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Standard Test Method for
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This standard is issued under the fixed designation E 208; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

INTRODUCTION

This drop-weight test was developed at the Naval Research Laboratory in 1952 and has been used
extensively to investigate the conditions required for initiation of brittle fractures in structural steels.
Drop-weight test facilities have been established at several Naval activities, research institutions, and
industrial organizations in this country and abroad. The method is used for specification purposes by
industrial organizations and is referenced in several ASTM specifications and the ASME Boiler and
Pressure Vessel Code. This procedure was prepared to ensure that tests conducted at all locations
would have a common meaning.

1. Scope conducted by subjecting each of a series (generally four to

1.1 This test method covers the determination of the nil-2ight) of specimens of a given material to a single impact load
ductility transition (NDT) temperature of ferritic steefg in. ~ at @ sequence of selected temperatures to determine the
(15.9 mm) and thicker. maximum temperature at which a specimen breaks. The impact

contract, order, or specification states that the steels are subjedit250 to 1200 ft-Ibf (340 to 1630 J) depending on the yield
to fracture toughness requirements as determined by tndrength of the steel to be tested. The specimens are prevented

drop-weight test. by a stop from deflecting more than a few tenths of an inch.
1.3 The values stated in inch-pound units are to be regarded 3-2 The usual test sequence is as follows: After the prepa-
as the standard. ration and temperature conditioning of the specimen, the initial

1.4 This standard does not purport to address all of thedrop-weight test is conducted at a test temperature estimated to
safety concerns, if any, associated with its use. It is thé® near the NDT temperature. Depending upon the results of
responsibility of the user of this standard to establish approthe first test, tests of the other specimens are conducted at

bility of regulatory limitations prior to use. 10°F (5°C) for break and no-break performance. A duplicate

test at the lowest no-break temperature of the series is

2. Terminology conducted to confirm no-break performance at this tempera-
2.1 Definitions: ture.

2.1.1 ferritic—the word ferritic as used hereafter refers to 3.3 In 1984, the method of applying the crack-starter weld
all a-Fe steels. This includes martensitic, pearlitic, and allbead was changed from a two-pass technique to the current
other nonaustenitic steels. single-pass procedure, and the practice of repair-welding of the

2.1.2 nil-ductility transition (NDT) temperature-the maxi-  crack-starter weld bead was prohibited. For steels whose
mum temperature where a standard drop-weight specimepfoperties are influenced by tempering or are susceptible to

breaks when tested according to the provisions of this methodeémper embrittiement, the nil-ductility transition (NDT) tem-
perature obtained using the single-pass crack-starter weld bead

3. Summary of Test Method may not agree with that obtained using the previous two-pass

3.1 The drop-weight test employs simple beam specimengrack-starter weld bead, or when the crack-starter bead was
specially prepared to create a material crack in their tensiléepaired.

surfaces at an early time interval of the test. The test IS Significance and Use

L This test method is under the iurisdiction of the ASTM Commitise E.28 4.1 The fracture-strength transitions of ferritic steels used in
IS test methoad Is unaer the jurisdiction o e ommittee k- on e

Mechanical Testing and is the direct responsibility of Subcommittee E28.07 onthe nOtf:hed“conﬁdltlon are markedly_ affected bY temperature.
Impact Testing. For a given “low” temperature, the size and acuity of the flaw

Current edition approved Aug. 15, 1995. Published October 1995. Originally(notch) determines the stress level required for initiation of
published as E 208 — 63 T. Last previous edition E 208 — 95.
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brittle fracture. The significance of this test method is related tavhen it strikes the specimen. The striking tup of the weight
establishing that temperature, defined herein as the ND$hall be a steel cylindrical surface with a radius of 1 in. (25.4
temperature, at which the “small flaw” initiation curve, Fig. 1, mm) and a minimum hardness of HRC 50 throughout the
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FIG. 1 Generalized Fracture Analysis Diagram Indicating the Approximate Range of Flaw Sizes Required for Fracture Initiation at
Various Levels of Nominal Stress, as Referenced by the NDT Temperature

falls to nominal yield strength stress levels with decreasingsection. The weight shall be between 50 and 300 Ib (22.7 and
temperature, that is, the point marked NDT in Fig. 1. 136 kg). The rails and hoisting device shall permit raising the
4.2 Interpretations to other conditions required for fractureweight various fixed distances to obtain potential energies of
initiation may be made by the use of the generalized flaw-size250 to 1200 ft-Ibf (340 to 1630 J).
stress-temperature diagram shown in Fig. 1. The diagram was 5.3 A horizontal base, located under the guide rails, shall be
derived from a wide variety of tests, both fracture-initiation provided to hold and position precisely the several styles of
and fracture-arrest tests, as correlated with the NDT temperanvils required for the standard specimens. The anvil guides
ture established by the drop-weight test. Validation of the NDTshall position the anvil with the center-line of the deflection
concept has been documented by correlations with numerowtops under the center-line of the striking tup of the weight. In
service failures encountered in ship, pressure vessel, machineggneral, the base will also support the guide rails, but this is not

component, forged, and cast steel applications. a requirement. The base shall rest on the rigid foundation. The
base-foundation system shall be sufficiently rigid to allow the
5. Apparatus normal drop-weight energy (Table 1) to deflect a standard

5.1 The drop-weight machine is of simple design based ospecimen to the stop at temperatures above the NDT. The base
the use of readily available structural steel proddche  shall not jump or shift during the test, and shall be secured to
principal components of a drop-weight machine are a verticallyhe foundation if necessary to prevent motion.
guided, free-falling weight, and a rigidly supported anvil which 5.4 A guard screen, similar to that shown in Figc)2(s
provides for the loading of a rectangular plate specimen as eecommended to stop broken specimen halves of the very
simple beam under the falling weight. Fig.a2(llustrates a  brittle steels which break into two pieces with both halves
typical drop-weight machine built of standard structuralbeing ejected forcefully from the machine.
shapes. 5.5 The general characteristics of two of the anvils required

5.2 Arail, or rails, rigidly held in a vertical position and in are illustrated in Fig. 3. The anvils shall be made in accordance
a fixed relationship to the base shall be provided to guide thwith the dimensions shown in Fig. 4. The anvil supports and
weight. The weight shall be provided with suitable devicesdeflection stops shall be steel-hardened to a minimum hardness
which engage the rail, or rails, and ensure that it will dropof HRC 50 throughout their cross section. The space between
freely in a single, vertical plane. The weight may be raised bythe two stops is provided as clearance for the crack-starter weld
any convenient means. A weight-release mechanism, functioen the specimen. The deflection stops may be made in two
ing similarly to that shown in Fig. 2, shall be provided to separate pieces, if desired. The anvil-base system shall be
release the weight quickly without affecting its free fall. The sufficiently rigid to allow the normal drop-weight energy
weight shall be made in one piece, or if made of several piece¢Jable 1) to deflect the specimen to the stop at temperatures
its construction shall be rigid to ensure that it acts as a uniwell above the NDT.

5.6 A measuring system shall be provided to assure that the
weight is released from the desired height for each test, within

2 Detail drawings for the construction of this machine are available from ASTM the limits O_f .+1Q' -0 %. . .
Headquarters. Order PCN 12-502080-00. 5.7 Modifications of the equipment or assembly details of
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(a) Left—Complete Assembly
(b) Upper Right—Quick Release Mechanism
(¢) Lower Right—Guard Screen

FIG. 2 Drop-Weight Test Apparatus

the drop-weight machine shown in Fig. 2 are permittedin the specimen base material during the test. Anomalous
provided that the modified machine is functionally equivalent.behavior may be expected for materials where the heat-affected
Fig. 5 illustrates a portable machine design used by amone created by deposition of the crack-starter weld is made
industrial concern for drop-weight tests of materials used fomore fracture resistant than the unaffected plate. This condition
pressure vessel components at different fabrication sites.  is developed for quenched and tempered steels of high hard-
] ness obtained by tempering at low temperatures. The problem
6. Precautions may be avoided by placing the crack-starter weld on these
6.1 The drop-weight test was devised for measuring fractursteels before conducting the quenching and tempering heat
initiation characteristics dfs-in. (15.9-mm) and thicker struc- treatment. Except for other cases which may be readily
tural materials. This test is not recommended for steels les@tionalized in metallurgical terms (for example, it is possible
than %s-in. thick. to recrystallize heavily cold-worked steels in the heat-affected
6.2 This test method establishes standard specimens a@dne and to develop a region of improved ductility), the
conditions to determine the NDT temperature of a given steeheat-affected zone problem is not encountered with conven-
The use of standard specimens with nonstandard test condional structural grade steels of a pearlitic microstructure or
tions or the use of nonstandard specimens shall not be alloweglienched and tempered steels tempered at high temperatures to
for specification purposes. develop maximum fracture toughness.
6.3 This test method employs a small weld bead deposited )
on the specimen surface, whose sole purpose is to provide a Test Specimens
brittle material for the initiation of a small, cleavage crack-flaw 7.1 Identification of MateriaAll sample material and


https://standards.iteh.ai/catalog/standards/sist/2ddff5ac-e52d-41b2-a95b-7f3b95e8ed42/astm-e208-95a

b £ 208

TABLE 1 Standard Drop-Weight Test Conditions

Drop-Weight Energy for Given

Type of Specimen Spgcimen Size, Span, in. (mm) Deflgction Stop, Yield Strength Level, Yield Strength Level?
in. (mm) in. (mm) ksi (MPa)
ft-Ibf J

P-1 1 by 3%2 by 14 12.0 0.3 30 to 50 (210 to 340) 600 800
(25.4 by 89 by 356) (305) (7.6) 50 to 70 (340 to 480) 800 1100

70 to 90 (480 to 620) 1000 1350

90 to 110 (620 to 760) 1200 1650

P-2 Yaby 2 by 5 4.0 0.06 30 to 60 (210 to 410) 250 350
(19 by 51 by 127) (102) (1.5) 60 to 90 (410 to 620) 300 400

90 to 120 (620 to 830) 350 450

120 to 150 (830 to 1030) 400 550

P-3 Y8 by 2 by 5 4.0 0.075 30 to 60 (210 to 410) 250 350
(15.9 by 51 by 127) (102) (1.9) 60 to 90 (410 to 620) 300 400

90 to 120 (620 to 830) 350 450

120 to 150 (830 to 1030) 400 550

A Initial tests of a given strength level steel shall be conducted with the drop-weight energy stated in this column. In the event that insufficient deflection is developed
(no-test performance) an increased drop-weight energy shall be employed for other specimens of the given steel.

FIG. 3 General Appearance of the Anvils Required for Drop-Weight NDT Tests

specimens removed from a given plate, shape, forging, ospecimens (for example, mechanical test specimens) required
casting product shall be marked to identify their particularfor evaluation of other material properties.
source (heat number, slab number, etc.). A simple identification 7.4 Special Conditions for Forgings and Castirg8Vhere
system shall be used which can be employed in conjunctiodrop-weight testing of cast or forged material is specified, the
with an itemized table to obtain all the pertinent information. size and location of integrally attached pad projections or
7.2 Orientation—The drop-weight test is insensitive to prolongations to be used for specimen fabrication shall be
specimen orientation with respect to rolling or forging direc-agreed to in advance by the purchaser. If the design of the
tion. However, unless otherwise agreed to, all specimensasting or forging does not allow an attached test-material
specified by the purchaser shall be of the same orientation ar@bupon, the following requirements shall apply:
it shall be noted in the test report. 7.4.1 Drop-weight specimens cast or forged separately to
7.3 Relation to Other SpecimendJnless otherwise speci- the dimensions required for testing shall be allowed only where
fied by the purchaser, the specimens shall be removed from thiee product dimensions are equivalent and the purchaser
material at positions adjacent to the location of other type tesagrees.
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Specimen Type
Anvil Dimension Units Tolerance
P-1 p-2 P-3
S, Span in. 12.0 4.0 4.0 +0.05
mm 305 100 100 *15
D, Deflection stop in. 0.30 0.060 0.075 +0.002
mm  7.60 1.50 1.90 +0.05
A, Anvil length . not critical N
B, Anvil width - not critical -
C, Anvil thickness in. 1.5min  1.5min 1.5 min
mm 38min 38 min 38 min
E, Support length in. 35min  2.0min 2.0 min
mm 90 min 50 min 50 min
F, Support width «——————not less than G—mMMm
G, Support height in. 2.0 2.0 2.0 +1
mm 50 50 50 +25
R, Support radius in. 0.075 0.075 0.075 +0.025
mm 1.0 1.0 1.0 +0.1
H, Stop width in. 35min 20min 20min =*2
mm 90 min 50 min 50 min +50
I, Weld clearance in. 0.9 0.9 0.9 +0.1
mm 22 22 22 *3
J, Weld clearance depth in. 0.4 min 04 min 0.4 min

mm 10 min 10 min 10 min

FIG. 4 Anvil Dimensions

7.4.2 Specimens may be taken from a separately produced
testjmaterlal coupon if the. supplier can demqnstrate thaf[ .|t IS F1G. 5 Portable Drop-Weight Test Machine Used for Tests at
equivalent to the product with respect to chemical composition, Different Fabrication Sites
soundness, and metallurgical conditions. The material shall be
Trom _the Sam_e_ heat and shall have been fé_lbrlcated und%‘rhickness, T, in. (mm) Separately Cast, Nonchilled, Test-Coupon Size
identical conditions as the product. The specimens shall bg (12.7) and less None required

machine-cut from locations agreed to in advance by thé® to 2 (15.9 to 50.8) When several small castings are poured from one
heat, one casting shall be used to provide test
purchaser.

specimens, if adaptable

7.4.3 Specifically, in the case of casting requiring X—ray% to 1 (15.9 to 25.4) .T by 2 by 5 in. (127 mm) for irregularly shaped cast-
. . Ings

quality standard, the separate test-material coupon shall be casty, 3 (25.4 10 76.2) Tgby 45Tby 45T
separately but simultaneously with the product. Chills shall not3 to 5 (76.2 to 127) Tby 3T by 3T _ _
be used. The test-material coupon shall be in proportion to th&"¢" > 427 T'by 3T by 3T for castings that are representative of

” ' : . . cast plates
thickness,T, in the cast product, wher€ is diameter of the overs (127) Ty T by 6 /T for castings that are representative
largest circle that can be inscribed in any cross section of the of cast plates
casting, or wherd is defined in advance by the purchaser as 7.4.4 Specimens showing casting or metallurgical faults on

the nominal design thickness, as follows: broken fracture surfaces shall be “No-Test.”
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Specimen Type
Dimension Units P-1 P-2 P-3
Dimension Tolerance Dimension Tolerance Dimension Tolerance
T, Thickness in. 1.0 +0.12 0.75 +0.04 0.62 +0.02
mm 25 +2.5 19 *1.0 16 +0.5
L, Length in. 14.0 +0.5 5.0 +0.5 5.0 +0.5
mm 360 +10 130 +10 130 +10
W, Width in. 35 *0.1 2.0 +0.04 2.0 +0.04
mm 90 +2.0 50 *1.0 50 +1.0
WL, Weld length in. 25 +1 1.75 *+1.0 1.75 *1.0
mm 63.5 +25 445 +25 44.5 +25.0

Note 1—The length of the weld bead is not critical, provided that the crack-starter notch is at the center of specimen and that the weld bead does not
contact the support fixture when the specimen is fully deflected.
FIG. 6 Standard Drop-Weight Specimen Dimensions

7.5 Size of Blank-Dimensions of the blank size required men in a single pass.To assist the welding operator in
for standard test specimens are shown in Fig. 6. Equallgentering the weld deposit properly on the test piece, two
significant NDT temperatures, withinc10°F (+5°C), are punch marks spaced to the appropriate WL dimension of Fig.
determined for a given steel with tests using any of the standar@ shall be positioned a& andD as shown in Fig. (&). As an
specimens. As may be convenient for the particular thicknesalternative to the punch marks, a copper template containing a
of material, any of the standard specimens shown in Fig. 6 an@entrally positioned slot, 1 in by WL ¥ in. (25 mm by
prepared as described in Section 7 may be chosen for thi&/L +13 mm) Fig. b), may be used See Fig. 7b). The weld
method. The results obtained with standard test conditiongh@ll start from either Poird or D and shall proceed without

shall comply with the requirements of this method for deterinterruption as a stringer bead (no weaving) to the other point.
mining the NDT temperature. The bead appearance is determined by the amperage, arc

6 Speci Cutti h . | il and voltage, and speed of travel used. A current of 180 to 200 A, a
7.6 Specimen Cutting-The specimen sample material and o iym arc length, and a travel speed that will result in a

the specimen ends may be flame-cut. The specimen sides shail,qerately high-crowned bead have been found to be suitable
be saw-cut or machined, using adequate coolant to preveghngitions. An enlarged view of an as-deposited crack-starter
specimen overheating, and shall be a minimum of 1 in. fromyed is shown in Fig. #). Providing a heat sink under P-2 and
any flame-cut surface. Products thicker than the standar.3 specimens during welding is recommended but not re-
specimen thickness shall be machine-cut to standard thickneggiired in order to minimize microstructural changes to these
from one side, preserving an as-fabricated surface unlessmaller specimens.

otherwise specified, or agreed to, in advance by the purchaser.7.7.1 Microstructure of Base MetatData presented show
The as-fabricated surface so preserved shall be the weldedat the method of depositing the weld bead can influence the
(tension) surface of the specimen during testing.

7.7 Crack-Starter Weld-The crack-starter weld, which is a
centrally located weld bead, approximately 2 in. (50 mm) long *The following sources have indicated that they produce appropriate electrodes:

H i i i (1) Wearshield MM Electrodes, available from Lincoln Electric Co., 22801 St. Clair
(WL of Fig. 6) 'andl/z n. (:.|_2.7 mm) wide, shall be de.pOSIted Ave., Cleveland, OH 44117-1199; (2) McKay DWTe-in. diameter, available from
on the as-fabricated tension surface of the drop-weight SpecCigiedyne McKay, P.O. Box 1509, York, PA 17405-1509; (3) OK Selectrode 83030
4-mm diameter, item number 8330404000, available from Esab AB, Box 8004,
S-402 77 Goteborg, Sweden; (4) Conarcrom 350 5-mm diameter, available from
Conarco, Calle 18 No 4079-(1672 V. Lynch), Buenos Aires, Argentina. Each lot of
electrodes shall be checked by the user in accordance with the requirements of 7.10
for suitability with the material the user is testing.
4The copper template is especially recommended for the Type P-2 and P-3
specimens since it eliminates weld spatter which may interfere with proper seating
of the specimen during test.
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