-bay quench LQ Lead quench
AC Air cool N Normalise
AISI American Iron and Steel Institution NA Not available
AM Air melted OQ Oil quench
An Anneal PH Precipitation hardened
ASTM American Society for Testing and Materials RC Rockwell
Au Austenitise SQ Salt quench
BS British Standard SR Stress relieve
CC Controlled cool T Temper
CEVR Consumable-electrode vacuum remelted Tr Transform
DG Degassed VAR Vacuum arc remelted
ESR Electro-slag refined VM Vacuum melted
FaC Fan cool VT Vacuum temper
Fu Furnace WC Water cool
FuC Furnace cool WQ Water quench
h Hours WSQ Water spray quench
QIBLN Quench in ice brine cooled by liquid nitrogen

1. The fracture toughness values in italics in Table 8.1 are values that have been derived from 
values using Equation (2.1).

2. Where two values of thickness appear in the column headed “Form and thickness” the first value
refers to the thickness of the test specimen while the second value refers to the thickness of the
product from which the test specimen was taken.  A single value in the column refers to the
thickness of the test specimen.

3. For some of the materials in the tables only room temperature values of proof stress were
available and it was these values that were used to ascertain whether or not the ASTM/BSI
thickness stipulation had been met.  In some such cases two numbers appear in the column
headed “No. of tests”, the first of which refers to the test specimens which met the thickness
requirement.  The second number refers to the specimens which narrowly missed the thickness
requirement but which might have been found to meet it had more accurate values of proof
stress for the temperatures at which the tests were conducted been available.

4. A cross in the columns headed “No. of tests” indicates data used in the statistical analysis of
Section4.3.
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83023�
TABLE 8.1 ASTM A533B LOW ALLOY LOW STRENGTH STEEL (see Sketches 7.1)
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 TABLE 8.1 (Continued) ASTM A533B LOW ALLOY LOW STRENGTH STEEL (see Sketches 7.1)
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TABLE 8.2 ASTM A302B LOW ALLOY LOW STRENGTH STEEL (see Sketches 7.1)
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 TABLE 8.2 (Continued) ASTM A302B LOW ALLOY LOW STRENGTH STEEL (see Sketches 7.1)
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TABLE 8.3 ASTM A517F LOW ALLOY LOW STRENGTH STEEL (see Sketches 7.1)
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TABLE 8.4 ASTM A508 CLASSES 2 AND 3 LOW ALLOY LOW STRENGTH STEELS
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