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FRACTURE TOUGHNESS (K,.) VALUES OF SOME ALUMINIUM ALLOYS

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”.

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

Both Sl and British units are quoted.

1. NOTATION
K crack-tip stress-field-intensity factor NHA  Ibf/in32
K, plane stress fracture toughness (critical value of stress ~ N/m32  |bf/in3/2
intensity in plane stress)
K plane strain fracture toughness in Mode | (critical value of N/m32  |bf/in3/2
stress intensity in plane strain)
5 kl, k2 , k3 statistical factors incorporating coeffiate of variation of
=) samples, see SectidnEquationg4.1) and(4.4)
wl
§ n number of values in a sample
)
§ \Y; coefficient of variation, see Sectidn
(%]
% X statistical factor, see Sectidr2, Equation(4.3)
o+
(%]
E Z, confidence level coefficient, see Sect
3 Zp probability of survival coefficient, see Sectidr
5
_c o, 0.2 per cent proof stress Nfm  Ibf/in
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Suffixes

mean The suffixmean applied toKIC , refers to theilmmetic mean
fracture toughness values in the tables of Se&ion

1.1 KI c Conversion Factors

1 MN/m32 = 0.910047 x 13 Ibf/in32 = 0.910047 ksi~/in .

Note also that,

1 MN/m32 = 31.623N/mm32 = 1 MPaJ/m
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2.

2.1

2.2

2.3

NOTES
General Notes

This Item presents plane strain fracture toughnss () 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 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 fracture toughness”, desigated , which is a material property for a
specified test environment. g

In thin sections or the more ductile materials, the point of instability is less well-defined and depends on
crack tip plasticity, thickness amther 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
qualifigation “plane strain”) and are designatéd. The plane straifK, . value for a given material is
always less than the corresponding\alue and therefore repregs a conservative choice for the designer.

A worked example illustrating a use of fracture toughness data is given in S&ction

Test Conditions

The data have been taken from tests performed in non-corrosive environmentseaatierap between
—253°C and 149°C (—423°F and 300°F) on specimens cut from plate, bar, foetjireteya 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 Ref@fences
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 toughnes:
testing, one of which is a minimum specimen thickness requirértteensure plane strain conditions.

Presentation of Data

The results of the fracture toughness tests evaluated are tabulated in &ebtaiails quoted include test
temperature, crack orientation relative to grain flow, chemicdlysisa 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 thedsealue refers to the thickness of

the product, plate, forgingt ceterafrom 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 hyphel
refers to the thickness of the specinvenile the second range, presented in the same way, refers to the
thickness of the product.

The data in the tables in SectiBrare presented in two systems of units, the British system and the SI
system. In many of the tables thare apparent incoistencies 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.
T Referenceg0 and21 specifiy a minimum specimen thickness of lZK}c/crp)2 for the achievement of aalid value. The thickness
requirement is also discussed in Section 5.1.2 of Data Item No. 80036.
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3.1

3.2

3.3

3.4

the fact that the conversions between the two systeene made before the data weremded. See
Section8.6for more details.

In order to assist in the interpolation Kf ao values in the tables, selected data are represented
graphically in Sectiory where the typical dependencies Kf, © g o, [/ on temperature are
illustrated. The graphs have been drawn by eye through plots based oKmean o, and values, using
in some cases, relatively few points. Typical mean values have been chosen to construct the graphs becau:
the wide variety of chemical analyses, heat treatmentsetera of the materials leads to a fairly wide
scatter.

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

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.

Crack Orientation

The notation for crack orientation relative to material grain flow is defined in Appéndird the test
specimen orientation, if known, is quoted in the tables of Se8tidfracture toughness is reduced by the
presence of inclusions. These inclusions are the main cause of the disparity in fracture toughness value:
for different crack orientatins, since after heavy mechanical working, the shape of the inclusions is
changed. For example, it can be seen in the tables of S&ctimt, in general, the results of tests on
specimens of LT orientation are approximately 20 per cent greater than those on specimens of T-L
orientation.

Temperature

In order to aid interpolation of the data, the relationships betWggno,, , Kand [/ and temperature
are siown in Sketches 7dnd7.2for different aluminium Boys. 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 ¢
variety of steels can be found in Data Item No. 8303is is mainly due to the fact that, over this range
there is no temperature transition for aluminium alloys as there is for ferritic steels. :

Environment

The data in this Item refer to tests careedin 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 fracturedughness 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.

Rate of Loading

The data in this Iltem 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 NMR§)rtd55 — 2730 Ibf/(iF2s)).

Data Item No. 83023, “Fracture toughnéss..) values of some steels”.
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4.1

4.2

Strictly, the data should not be applied to rates of loading that fall significantly outside this range. However,
fracturetoughness 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.

STATISTICAL ANALYSIS OF DATA

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, orientationterais 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 nipber 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 applicabl
to these cases, such as those used in Sectipmdy2be found in Data Item No. 91041hey rely solely

upon the data from the sample and assume only a Normal distribution fosghkation However, if it

is assumed that theampleis of Normal distribution, Equations (4.19 (4.3), which use the sample size

and coefficient of varian, may be used directly to find the allowalle. . The statistical details of the
samples in this Item for which this can be done are given in TableThe coefficient of variatiorny, of

a sample is the standard deviation of the sample divided by the sample mean. For some engineering
guantities the coefficient of variation tends to a consistent value and it seems reasonable, on the evidence
of Table4.1, to suppose that for the fracture toughness of aluminium alloys this value is in the region of
0.08. Thisisreinforced by the results in Sectid@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 allowbilpée is unobtainable; however, an
approximate value can be found using Equatibd) and Figured and2. Figurel was derived from the
typical scatter ofK,, in the population and Fig@@ives 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 & Section

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 vaitatto 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 AiHith 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.ih Table

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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TABLE 4.1 Results of Statistical Analyses of Large Samples

Alloy Table Sample Sample Sample Number| Hypothesis _ Hig_hest
designation mean standard coefficient of of significance
_ and_ (K,o) ean deviation _of_ values normality Ievgl at

orientation 3/2 variation n accepted at which
MN/m3/2 MN/m v significance| hypothesis of
(10% Ibf/in¥/2) | (10°Ibfin®2) level of | normality
5 per cent would be
accepted,
per cent
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

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

An allowable value oK, . may be obtained by using Equafjérigto(4.3)in conjunction with Tablé.2.
The factork, relates to a chosen probability of survival and a chosen confidence leveKangq., IS
the sample mean. For an explanation of the term confidence level, see Data Item No. 910416.Section

ESDU Copyright material. For current status contact ESDU.

K|C = kl (ch)mean’ (41)
where
k; = 1-(Xv), (4.2)
v is the coefficient of variation and
2 2
10 Z. O Z,
Z +Z |-[l- 0+
P CN\ng  2(n-1)g 2(n-1)
X = . (4.3)
2
ZC
1 — ——
2(n -1)
Z. and Zp are statistical coefficients which maydixained from Tabld.2 below.
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4.3

TABLE 4.2 Confidence Level and Probability of Survival Coefficient

. Confidence level
Chosen confidence level .
- ) coefficient,Z., or
or probability of survival . cr =
(per cent) probz_:lplllty of survival
coeff|C|ent,Zp
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

The following brief example uses the results for the third sample of 4Table
((Kj ) rgan= 34 MN/NT'2, v = 0.08 MN/n#? andn = 30).

To ensure thaK,. will not be less than the design value 99 times out of a hundred with 95 per cent
confidence, values df. equal to 1.645 ﬂbd equal to 2.324 are read frord . Pable

Using Equatior{4.3), a value of X equal to 3.05 is obtained. Inserting this result into Eq@@t®)produces
a value ok, equal to 0.76. Equatigd.1)then gives the allowable value as

K, = 0.76x 34 = 25.8 MN/m¥2(or 235 10° Ibf/in3?).

Note that using combinations of low percentage probabilities of exceeding the allowable value and low
percentage confidence levels may lead to cases where the vi|u@bfained is greater than the minimL@m

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.

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 populatiicient 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 uncetyaabout where the mean of the sample lies in relation tmfhdation

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.
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Part 1 Combined analysis of small samples

® The arithmetic mear(,KlC)mealn , was determined for a group of 11 or more test results for which
the chemical analysis, heat treatment, test temperature, et eeteradentical.

(i) Each individual test value was divided by the mean of the group to obtain alsgt OIK|C)rT/1ean
values which were then treated as the normalised sample values.

(i) 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 popul#tien
hypothesis of a shared parent population was accepted for 43 of the samples. These 43 sample:
are marked with asses in the columns headed “No. of tests” in the tables of S&ction

(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 varteon.

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

® 2000 diferent samples each of sinevere selected at random from one large sampl, of data.
The large sample used was a sample of 81 AA2124 values, details ofardmdlen in Tablet. 1

(i) The arithmetic mean of each of these samples was calculated.
(i) 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 valuesfimm 3 to 30 inclusive.

ESDU Copyright material. For current status contact ESDU.

(vi) The appropriate value aof |, the coefficients of variation Bgdationg4.1) to (4.3)were used to
calculate a statistical factor designed to take account of tertanty in the sample mean.

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

An allowable value ofK,. may be obtained from the value of the sample niEap) .., , using
Equation(4.4), in which the factorsk, andk, relate to chosen probabilities of survival and chosen
confidence levels.

Kic = Ky kg (Kjo) (4.4)

mean’

Figurel, which was constructed using versions of Equat{dr®) and(4.3) and the results of the analysis
of the combined sample of 828 values, gives the vallg.ofrhe factok, is read from Figur@ which

For details of the method used, see “Metallic Materials Data Handbook”, Volume 1, Section 1, Appendix 5.
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was constructed using the method outlined above.

For example, to ensure thigf.  will not be less than the design value 99 times out of a hundred with 95
per centconfidence, a value &, equal to 0.81 is read from Figute If, in addition to thiS(ch)me

has been calculated from a sample of, say, 4 values and the uncertainty in this value is to be taken accour
of using a 95 per cent confidence level and a 99 per cent probability of survival, a Vejeejoél to 0.66

is read from Figur@. Equation4.4)then gives the design value as

Ko = 0.81x 0.66(K)

where(KlC)mean is obtained from the tables of SecBon

The worked example illustrates the use of this section.
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FIGURE 2 STATISTICAL FACTOR k3USED 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 \juelthined 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.
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6.

6.1

6.2

EXAMPLE
Notation

This notation is supplementary to that of Section 1

a crack length as defined in Sketéh m in

K, nominal mode | stress intensity factat crack tip N/m32  |bf/in%/2

P load on lug N Ibf

S stress based on gross cross-sectional area such that N/m? Ibf/in?
S= P/Wt

b,c,d, W dimensions of lug, see Sket6hl m in

t thickness of lug m in

a geometric factor

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 | cracks and nodes on

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), itis 10 mm (0.4 in) thick and the diameter of the hole is 16 mm
(0.6 in). In service the loadpP, on the lug will be 24 000 N (5395 Ibf) which equates to a gross section
stress S, of 60 MN/nf (8.7 x 16 Ibf/in2). In service the temperature nearlingwill 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 differenposiiitins 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 &,  reaches the appropriate vakig, of . The lug is shown ir6Sketch

The general expression for stress intensity factor is
Y,
K, = S(ma)“a (6.1)

inwhicha accounts for the crack configuration and surrounding boundaries. Valudsofound-ended
lugs of various geometries with through-thicknesacks are given in Data Item No. 81029sing the
appropriate row of Table 5.2 in that Item, that isdW = 0.5 andd/W = 0.4, and taking the value 6&f

Data Item No. 81029 “Stress intensity factors in lugs (through-thickness cracks)”.
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equal to 60 MN/n2|, Sketch6.2, which shows the variation Kfl with crack depth, may be constructed from
Equation(6.1).

ESDU Copyright material. For current status contact ESDU.

/4
Grain flow orientation
b =12 mm W
L
¢ =20 mm
d =16 mm ¢
t =10 mm s T
W =40 mm
P =24 000N
S = P/Wt= 60 MN/m> Crack orientationis L - T
mam
S
Sketch 6.1 View of lug and crack
Crack depth, a (in)
0 0.08 0.16 0.24 0.31 0.39
40 36
30 27
KI . KIc // Kl
20 e 18
(MN/m*?) : (10° bf7in*?)
10 9
0 0
0 2 4 6 8 10

Crack depth, a (mm)

Sketch 6.2 Variation ofK, with crack depth

The fracture toughnes&,. , of AA2048 aluminium alloy plate at room temperature may be determined
using TableB.4where, at 21°C (70° F), a 25 mm (1 in) thick specimen with Lra€kcorientabn and a

T851 heat treatment exhibits a mean value of fracture toughme(ﬁé)mean , of 40 3N/m

(36 x 10 Ibf/in3/2) for a sample of four tests. The choice of orientation is, in many cases, a balance between
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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 Sectidh For a probability of 99 per cetitat the actual
value oleC will exceed the allowable value calculated below, with a confidence level of 8&rpea
value ofk, equal to 0.81 is obtained from Figure Eor the same probability of survival and confidence
level and for a sample size of four, a valu&gpéqual to 0.66 is obtained from Figute Substituting the
values of(K, ) mean ko andks into Equatior(4.4) gives

K. . = 0.81x 0.66x 40= 21.4MN/m32(or 19.5% 10 Ibfiin®?).

Ic

The allowable value df| is shown in SketcB.2. As may be seen the critical crack depth occurs at about
6 mm (0.24 in). Such a craskould be detected by routine non-destructive examination well before it
reacheshis depth. Thus, the material should be suitable for this purpose with regard to this particilar c
configuration.
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7. GRAPHS OF TEMPERATURE DEPENDENCE OF ch AND cp
50
40 \N
ch 30
b— | o)
(MN/mM®3) 50 I
O 2124
] 10 O 2219 [
o
a v 2419
] 0 '
5 -300 -200 -100 0 100 200
o
‘g TemperaturéC
(S]
o 600
o+
g 500
o+
C k
£ 400 —
-
o g
L
. 2:
- (MN/m?)
'GC) 200
= O 2124
€ 100 o 2219 |
= v 2419
o
= 0 :
>
8. -300 -200 -100 0 100 200
o
S TemperaturéC
a
] 0.15
0.12 ——
0.09 T =
chlap . =
(Mm% 0.06 o
————1° |
O 2124
0.03 o 2219 [
v 2419
0.00 '
-300 -200 -100 0 100 200
TemperaturéC
Sketch 7.1 2000 series aluminium alloys. See Tables 8&7and 8.8
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50
40 0= /<>—EI
S
K, 30 ————
\é ?7
-
200 o 7050
v 7075
10 H A 7075alclad
& 7175
0 | |
-250 -200 -150 -100 -50 0 50 100 150
TemperaturéC
700
600 P
\
500 \A\gﬁ\Lv
% 400 =
(MN/m?) 300 ©O 7049
o 7050
200 v 7075
A 7075alclad
100 ¢© 7175
0 [ [
-250 -200 -150 -100 -50 0 50 100 150
TemperaturéC
0.15 T T
O 7049
0.12 H o 7050
v 7075
A 7075alclad
K Jo 009H < 7175 —=
1c’“p
S
(Mm% 0.06 © |5
| A = Y
A—] v_/fv”
0.03
0.00

-250 -200 -150 -100 -50 0 50 100 150

TemperaturéC

Sketch 7.2 7000 series aluminium alloys. See Tab&4§4to0 8.17and 8.21
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8. TABLES OF PLANE STRAIN FRACTURE TOUGHNESS VALUES

Aluminium alloysare classified by chemical cqmsition 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 AlloygMain 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 AlloygMain alloying elements are magnesium and silicon.)
AA 6061 8.10

8.3 7000 Series Aluminium AlloygMain alloying element is zinc.)

ESDU Copyright material. For current status contact ESDU.

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

8.6

Notes on Presentation of Data

Full details of the way in which the data are presented are given in SB@&ionhere are, however, four
notable points regarding the presentation of the data and these are stated below.

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 hypheafers to the thickness of the specimen while thersgtcange,
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 Sl system. In many of the tablesrthare apparent incsistencies 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 Tabl8.1, 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 Fahrenheitenediven 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 tharempp
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
arenot 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 haarefthre been
separated bbold 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 slfgripdcompsitions
and were not necessarily tested in the same laboratory.

Heat Treatments

Listed beloware detis 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 pePeedtict shall receive
no further straightening after stretching.

T351 (417) NA
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Solution heat treated and stress relieved by stretching to produce a nominal permanent set
of 1 to 1.5 per cenbut not less than 1 per cent nor more than 3 per dexttusions may
receive minor straightening, after stretching, of an amount necessary to meet the tolerances.

Solution and precipitation heat treated.

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).

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.

NA

Solution heat treated and stress relieved by stretching to produce a nominal permanent set
of 2 per centbut not less than 1.5 per cemr more than 3 per cerand artificially aged.
Product shall receive no further straightening after stretching.

NA

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 cemtmore than 3 per cerand artificially aged.
Material shall receive no further straightening after stretching.

Solution heat treated and stress relieved by stretching to produce a nominal permanent set
of 1.5 per centhut not less than 1 per cemir more than 3 per cerand artificially aged.
Material may receive minor straightening after stretching.

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

Solution and precipitation heat treated.
Solution heat treated and averaged/stabilised.
See T74

Solution heat treated and stress relieved by stretching to produce a nominal permanent set
of 2 per centbut not less than 1.5 per cemtr more than 3 per cermnd precipitation heat
treated. Plate shall receive no further straightening after stretching.

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.

NA

Solution heat treated and stress relieved by compression to produce a permanent set of 1 tc
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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See T74.

Solution heat treated and stress relieved by stretching to produce a nominal set of 2 per cent
but not less than 1.5 per camdr more than 3 per cerdnd precipitation heat treated.

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

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

NA

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

Solution heat treated and stress relieved by stretching to produce a nominal permanent set
of 2 per centbut not less than 1.5 per camir more than 3 per cerand artificially aged
sufficiently to produce improved resistance to exfoliation and stress corrosion cracking.
Plate shall receive no further stghtening after stretching.

NA

Solution heat treated and stress relieved by stretching to produce a nominal permanent set
of 2 per centbut not less than 1.5 per cemr more than 3 per cerand artificially aged.

Plate shall receive no further stghtening after stretching.

NA

NA

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 ecemtmore than 3 per cernd precipitation heat
treated.

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

NA

NA
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TABLE 8.1 2014 Aluminium Alloy

ESDU Copyright material. For current status contact ESDU.

Mai- | Heat |Form and| Orien- ST Units British Units No. | Dert-
erial | treat- |thickness,| tation of | vation
comp- | ment |specimen, o 22 3 30 tests | No.
. K MNA " g K107 1bf/
osition product Temp P Ie m Temp £ Ie m
eratire erature 10°
(see . mm . . ]
below) (in) C | MNm? | min.| mean | max. f F | 1bgin® | min. | mean | max.
NA TG Forging | L-T 21 440 30 31 31 70 64 27 28 29 2 13
18,23 T-L 29 430 - 16 - 84 62 - 15 - 1
(0.7,0.9)
Forging | T-L 21 432 17 19 20 70 63 16 17 18 4
6,23
(0.3, 0.9)
Forged | L-T 21 443 - 31 - 70 64 - 28 - 1
bar T-L 29 430 18 19 20 85 62 17 17 18 2
19,114 28 430 - 19 - 82 62 - 17 - 1
(0.8, 4.5)
Forged | T-L 21 430 18 18 19 70 62 16 17 17 2
bar
6,114
(0.3, 4.5)
NA Forging | S-L 21 421 17 18 18 70 61 16 16 16 4 4
25,203 | S5-T 421 21 21 21 61 19 19 19 4
(1,8
NA Forging NA 21 440 30 31 31 70 64 27 28 29 2 6
19, — 432 16 18 21 63 14 17 19 4
(0.8, )
NA T61 Forging | S-L 28 430 19 20 21 82 62 18 18 19 2 13
13,50
(0.5, 2)
Forging | S-T 21 390 22 22 22 70 57 20 20 20 2
13,38
(0.5,1.5)
NA T611 | Forging | 8-L 30 425 20 21 21 86 62 19 19 19 4
19,25 21 415 19 20 20 70 60 17 18 18 2
(0.8, 1)
NA Té51 Plate L-T 21 404 - 25 - 70 59 - 22 - 1
25,127 | T-L 399 - 21 - 58 - 19 - 1
(1, 5)
Plate L-T 21 444 26 26 26 70 64 23 23 24 2
25,64
(1,2.5)
HEAT TREATMENTS
Té
Té1
T611
T&51
Material Chemical analysis of alloying elements by weight (per cent}
composition |~ | oy | Fe | Mg | Mn | S | Ti | Zn |Tit¥n Other:Each | Other: Total
Specification 0 3.9 0 0.20 0.40 050 | O 0 0 0 0
0.10 5.0 0.7 0.8 1.2 1.2 0.15 | .25 | 0.20 0.05 0.15
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TABLE 8.1 2014 Aluminium Alloy (continued)

ESDU Copyright material. For current status contact ESDU.

Mat- | Heat |Formand| Orien- SI Units British Units No. | Deri-
erial | treat- |thickness,| tation of | vation
comp- | ment |specimen, o 3/2 3 . 32 tests | No.
- K MN/ - Y K
osition product Temp P Ie m Temp P 1o 107 Ibf/in
erature erature 10°
(see mm . . )
below) (in) C | MN/m? | min.| mean | max. | °F | Ibfin® | min. | mean | max.
NA T651 Plate L-T 21 472 24 24 25 70 68 22 22 22 3 13
25, 44 T-L 456 25 26 26 66 23 23 24 3
(1,1.8)
Plate L-T 29 449 22 25 27 84 65 20 23 25 5
25,25 21 458 26 27 27 70 66 24 24 25 4
(1,1) T-L 29 450 21 22 23 84 65 20 20 21 4
21 454 22 23 25 70 66 20 21 22 10
-196 517 - 29 - —320 75 - 26 - 1
Plate S-L 21 379 19 20 20 70 55 18 18 18 2
13,127
(0.5, 5)
Plate L-S 31 460 26 26 26 88 67 23 24 24 2
13,38 L-T 460 21 21 21 67. 19 19 20 3
(0.5,1.5) | T-L 436 21 21 22 63 19 19 20 2
T-S 436 24 25 25 63 22 22 23 3
NA Plate T-L 21 454 23 23 25 70 66 21 21 23 5 3
25,25
(1,1
NA Plate L-T 21 428 - 27 - 70 62 - 25 - 1 13
25, — T-L 418 - 23 - 61 - 21 - 1
(1,-)
i T652 | Forging | T-L 21 398 25 29 33 70 58 23 26 30 3 2
51,152
(2,86)
ii Forging | L-T 21 419 31 32 33 70 61 28 29 30 3
38,127 | T-L 395 20 22 23 57 18 20 21 3
(1.5,5) 387 18 20 22 56 17 18 20 3
iii Forging | L-T 21 431 36 38 39 70 63 33 34 35 3
38,102 | T-L 408 25 25 26 59 23 23 24 3
(1.5,4)
iv Forging | L-T 21 456 29 29 30 70 66 26 27 27 3
25,76 T-L 449 21 22 22 65 20 20 20 2
(1,3)
v Forging | L-T 21 459 27 28 30 70 67 24 25 27 3
: 19,51 T-L 447 21 21 21 65 19 19 19 2
0.8,2)
HEAT TREATMENTS
T651
T652
Material Chemical analysis of alloying elements by weight (per cent)
composition |« | oy | Fe | Mg | Mn | Si Ti | Zn [Ti+Zn Other: Each | Other: Total
Specification 0 3.9 0 0.20 0.40 0.50 0 0 0 0 0
‘ 0.10 5.0 0.7 0.8 1.2 1.2 0.15 | 0.25 | 0.20 0.05 0.15
i 0.01 4.40 0.22 | 0.49 0.71 0.94 0.04 { 0.08 | 0.12
ii 0.007 | 4.30 0.22 0.51 0.69 0.91 0.04 { 0.09° 0.13
iii 0.08 4.43 0.21 0.63 0.71 0.92 0.04 | 0.09 | 0.13
iv 0.01 4.47 0.22 | 0.69 0.70 0.98 0.04 | 0.11 | 0.15
v 0.01 4.41 0.24 0.50 0.73 0.97 0.04 0.14 | 0.18
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TABLE 8.2 2020 Aluminium Alloy

ESDU Copyright material. For current status contact ESDU.

Mat- Heat |Form and| Orien- ST Units British Units No. | Deri-
erial | treat- |thickness,| tation of |vation
comp- | ment |specimen, o 3/2 31y e 3/2 tests | No.
- K_MN/ - g
osition product Temp P Te m Temp 4 K; 107 1bf/in
erature erature 3
(see mm . A 10
below) (in) C MN/m? | min.| mean | max. F Ibf/in? | min. | mean | max.
NA T6 Plate L-T 30 521 22 22 23 86 76 20 20 21 3 13
19, 20
(0.8,0.8)
Extrusion| L-T 21 521 - 25 - 70 76 - 22 - 1
17,18
0.7,0.7)
NA T651 Plate L-T 21 532 22 26 30 70 77 20 23 27 6
35,35 T-L 534 18 19 19 77 17 17 17 2
(1.4,1.4)
Plate L-T 29 526 22 23 25 84 76 20 21 23 3
25, 35 21 534 23 24 25 70 78 21 22 23 2
(1,1.4) | T-L 29 534 19 19 20 84 77 17 17 18 3
21 541 19 19 19 70 78 17 17 18 2
Plate S-L 31 513 17 17 17 88 74 15 15 16 2
13,35
(0.5,1.4)
NA Plate L-T 21 528 23 24 25 70 77 21 22 23 9 1
25, 40 T-L 536 18 20 23 78 17 18 21 6
1,1.4)
HEAT TREATMENTS
T6
T651
Material Chemical analysis of alloying elements by weight (per cent)
composittion | g | cu | Fe | Li | Mg | Mn | Si Ti | Zn Other:Each | Other:Total
Specification | 0.10 4.0 0 0.9 0 0.30 1] 0 0 0 0
0.35 5.0 0.40 1.7 0.03 0.8 0.40 0.10 | 0.25 0.05 0.15
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TABLE 8.3 2024 Aluminium Alloy

ESDU Copyright material. For current status contact ESDU.

Mat- | Heat |Form and| Orien- SI Units British Units No. | Deri-
erial | treat- |thickness,| tation of | uvation
comp- | ment |specimen, o 32 3. .. 32 tests | No.
- K MN/ - o K 1
osition product Temp p Ie o Temp P 10 10 Ibf/in
(see mm erature erature 103
below) (in) C | MN/m? | min.| mean | max. | F | bgin? | min. | mean | max.
NA T351 Plate L-T 29 385 30 30 31 85 56 27 28 28 2 13
25,64 21 371 - 33 - 70 54 - 30 - 1
(1,2.5) | S-L 32 292 - 21 - 90 42 - 19 - 1
29 309 - +24 - 85 45 - 22 - 1
Plate T-L 29 338 29 29 29 84 49 26 26 27 2
19,25
(0.8, 1
Extrusion| T-L 28 283 26 27 27 82 41 24 24 24 2
38,127 21 299 - 26 - 70 43 - 23 - 1
(1.5,5)
Extrusion| T-L 21 294 28 28 28 70 43 25 25 26 4
38,76
(1.5, 3)
Extrusion| S-L 28 291 23 25 26 82 42 21 23 24 4
25,76
(1,3)
Forged | T-L 28 307 27 27 28 82 45 24 25 25 2
bar
38,127
(1.5, 5)
Forged | T-L 28 315 25 26 26 82 46 23 24 24 2
bar
38,76
(1.5, 3)
Forged | T-L 28 286 28 28 28 82 42 25 25 26 2
bar
25,89
(1,3.5)
Forged | S-L 28 290 25 25 25 82 42 23 23 23 2
bar
25,76
1,3)
NA Plate S-T 21 441 23 23 24 70 64 21 21 22 3
32,76
(1.3,3)
HEAT TREATMENTS
T351
Material Chemical analysis of alloying elements by weight (per cent)
composition | . | o, | Fe | Mg | Mn | Si | Zn Other: Each | Other: Each
Specification 0 3.8 0 1.2 0.30 0 0 0 0
0.10 4.9 0.50 1.8 0.9 0.50 | 0.25 0.05 0.15
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DU 96013

TABLE 8.3 2024 Aluminium Alloy (continued)

ESDU Copyright material. For current status contact ESDU.

Mat- Heat |Form and| Orien- ST Units British Units No. | Deri-
erial | treat- |thickness,| tation of | vation
comp- | ment |specimen, o 32 31 32 tests | No.
- K. MN/ - g K107 ih{7
osition product Temp ? Ie m Temp n Ie biin
(see mm erature erature 108
below) (in) C | MN/m? | min.| mean | max. | F | Ibfin® | min. | mean | max.
NA T3511 |Extrusion] L-T 21 422 38 42 44 70 61 34 38 40 4 13
30, -
(1.2,-)
NA T851 Plate L-5 93 389 33 33 34 200 56 30 30 31 2
19, 76 21 421 33 34 35 70 61 30 31 32 3
(0.8, 3} —18 436 35 35 35 0 63 31 32 32 2
. —b4 444 32 33 35 —65 64 29 30 31 3
L-T 149 379 29 30 30 300 55 27 27 27 3
93 404 28 29 31 200 59 26 27 28 3
21 437 30 30 30 70 63 27 27 27 2
—18 452 28 30 32 0 66 25 28 30 3
54 461 27 29 30 —65 67 24 26 28 3
T-1L 149 373 24 24 25 300 54 22 22 22 2
93 402 23 24 25 200 58 21 22 23 3
21 438 22 24 25 70 64 20 22 23 3
—18 452 23 24 25 0 66 21 22 23 2
-~ 54 459 - 26 - —65 67 - 23 - 1
NA Plate L-T 21 454 24 25 28 70 66 22 23 25 6
35,35 | T-L 447 20 | 23 | 28 65 18 | 21 25 | 11”?
(1.4,1.4)
Plate L-T- 21 452 25 25 25 70 66 23 23 23 2
25,35
(1,1.4)
Plate L-T 21 453 24 25 26 70 66 22 23 24 2
25, 25 T-L 453 - 23 - 66 - 21 - 1
Ly
Plate L-T 21 456 - 24 - 70 66 - 22 - 1
19,19 T-L 450 - 21 - 65 - 19 - 1
(0.8, 0.8)
Plate L~T 21 463 24 25 26 70 67 22 23 24 -2
16,16 T-L 459 21 21 22 67 19 20 20 2
(0.6, 0.6)
Plate L-8 21 456 24 25 25 70 66 22 22 23 2
13,35 T-8 451 - 25 - 65 - 23 - 1
(0.5,1.4)
Plate L-T 21 463 23 23 28 70 67 21 21 21 2
13,13 T-L 459 21 21 21 67 18 19 20 2
(0.5,0.5)
HEAT TREATMENTS
Ta511
T851
Material Chemical analysis of alloying elements by weight (per cent)
composttion Cr Cu Fe Mg Mn Si Zn Other: Kach QOther: Each
Specification 0 3.8 0 1.2 0.30 0 ¢ 0 0
0.10 4.9 0.50 1.8 0.9 0.50 0.25 0.05 0.15
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DU 96013

TABLE 8.3 2024 Aluminium Alloy (continued)

ESDU Copyright material. For current status contact ESDU.

Mos- | Heat |Form and| Orien- ST Units British Units No. | Deri-
erial | treat- |thickness,| tation of | vaiion
comp- | ment |specimen, o 352 ' 31y o B2 tests | No,
- K MN/ - g K_ 107 1bf
osition product Temp P Ic m Temp P o 107 Ibf/in
eratire erqture 10°
{see mim . 0 )
below) (in) C | MNm? | min{mean | max. | T | won? } min. | mean | max.
NA T851 Plate L-T 21 453 23 25 28 70 66 21 23 25 6 13
35, 35 T-L 450 22 22 22 65 20 20 20 2
(1.4,1.4)
Plate L-T 28 452 25 25 26 82 66 22 23 23 6
25,35 21 452 - 25 - 70 66 - 23 - 1
(1,1.4) T-L 28 445 22 22 23 82 65 20 20 21 6
21 449 20 21 22 70 65 18 19 20 5
Plate L-T 29 475 23 23 23 84 69 21 21 21 3
19,25 T-L 466 21 21 21 68 19 19 19 3
(0.8, 1)
Plate L-8 31 456 25 25 26 88 66 22 23 23 2
13,35 30 454 22 23 24 86 66 20 21 22 3
(0.5,1.4) | S-L 31 442 17 18 19 88 64 16 16 17 3
T-8 31 452 22 23 23 88 66 20 21 21 3
30 451 - 25 - 86 65 - 23 — 1
S-T 31 442 17 17 17 88 64 16 16 16 3
30 443 17 18 19 86 64 16 16 17 3
NA Plate L-T 21 409 20 20 21 70 59 19 19 19 2
32,81
(1.3,3.2)
Plate L-T 21 440 24 26 28 70 64 22 24 26 4
32,51
(1.3, 2)
NA Plate L-T 21 444 22 25 27 70 64 20 23 25 4
25,102 T-L 435 20 21 22 63 18 19 20 4
1,4
Plate L-T 21 483 24 25 26 70 70 22 23 24 3
- 19,19 473 24 24 24 69 22 22 22 3
(0.8,0.8}
Plate L-T 21 463 - 24 - 70 67 - 22 - 1
9,9 T-L 459 24 25 26 867 22 23 24 3
(0.4, 0.4) .
NA Plate L-T 21 448 23 23 24 70 65 21 21 22 3
25, 76 T-L 441 — 20 - 64 - 18 - 1
1,3
HEAT TREATMENTS
T851
Material Chemical analysis of clloying elemenis by weight (per cent)
composition | ¢ | @y | Fe | Mg | Mn | St | Zn Other:Each | Other: Total
Specification 0 3.8 0 1.2 0.30 0 0 0 0]
0.10 4.9 0.50 L8 0.8 0.50 0.25 0.05 0.15
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DU 96013

TABLE 8.3 2024 Aluminium Alloy (continued)

ESDU Copyright material. For current status contact ESDU.

Mat- Heat |Form and| Orien- ST Units British Units No. | Deri-
erial | freal- |thickness,| tation of |wvation
comp- | ment |specimen, o 32 3o . 32 tesis | No
. K MN/m - o K. 10°1bfr
osition product Temp e le Temp P le o
erature erature 10°
(see mm . . )
below) (in) 7 C MN/m? | min.| mean | max. F bffin? | min. | mean | max.
NA T851 Plate L-T 21 448 26 29 35 70 65 24 27 32 4 13
19, 76 T-L 441 24 25 27 64 22 23 25 5
(0.8, 3) S-T 441 - 26 - 64 - 24 - 1
Plate L-T 21 448 32 32 32 70 65 29 29 29 2
16, 76 T-L 441 25 26 26 64 23 24 24 2
(0.6, 3)
NA Plate L-T 21 455 26 26 26 70 66 24 24 24 2
25,76
(1, 3)
Plate L-T 29 448 - 26 - B4 65 - 23 - 1
25, 44
(1,1.8)
Plate L-T 21 448 25 25 26 70 65 23 23 23 2
19, 44
(0.8, 1.8)
Plate L-T 21 448 22 24 26 70 65 20 22 24 5
16,76 T-L 441 20 20 21 64 18 18 1 19 3
{0.6,3)
Plate L-T 21 448 30 30 31 70 65 27 28 28 2
13, 44
(0.5, 1.8) )
NA Plate T-L 21 448 25 25 25 70 65 23 23 23 2
32,76
(1.3,3)
NA Plate L-T 21 462 24 24 24 T0 87 22 22 22 2
18,18
(0.7,0.8)
NA Plate L-T 21 465 27 27 28 T0 88 25 25 25 2
25, 38
(1,1.5)
NA Plate T-L 21 444 22 22 23 70 64 20 20 21 3 3
35,35 —80 477 23 24 25 —112 89 21 22 23 2
(1.4,1.4) —-196 545 24 24 24 —320 79 22 22 22 2
NA Plate T-L 21 444 22 22 23 70 64 20 20 21 3 5
35,35
{1.4,1.4)
HEAT TREATMENTS
T851
Material Chemical analysis of alloving elements by weight (per cent)
compostion Cr Cu Fe Mg Mn Si Zn Other: Bach Qther: Total
Specification 0 3.8 0 1.2 0.30 0 0 0 0
0.10 4.9 0.50 1.8 0.9 .50 1 0.25 0.05 0.145
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DU 96013

TABLE 8.3 2024 Aluminium Alloy (continued)

ESDU Copyright material. For current status contact ESDU.

Mat- | Heat |Formand| Orien- ST Units British Units No. | Deri-
erial | treat- |thickness,| tation of | wvation
comp- | ment |specimen, o 22 31y nr B2 tests | No.
N K MN/ - o i
osition product Temp , Ie ™ Temp r K 107ibfin
eraiure erature 103
(see mm 5 .
below) (in) C | MNm? | min.{mean | max. | T | piin® | min. | mean | maz.
NA T851 Plate T-L 21 444 22 23 23 70 64 20 21 21 3 5
25,35
(1,1.4)
Plate T-L 21 444 21 22 23 70 64 1¢ 20 21 3
13,35
(0.5, 1.4}
NA Plate L-T 21 454 22 26 30 70 66 20 24 27 12 1
25,40 T-L 448 20 22 25 65 13 20 23 8
(1,1.4)
NA T8510 |Extrusion| L-T 21 422 31 33 36 70 61 28 30 33 3 13
25-64, T-L 416 17 18 17 60 16 16 16 3
70-114 | S-L 401 15 17 18 58 14 16 17 3
(1-2.5,
2.8-4.5)
NA {8511 |Extrusion| L—T 21 459 26 26 27 70 87 24 24 24 2
) 25, 89 T-L 426 18 18 18 62 16 16 16 2
(1,3.5) | 8-T 425 18 18 19 62 16 17 17 2
NA T852 | Forging | T-L 21 399 17 18 20 70 58 15 17 18 2
51,152
{2, 6)
Forging | L-S 29 444 - 29 - 84 64 - 26 - 1
25,121 | 8-L 420 - 18 - 61 - 16 - 1
(1,48 | L-T 444 - 26 - 64 - 24 - 1
‘ -5 450 - 17 - 65 - 15 - 1
Forging | L-T 28 404 - 21 - 83 59 - 19 - 1
19,178 28 373 22 25 29 82 54 20 23 26 2
(08,7 | T-L 28 389 19 21 23 83 56 17 19 21 2
28 407 - 28 - 82 59 - 26 - 1
Forging | L-T 29 427 - 24 - 84 62 - 22 - 1
19,127 | T-L 434 - 17 - 63 - 15 - 1
(0.8, b) S-T 397 - 19 - 88 - 18 - 1
Forging | 8-T 28 363 19 20 22 83 53 17 18 20 3
13,178 '
(0.5, 7}
NA Forging { 8-T 21 372 19 19 19 70 54 18 18 18 2 4
18,152
(0.7, 6)
HEAT TI}EATMENTS
T851
T8510
T8511
T852
Ma.terial Chemical analysis of alloying elements by weight (per cent)
composttior Cr Cu Fe Mg Mn Si Int Other: BEach Other: Total
Specification 0 3.8 0 1.2 0.30 0 0 0
0.10 4.9 0.50 1.8 0.9 0.50 | 0.25 0.05 0.15
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DU 96013

TABLE 8.3 2024 Aluminium Alloy (continued)

ESDU Copyright material. For current status contact ESDU.

Mat- Heat |Form and| Orien- ST Units British Units No. | Deri-
erial | treat- thickness, | tation of | wvation
comp- | ment |specimen, o 32 3 32 tests | No.
- K. MN/m - g
osition product Temp P Ie Temp P Ky, 107Ibifin
erqiure erature 103
(see mm N . ]
below) (in) C | MN/m? | min.| mean { max. | F | Wopin? | min | mean | max.
i T852 | Forging | L-T 21 387 31 33 34 70 56 28 30 31 3 2
51,152 | T-L 399 17 18 20 58 15 17 18 2
(2,6)
it Forging | L-T - 21 380 29 30 31 70 55 26 27 28 3
38,127 | T-L 391 19 19 20 57 17 18 18 3
(1.5, 5}
iii Forging | L-T 21 451 27 30 32 70 65 25 27 29 3
38,102
(1.5,4)
iv —Forging L-T 21 460 24 25 27 70 67 22 23 25 ~3
25,76 T-L 476 18 19 21 69 17 18 19 3
(1,3)
v Forging | L-T 21 445 25 27 28 70 65 23 24 26 3
19,51 T-L 440 22 25 26 64 20 22 24 3
(0.8,2)
i Forging | 5-L 21 372 16 18 19 70 54 15 16 17 3
13,152
{0.5,6)
ii -F‘orging S-L 21 376 17 17 18 70 55 16 16 16 2
13,127
{0.5,5)
iii Forging | S-L 21 418 16 17 18 70 61 15 16 16 3
6,102
0.3, 4)
NA Forging | L-T 21 400 40 40 41 70 58 37 37 37 2 13
32,127
(1.8,5)
Forging | L-T 21 400 28 31 34 70 58 26 28 31 3
32,76
13,3
HEAT TREATMENTS
T852
. . . -
Material Chemical analysis of elloying elements by weight (per cent)
composition | o | oy | Fe | Mg | Mn | Si | Zn Other.Each | Other: Total
Specification 0 3.8 0 1.2 6.30 0 0 0 0
0.10 4.9 0.50 1.8 0.9 0.50 | 0.25 ' 0.05 0.15
i 0.003 | 4.46 0.14 1.58 0.58 0.11 | 0.07 Ti - 0.03
ii 0.02 | 4.50 0.17 1.65 0.55 0.12 | 0.18 Ti - 0.03
iii- 0.02 4.51 0.18 1.65 0.57 0.12 | 0.16 Ti - 0.03
iv 4] 4.63 0.15 1.54 | 0.63 0.11 | 0.07 Ti - 0.02
v 0 4.63 0.15 1.54 | 0.53 0,11 | 0.07 | Ti-0.02
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DU 96013

TABLE 8.3 2024 Aluminium Alloy (continued)

ESDU Copyright material. For current status contact ESDU.

Mat- | Heat |Form and|Orien- SI Units British Units No. | Deri-
erial | treat- |thickness,| tation of | vation
- i : test: No.
comp- | ment | specimer, Temp- | 9, K MNm® | 7emp- | 9, K 10w | ] e
osition product Ie Ie
(see mm erature erature 103
below) (in) C | MNm? | min. | mean | max. | F | 1gin® | min. | mean | max.
NA T852 | Forging | L-T 129 NA - 34 - 265 NA - 31 - 1 13
32,76 21 448 40 40 41 70 65 36 37 37 3
(13,3 | T-L 129 NA - 26 - 265 NA - 24 - 1
Forging | T-L 21 400 22 23 23 70 58 20 21 21 3
25,76
(1,3
HEAT TREATMENTS
T852
Material Chemical analysis of alloying elements by weight (per cent;
composition Cr Cu Fe Mg Mn Si Zn Other: Bach Other: Total
Specification | 0 3.8 0 12 [ 030 | o 0 0 0
0.10 4.9 0.50 1.8 0.9 0.50 0.25 0.05 0.15
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