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FRACTURE TOUGHNESS (K,;.) VALUES OF SOME STEELS
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1. NOTATION
Cpsp pre-cracked Charpy V-notch slow bend energy J ft Ibf
Csp Charpy V-notch slow bend energy J ft Ibf
Cun Charpy V-notch energy J ft Ibf
E modulus of elasticity N/ Ibf/in?
Gc plain strain Mode | toughness N/m Ibf/in
Jic critical Mode | value ofl-integral in plane strain N/m Ibf/in
Ky Ky statistical factors incorporating coefficients of variation of
samples, see SectidnEquationg4.1)and(4.2)
K crack-tip stress-field-intensity factor N/m3/2 Ibf/in3/2
Ke plane stress fracture toughness (critical value of stress ilN/m®/2 Ibf/in3/2
intensity plane stress)
Kic plane strain fracture toughness in Mode | (critical value oN/m32 Ibf/in3/2
stress intensity in plane strain)
Kig dynamic plane strain fracture toughness in Mode | ¥&m  Ibfind2
T temperature °C °F
AT temperature difference °C oF
o dimensional constant, see AppenBix 10° m2 in~Lft~L
B dimensional constant, see AppenBix °C oF
y dimensional constant, see AppenBix °Cné/N  OF ir&/Ibf
A dimensional constant, see AppenBix 10° m2 10° ftLin~t
u dimensional constant, see AppenBix 10° m3 10% ft~1in2
Y Poisson’s ratio
o, 0.2 per cent proof stress Nm Ibf/in?

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

Both S| and British units are quoted.

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”. :
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Suffixes

mean The suffixmean applied tK|. , refers to the mean
fracture toughness values in the tables of Se&ion

1.1 K,c Conversion Factors
1 MN/m®2 = 0.910 047 x 10Ibf/in3?2 = 0.910 047 ksi/in
Note also that,

1 MN/m?>/2

31.623 N/m¥2 =1 MPa/m .

2. NOTES
2.1 General Notes

This Item presents plane strain fracture toughneg$ Yalues 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 factdf, 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”, desiggtedhich 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 designaigd The plane strai,. value for a given material is always

less than the correspondiKg value and therefore represents a conservative choice for the designer. A
worked example illustrating a use of fracture toughness data is given in &ction

ESDU Copyright material. For current status contact ESDU.

Some of the plane straly. values that are in this Item have been calculated $gwalues. The path
independeng-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 betweel), andK|. is given by Equatioii2.1) which is valid under linear-elastic plain
strain conditions.

2
‘]I -G =1—VK2

c Ic E Ic -

(2.1)

Throughout this Item a modulus of elasticiy,equal to 200 GN/fM(29 x 18 Ibf/in®) and a Poisson’s
ratio, v , equal to 0.3 have been used in deri¥ipgrom J; values.
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2.2

2.3

Test Conditions

The data have been taken from tests performed in non-corrosive environments at temperatures betwee
— 200°C and 150°C (— 330°F and 300°F) on specimens cut from plate, bar, forgings, eastitgs
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 Reference38, 41 and42). 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 ensur:
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 andkg ve@sallt obtained. Such

data are marked with an asterisk in the tables of Se@tion

Presentation of Data

The results of the fracture toughness tests evaluated are tabulated in &ebivails 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 ceterg 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 I§f, and o, values in the tables, selected data are represented
graphically in Sectior? where the typical dependencekyf and 0, On temperature is illustrated. The
graphs have been drawn by eye through plots of igeemdo,, values, using, in some cases, relatively

few points. Typical values have been chosen to construct the graphs because the wide variety of hea
treatments, chemical analysesceterg of the materials leads to a fairly wide scatter.

As mentioned in Sectidh 1, some of th&. values that are in this Item have been derived fligwalues.
Such values are presented in italics in the tables. All the values presented in the tables, with the exceptiol
of those already mentioned in Sectib@, were found to meet the ASTM/BE|, 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 beel
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 numbel
gives the number specimens that narrowly missed the thickness requirement. In the latter cases the te:
results could well have been shown to satisfy the requirement had more accurate values of proof stress anc
in the cases of data derived fradyp, 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 \mﬂich data were lacking, thus making the
requirement more stringent.

For the statistical confidence with which #g data may be applied, see Secton
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3.1

3.2

3.3

3.4

3.5

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.

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 toughnelss important to realise that a heat treatment giving a higher

proof stress will, in general, lead to lower toughnessThis is clearly illustrated in Sketchésl, where

an 18Ni maraging steel with different heat treatments exhibits reduced toughness for increasing strength
Ievels:op equal to 1380, 1720 and 2070 MRI(QOO 000, 250 000 and 300 000 Ib‘?)in

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.

Crack Orientation

The notation for crack orientation relative to material grain flow is defined in Appéndi¥racture
toughness is reduced by the presence of inclusions. These inclusions are the main cause of the disparity |
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 08Section

Temperature

Over the range considered in this Item, fracture toughness decreases with decreasing temperature. Sor
materials, notably ferritic steels, are, however, more sensitive to temperature changes than others. Fo
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 50°C (90°F)
range at about room temperature. The relationship betigen and temperature is shown in Sketches
for different materials. Also shown is the relationship betvm&n and temperature.

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. Undel
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.

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, tha
is 0.47 — 2.5 MN/(n{%s)(430 — 2300 Ibf/(if2 s)). This precludes, for example, impact loading.
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4.1 Introduction

Before theK,. 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, orientatioeterg is more often than not too

small to constitute a statistically significant sample. This section explains two basic procedures for
obtaining aK,. value for use in design. The procedure selected depends upon the niipber 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. Forthese case
various rigorous statistical analyses and methods, such as those used idSzati@y 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. Ifitis assumed that the sample is of Normal distribution and has a coefficient of variation
close to the typical value of 0.18, Figdré may be used directly to find the allowalde. . With a sample

size less than 30, a rigorous value for allowddg|e is unobtainable; but an approximate value can be found
from Figure4.2 which was derived from the typical scatterkqf, 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 A9rith 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 i Taltlean be seen that the
coefficients of variation of the samples are similar, as are the sample sizes.

ESDU Copyright material. For current status contact ESDU.

TABLE 4.1
Sample Sample Hypothesis of
mean standard Sample normality accepted af
Material Table (Kiddmean deviation | coefficient Numlber of| significant level of
MN/m3/2 MN/m32 | of variation| Y&U€®
(103 Ibffin3/?) | (103 Ibf/in372) 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
DBAC 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

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

T ESDUpac No. A9141, “The statistical analysis of data from Normal distributions, with particular reference to small samples”.
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An allowable value oK,. may be obtained from Equatibi), in whichk, relates to a chosen probability
of survival and a chosen confidence level dGd)f,eaniS the sample mean. For an explanation of the term
confidence level, see Data Item No. 91041, Section 6.

Kic = kg x(K¢) (4.1)

mean *

For the materials of Tabke 1it was established th&y  varied only slightly for the range of coefficient of
variation and sample size seen in Tahtk(those are, 0.17 — 0.19 and 34 — 56 respectively). Figlire

was constructed to give valueskgf  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 id Table

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

1.0 i i i
Confidence level (per cent)]

0.9 80 g
95 B

0.8 99 g
99.9 B

0.7

0.6 _

k1 >

0.5

0.4

0.3

0.2

0.1

80 90 95 98 99 995 99.8 99.9

FIGURE 4.1 STATISTICAL FACTOR k,;USED TO ESTIMATE ALLOWABLE VALUE OF KFOR

4.3

THE MATERIALS OF TABLE 4.1
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.

() The arithmetic meanK(c)mean Was determined for a group of 8 or more results for which the
chemical analysis, heat treatment, test temperagticeterawere identical. The only factor that
did vary within some of the sets was the thickness of the test specimen.

(i) Each individual value was divided by the mean of the group to obtain aksgt @€, ) neanvalues
which were then treated as the normalised sample values.
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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 populafibe hypothesis of
a shared parent population was accepted for 13 of the sets. These 13 sets are marked with crosse
in the columns headed “No. of tests” in the tables of Seétion

(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 oK. may be obtained from Equati¢f2), in whichk, relates to a chosen probability
of survival and a chosen confidence level.

Kic = ky x (K¢) (4.2)

mean
Figure4.2 gives the value ok, calculated from the combined sample of 281 values.

For example, to ensure thigt.  will not be less than the design value 99 times out of a hundred with 95
per cent confidence, avaluelof  equal to 0.6 is read from Hg2ir&quation4.2)then gives the design
value as

Kie = 0.6(Ko)

where(K,C)rnean is obtained from the tables of Secion
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 allowabl
value ofK,. obtained is greater than the minimum value in the tables. In such cases it is suggested tha
consideration is given to selecting a value to be used for the design in hand.

ESDU Copyright material. For current status contact ESDU.

For details of the method used, see “Metallic Materials Data Handbook”, Volume 1, Section 1, Appendix 5.
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FIGURE 4.2 STATISTICAL FACTOR k,USED TO ESTIMATE ALLOWABLE VALUE OF KFOR
SMALL SAMPLES
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6. EXAMPLE

6.1 Notation

This notation is supplementary to that of Secfion

K, nominal stress intensity factor at crack tip N/fn  Ibffin32
P internal pressure in pipe N/m? Ibf/in?
R, R, inner and outer radii of pipe respectively m in

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 MIWADO Ibf/irY). When the valve

is opened, the temperature near the valve will drop to about — 130°C (-200°F). Itis required to inVestigate
the fracture toughness of ASTM A302B low alloy, low strength steel to determine whether or not |t 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 valuKléfcaIculated reaches the appropriate
value ofK,. . The pipe is shown in Sket&h.

T

ESDU Copyright material. For current status contact ESDU.

Grain flow orientation

R|= 150 mm (5-91in)
R, 180 mm (7.09in)
Crack orientation is T—S

Sketch 6.1 View of pipe and crack

K, is used to denote the stress intensity factor in Mode |, appropriate for this situation, where the hoop stress is pualtikgbfien
in tension.

Documents
12 Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

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

ESDU Copyright material. For current status contact ESDU.

5T 83023

An analysis of this crack configuration is given in Refere3@drom 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 tt
pipe in the absence of the crack. Using thick cylinder theory, the hoop stress is given by

op _ 2 x 33
(Ry/R)* -1  (0.180.15° -1

= 150 MN/m? (or 21 760 Ibf/if). (6.1)

Using the graphs of Referen86, Sketch6.2 may now be constructed showing the variatioipf  with
crack depth.

Crack depth (in)
0 0.08 0.16 0.24 0.32

1 I/
(ch)nz}z/ — 30
/

K K, / . - 20 K
20 - :

40

30

(MN/m ™) / (10° Ibfin*?)

/ 4 10
10

0. 2 4 6 8 10
Crack depth (mm)
Sketch 6.2 Variation ofK; with crack depth

The fracture toughnesk; . , of ASTM A302B may be determined using 8ablé 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 variationk g with different orientations are observed.
Thus, two values ofK,.) =~ at —130°C (~200°F) may be chosen, the lowest of which is 33/RAN/m

(30 030 Ibffirt/3).

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 TolSkeith

for ASTM A302B the rate of change is reasonably steady in the region of —130°C.

A suitable design value is obtained using Secti@n For a probability of 99 per cent that the actual value
of K, will exceed the allowable value calculated below, with a confidence level of 95 per cent, a value of
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akg into Equatg)gives

k, =0.6 is obtained from Figur&.2. Substituting the values (jK|C)mean

Kic = 0.6 x 33 = 19.8 MN/A? (or 18 020 Ibf/i’?).

The mean value df;. and the allowable value are shown in Sk&chAs 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.

ESDU Copyright material. For current status contact ESDU.
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7. GRAPHS OF TEMPERATURE DEPENDENCE OF K. AND O,
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ESDU Copyright material. For current status contact ESDU.
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Sketch 7.1 Low alloy low strength steels. See Tablh&—&bocuments
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Sketch 7.2 Low alloy high strength steels. See Tabk43and BHCU ments
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Sketch 7.3 Nickel steels. See Table®7and8.29 Documents
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ESDU Copyright material. For current status contact ESDU.
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Sketch 7.4 Maraging steels. See Tables30-8.32 Documents
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Sketch 7.5 Stainless steels. See Tale34—8.37. Documents
Document Sharing Hub
Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

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

8. TABLES OF PLANE STRAIN FRACTURE TOUGHNESS VALUES

8.1 Low alloy, low strength steels

(Tensile strength < 850 MNﬁnilZO 000 Ibf/il?r) and less than 5 per cent of any particular alloying element)

ASTM A533B

ASTM A302B

ASTM A517F

ASTM A508 Classes 2 and 3
ASTM A469 Class 2

ASTM A470 Classes 6 and 8
ASTM A217 (WC9)

BS 4360 50D

10Mn—-Ni-2Mo

Cr—Ni—-Mo-V

ASTM Ab542

ASTM A543

8.2 Low alloy, high strength steels

AISI 4340
D6AC

AISI 4330 M and V
BS970: 817M40 (En24)
BS970: 835M30 (En30B)
BS970: 897M39 (En40C)
AISI 4130

HY 130

ASTM A471

Ni—Mo—-V

AIS| 4140

HY-TUF

300 M

AF1410

ESDU Copyright material. For current status contact ESDU.

8.3 Nickel steels

HP 9-4-20 (9Ni—4C0-0.2C)
HP 9-4-25 (9Ni—~4C0-0.25C)
HP 9-4-30 (9Ni~4C0~0.3C)

8.4  Maraging steels

18Ni (200)
18Ni (250)
18Ni (300)
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8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.8
8.9
8.10
8.11
8.12

8.13
8.14
8.15
8.16
8.17
8.18
8.19
8.20
8.21
8.22
8.23
8.24
8.25
8.26

8.27
8.28
8.29

8.30
8.31
8.32
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8.5 Stainless steels

PH 15-7 Mo 8.33

PH 13-8 Mo 8.34

17-4 PH 8.35

17-7 PH 8.36

AlSI 403 8.37

15-5 PH 8.38

Custom 455 8.39

8.6  Abbreviations Used in Tables

ABQ Aus-bay quench LQ Lead quench

AC Air cool N Normalise
= AlSI American Iron and Steel Institution NA Not available
a AM Air melted 0Q Oil quench
o An Anneal PH Precipitation hardened
§ ASTM American Society for Testing and Materials RC Rockwell
1= Au Austenitise SQ Salt quench
S BS British Standard SR Stress relieve
§ CcC Controlled cool T Temper
I CEVR Consumable-electrode vacuum remelted Tr Transform
‘2 DG Degassed VAR Vacuum arc remelted
o ESR Electro-slag refined VM Vacuum melted
é FaC Fan cool VT Vacuum temper
s Fu Furnace wcC Water cool
L FuC Furnace cool wQ Water quench
= h Hours WSQ Water spray quench
EJ QIBLN  Quench in ice brine cooled by liquid nitrogen
©
E 8.7 Notes on Presentation of Data
49
'%: Full details of the way in which the data are presented are given in S2@&iohhere are, however, four
= notable points regarding the presentation of the data and these are restated below.
O
a 1. The fracture toughness values in italics in Tébleare values that have been derived frim
o values using Equatiof®.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
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TABLE 8.1 ASTM A533B LOW ALLOY LOW STRENGTH STEEL (see Sketches7.1)

ESDU Copyright material. For current status contact ESDU.

Mat- | Form Heat | Orien- 8I Units British Units | No. | Deri-
erial and treat- | tation )
Ref thick- - ment T 32 T 43 8/2 Of vation
(see ness (see Temp- o, KIc MN/m Temp- G, KIc 10° Ibffin tests | No.
table mm below) erature erature 10°
below) | (in) C | MN/m? | min. | mean | max. | F | 1bgin? | min. | mean | max.
i Plate a L-T 10 483 | NA | 153 | NA 50 70 | NA | 140 { NA I NA | 15
25-305, —4 503 115 25 73 105
305 —~18 517 83 0 75 75
{1-12,12) ~32 531 62 —25 77 57
1 73 545 53 —100 79 48
~101 593 44 —150 86 40
—129 655 42 -200 95 38
—157 758 41 —-250 110 87
it Plate b L-T | —101 503 40 43 | 46 | —150 73 | 36 39 | 42 2 2
51 —129 586 31 31 | 32 | -200 85 | 28 28 | 29 9
(2) —157 676 33 36 | 40 | -250 98 | 30 33 | 36 2
—196 876 — 37 | —~ | -320 127 | — 34 | - i
Plate ~73 469 60 67 | 15 | —100 68 | 55 61 | &8 )
102 —101 503 59 60 | 60 ] —150 73 | 54 54 | 55 2
(4) —129 586 - 38 [ — | —200 8 | ~ 33 [ - 1
—157 676 30 32 | a5 | —250 98 | 27 29 | 32 2
—196 876 - 20 [ - | —320 127 | - 26 [ - 1
iii Plate e L-T| -18 531 | NA | 95 | NA 0 77 | NA ] 86 | NA fNA | 15
25-102, —46 565 82 50 82 75
300 —73 586 60 —100 85 55
(1-4, —129 655 49 —200 95 45
11.8) —196 965 42 |- —320 140 38
iv 25 NA | NA | —es | 415 | — | 6| - | -85 6ot | - | 42| - 1*| st
)] -85 — 38| ~ =121 - 3| - it
40 —65 52 58 1 67 —85 47 52 | 61 |an™
(1.6) —75 49 59 | 66 | —103 45 a3 | 60 | 31
—85 45 56 | 68 § ~191 41 51 | 62 Qe
80 G5 63 77 1 89 —85 57 70 | 81 | s2*
(3.1)
127 ~65 79 89 | 98 —85 72 81 | 8% 5%
(5)
HEAT TREATMENT NOTES
{a) N913°C (1675 °F), Au 871 °C (1600 °F) 4h, WQ, T 663 °C (1225 °F) 4h, FuC, SR 621 °C (1150 °F) 40h, AC
(b} Au899°C (16850 °F) 1h, T 649 °C (1200 °F) 8k, SR 593 °C (1100 °F} 24h
t¢) N913°C(1675°F), Au871°C{1600 °F) 4h, WQ, T 663 °C (1225 °F) 4h, AC, SR 613 °C (1135 °F) 25h, FuC to 316 °C {600 °F), AC
Material Chemical analysis of alloying elements by weight (per cent)
reference | o | g [ Ma | Ni for { Mo | s | P | V| & | m Other
Specification | 0 013 | 1.07 | 037 0.41 0 0
025 | 045 | 162 | 0.73 0.64 | 0.040 | 0.035
() 024 | 022 | 1.42 | 0.70 0.50 | 0.017 | 0.010
(ii) 0.18 | 024 | 125 | 052 | 013 | 0.51 | 0.025 | 0.024 0.025 Cu-0.29
(iil) 0.23 | 0.26 | 1.35 | 0.50 0.48 | 0.025 | 0.012
(iv) 019 | 021 | 120 | 068 | 003 | 049 | 0.018 | 0.017 Cu-0.07

* The KIc values in italics are derived from ch values uging the method detailed in Section 2.1,
¥  Room temperature value.
* These data are included in the statistical analysis in Section 4.3.

Documents
22 Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

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

5T 83023

TABLE 8.1 (Continued) ASTM A533B LOW ALLOY LOW STRENGTH STEEL (see Sketches7.1)

ESDU Copyright material. For current status contact ESDU.

Mat- | Form | Heat |Orien- - SI Units British Units No. | Deri-
erial and treat- | tation i
R thick- ment + of | vation
o Temp-| © E'MNm®® | temp- | 0, | K. 10°Wfin® | rests | No.
(see ness (see : P Ic ; o I
ta T
table. mm below) er‘i ure ¢ (2 “rel 10 ]
below) (in) ¢ MN/m? | min. | mean | mox. ¥ Ibfrin® | min. | mean | max.
v Plate e L-T | —150 444i 27 32 36 1 —238 641: 25 29 33 44% | 30
13
(0.5)
Plate -75 - | 35 - | -108 - | a2 - 1*
25 —150 34 41 49 —238 31 38 45 |ius*
(1)
Plate -75 60 | 64 | 68 | —103 54 | 58 | 62 | 11*
50 —150 32 43 58 —238 29 40 52 it
(2)
Plate -175 58 | 79 | 99 | —108 52 | 71 g0 | w2™
100 '
(3.9
HEAT TREATMENT NOTES
(e) 'T893°C (1639 °F) 7.5h, WQ, T 671 °C (1240 °F} 8.5h, WQ, T 565 °C (1049 °F) 4h, AC, T 621 °C {1150 °F) 50h,
FuC to 316 °C (600 °F)
Material Chemical analysis of alloying elemenis by weight (per cent)
refrence | o | g | Mo | N | | M| s | P |V |a&a|m Other
Specification 0 0.13 1.07 0.37 0.41 0 0
025 | 045 | 162 | 0.73 0.64 { 0.040 { 0.035
(v} 019 | 0.21 1.28 | 0.64 0.55 | 0,013 | 0,012
" The KIC values in italics are derived from JIc values using the method detailed in Section 2.1.
¥ Room temperature value,
* These data are included in the statistical analysisin Section 4.3.
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TABLE 8.2 ASTM A302B LOW ALLOY LOW STRENGTH STEEL (see Sketches7.1)

Mat- | Form | Heat Orifn- 8I Units British Units No. | Deri.
erial and treat- | tation ,
Ref. thick- ment a2 3 32 of | vation
(sce ngss (see Tertnp- Up KIC MN/Mm Temp- 0_,,3 KEc 10° Ibffin tests | No.
table mm below) eri wre erczture 10 ]
below) | (in) C | Mym? | min. | mean| max. | F | 1pgin® | min. | mean| maz,
i Plate a L-T{ —-101 450 NA 52% | NA | —-150 65 | NA 47* | NA | NA 7
25 —~129 500 36 36 36 | —200 73 33 33 33 2
(1) -157 610 24 30 37 | —-250 89 22 27 34 3
—196 850 23 27 31 —320 123 21 25 28 2
ii Plate b T—L —18 350 36 49 53 [¢] 50 33 45 48 3 3
25-102, —73 430 35 42 1 45 -~100 63 32 38 41 3
. 178 —-129 590 24 34 47 —-200 85 22 31 43 13*
8 (14,7 —~196 970 24 32 43 —320 140 22 29 39 7
m iii Plate [ L-T —32 420 NA 83 NA —25 61 NA 76 NA | NA 15
s 25-152, —129 570 46 - 200 82 42
8 178 —157 680 34 —250 98 31
= {1-6,7)
8 iv Plate b L-T -73 410 NA 44 | NA | —-100 60 | NA 40 | NA | NA 15
o 51-102, —129 550 33 —200 80 30
2 178 —196 900 30 -320 130 27
I (2-4,7)
: ii Plate d T-L —18 340 54 55 59 0 49 49 50 54 2 3
c 25-102, ~73 380 27 35 43 —100 55 25 32 39 3
o 178 —129 | 510 | 25 | 34 | 42 | -200 74 | 28 | 31| 38 | 9*
5 (1-4,7) ~196 NA 25 29 31 | —320 Na 23 28 28 4
8 ii Plate e L-T ] —112 517 56 59 62 ~17¢ 75 51 54 56 2 1
o 10,175 —196 752 25 27 29 —320 109 23 25 26 2
u- (04,7
“© Plate —70 462 - 75 - —94 67 - 88 - 1
5 57 —96 490 - 47 - —-141 71 - 43 - 1
] (2.3}
©
E HEAT TREATMENT NOTES
< (a} 899°C (1650 °F) 12h, AC
%0 (b) N 899 °C {1650 °F) Th, FaC to 93 °C (200 °F), AC, SR 649 °C (1200 °F) Th
> (c) 899 °C (1650 °F) Th, SR 650 °C (1200 °F), FaC to 93 °C (200 °F), AC
8— (d) 1246°C{2275°F) 2h, FaC at 38 °C (100 °F) per h to 496 °C (925 °F), AC
&) (e} Au899°C (1650 °F), AC, SR 649 °C (1200 °F)
o)
()]
V)
L
Material Chemical analysis of alloying elemenis by weight (per cent)
reference ¢ | si | M| N [ o M| s || v]|a]|mn Other
Specification 0 0.13 1.07 0.41 0 0
0.20 0.45 1.62 (.64 | 0.040 | 0.035
i) 019 | 0.16 | 1.40 | 0.03 | 0.07 | 0.49 | 0.014 | 0.017 0.010 Cu-0.03
(ii} 0.21 0.27 1.34 0.04 0.50 | 0.010 | 0.015
(iii) 0.21 0.34 1.35 0.18 0.21 0.33 | 0.014 | .013 Cu-0.005
(iv) 0.21 0.27 1.54 0.04 0.50 | 0.010 | 0.015
*  ASTM/BSI thickness stipulation not quite met. See Section 2.2,
+ These data are included in the statistical analysis in Section 4.3.
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5T 83023

TABLE 8.2 (Continued) ASTM A302B LOW ALLOY LOW STRENGTH STEEL (see Sketches7.1)

Mat- | Form | Heat | Orien- SI Units British Units No. | Deri-
erial and treat- | tation o f. vation
Ref. thick- ment o 3/ o 3 .82 °
(see ness (see Temp- £ K!c MN/m' Temp- » KIe 16° 1bffin tests No.
table m below) erature erature 10%
below) | (in) C | MN/m? | min. | mean| max. | F | mogin® | min. | mean} max.
v Plate f L-T | —-129 648 76 79 84 —200 94 69 72 76 2 1
3 —157 758 51 59 68 —250 110 46 54 62 2
0.1) —196 1062 48 51 56 —320 154 44 46 51 3
Plate —~146 710 40 46 53 —230 103 36 42 48 2
10 : —196 1062 24 29 35 —320 154 22 27 32 3
(0.4)
Plate —T0 531 - 134 - —94 77 - 122 - 1
76 —139 883 - 55 - —218 99 - 50 - 1
(3) —196 1062 - 47 - —320 154 - 43 - 1
NA Plate g NA 25 390 - 98 - T 56 - 89 - 8
—,230 0 400 - 77 - 32 58 - 70 -
(-, 9 —101 | 540 - 49| - | -150 . | - 45| - 21
—-196 NA - 47 - —320 NA - 43 -
As Plate g NA 40 500 - 80 - 104 73 - 73 - 8
above —, 230 0 530 - 47 — 32 77 - 43 - 20
" HAZ (=, 9 —50 580 - 41 - --58 84 - 37 -
HEAT TREATMENT NOTES

{f}  Au949°C (1740 °F), WQ, T 649 °C (1200 °F)
{g) 888°C (1630 °F)8h, 677 °C (1250 °F), FuC for 12h to 248 °C (480 °F)

ESDU Copyright material. For current status contact ESDU.

Material Chemical analysis of alloying elements by weight (per cent)
reference ¢ | si|M|mN|c |M|s|[Pp|v]a|mn Other
Specification 0 0.13 | 1.07 0.41 0 0
0.20 | 0.45 1.62 0.64 | 0.040 } 0.035
() 0.20 | 0.22 1.15 0.50 | 0.27 | 0.015
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TABLE 8.3 ASTM A517F LOW ALLOY LOW STRENGTH STEEL (see Sketches7.1)

ESDU Copyright material. For current status contact ESDU.

M‘?t' Form | Heat Oriff"' SI Units Britisk Units No. | Deri-
erial and treat- | tation )
Ref thick- ment 3/2 3 3/2 Of vation
(see ness see Temp- % K _MN/m Temp- a, K 10°1bffin tests | No.
table mm below) erc:ture erfture 10*
below) | (in) C | MN/m? | min. | mean [ max. | F | 1bgin?® | min. | mean | max.
i Plate NA | L=T 22 760 - | NA - 72 110 - | NA - 14
50 —46 NA - 136 - -51 NA - 124 -
(2) —87 - 74 - —-125 - 67 - }33
—196 - 38 - —320 - 35 -
ii Plate NA NA 22 390 NA | NA NA 72 56 | NA | NA NA - 7
25, 25 ] NA 75 79 82 | —100 NA 68 72 76 4
(1,1) —90 - 68 - —130 - 62 - i
-112 55 58 6l -170 50 53 b6 2
—129 53 53 53 - 200 48 48 48 3
- 157 43 45 47 —250 39 41 43 3
—196 38 40 41 —320 35 36 37 3
i Plate NA NA 24 660 NA | NA | NA 75 95 | NA | NA | NA I NA 5
50 —18 740 123% 0 107 112%
2 —46 770 96 —50 111 87
-~T3 810 77 - 100 117 70
—101 860 64 —150 124 58
—128 950 52 —200 138 47
iv Plate NA NA 24 760 | 176* | 187* | 195*% 75 110 | 160%] 170%§ 177* | NA 6
HEAT TREATMENT NOTES
Material Chemical analysis of alloying elements by weight (per cent)
reference ¢ | s |Mn| Nifo M| 8| P | Vv | a | cu Other
Specification 0.10 0.15 0.60 0.70 0.40 0.40 1] 0 0.03 0.15 | B-0.002
0.20 0.35 1.00 1.00 0.65 0.60 | 0.040 | 0.035 | 0.08 0.50 | B-0.006
(i) 0.17 0.19 0.89 0.84 0.52 0.42 | 6G.015 | 0.015 | 0.040 0.20 | B-0.003
(i1} 017 | 023 | 0.78 | 0.88 | 0.56 | 0.42 | 0.017 | 0.012 | 0.036 | 00351 0.26
(iii) 0.17 0.24 0.78 0.89 0.55 0.43 | 0.017 | 0.012 | 0.036 0.26 | B-0.003
@iv) 0.16 0.23 0.79 0.87 0.53 0.016 |.0.010
*  ASTM/BSI thickness stipulation not quite met. See Section 2.2.
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TABLE 8.4 ASTM A508 CLASSES 2 AND 3 LOW ALLOY LOW STRENGTH STEELS

Mat- Form | Heat | Orien- SI Units ’ British Units No. | Deri-
erial and freat- | tation ]
Ref. thick- ment o 3 a2 of | vation
(oo e (oo Temp-| K,_MN/m" Temp- | 9, K, 10°Tbilin tests | No.
table mm below) eratyre erczture 10°
below) | (in) C | MNm? | min. | mean | max. | F | ibfin® | min. | mean | maz.
i Cylinder a T-8 —18 521 51 | 52 53 0 76 46 49 48 2 33
Class 2 25 —~73 574 39 45 54 | —100 a3 35 41 49 5
(1)
Cylinder | b- | T-S| -10 | NA [ — { 63 | - 14 NA | - | 57 | - 1
102 —18 521 54 66 T ¢ 76 49 60 70 4
(4)
ii |Forging| ¢ |L-T|]-101 | 580 [ ~ | 59 | - |-150 84 | - | 54 | - 1| 28
Class 3 Plate : —150 680 44 49 53 —238 99 40 44 48 2
25
(1}
NA 10 d NA —45 741 - 41 - —50 107 - 37 — 1 28
0.4)
25 32 689 - 70 - 90 100 - 64 - 0/1
(1) 10 702 - 72 - 50 102 - 66 - 0/1
—32 731 - 49 — —25 106 - 45 - 1
45 741 - 46 - - 50 107 - 42 - 1
—73 763 38 55 72 —100 111 35 50 66 1
51 —18 719 - 51 - 0 104 -~ 46 — 1
(2)
HEAT TREATMENT NOTES

(a) N 888°C (1830 °F) 9h, Au 861 °C (1582 °F) Th, WQ, VT 621 °C (1150 °F} Th

(b) N888°C (1630 °F) 9h, Au 861 °C (1582 °F) Th, WQ, VT 621 °C (1150 °F} 10h

() Au890°C (1634 °F) 6.5h, WQ, T 660 °C {1220 °F) 10.5h, AC, SR 550 °C (1022 °F) 55h, FuC, SR 600 °C (1112 °F) 20.5h, FuC, SR
600 °C (1112 °F) 10.5h, FuC

(d) T613°C(1135°F)

ESDU Copyright material. For current status contact ESDU.

Material Chemical analysis of alloying elements by weight (per cent)
reference C | st | Mn | Ni | Cr | Mo | S P v | a | m Other
Class 2 0 015 | 050 | 050 | 0.25 | 0.55 0 0 0
Spec. 027 | 0.40 1.00 | 1.00 | 045 | 0.70 | 0.015 1 0.012 | 0.050
Class 3 0 0.15 1.20 | 0.40 1] 0.45 0 0 0
Spec. 025 | 040 | 1.50 | 1.00 | 0.25 | 0.80 | 0.025] 0.025 | 0.050
(i) 021 | 0624 | 057 | 0.74 | 0.35 | 0.66 | 0.012 | 0.007 | <0.01
(i) 0.21 0.29 136 | 064 | 0.19 | 0.52 { 0.004 | 0.009 | <0.01
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