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PART I: CRACK-STARTER TESTS OF SHIP
FRACTURE AND PROJECT STEELS

ABSTRACT _

The performance of rimmed and semikilled steels involved
in ship fractures is investigated by means of crack-=starter
tests. In these tests a sharp crack is introduced in the‘
steel, and the relative resistance to the initiation and propa-=
gation of fracture is established over the range of service
temperatures. It is demonstrated that in the presence of the
sharp crack the steels have no appreciable ductility when the
temperature falls below the Charpy V 10 ft-1b transition; ac-
cordingly, fracture initiation is readily developed. The
propagation of brittle fractures becomes difficult at tempera-
tures above the Charpy V 15==25 ft-~1lb transitions. These find-
ings are in agreement with National Bureau of Standards data
for ship fracture plates. It is demonstrated that fully killed
steels do not follow these rules and that the respective ini-
tiation and propagation characteristics of fracture are related
to higher Charpy V values. Wide plate, tear and Charpy V test
data are discussed with reference to differences related %o

deoxidation practice.

INTRODUCTION
It is generally recognized that notches or cracks are re-

quired to develop brittle fracture at ambient temperatures in
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structural steels which are classed as highly ductile by con-
ventional tensile tests. In the absence of notches these steels
demonstrate high ductility to very low temperature, i.e., behave
as predicted by the tensile tests. For example, structural

steel prime plate may be deformed extensively by explosion load-
ing to temperatures as low as -60°to =80°F(1’2)o In the presence
of sharp crack-like defects, it is possible to fracture such
steels at 20° to 40°F without visible deformation by the impact
of a dropping weight. Figure 1 illustrates the extensivé ex=
plosion bulge deformation which may be developed without fracture
at =4O°F in a prime plate of ABS-A steel and the brittle fracture
of a similar steel at 20°F resulting from the presence of arc
strikes associated with small cracks.

In order to develop brittle fracture with small or essen-
tially nil deformation, two requirements must be met--not only
must a sharp notch be present, but also the steel must be at a
proper temperature. Depending on the sharpness of the notch,

a temperature transition is obtained such that the steel changes

from being insensitive to the presence of the notch to being

~ highly sensitive. It is this change, particularly for the case

of sharp, crack-like notches, with which the designer of welded
ships and other large structures is concerned. In the simplest
possible terms the designer wishes to know the temperature at
which high sensitivity to sharp noteches is developed for a

specific steel. Furthermore, this temperature must be predictable
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ARG STRIKE SOURCE

20°F DROP WEIGHT LOADING
ARC STRIKE DAMAGED PLATE

-40°F EXPLOSION LOADING
OF PRIME PLATE

Fig. 1. Relative performance of ABS-A type ship plate in prime
condition (bottom) and in presence of sharp crack de-
fects (center). The prime plate represents material
taken from stock, and the arc strike plate represents

a sample of material taken from a T-2 tankerT which
fractured at 35°F.



from the results of relatively simple laboratory tests.

In order to obtain this information, the‘ﬁaval Research
Laboratory has conducted extensive tests of ship steels using
the sharpest possible type of notch--a cleavag; crack. The
methods have been described in detail in previous reports(39h>o
Briefly, a bead-on-plate of a highly brittle, hard-surfacing
weld 1s deposited on the test plate; as the weld cracks on
loading an ultra sharp notch is introduced in the steel. Two
types of "crack-starter" tests were evolveds

l. Drop Weight Test. Used to establish tﬁe tempera-

ture at which the steel loses its ability %o
develop more than a minute amount of deformation
in the presence of the crack-like notch. 1In this
test a 3 1/2-in. by 14-in. by plate thickness
specimen is loaded by the impact of a d}opping
weilght. A stop is unsed to limit the deformation
to 2° of bend angle following the development of
the weld crack. Details pertaining to testing
equipment and procedures are furnished in the
Appendix.

2. Bxplosion Test. Used to establish the tempera-
ture range of transition from easy to difficult
propagation of fractures. In this test‘a
14-in., by l4-in. by plate thickness specimen is

placed over a circular die and explosion loaded.
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Figure 2 illustrates the typical relationship of explosion
crack-starter tests of semikilled and rimmed ABS-A type ship
plate steels to the Charpy V transition curves relating to
energy, fracture appearance and notch deformation. The change
from shatter type fractures to fracture refusal correSpoﬁds
essentially to the range of the Charpy V transitions. The
change from complete fracture "T" (through) to partial fracture
n"g* (stop) is of particular significance in denoting a transi-
tion in the properties of the steel with respect Lo fracture
propagation through the lightly loaded edge regions of the test
plate. In the T to S range, the thickness of the shear lips
developed at the surface of the fracture becomes egual to the
0020~~,030-in, thickness found to be the maximum observed for
the ship fracture p;ates(B’h)c

Figure 3 illust}ates the typical relationship of the drop-
weight test nil-ductility transition (highest temperature at
which the steel is unable to withstand 2° of bend in the presence
of the sharp crack) to the Charpy V energy curve. Ordinarily,
six to eight specimens are utilized to establish the nil-
ductility transition with duplicate or triplicate tests at each
critical temperature (10°F above and at the transition tempera-
ture). In this case the transition temperature was determined
to be 10°F using six specimens, and then a large number of
additional tests were performed to illustrate the degree of re-

producibility. Of the fourteen tests at 10°F only one specimen
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failed to fracture; and of fourteen tests at 20°F, only one
specimen developed fracture. At 30°F and 4O°F all specilmens
resisted fracture; and at 0°, -10° and -20°F, all specimens
fractured. The test specimens are shown in Figure 4, This
high degree of reproducibility which may be suprising for
fracture tests results from two fractors:

1l. The reproducibility of the notch condifion=w

the brittle weld always develops the same sharp
cleavage crack.

2. The very large change with increasing tempera-

ture in the level of deformation required to
develop fracture. While 2° of bend could not

be developed at 10°F, it is demonstrated (Figure 5)
that at 30°F and higher temperatures drastic
bending is permitted without fracture.

It is of interest that at temperatures of drop-weight frac-
ture the explosion test plates break "flat", j.e., without vis-
ible deformation. At higher temperatures bulging is developed
indicating that the fracture was difficnlt to start and required
"forecing®.

‘ If sharp crack faults were actually responsible for the
initiation of ship fractures, it should be expected that the
ecrack-~starter tests should show the same correlation to the
Charpy V energy curve as demonstrated by the NBS investigation

(5,6)

of fractured ship plates - The loading conditions in the



=0

-0°F  0°F  10°F 20°F 30°F 40°F

Fig. 4. Drop-weight test specimens used to establish data pre-
sented in Figure 3.



Fig. 5. Illustration of drastic pending without fracture possible
at 30°F and higher temperatures for steel shown 1in Fig-

ures 3 and 4.
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ships are such that fracture must initiate at essentially nil
deformation levels (very small amounts of deformation at posi-
tions of unfavorable design). This may be recognized as the
test condition which is imposed by the drop-welght test
(Figure 6, left). Once started; the fractures of ship struc-
tures must necessarily propagate through regions of elastiec
Joading. The edge regions of the explosion test plates are
supported by the die and therefore do not develop bulge {plastic)
deformation such as the central regions. Thus, the edge‘regions
providg a critical evaluation for the fracture resistance of
elastic load regions (Figure 6, right).

The above stated considerations represent the theory of
the test procedures; the proof of the applicability of the
| theory must be found in the test results. The initial test
results of ABS-A type steels indicated that the drop-weight test
correlated with fracture initiation conditions of ship fracture
"source" plates and that the T-S fracture transition of the ex-
plosion test correlated with the limiting conditions of fracture
propagation as judged by ship fracture "through® and "end®
@lates. In order to obtain a more rigorous check of the cor-
relation features, the Ship Structure Committee requested crack-
starter tests of actual ship fracture steels. During the progress
of the Investigation, it was deemed of interest to compare the
results of various conventional full plate thickness notch tests

(wide plate and tear tests) with crack-starter tests. For this
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Fig. 6. Correspondence of drop-weight test to conditions of
fracture initiation in service and relationship of
"thru" and "stop" (T--3) behavior in explosion test
to propagation or stoppage of fractures 1n service.
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purpose "project steels™ used in previous investigations were

made available for crack-starter tests.

TEST RESULTS

The Charpy V transition curves of all of the ABS-A type
steels which have been subjected to crack-starter tests are
presented in Figure 7. The range of these curves is illus-
trated to fall in the center of the range which covers 311 ship
fracture steels investigated by the NBS. Figure 8 presents the
Charpy V energy transition curves obtained for eighteen ship
fracture plates (eleven NBS ship No. 52, seven NBS ship No. 91).
Rimmed steel curves are grouped at the top, and semikilled steel
curves at the bottom of the figure. In comparison to the range
of Charpy V energy transitions for all of the ship fracture
steels tested by the NBS, these steels are observed to represent
average material, i.e., on the basis of Charpy V energy 15 ft-1b
distribution {(Figure 7), these steels fall within the limits
encompassing approximately 80% of all ship fracture steels tested
by National Bureau of Standards.

The heavy band portions superimposed on the curves of
Figure 8 represent the temperature positions of the explosion
crack-starter test T-=-8 points. The lower end of the band re-
presents the highest temperature at which the brittle cracks
propagated THROUGH (I) the lightly loaded holddown regions of
the test plate, and the upper end of the band represents the
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test temperature (20°F higher) at which the brittle eracks are
confined (SILOP)(38) to the plastically deformed, central regions

of the bulge. PFigure 9 illustrates the fracture characteristics
at various temperatures for one of the ship fracture steels.
Table 1 lists the chemistry and provides a summary of the crack-
starter test data for the various ship fracture steels.

Figure 10 summarizes the correspondence of the NBS ship
fracture data and the NRL ecrack-starter test data. The NBS
investigation demonstrated that “source" plates were character-
ized by Charpy V energy values of 11.4 ft-1b maximum (avérage
7.4 £t~1b) at the fracture initiation temperature. As denoted
by the schematic illustration at the left of the figure, the
NBS ship fracture data and the drop-weight test data are in
agreement that the Charpy V 10 ft-1b transition temperature
marks the critical temperature for fracture initiation of ABS-A
steels. The drop-weight test data indicate that without excep-
tion the thirty-five ABS-A steels tested, including seventeen
ship fracture plates, required temperatures of less than that
of the Charpy V 10 ft-1b transition for fracture initiation in
the absence of appreciable deformation. The gverage Charpy V
energy at the drop-weight transition temperature of 6.1 ft-1b
for the seventeen ship fracture steels and 5.9 ft-1b for all
ABS~A steels are for all practical purposes exactly equivalent
to the NBS 7.4 ft-1b average value.

When considering the NBS data for "thru" plates it must be
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Fig. 9. Crack-starter, explosion test series of ship fracture
steel PEDP depicting T--S fracture transition.
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CRACK-STARTER TEST RESULTS OF SHIP FRACTURE
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19
10
10
14
1k

o on

-

Sto

oF

60
80
100

Foth 4c
21 .12
32 o1l
14 + 1.9
16 21
20 .20
21 022
== o2l
= 27
== 025
25 023
36 26
22 .24
26 .25
a2 o2l
e 229
e .19
e .31
e 27

.01

Ol
- Ok
.10
.03
o O
.02
.07
.09
.10
.08

22
- 006
.C19
. 020
»030
.020
Nelo's
- 005
- Q10

.010
. 006
.020
.030
020
020
.010
. 009
012

- OLG

%8
- 030
035
. 028
- 028
028
030
- 02k
035

. 028
. 028
028
.028
. 028
- 028
- 039
030
037
.031



recognized many plates in the path of frecturs ware potentiall;

off "gouree” type. The most significant aspect of the ¥thru®
nlate data is the fact that nc plates of more than 192 ftwlb
Charpy V energy at fracture temperature fall into this clazs.
This signifies that values in excses of 19 ft-1b always
precliuded the preopagation of fractures. In all cases plates
which showed more than 19 ft-1b fell into the "end® type as shown
Wy the ord ¥ group. The fact that plates of less then 19 f4-1b
were also contained in the "end™ grouping may be explained by

stress Tactors, ilnasmuch as fracture propagation may be prevented
by low stress level (or compression regions) as well as bty
material properities.

The explosion crack-starter tests do not have the variable

of low or compression stresses to cause fracture sto oppage at

o

temperatures of low Charpy V energy values. If fracture stoppaze
iz obtained at the edge regions, it must be due solely to material
preoperties which preclude propagation. The overlap in the Charpy
YV energy valunes for TV gnd "S" type behavicr which indicates

o

the change from easy to diffienlt fracture propagation is in the

range of 13 to 27 ft-1b when considering extreme If averages
are considered, the overlap is 15 to 25 fi=1b. This signifiess

vhet in most ecases 15 f£i-1b was the highest value whiech permitied

]

propagation, and 25 £t-1b the lowest value which prevented propazs.

&
e

tlon. In all cases vaiues in sxcess of 27 ft-1b prevented vropaga-

L I

tion, and values of less than 13 ft-1b permitted propagation.
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The explosion tests thus define the 15 to 25 ft-1b transition
range as the critical temperature range of change with respect
to fracture propagation when considering material properties
only. _This is in excellent agreement with the NBS finding
that 19 ft-1b was the highest value for a "thru" plate.

On the basis of these data it may be concluded that the.
crack-starter tests show excellent correlation with service
and agree with the NBS findings that the significance of the
Charpy V transition curve to service is as illustrated in
Figure 10 (right).

The test results of two of the NBS ship No. 52 (a T=2 type
tanker which broke in half at a temperature of 35°F while tied
at a dock in relatively smooth water) ship fracture steels are
of sufficient interest to be discussed in detail. Figure 11
depicts the ship failure which initiated in an are strike of
one of the starboard deck plates (PEDS). At the ship failure
temperature the source plate developed 7 ft-1b Charpy V energy.
The nil-ductility (drop-weight test) transition for this plate
was 50°F at which 10 ft-1b Charpy V energy was developed. The
drop-~weight test results indicate at the ship failure teﬁperam
ture of 35°F the source plate was 15°F below the nil-ductility
transition (50°F) of the plate, i.e., the steel was potentially
susceptible to fracture initiation in the presence of sharp
crack defects,

Another item of interest is the initiation of fracture from
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Fig. 11. Catastrophic ship failure inltiated by arc strike defect
at 39°F. Correlation of source plate Charpy V and drop-
weight test data with service performance.
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a narrow fillet weld which was evidently used for a clip or
similar attachment during the construction of the ship.

Figure 12 illustrates that the crack-starter weld was ignored
and that the fracture initiated from a natural crack defect in
the fillet weld.

COMMENTS RELATING TO CRACK-STARTER TESTS OF STEELS OTHER THAN ABS-A
It should be recognized that the correlation of crack-starter
tests to Charpy V energy curves for fully killed steels such as
the ABS-C type and the Navy HTS type is not the same as found for
the semikilled and rimmed ABS-A type steels. Figure 13 illus-
trates that the T-=S transition for these steels occurs at tem-
peratures corresponding to higher positions on the Charpy V
curves. The drop-weight test alsc shows relationships to higher
positions on the Charpy V energy curve. Figure 14 summarizes _
the results of T-=5 and drop-weight nil-ductility determinations
for ABS-C and HTS steels which have been tested to date(7)o It
is noted that the average Charpy V energy at the drop-weight
transition for ABS-C steels is 16.2 ft-1b and for the HTS steels
2.l ft-1b. The T--S range for these two steels averages 40 to

54 ft-1b and 61 to 83 ft-1b, respectively.

CORRELATICN OF CRACK-STARTER TESTS WITH WIDE PLATE AND TEAR TESTS
Wide plate and tear tests may be considered plate fracture
tests featuring machined or saw cut notches. The results of these

tests are evaluated on the basis of the range of temperature over
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Fig. 12. Crack-starter test of ship fracture steel. Crack-starter
weld ignored and fracture initiated by natural crack de-
fect in fillet weld. Test at 60°F, plate PBDS.
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Fig. 13. Relationship of explosion crack-starter tests to
Charpy V transition curves for typical normslized
ABRS-C (fully killed) type steel. Note higher pocsi-
tion on Charpy V curves of T-~£ range as compared to
ship plate steel in Figure 2 (0.17%C, C.77%Mn, 0.23%Si,
0.02%A1=~1=in. thick).
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which a "scatterband® of high and low values of cleavage frac-

ture is developed. The fracture transitions reported(8’9910911912)
for the wide plate tests correspond to the full spread of the
"scatterband" range, while the transitions reported(1391h) for

the tear tests represent the highest temperature at which one

or more of four specimens broke with more than 50% cleavage
fracture.

Six project steels and four ship fracture steels which had
previously been subjected to wide plate and tear tests were avail-
able for explosion and drop-weight crack-starter tests. Figures 15
and 16 depict the results of the wide plate, tear and explosion
tests as related to the Charpy V energy transitions established
for these steels at NRL. Drop-weight test results and related
Charpy V energy values are shown in Table 2.

The following may be concludeds

1. Explosion test fracture transitions (T--S)

generally occur at a temperature range which
overlaps the range displayed in the wide
plate tests.

2. When the wide plate transitions (or the T-=-=3S
fracture transition) are related to the Charpy V
energy curves, significantly higher energy values
are obtained for the fully killed steel (D,) as
compared to the rimmed and semikilled ABS<A

type steels (E, A, C, PEDP, PCDP, PJSS, and FEDS).
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Drop Weight
°F  ft=lp
30 L
20

30 5

0 10
-10 9
-20 16

TABLE 2
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EXPLOSION FRACTURE TRANSITION

Thru (T)
°F ft-1b
80 11
40 11
80 1k
40 32
20 21
Y 39

Stop(8)
°oF ft-1p #C
100 16 025
60 18 23
100 28 o2l
60 53 .16
Lo 40 .16
20 61 .18

%si

- 02
.02
.05
.05
o Ol

.25

- 008
. 009
. 010
-013
011
. 015

o OO
- 039
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032
. 033
- 029
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This pattern of behavior persists if wide plate
data for additional fully killed steels are con-
sidered, Figure 17). In other words, wide plate
test data corroborate crack-starter test results
in indicating that fully killed steels are sus-
ceptible to fracture at temperatures of higher
Charpy V energy than noted for ABS-A type steels.
3. The tear test transitions generally occur at
higher positions than the fracture transitions
displayed in wide plate and explosion bulge
tests. For the various ABS-A steels the
correlation with Charpy V energy varies from
22 to 60 ft-1b (22, 60, 55, 30, 40, 40, 35)
with the range of 30 to 40 being most common.
In relation to the NBS, NRL, and wide plate
data, the tear test appears to provide a
conservative estimate of the danger temperature

with respect to propagation.

COMMENTS RELATIVE TO PROJECT STEEL CHARPY V DATA
From previous investigations involving project steels, it
has been reported and widely quoted that Charpy specimens are
not amenable to correlation studies. This contention was based
in great part on results for project steels A and C for which

widely different fracture transitions in wide plate tests but
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essentially identical Charpy V energy transitions have been
reported in the literature‘l”’. 1In this respect it is of
interest to review all available data which serve to indicate
the uniformity of quality for the various plates of the proj-
ect steel heats.

In Figure 18 the original Charpy V data for six project

steels(l6)

are compared to those obtained at this laboratory.
Essentially equivalent curves are obtained for E, A, B, and

Dpe For steel Bp the two sets of data indicate significant
differences between plates within the same heat. The correla-
tions shown in Figure 16 are poor for Brg which fact may be ex-
plained on the basis of plates of different guality.

The various Charpy V curves reported for project C steel
are shown in Figure 19. 0f the curves reported(lé) for the
3/%-in. plates, the one chosen for subsequent correlation
studies apparently does coincide with the Charpy V curve for
project A steel, but it does not represent the average curve
for the various C steel plates. Hence, any conclusions re-
garding the inadequacies of Charpy V tests based on A and C
comparisons are questionable. In the case of the NRL tests,
Charpy V curves were obtained for A and C steels ad jacent to
the material which was tested by the crack-starter method.

The same relative differences were indicated by the Charpy
curves as well as by the fracture tests (C at approximately

20°F inferior to A).
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Differences in tear test transitions for A and C served
as another basis of argument against the Charpy V test(17)o
It should be noted that for the C steel the tear test correlates
with 60 ft-1b, and what is more important this is very near the
top of the transition range. In no other case 1s the tear test
correlation so high on the Charpy V curve. Explosion crack-
starter tests conducted at temperatures related to the upper

portion of the Charpy V transition range have demcnstrated

without exception a near refusal to crack, see Figure 2.

SUMMARY DISCUSSION

The quest for an ideal specimen for the evaluation of the
performance to be expected of a steel in a welded structure
such as a ship had led to the development of a great variety of
specimens and test procedures. The ideal will probably never
be found, for even the closest of all possible duplication of
the structure (other ships for example) does not always give
the same result in service.

Based on Naval Research Laboratory test results, it is now
apparent that service performance is a question of probabilities--
a sharp crack defect at a position of ylelding in a steel of
inadequate properties at the service temperature involved provides
for a high probability for the initiation of failure. If the
design is such that yielding is not developed at any position
or i1f the steel is not sensitive to crack-like defects to the
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lowest service temperature, failure should not be possible.
Design based on the elimination of yield positions should
permit the use of steels susceptible %o brittle fracture and,
similarly, the use of steels which are resistant to brittle
fracture should permit the use of designs in which local
Yielding is anticipated.

The various test procedures which have been developed
for the evaluation of the susceptibility of the steel to
fracture fall in three groupings:

l. Tests of conventional small specimens, such as

the Charpy V type, for which correlation to
service is expected to be empirical.
2. Tests of full thickness specimens, such as
wide plate tests utilizing arbitrary machined
notches, which are expected to correlate directly
to service on a basis of fracture appearance
(propagation aspects of fracture).

3. Tests of full thickness specimens utilizing ultra
sharp cracks considered to be the equivalent to
the natural type. For these tests, such as the
crack-starter type, it is expected that a direct
correlation to service may be attained with
respect to ductility and fracture transitions
(initiation and propagation aspects of fracture).

The only reliable correlation to service performance now
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avalliable i1s in terms of an empirical correlation of Charpy V
tests to ship fracture plates obtained by the NES studles.

It is considered significant that the ultra sharp notch, full
thickness tests described as the crack-starter tests show the
same correlation with Charpy V test data as the NBS studies with
respect to both initiation and propagation limits.

On the basis of these findings the c¢rack-starter tests
ghould be considered of value for the investigation of improved
steels for which no serviece data are available. The findings
that crack-starter tests of fully killed steels, such as the
ABS-C typs,do not correlate with the Charpy V curve in the
same manner that the semikilled and rimmed steels do present
a real problem. While no service data relating to fallures of
fully killed steel are available, it is difficult to ignore
the indications of crack-starter tests that the NBS correlation
cannot be extended to other types of steels. The fact remains
that in the drop-weight test the ABS-A steels may be severely
deformed without fracture at temperatures of Charpy V 15 to
20 Tt=1by, while at the same Charpy levels the ABS=C steels
fracture with the application of barely measurable deformation,
Figure 20. The presence of a sharp crack is a realistic assump-
tion for a large welded structure, and the development of small
amounts of deformation at positicns of unfavorable design 1is
also realistic. At 15-20 ft-1b temperatures the ABS-A steel

shown in Filgure 20 has a very large ductility reserve; but the
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Fig. 20. Drop-weight tests of ABS-A and ABS-C steels at tempera-
tures equivalent to Charpy 15 and 20 ft-1b.

Note large
ductility reserve in A steel but not in C steel.

In
order to develop extensive deformation in the ABS~C

steel, 1t is necessary to test at Charpy V 30 ft-1b
temperatures.
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ABS-C does not.

Additional evidence of differences between semikilled‘
and rimmed steels and fully killed steels is demonstrated by
the wide plate tests. The fracture transition of the wide plate
tests corresponds to the fracture transition T--S of the ex-
plosion tests. Like the T--S transitions, wide plate transitions
of fully killed steels occur at temperatures equivalent to higher
Charpy V energy than observed for the semikilled and rimmed

steels.
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The drop-weight test was developed to determine the tem-
perature at which a given steel loses its ability to deform in
the presence of a sharp crack-like defect (the worst type to be
expected) . Figure A-]1 illustrates the specimen and test equip-
nment. The condition of a sharp crack-like flaw is synthesized
by the use of a brittle, hard-surfacing type weld. On loading
by drop-weight, this weld cracks in a brittle manner thus
developing a sharp crack-like defect. As noted (Figure A-1) 3°
of bend is required to fracture the weld. By the use of a stop,
the total bend 1is restricted to 5°; if the additional 2° of

bend 1s not permitted, the steel fractures.

THE DROP-WEIGHT EQUIPMENT
The drop-weight equipment is of simple design based on
the use of readily available rolled steel shapes. Figure A-2
illustrates the complete assembly. The welght release mecha-
nism is illustrated in Figures A-3 and A-4. The weight is
raised by the use of an electric hoist or alternately by the

use of a hand crank.

PREFARATION OF THE DROP-WEIGHT SPECIMEN
The drop-weight specimen which is T<in., by 3 1/2-in by
14-in. (T being any thickness up to and ineluding 1 inch) can

be either flame or saw cut from plate material. Figure A-5,
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Fig. A-2. General view of drop-
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. A4, Release mechanism in support position; a downward
pull on the chain causes release of the weight.



48

iR »’(

L ik H og"
G T “)w
0 W‘ﬁ’“j’* 204 f:‘ &g’?y‘:im;‘ j)*ﬁww\\ ’5“
’»WW‘“‘ wm m I 3%”,7

RERT Lt RS TAL I

S
,‘ wm«, “HM i \(mgr,u,

Fig. A-5. Methods of depositing weld bead.



=49~

part A shows the layout detail prior to application of the
crack-starting weld bead. The three punch marks assist the
welding operator in centering the bead properly on the test
plece. Points A and D, each of which are 1 1/% in. from the
center point C, are the weld start locationsj; the terminal point
for each half of the weld bead is point C. In lieu of the punch
layout method for preparing the specimen, an alternative system
which in many respects is more desirable can be used. A éopper
template, Figure A-5, part B with an elongated slot at the
center is used to locate the weld beady the same welding se-
quence 1s employed.

Murex Hardex 25, 3/16-in. diameter electrode, is employed
to deposit the weld bead. The deposited weld metal is extremely
brittle to temperatures as high as %00°F, which mekes this mate-
rial well suited for the intended purpose of ecrack Initiation.
The bead appearance is determined by the amperage, arc-voltage,
and speed of travel used; 180 to 200 amperes, a medium arc-length,
and a travel speed which will result in a moderately high-crowned
bead have been found to be suitable conditions. An oscillating
or weaving motion is unnecessary, since this electrode naturally
deposits a bead having a width of from 1/2 to 5/8 in. The
height of the center crater position should be approximately
equal to the height of the bead crown, but any deficiency ob-
served after cleaning the weld can be corrected by adding more
metal to the crater depression. The finished crack-starter

weld is shown in Figure A-5, part C.
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The final preparation of the specimen consists of notch-
ing the deposited weld at the center as shown in Figure A-6,

A variable speed, flexible-shaft machine is used for this pur-
pose. A thin, l-in. diameter abrasive disk (Ticonium separa-
tion disk) on the extended hand-controlled shaft is used for
the grinding operation. To reduce abrasive wheel breakage; it
is essential that light pressure and a high rotating speed be
maintained during this operation. The shaft extension consists
of a 1/4=in. rod approximately 10 in. long revolving in a lubri-
cated brass ferrule which permits a hand-grip for easy control
and results in a notch which is normal to the surface of the
specimen. The abrasive disk is retained on the end of the
shaft by means of a small machine screw.

The depth of the notch is not maintained at a specific
dimension. Instead of measuring the depth of the notch refer-
enced from the crown of the weld, the thickness of the remain-
ing weld under the notch has been arbitrarily standardized at
.070 in. with a plus .010=-in. tolerance. The .070=in. thick-
ness is maintained across the width of the weld. This iz eas-
ily accomplished by a slight back and forth motion of the cut-
ting disk.

Figure A-7 illustrates the method for measuring the thick-
ness of weld metal at the bottom of the notch. The adjustatble
dial gauge with bridge support is used in the following manners:
(1) the dial is adjusted to the zero setting while resting in
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Fig. A-6. Notching of weld bead.
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position on the specimen so that the pointer contacts the
plate surface; (2) the bridge is moved to a location directly
over the weld with the pointer resting in the notchs (3) the
dial now reads the thickness of weld metal under the notch.
With experience in the preparation of a few épecimens, the
instrument needs only to be used in the final checking of the
finished notch. Actually, the height of the remaining weld
metal is not eritical--all that is necessary is to insure
that the notch is not cut so as to contact the plate.

To facilitate the alignment of the specimen on the anvil
of the drop-weight machine, a line is scribed (a yellow wax
pencil is suitable for this purpose) on the unwelded surface
opposite to the notch. When the specimen is placed on the
anvil for testing, this scribed line serves as reference mark
for aligning the notch directly under the impact point of the
tup, Figure A-8. Alternately, a scribed line located and ref-

erenced as shown in Figure A-9 may be used.

TESTING PROCEDURE
Figure A-10 shows a system for cooling or heating the
test specimens to the desired testing temperature. Each ply-
wood box contains a cylindrical, light-gauge metal tank which
has been surrounded with 4 in. of vermiculite insulation. The
tall, perforated-metal baskets are filled with pieces of dry

ice and immersed in and out of the denatured alcohol bath which
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Fig. A-10. Equipment for cooling or heating test specimens.
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covers the specimens (as many as eight to ten speeimensvaf,
various materials may be cooled at the same time). Adjust-
ment of the temperature may be made during the 30- to 45-min-
ute hold period required for equalization of the specimens.
The combination of a multi<point temperature recorder and
thermocouples is a convenient and accurate method of tempera-
ture recording; however, immersion thermometers may also be
employed. Testing temperatures as low as =100°F can be at-
tained with this or similar equipment. Temperatures above
the ambient are attained by means of immersion heaters in
water or light oil depending on the temperature. Approxi-
mately ten seconds elapse between removal of the specimen
from the bath and the completion of testing. This delay does
not significantly affect the temperature of the specimen.

The usual test sequence is as follows: (1) estimate the
approximate fracture temperature, then test in 20°F steps
(0°; 20°, LO°F would be a good series for a mild steel), (2)
when the approximate fracture temperature is established (as-
sume specimens at O° and 20°F broke but at 40° did not) test
in duplicate in 10°F intervalg above the highest fracture tem-
perature, i.e., +30° and +40°F for this example. It will be
found that initially six to eight specimens are required; with
experience it is possible to cut the number to a minimum of
six. If material is not sufficient, ends may be welded to sam-

ples as small as 3 1/2- by 4=in., Figure A-~11. By this prcecedure



Fig,

4-~11. Test of small éample by means of welded

ends.
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three tests may be made from one 3 1/2- by lW-in. test sample,
i.e., after the first test the two halves are assembled as
shown in the figure, and two more tests are made.

The design of the machine permits varying the height from
which the weight is dropped. This is necessary for testing
materials of various thicknesses and tensile strengths. The
height at which the wéight should be set for a specific material
is determined by preliminary room temperature tests using var-
ious heights and observing the minimum height which develops
full deflection of the specimen as indicated by contact against
the stop block of the anvil. After determining the mimimum
height,; an additional one or two feet are added, and this height
is used for subsequent tests at all temperatures. ©Since the
height which is necessary to produce contact with the stop is
directly related to the tensile strength of the material, it
follows that any material of similar strength can be tested in
a2 like mamner provided its nominal thickness is the same. It
is suggested that a height record of test materials be maintained
as a guide for testing similar materials. Table 1-A provides

a listing of heights used from various materials.



TABLE 1-A

DROP HEIGHTS (60# WEIGHT) FOR VARIOUS
- MATERIALS=-<12-in. SUPPORT SPAN

Materials Tensile Strength Thickness Height
(1b. per sq. in.)

oy

Mild Steel 60,000 1/2 in. 6
3/4% in. 8

1 in. 10

Alloy 'Steel 125,000 1/2 in. 8
3/% in, 10

1 in. 1k

150,000 1/2 in. 10

High strength materials in particular often fly cutward
on breaking. A removable metal guard shown in Figure A=12

serves as protection from flying pieces.
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Fig. A-12. Back view of protection guard--the front remains
open to the operator.



