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FRACTURE TOUGHNESS  VALUES OF SOME ALUMINIUM ALLOYS

1. NOTATION

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

Both SI and British units are quoted.

Suffixes

1.1  Conversion Factors

 .

Note also that,

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

plane stress fracture toughness (critical value of stress 
intensity in 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

, , statistical factors incorporating coefficients of variation of 
samples, see Section 4, Equations (4.1) and (4.4)

number of values in a sample

coefficient of variation, see Section 4

statistical factor, see Section 4.2, Equation (4.3)

confidence level coefficient, see Section 4.2

probability of survival coefficient, see Section 4.2

0.2 per cent proof stress N/m2 lbf/in2

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

K I c( )

K

Kc

KI c

k1 k2 k3

n

v

X

Zc

Zp

σp

mean KI c

KI c

1 MN/m3/2 0.910 047 103×  lbf/in 3/2 0.910 047 ksi in= =

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

2.1 General Notes

This Item presents plane strain fracture toughness ( ) values for a variety of aluminium alloys 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, within LEFM, to determine 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 fracture toughness”, designated , which is a material property for a
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  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.

2.2 Test Conditions

The data have been taken from tests performed in non-corrosive environments at temperatures between
–253°C and 149°C (–423°F and 300°F) on specimens cut from plate, bar, forgings, et cetera, manufactured
from 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 20
and21).  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.

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, separated by a comma, 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.  In a small number of cases,
ranges are given for the thicknesses of the specimen and the product from which the specimen was taken.
For these cases a similar interpretation applies; the first range, given as two numbers separated by a hyphen,
refers to the thickness of the specimen while the second range, presented in the same way, refers to the
thickness of the product.  

The data in the tables in Section 8 are presented in two systems of units, the British system and the SI
system.  In many of the tables there are apparent inconsistencies in the conversion of the data between the
two systems of units.  There are two reasons for this inconsistency.  The first is rounding and the second is

* Note that for very thin sheet or foil, oblique fracture may dominate giving an apparently lower toughness value.
† References 20 and 21 specifiy a minimum specimen thickness of 2.5  for the achievement of a valid  value. The thickness

requirement is also discussed in Section 5.1.2 of Data Item No. 80036.

KI c

KI c

KI c

KIc/σp( )2 KIc
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the fact that the conversions between the two systems were made before the data were rounded.  See
Section8.6 for more details.

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

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

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.

3.1 Crack Orientation

The notation for crack orientation relative to material grain flow is defined in Appendix A and the test
specimen orientation, if known, is quoted in the tables of Section 8.  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.  For example, it can be seen in the tables of Section 8 that, in general, the results of tests on
specimens of L–T orientation are approximately 20 per cent greater than those on specimens of T–L
orientation.

3.2 Temperature

In order to aid interpolation of the data, the relationships between ,  and /  and temperature
are shown in Sketches 7.1 and 7.2 for different aluminium alloys.  It can be seen that the variation of fracture
toughness of aluminium alloys with temperature is far less pronounced than it is for steels, with only slight
variations over the temperature range considered in this Item.  Plane strain fracture toughness values for a
variety of steels can be found in Data Item No. 83023*.  This is mainly due to the fact that, over this range,
there is no temperature transition for aluminium alloys as there is for ferritic steels. 

3.3 Environment

The data in this Item refer to tests carried out in normal atmospheric conditions or in normally used coolants.
In service, materials exposed to corrosive agents or nuclear irradiation will have reduced fracture toughness.
In a corrosive environment cracks may propagate under sustained load due to stress corrosion cracking.
The fracture toughness may also be lowered by the corrosive environment leading to failure at a lower level
of crack tip stress intensity than would normally cause fracture in air.

3.4 Rate of Loading

The data in this Item were obtained at rates of loading implied by the range for the rate of increase of stress
intensity specified in the standard test procedures, that is 0.5 – 3 MN/(m3/2s) (455 – 2730 lbf/(in3/2s)).

* Data Item No. 83023, “Fracture toughness  values of some steels”.

KI c σp
K Ic σp K Ic σp

KI c σp

KI c

KI c σp KI c σp

KIc( )
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Strictly, the data should not be applied to rates of loading that fall significantly outside this range.  However,
fracture toughness values for aluminium alloys are far less rate sensitive than those for steels and can
therefore, with due care, be used in situations that are not within the above range.

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 rigorous statistical analysis can be conducted, the results of which would enable
a suitable design value to be obtained.  Various rigorous statistical analyses and methods that are applicable
to these cases, 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.  However, if it
is assumed that the sample is of Normal distribution, Equations (4.1) to (4.3), which use the sample size
and coefficient of variation, may be used directly to find the allowable .  The statistical details of the
samples in this Item for which this can be done are given in Table 4.1.  The coefficient of variation, , of
a sample is the standard deviation of the sample divided by the sample mean.  For some engineering
quantities the coefficient of variation tends to a consistent value and it seems reasonable, on the evidence
of Table 4.1, to suppose that for the fracture toughness of aluminium alloys this value is in the region of
0.08.  This is reinforced by the results in Section 4.3 where the analysis of a combined sample of 828 values
gave 0.077 as an estimate of the population coefficient of variation.  

With a sample size less than 30, a rigorous value for allowable  is unobtainable; however, an
approximate value can be found using Equation (4.4) and Figures 1 and 2.  Figure 1 was derived from the
typical scatter of  in the population and Figure 2 gives a factor that makes an allowance for the
uncertainty about where the mean of the sample lies in relation to the population mean.

For the purposes of this Data Item, one sample is equivalent to a single line of data in the tables of Section 8.

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 both the fit of the sample to a Normal distribution to be assessed and a useful
estimate of the population coefficient of variation to be made.  In this Item there are 8 samples of 30 or
more values obtained from tests for which the conditions were identical.

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 significance level of the test for
normality is the percentage of samples from Normal populations for which the hypothesis of normality
would be rejected by the test.  The results of the analyses of the samples are presented in Table 4.1.

* 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”.
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An allowable value of  may be obtained by using Equations (4.1) to (4.3) in conjunction with Table4.2.
The factor k1 relates to a chosen probability of survival and a chosen confidence level and  is
the sample mean.  For an explanation of the term confidence level, see Data Item No. 91041, Section 6.

, (4.1)

where

, (4.2)

 is the coefficient of variation and

. (4.3)

 and  are statistical coefficients which may be obtained from Table 4.2 below.

TABLE 4.1 Results of Statistical Analyses of Large Samples

Alloy
designation 

and 
orientation

Table Sample
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 
significance 

level of
5 per cent 

Highest 
significance 

level at 
which 

hypothesis of 
normality 
would be 
accepted,

per cent*

* A larger figure in this column indicates that the distribution of the sample values closely resembles the distribution of a sample taken from
a Normal population. A smaller figure indicates that the distribution of the sample deviates significantly from the distribution of a sample
taken from a Normal population.

2124  L–T 8.5 32 (29) 2.5 (2.3) 0.08 42 No 0.2
2124  T–L 8.5 26 (24) 2.3 (2.1) 0.09 41 No 0.8

2124  L–T 8.5 34 (31) 2.6 (2.3) 0.08 30 Yes 33.6
2124  T–L 8.5 27 (24) 2.0 (1.8) 0.07 30 Yes 12.9

2124  S–L 8.5 24 (22) 2.3 (2.1) 0.09 81 Yes 7.2
2124  S–L 8.5 25 (23) 1.5 (1.4) 0.06 30 Yes 19.2

7475  T–L 8.23 38 (34) 2.6 (2.3) 0.07 42 Yes 51.6
7475  T–L 8.23 38 (35) 4.1 (3.7) 0.11 40 Yes 18.1

K Ic( )
mean

v
n

KI c
KI c( )mean

KI c k1 KI c( )
mean

=

k1 1 Xv( )–=

v

X

Zp Zc
1
n
--- 1

Zc
2

2 n 1–( )
----------------------–

 
 
  Zp

2

2 n 1–( )
----------------------++

1
Zc

2

2 n 1–( )
----------------------–

--------------------------------------------------------------------------------------------------=

Zc Zp
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The    following    brief   example   uses    the    results    for     the     third   sample  of  Table  4.1
( = 34 MN/m3/2, v = 0.08 MN/m3/2 and n = 30).

To ensure that  will not be less than the design value 99 times out of a hundred with 95 per cent
confidence, values of  equal to 1.645 and  equal to 2.324 are read from Table 4.2.

Using Equation (4.3), a value of X equal to 3.05 is obtained.  Inserting this result into Equation (4.2) produces
a value of k1 equal to 0.76.  Equation (4.1) then gives the allowable value as 

 MN/m3/2 (or  lbf/in3/2).

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 KIc 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.

4.3 Small Samples

Samples of between 8 and 30 values are considered statistically significant only in that it is possible to
assess the fit of the sample to a Normal distribution.  A range for the population coefficient of variation
can be obtained, but it is more often than not too broad to be of practical use.  Also, as the sample size
decreases there is increasing uncertainty about where the mean of the sample lies in relation to the population
mean.  In order to make an allowance for this uncertainty, which would otherwise be carried through to the
final allowable value, an empirically obtained factor has been incorporated into the small sample analysis.
The following method, consisting of two parts, was therefore adopted to analyse the data.

TABLE 4.2 Confidence Level and Probability of Survival Coefficient

Chosen confidence level 
or probability of survival 

(per cent)

Confidence level 
coefficient, , or 
probability of survival 
coefficient, 

80 0.842

90 1.282

95 1.645

98 2.054

99 2.324

99.5 2.576

99.8 2.878

99.9 3.09

Zc

Zp

KI c( )
mean

K Ic
Zc Zp

KI c 0.76 34× 25.8= = 23.5 10
3×
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Part 1 Combined analysis of small samples

(i) The arithmetic mean, , was determined for a group of 11 or more test results for which
the chemical analysis, heat treatment, test temperature, et cetera were identical.

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

(iii) Procedures (i) and (ii) were repeated for all other such samples.

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

(v) The samples for which the hypotheses of normality were accepted, 48 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 43 of the samples.  These 43 samples
are marked with crosses in the columns headed “No. of tests” in the tables of Section 8.

(vi) The 43 samples were combined and analysed as one sample of 828 test values.

The analysis of this sample rejected the hypothesis of normality and gave 0.077 as a point estimate of the
population coefficient of variation.

Part 2 Determination of a factor to account for the uncertainty in the position of the sample
mean in relation to the population mean

(i) 2000 different samples each of size n were selected at random from one large sample of  data.
The large sample used was a sample of 81 AA2124 values, details of which are given in Table 4.1.

(ii) The arithmetic mean of each of these samples was calculated.

(iii) The 2000 means obtained in Step (ii) were combined to form a sample of means.

(iv) The coefficient of variation of the sample of means was calculated.

(v) The process was repeated for all integer values of n from 3 to 30 inclusive.

(vi) The appropriate value of , the coefficients of variation and Equations (4.1) to (4.3) were used to
calculate a statistical factor designed to take account of the uncertainty in the sample mean.

The factor is given in Figure 2 for various values of , confidence levels and probabilities of the population
mean exceeding the value given by the figure.

An allowable value of  may be obtained from the value of the sample mean, , using
Equation(4.4), in which the factors k2 and k3 relate to chosen probabilities of survival and chosen
confidence levels.

. (4.4)

Figure 1, which was constructed using versions of Equations (4.2) and (4.3) and the results of the analysis
of the combined sample of 828 values, gives the value of k2.  The factor k3 is read from Figure 2 which

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

KI c( )
mean

KIc KI c( )
mean

KIc

n

n

KIc KI c( )mean

KI c k2 k3  KI c( )
mean

=
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was constructed using the method outlined above.

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 k2 equal to 0.81 is read from Figure 1.  If, in addition to this, 
has been calculated from a sample of, say, 4 values and the uncertainty in this value is to be taken account
of using a 95 per cent confidence level and a 99 per cent probability of survival, a value of k3 equal to 0.66
is read from Figure 2.  Equation (4.4) then gives the design value as

,

where  is obtained from the tables of Section 8.

The worked example illustrates the use of this section.

FIGURE 1  STATISTICAL FACTOR  USED TO ESTIMATE ALLOWABLE VALUE OF  FOR 
SMALL SAMPLES

KIc
KI c( )

mean

KI c 0.81 0.66×   KI c( )
mean

=

KI c( )
mean

80 90 95 98 99 99.5 99.8 99.9

k2

0.7

0.8

0.9

1.0

Confidence level (per cent)
80
95
99.9

k2 KI c
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FIGURE 2  STATISTICAL FACTOR  USED TO ALLOW FOR UNCERTAINTY IN SAMPLE MEAN

Note 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 KIc obtained is greater than
the minimum value 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.

Sample size n
0 5 10 15 20 25 30 35

k3

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Confidence level 
per cent

95
95
99

Probability 
per cent

95
99
99

k3
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6. EXAMPLE

6.1 Notation

This notation is supplementary to that of Section 1.

 

6.2 Example

A proposed design consists of a round-ended lug loaded axially by a single clearance-fit pin.  The overall
width  of  the  lug is 40 mm (1.6 in), it is 10 mm  (0.4 in) thick  and  the diameter of the hole is 16 mm
(0.6 in).  In service the load, P, on the lug will be 24 000 N (5395 lbf) which equates to a gross section
stress, S, of 60 MN/m2 (8.7 × 103 lbf/in2).  In service the temperature near the lug will not fall below room
temperature 21°C (70°F).  It is required to investigate the fracture toughness of AA2024 aluminium alloy
plate to determine whether or not it might be a suitable material for the lug.

Linear elastic fracture mechanics will be used to determine the likelihood of the lug failing due to brittle
fracture caused by the presence of a crack.  In reality, several different crack positions and configurations
would be examined but for the purposes of this example a single crack of uniform depth through the full
thickness of the lug and on the transverse diameter will be investigated.  The following analysis will
determine the maximum size the crack can attain before the lug will fail due to brittle fracture;  that is,
when the calculated value of  reaches the appropriate value of .  The lug is shown in Sketch 6.1.

The general expression for stress intensity factor is

(6.1)

in which  accounts for the crack configuration and surrounding boundaries.  Values of   for round-ended
lugs of various geometries with through-thickness cracks are given in Data Item No. 81029*.  Using the
appropriate row of Table 5.2 in that Item, that is for c/W = 0.5 and d/W = 0.4, and taking the value of S

crack length as defined in Sketch 6.1 m in

nominal mode I stress intensity factor*  at crack tip

* 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” for a definition of mode I cracks and notes on .

N/m3/2 lbf/in3/2

load on lug N lbf

stress based on gross cross-sectional area such that 
/

N/m2 lbf/in2

, , , dimensions of lug, see Sketch 6.1 m in

thickness of lug m in

geometric factor*

* Data Item No. 81029 “Stress intensity factors in lugs (through-thickness cracks)”.

a

KI

α

P

S
S P= Wt

b c d W

t

α

K I KI c

KI S πa( )½
= α

α α
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equal to 60 MN/m2, Sketch 6.2, which shows the variation of KI with crack depth, may be constructed from
Equation (6.1).

Sketch 6.1   View of lug and crack

Sketch 6.2   Variation of  with crack depth

The fracture toughness, , of AA2048 aluminium alloy plate at room temperature may be determined
using  Table 8.4 where, at 21°C (70° F), a 25 mm (1 in) thick specimen with L–T crack orientation and a
T851 heat treatment exhibits a mean value of fracture toughness, , of 40 MN/m3/2

(36 × 103 lbf/in3/2)  for a sample of four tests.  The choice of orientation is, in many cases, a balance between

KI

KIc

KI c( )
mean
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optimisation of the material properties with respect to the orientation and consideration of the requirements
of the manufacturing process.

A suitable allowable 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 k2 equal to 0.81 is obtained from Figure 1.  For the same probability of survival and confidence
level and for a sample size of four, a value of k3 equal to 0.66 is obtained from Figure 2.  Substituting the
values of , k2 and k3 into Equation (4.4) gives

 MN/m3/2 (or  lbf/in3/2).

The allowable value of KIc is shown in Sketch 6.2.  As may be seen the critical crack depth occurs at about
6 mm (0.24 in).  Such a crack should be detected by routine non-destructive examination well before it
reaches this depth.  Thus, the material should be suitable for this purpose with regard to this particular crack
configuration.

KIc

K Ic( )
mean

KI c 0.81 0.66 40×× 21.4= = 19.5 10
3×
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7. GRAPHS OF TEMPERATURE DEPENDENCE OF  AND 

Sketch 7.1   2000 series aluminium alloys. See Tables 8.5, 8.7 and 8.8
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Sketch 7.2   7000 series aluminium alloys. See Tables 8.14 to 8.17 and 8.21
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8. TABLES OF PLANE STRAIN FRACTURE TOUGHNESS VALUES

Aluminium alloys are classified by chemical composition in an internationally agreed system in which the
first of the four digits indicates the alloy series according to the main alloying element.  For the 2000 to
6000 series, the last two digits identify the different alloys in the series.  The second digit indicates alloy
modifications to achieve particular properties.

AA stands for Aluminum Association.

8.1 2000 Series Aluminium Alloys (Main alloying element is copper.)

AA 2014 8.1
AA 2020 8.2
AA 2024 8.3
AA 2048 8.4
AA 2124 8.5
AA 2214 8.6
AA 2219 8.7
AA 2419 8.8
AA 2618 8.9

8.2 6000 Series Aluminium Alloys (Main alloying elements are magnesium and silicon.)

AA  6061 8.10

8.3 7000 Series Aluminium Alloys (Main alloying element is zinc.)

AA 7001 8.11
AA 7005 8.12
AA 7010 8.13
AA 7049 8.14
AA 7050 8.15
AA 7075 8.16
AA 7075 Alclad 8.17
AA 7079 8.18
AA 7080 8.19
AA 7149 8.20
AA 7175 8.21
AA 7178 8.22
AA 7475 8.23

8.4 Abbreviations Used in Tables

NA Not available SP Super plastic
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8.5 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 stated below.

8.6 Heat Treatments

Listed below are details of the heat treatments that appear in the tables of fracture toughness values in this
section.

T351 Solution heat treated and stress relieved by stretching to produce a nominal permanent set
of 2 per cent, but not less than 1.5 per cent nor more than 3 per cent.  Product shall receive
no further straightening after stretching.

T351 (417) NA

1. Where two values of thickness, separated by a comma, 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.  In a small number of
cases, ranges are given for the thicknesses of the specimen and the product from which the
specimen was taken.  For these cases a similar interpretation applies; the first range, given as two
numbers separated by a hyphen, refers to the thickness of the specimen while the second range,
presented in the same way, refers to the thickness of the product. 

2. A cross in the columns headed “No. of tests” indicates data used in the statistical analysis of
Section4.3.

3. The data in the tables in this section are presented in two systems of units, the British system and
the SI system.  In many of the tables there are apparent inconsistencies in the conversion of the
data between the two systems of units.  There are two reasons for this inconsistency.  The first is
rounding and the second is the fact that the conversions between the two systems were made
before the data were rounded.

For example, in Table 8.1, 29°C appears to correspond to both 84°F and 85°F.  The reason for this
is that the data were originally obtained in degrees Fahrenheit and were then converted to degrees
Celsius and rounded to the nearest integer.  In actual fact, 84°F is equivalent to 28.89°C and 85°F
is equivalent to 29.44°C, both of which round to 29°C and it is thus that the apparent
inconsistency arises.

Another example can be found in the column headed “Form and thickness” where 19 millimetres
is given as equivalent to 0.8 inches.  This is apparently wrong both ways, since 19 millimetres
converts to 0.7 inches and 0.8 inches converts to 20 millimetres.  The actual specimen thickness
was 0.75 inches which converts to 19.1 millimetres.  Rounding these figures gives those found in
the table, 0.8 inches and 19 millimetres respectively.

4. In many of the tables in this section, sets of data from Derivation 13 for which the compositions
are not available are separated by bold lines.  The reason for this is that Derivation 13 contained
data from a number of sources, copies of which were, in most cases, unattainable; sets of data
taken from Derivation 13 but ultimately originating from different sources have therefore been
separated by bold lines in the tables.  This has been done to indicate that, although the data came
ostensibly from the same source, the test specimens may have had slightly different compositions
and were not necessarily tested in the same laboratory.
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T3511 Solution heat treated and stress relieved by stretching to produce a nominal permanent set

of 1 to 1.5 per cent, but not less than 1 per cent nor more than 3 per cent.  Extrusions may
receive minor straightening, after stretching, of an amount necessary to meet the tolerances.

T6 Solution and precipitation heat treated.

T61 Solution heat treated and precipitation heat treated.  Quenching from the solution temperature
shall be into water at 79.4 to 85.3°C (175 to 185.5°F).

T611 Solution and precipitation heat treated, low residual stresses. Material may, after quenching
from the solution heat treatment temperature, receive minor straightening of an amount
necessary to meet the tolerances specified on the drawing.

T6351 NA

T651 Solution heat treated and stress relieved by stretching to produce a nominal permanent set
of 2 per cent, but not less than 1.5 per cent nor more than 3 per cent, and artificially aged.
Product shall receive no further straightening after stretching.

T651 (417) NA

T6510 Solution heat treated and stress relieved by stretching to produce a nominal permanent set
of 1.5 per cent, but not less than 1 per cent nor more than 3 per cent, and artificially aged.
Material shall receive no further straightening after stretching.

T6511 Solution heat treated and stress relieved by stretching to produce a nominal permanent set
of 1.5 per cent, but not less than 1 per cent nor more than 3 per cent, and artificially aged.
Material may receive minor straightening after stretching.

T652 Solution heat treated and stress relieved by compression to produce a permanent set of 1.5
to 5 per cent, and precipitation heat treated.  During compression, primary focus shall be
applied in the axial direction and on individual rings of approximately final dimensions.

T66 Solution and precipitation heat treated.

T7 Solution heat treated and averaged/stabilised.

T73 See T74

T7351 Solution heat treated and stress relieved by stretching to produce a nominal permanent set
of 2 per cent, but not less than 1.5 per cent nor more than 3 per cent, and precipitation heat
treated.  Plate shall receive no further straightening after stretching.

T73510 Solution heat treated and stress relieved by stretching to produce a nominal permanent set
of 1.5 per cent, but not less than 1 per cent nor more than 3 per cent, and precipitation heat
treated.  Material shall receive no further straightening after stretching.

T73511 NA

T7352 Solution heat treated and stress relieved by compression to produce a permanent set of 1 to
5 per cent, and precipitation heat treated.  The method and direction of compression shall be
as agreed upon by purchaser and vendor.
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T736 See T74.

T73651 Solution heat treated and stress relieved by stretching to produce a nominal set of 2 per cent,
but not less than 1.5 per cent nor more than 3 per cent, and precipitation heat treated.

T73652 Solution heat treated and stress relieved by compression to produce a permanent set of 1 to
5 per cent, and precipitation heat treated.  The method and direction of compression shall be
as agreed upon by purchaser and vendor.

T74 (Previously T73 or T736).  Solution heat treated and artificially aged to resist stress corrosion
cracking.

T75 NA

T76 Solution heat treated and artificially aged sufficiently to produce improved resistance to
exfoliation.

T7651 Solution heat treated and stress relieved by stretching to produce a nominal permanent set
of 2 per cent, but not less than 1.5 per cent nor more than 3 per cent, and artificially aged
sufficiently to produce improved resistance to exfoliation and stress corrosion cracking.
Plate shall receive no further straightening after stretching.

T7E56 NA

T851 Solution heat treated and stress relieved by stretching to produce a nominal permanent set
of 2 per cent, but not less than 1.5 per cent nor more than 3 per cent, and artificially aged.
Plate shall receive no further straightening after stretching.

T851 (417) NA

T8510 NA

T8511 Solution heat treated and stress relieved by stretching to produce a nominal permanent set
of 1.5 per cent, but not less than 1 per cent nor more than 3 per cent, and precipitation heat
treated.

T852 Solution heat treated and stress relieved by compression to produce a permanent set of 1 to
5 per cent, and precipitation heat treated.

T87 NA

T87+ NA
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TABLE 8.1 2014 Aluminium Alloy
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TABLE 8.1 2014 Aluminium Alloy (continued)

 

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 96013 1996

http://www.avadocuments.com/doc/esdu-96013-1996
http://www.avadocuments.com/doc/esdu-96013-1996


23

96013�
TABLE 8.2 2020 Aluminium Alloy
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