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2.2 ASTM Publications

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959,
Tel: 610-832-9585, www.astm.org.

ASTM E8/E8M  Tension Testing of Metallic Materials

ASTM E399

Linear-Elastic Plane-Strain Fracture Toughness of Metallic Materials

2.3 Related Publications

The following publications are provided for information purposes only and are not a required part of this SAE Technical

Report.

2.3.1 U.S. Govern
Copies of these docu
MIL-Q-22631 Qug
2.4 Definitions
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mient Publications

nlveents are available online at https://quicksearch.dla.mil.

lity Control of Metal Wrought Products Except Forgings Procured.te‘Non-Govs
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UIREMENTS

this specification of confirmatory tests’of certain material properties or attrit
to the applicable material specification.

hflict between requirements-'spécified herein and requirements of a particular
pf the material specification-shall take precedence.

r Tests

bduct shall supply all samples for producer's tests and shall be responsible for
of such tests-shall be reported to the purchaser as required by the applicable

3.3.1 Heat

rnmental Specification

utes controlled by the
products that conform

material specification,

the performance of all
material specification.

A heat shall be all steel melted in a single furnace charge. For consumable electrode remelted steel, a heat shall be all
consumable electrode remelted ingots processed from steel originally melted as a single furnace charge.

3.3.2 Lot

A lot shall be a mill form of one shape, condition, and nominal cross-sectional dimensions from a single heat, processed in

accordance with 3.3.2.

3.3.2.1

10r3.3.2.2.

no change in furnace temperature, charge rate, or racking pattern.

Sequentially heat treated during a 24-hour period in a continuous furnace with no interruption in operations and


http://www.astm.org/
https://quicksearch.dla.mil/
https://saenorm.com/api/?name=678d807a10c826531457b921d908ea07

SAE INTERNATIONAL

AMS2370™M

Page 3 of 10

The nominal cross-sectional dimension restriction may be disregarded when multiple sizes are heat treated in

a single batch or during an 8-hour period in a continuous furnace operating at a constant speed. In such cases,
tensile and macrostructure testing shall be performed on the size having the greatest equivalent round
cross-section. The equivalent round cross-section shall be determined by multiplying wall thickness of tubing

3.3.2.11
and thickn
3.3.2.2 Sequentially
loads are p|
temperature

3.3.3 Sampling and

Shall be in accordancd

The heat analysis may/be used for reporting the analyses of those elements governed

ess or diameter of solids by the shape factors shown in Table 1.

Table 1 - Shape factors

Product Shape Factor
Tubing 20
Rounds 1.0
Hexagons 1.1
Squares 1.25
Flats 1.50

heat treated during a 48-hour period in one or a series of batch-type furng
rocessed in the same furnace or same series of furnaces, and aiythe sa
, soak time, quench parameters, and racking pattern.

Testing

with Table 2 and as follows:

ed composition of the steel subjected to a single melting operation shall be
ly before or during the pouring of a heat. Analysis results of the sample shall be
blished by the material specification, excluding any consideration of product ¢

mple of 3.3.3.1.1 is lost, a new sample shall be taken from the semi-finished (¢

ed steels, analyses shall be obtained and reported from the remelted ingo
e with the following sampling;

shall be performed aonisamples from the extreme ends of each ingot involved
h samples shall fallwithin the compositional limits established by the material s
sideration of product check analysis. The samples shall be obtained after the

al specification if the analysis is within the compositional limits and the eleme
constant'during remelting.

ce loads provided the
me power setting, set

hat of a sample taken
within the composition
heck analysis.

r finished product.

t or product thereof in
with the order. Results
pecification, excluding

discards are taken.

only by a maximum in
nt routinely decreases

5 ‘of)samples made prior to discard need not be reported.

Producer may test for any element not listed in the material specification’s composition table and include

analysis in the report. Reporting of any element not listed in the composition table is not a basis for rejection,

3.3.3.1  Composition
3.3.3.1.1  The reporj
immediatg
limits esta
3.3.3.1.1.1 If the sa
3.3.3.1.2 For remel
accordand
3.3.3.1.2.1  Analysis
from bot
any con
3.3.31.3
the materi
or remaing
3.3.3.1.3.1  Analyse
3.3.314
unless lim
3.3.3.2

its of acceptability are specified by the purchaser.

Tensile Specimen Orientation, Location, and Size

Unless otherwise specified, tensile specimens conforming to ASTM E8/E8M shall be cut from the semi-finished or finished
product in the direction indicated in the following paragraphs and shall be cut from the locations and to the sizes specified.
The sample shall consist of one or more sections of the product selected to represent a specific location or locations with
respect to the order of pouring of the selected ingot or ingots and with respect to the location within the ingot.
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3.3.3.2.1  Sheet, Strip, and Plate

3.3.3.2.1.1  Orientation

Specimens shall be taken with the axis of the specimen perpendicular to the direction of rolling from widths 9 inches
(229 mm) and over and parallel to the direction of rolling from widths under 9 inches (229 mm). When short-transverse
tensile properties are specified in the applicable material specification, specimens shall be taken with the axis of the
specimen parallel to the thickness direction of the product.

3.3.3.2.1.2 Location and Size

3.3.3.2.1.2.1 Longitudinal and Long-Transverse Specimens

The standard 1/2 inch (12.7 mm) wide rectangular specimen or pin-loaded tensile specimen with 2 inch (50.8 mm) gage

length shall be used for sheet, strip, and plate 0.625 inch (15.88 mm) and under in nominal thickng

0.750 inch (15.88 to 1
specimen with 2 inch
(50.8 mm) gage length
(19.05 mm) in nominal
or smaller, round spe
between the faces of

for product over 1-1/2

3.3.3.21.2.2  Short-
For plate 2-1/2 incheg
standard, shall be useq
with 2 inch (50.8 mm
nominal thickness.

3.3.3.2.2 Bar, Rod,

3.3.3.2.2.1

Specimens shall be tak
properties are specifig
perpendicular to the ro
in the applicable matg
direction of the bar.

3.3.3.2.2.2 Locatiorn

0.05 mm), inclusive, in nominal thickness, either the standard 1/2 inch (12.7
(50.8 mm) gage length or the standard 1/2 inch (12.7 mm) round-tensile
or a smaller, round specimen proportional to the standard shall be used. Fo
thickness, the standard 1/2 inch (12.7 mm) round tensile specimenwith 2 inch
Cimen proportional to the standard shall be used. The tensile,specimen sh
pbroduct 1-1/2 inches (38.1 mm) and under in nominal thicknéss and midway
nches (38.1 mm) in nominal thickness.

[Transverse Specimens
(63.5 mm) and over in nominal thickness, subsize round tensile specime

when thickness is insufficient to accommodaté’standard 1/2 inch (12.7 mm) rq
gage length. Short-transverse testing is\not applicable for plate under 2-1

and Wire

Orientatjon

en with the axis of the specimen in the longitudinal direction except that, when
d in the applicablermaterial specification, specimens shall be taken with thg
lling or extruding direction. When short-transverse tensile properties are speci
rial specification, -specimens shall be taken with the axis of the specimen p

and Size

pss. For plate 0.625 to
mm) wide rectangular
specimen with 2 inch
I plate over 0.750 inch
(50.8 mm) gage length
all be located midway
from center to surface

ns, proportional to the
und tensile specimens
2 inches (63.5 mm) in

ong-transverse tensile

axis of the specimen
fied for rectangular bar
arallel to the thickness

3.3.3.2.2.21  Longit

udinal and Long-Transverse Specimens

If the product size or shape makes it impractical to use full-section specimens, the standard 1/2 inch (12.7 mm) round tensile
specimen with 2 inch (50.8 mm) gage length or a smaller, round specimen proportional to the standard, shall be used,
except that for rectangular bar 0.625 inch (15.88 mm) and under in nominal thickness, the standard 1/2 inch (12.7 mm) wide
rectangular specimen or pin-loaded tensile specimen with 2 inch (50.8 mm) gage length may be used. The tensile specimen
shall be located at the center for product 1-1/2 inches (38.1 mm) and under in nominal diameter, thickness, or distance
between flats and midway from center to surface for product over 1-1/2 inches (38.1 mm) in nominal thickness.
3.3.3.2.2.2.2  Short-Transverse Specimens

For bar 2-1/2 inches (63.5 mm) and over in nominal thickness, subsize round tensile specimens, proportional to the
standard, shall be used when thickness is insufficient to accommodate standard 1/2 inch (12.7 mm) round tensile specimens
with 2 inch (50.8 mm) gage length. Short-transverse testing is not applicable for bar under 2-1/2 inches (63.5 mm) in nominal
thickness.
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3.3.3.2.3 Tubing

3.3.3.2.3.1  Orientation

Specimens shall be taken with the axis of the specimen in the longitudinal direction except that, when long-transverse tensile
properties of square or rectangular tubing are required by the applicable material specification, specimens shall be taken
with the axis of the specimen perpendicular to the drawing or extruding direction.

3.3.3.2.3.2 Longitudinal Specimens

Specimens from round and square tubing shall be the full section of the tubular product unless limitations of the testing
machine preclude the use of such specimens. Snug-fitting metal plugs shall be inserted into the ends of tubular specimens
to a sufficient depth to permit the jaws of the testing machine to grip the specimen properly without crushing. The plugs
shall not extend into that portion of the specimen to be tested. Care shall be exercised to ensure that the load is applied
axially. The length of filll-section specimens shall be determined by the gage length specified for measuring elongation. For
large-size tubing, or when it is not possible to test in full section, longitudinal specimens shallcbe 'optained from strips cut
from the tube. Either 1/2 inch (12.7 mm) wide rectangular or subsize round tensile specimens, propgrtional to the standard,
(for thick-wall tube) shall be machined from these strips. Longitudinal strip-type tensile speGimens frpm welded tubing shall

not include weld bead
thickness is under 1-1
tubing; when the nomi
thickness, referencing
3.3.3.2.3.3 Long-Tr
Rectangular specimen
tubing. Rectangular of
used when standard s
midway between the in
when the nominal wall
referencing from eithe

3.3.3.24 Shapes

3.3.3.24.1

Specimens shall be tal
properties are specifig
perpendicular to the rq
applicable material spq
of the shape.

3.3.3.24.2 Locatiorn

For thick-wall tubing for which subsize round tensile specimens‘are used,
2 inches (38.1 mm), specimens shall be taken midway between the inner a
hal wall thickness is 1-1/2 inches (38.1 mm) and over, specimens shall be tak
from either OD or ID.

hnsverse Specimens

s or subsize round specimens, proportional to the standard, shall be used for
round tensile specimens of the largest possible dimensions, proportional to
ze specimens cannot be obtained. For thick=walled tubing, a round tensile sf
ner and outer surface of the tubing when;the nominal wall thickness is under 1

thickness is 1-1/2 inches (38.1 mm) and over, specimens shall be taken at one
OD or ID.

Orientatjon

en with the axis of the specimen in the longitudinal direction except that, when
d in the applicable material specification, specimens shall be taken with thg
lling or extrdding direction. When short-transverse tensile properties of shap
pcification] specimens shall be taken with the axis of the specimen parallel to

and Size

hen the nominal wall
d outer surface of the
en at one-quarter wall

square or rectangular
the standard, shall be
ecimen shall be taken
-1/2 inches (38.1 mm);
quarter wall thickness,

ong-transverse tensile

axis of the specimen
es are specified in the
the thickness direction

3.3.3.24.2.1 Longitudinal Specimens

If the product size or shape makes it impractical to use full-section specimens, the standard 1/2 inch (12.7 mm) round tensile
specimen with 2 inch (50.8 mm) gage length or smaller round specimen, proportional to the standard, shall be used except
that, for shapes under 1/2 inch (12.7 mm) in nominal thickness having parallel surfaces, the standard 1/2 inch (12.7 mm)
wide rectangular specimen or pin-loaded tensile specimen with 2 inch (50.8 mm) gage length may be used. For shapes
from which these machined specimens cannot be obtained and that cannot be tested in full section, a round or rectangular
specimen of the largest possible dimensions shall be used. For shapes not tested in full section, specimens shall be taken
from the center of the predominant or thickest part of the shape when that predominant nominal dimension is under
1-1/2 inches (38.1 mm); for thicker cross-sections, the specimens shall be taken from a one-quarter thickness location.


https://saenorm.com/api/?name=678d807a10c826531457b921d908ea07

SAE INTERNATIONAL AMS2370™M Page 6 of 10

3.3.3.2.4.2.2 Long-Transverse Specimens

The standard 1/4 inch (6.35 mm) round tensile specimen with 1 inch (25.4 mm) gage length or a smaller round specimen,
proportional to the standard, shall be used for nominal thicknesses of 3/8 inch (9.5 mm) and over. For shapes under 3/8 inch
(9.5 mm) in nominal thickness having parallel surfaces, the standard 1/2 inch (12.7 mm) wide rectangular specimen or
pin-loaded tensile specimen with 2 inch (50.8 mm) gage length shall be used. For shapes from which these machined
specimens cannot be obtained and that cannot be tested in full section, a round or rectangular specimen of the largest
possible dimensions shall be used. For shapes not tested in full section, specimens shall be taken from the center of the
predominant or thickest part of the shape when that predominant nominal dimension is under 1-1/2 inches (38.1 mm); for
thicker cross-sections, specimens shall be taken from a one-quarter thickness location.

3.3.3.2.4.2.3 Short-Transverse Specimens

For cross-sections 2-1/2 inches (63.5 mm) and over in nominal thickness, subsize round specimens, proportional to the

standard, shall be used when thickness is insufficient to accommodate standard 1/2 inch (12.7 mm)q

with 2 inch (50.8 m
(63.5 mm) in nominal 1

3.3.3.24.24 Comp

Size, location, and dirg

3.3.3.2.5 Flash Wel
Specimens shall be ta
circumferential directio
round specimens, proy
1-1/2 inches (38.1 m

surface for product ov
3.3.3.2.6  Stock for |
A sample of stock sha
the material specifica
specification. Forging

acceptable data for qu

3.3.3.2.6.1 As an @
material
3.3.3.2.7 Stock for |

) gage length. Short-transverse testing is not applicable for cross-sectio
hickness.

icated Shapes

ction of tensile specimens shall be as agreed upon by purchaser and produc
ded Rings

en from parent metal, not including the weld-heat-affected zone, with the axis
n. Standard 1/2 inch (12.7 mm) round tensile specimens with 2 inch (50.8 mm)
ortional to the standard, shall be used. The tensile specimen shall be located 3
) and under in nominal thickness, diameter; or distance between flats, and
r 1-1/2 inches (38.1 mm) in nominal thickness.

Forging

| be forged to a test coupon.(see 8.2) acceptable to purchaser and heat trea
ion. Specimens taken from/the coupon shall conform to applicable requirg
stock from a heat meeting these requirements in one forged-down size neegq

alifying a ship size thatis smaller than the forged-down coupon.

ption, if specimens taken from the stock after heat treatment conform to th
specification)-the tests shall be accepted as equivalent to tests of a forged co

lash Welded Rings

Coupons shall be ob

und tensile specimens
ns under 2-1/2 inches

of the specimen in the
gage length or subsize
t the center for product
midway from center to

ed in accordance with
ments of the material
not be retested to be

e requirements of the
upon.

ained as described in 3.3.3.2.5. Specimens taken from the coupon shall

conform to applicable

requirements of the material specification.

3.3.3.3

Shall be as follows:

3.3.3.3.1

3.3.3.3.1.1

3.3.3.3.1.1.1  Heats

Macrostructure

Aircraft Quality (Static or Strand Cast)

Heat Qualification

of Top Poured Ingots

Full cross-sectional samples shall be taken from semi-finished or finished product representing the top and bottom of the
first ingot and last usable ingot from heats having not more than ten ingots or not over 30 tons (27215 kg) or from portions
of heats within these limits, and from the top and bottom of the first, middle, and last usable ingot of heats having more than
ten ingots or over 30 tons (27215 kg).
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3.3.3.3.1.1.2  Heats of Bottom Poured Ingots

Full cross-sectional samples shall be taken from semi-finished or finished product representing the top and bottom of three
ingots. One ingot shall be taken at random from the first usable plate poured, one ingot at random from the usable plate
poured nearest to the middle of the heat, and one ingot at random from the last usable plate poured. When a heat is
constituted by two usable plates, two of the sample ingots shall be selected from the second usable plate poured. When a

heat consists of a single usable plate, any three random ingots shall be selected.

3.3.3.3.1.1.21
top an

3.3.3.3.1.1.3

d bottom of all ingots.

Strand Cast Heats

If there are less than three ingots in the heat, full cross-sectional samples shall be taken representing the

Full cross-sectional samples shall be taken from semi-finished or finished product having at least a 3:1 reduction in

cross-section from the
back of both strands W
are cast. When a sing

cast strand similarly réduced, representing both ends of the first, middle, and last usable) cuts (bl

product shall be taken

3.3.3.3.1.2  Product
Full cross-sectional sa
shall be further restrig
samples shall be seled
from each piece.

3.3.3.3.2 Premium

3.3.3.3.2.1 Heat QU
Full cross-sectional sa
consumable remelted
3.3.3.3.2.2 Product
Full cross-sectional sa
shall be further restric
samples shall be seled
from each piece.

3.3.3.4  Micro-Inclus|

cast strand, or samples of the as-cast strand similarly reduced, representing
hen two strands are cast, or of an inside strand and an outside strand when
e strand is cast, six samples having at least a 3:1 reduction from the-Cast str

Qualification

mples shall be taken at random from not less than 10%0f the pieces of each Ig
ted to product of one size from one heat in one shipment. Not less than th
ted from a lot except that, if the quantity in the lot isiless than three pieces, one
\ircraft-Quality

alification

mples shall be taken from semi<finished or finished product representing the {
ngot.

Qualification
Mmples shall be takenat random from not less than 10% of the pieces of each Ig

ted to product ‘'of-one size from one heat in one shipment. Not less than th
ted from a loPexcept that, if the quantity in the lot is less than three pieces, ong

on Rating

the front, middle, and
more than two strands
and, or samples of the
boms) of the strand or

t. A lot for this purpose
ree nor more than ten
sample shall be taken

op and bottom of each

t. A lot for this purpose
ree nor more than ten
sample shall be taken

3.3.341
Sample shall represen

3.3.34.2

Aircraft-Quality or Aircratt-Quality for Bearing Applications

t the product specified for macrostructure in 3.3.3.3.1.

Premium Aircraft-Quality

Sampling for heat qualification shall be as described in 3.3.3.4.2.1 and 3.3.3.4.2.2. If product qualification of steel that has
not been heat qualified is involved, sampling shall be as agreed upon by purchaser and producer.

3.3.3.4.2.1

Heats of Top Poured Electrodes/Ingots

Samples shall represent the top and bottom of the first and last usable remelted ingots from a heat yielding less than
ten ingots. From a heat yielding ten or more ingots, samples shall represent the top and bottom of the first, middle, and last
usable remelted ingots.
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3.3.34.211

For product identified as premium aircraft-quality not vacuum arc remelted, from a heat yielding less than

ten ingots, samples shall represent the top and bottom of the first and last usable remelted ingots; if the
heat consists of ten or more ingots, the samples shall represent the top and the bottom of the first, middle,
and last usable remelted ingots.

3.3.3422

Heats of Bottom Poured Electrodes/Ingots

Samples shall represent the top and bottom of one electrode/ingot from each heat cluster (plate) of electrodes/ingots.

3.3.4 Test Methods

Shall be in accordance with requirements of the applicable material specification. If a test method is not specified, the
method of test shall be acceptable to the purchaser.

3.3.5 Resampling a

Depending on the attri

3.3.5.1 Ifany test fa

and all prop
3.3.5.1.1  Reporting
3.3.5.2 For Compos

If an invalid specimen
condition) is involved,

3.3.56.21 Atestfor
or by use
3.3.56.3 For Mechan

If the sample is not in\
each original nonconfq
except as noted in 3.3
the represented produ

nd Retesting
butes to be evaluated, proceed as follows:

ils, the test location may be considered a non-representative testddeation; the
brties from the new test location redetermined.

invalid test results is not required; however, records of the results shall be mg
ition

(see 3.3.5.2.1) is suspected, resample as in.3.3.3.1. If a non-representativg
cut back the test location as appropriate andresample as in 3.3.3.1.

composition may be declared invalid if @aused by a malfunction of the chemi

steel may be cut back

intained.

b sample (e.g., an end

cal analysis equipment

pf an improper test procedure. Resampling and retesting results shall fulfill requirements of 3.3.3.1.

cal Properties

alid (see 3.3.5.3.1), disposition may be based on the results of testing two aq
rming specimen exceptin the case of fracture toughness, a single retest is per|

ditional specimens for
mitted for any invalidity

.5.3.3. Failure of anyyetest specimen to meet specified requirements shall bg cause for rejection of

Ct.

anical property'test may be declared invalid if the specimen was dimensiong
by caused.failure, or if the failure was caused by a malfunction of the test equi
. When'atest is declared invalid, the specimen may be replaced.

lly discrepant and that
bment or improper test

To facilitae*determination of fracture toughness a tensile specimen taken immediately 3

djacent to the location

of the fracture foughness specimen is required. Fracture planes of the tensile and Kic specimen shall be in the
same orientation. If a tensile specimen cannot be excised with the fracture plane in the same orientation as that
of the fracture toughness specimen, the orientation of the tensile specimen shall be as approved by the

3.3.5.3.1  Any mech
discrepan
procedure
3.3.5.3.2
purchaser
3.3.5.3.3

Invalid test results in accordance with ASTM E399 shall be considered meaningful and the material shall be

accepted to Kic requirements if the thickest possible standard compact specimen was used and the calculated
Ka equals or exceeds the required Kic, and the invalidity is due to one or both of the following conditions:

a. W-a<2.5 (Ka/oys)?

b. Pmax’Pa>1.10
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