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SHIP STRUCTURE COMMITTEE

L
.—

MEMBER AGENCIES: ADDRSSS CORRESPONDENCE TO:

muRxAu OF SHIM. DtPT. or MAW SCCRETARY

MILITARY SEA TRANSPORTATION SERVICE, D=-. ~F NAVY SHIP STRUCTURE COMMITTEE

UNITED STATES COAgT QIJARB, TRrA=u=Y D=-, U. S. COAST GUARD HEADQUARTERS

MARITIME ADMINISTRATION, DEPT. OF COMMCRCr WASHINGTON ZB, D. c.

AMERICAN ❑UREAU or SHIP?IN8

June 18, 195!L

Dear Sir:

As part of its research program related to the
improvement of hull structures of ships, the Ship Struc-
ture Committee sponsored investigations at the Naval
Research Laboratory having to do with the properties of
ship plate when subjected to drop weight and explosion
bulge tests. Herewith is a copy of Part I of the Final
Report of this investigation entitled ‘Crack-Starter Tests
of Ship Fracture and Project Steels’tby P. P. Puzak, M. E.
Schuster and W. S. Pellini. The balance of the Final Re-
port is contained in Part II and is being simultaneously
distributed as SSC-78.

Any questions, comments, criticism or other
matters pertaining te the Report should be addressed to
the Secretary, Ship ’StructureCommittee.

This Report is being distributed to those indi-
viduals and agencies associated with and interested in
the work of the Ship Structure Committee.

Yours sincerely,

x?7f@-’4
K.’K. ;OWART
Rear Admiral, U. S. Coast Guard
Chairman, Ship Structure

committee.
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PART X: ~ TESTS OF SHIP
‘~-ACTURE AND PROJE’@’@E~S—.— —

... ABS9!RACT

The performance of rimmed and semiskilledsteels involved

in ship fractures is investigated by means of crack+tarter

tests. In these tests a sharp crack is introduced in %he

stee19 and the relative resistance to the initiation and props=

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 appreciabl~ ductility when the

temperature falls below the Charpy T 10 f’t-lbtransition; ac-

eordingly9 fracture initiation is readily developed. The

propagation

tw,resabove

ings are in

of brittle fractures becomes difficult at %empera-

the Charpy V IJ--25 ft->lbtransitions. These find-

agreement with National Bureau of Standards data

for ship fracture plates. It is demonstrated that fully killed

steels do no% follow these rules and that the respective ir&-

tiation and propagation characteristics of fracture are ~elatad

to higher Charpy V values. Wide plate? tear and

data are discussed with reference to differences

deoxidation practice.

Charpy v test

related to

13$TROl)UCTTON

Tt is generaUy recagqi~ed that notches or cracks am r@-

quired ta 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 law ternperature$i.e.y behave

as predicted by the tensile tests. For example, structural

steel prime plate may be deformed extensively by explosion load-

ing to temperatures as Icw as -60mto -80@F(1,2)0 h the pres~nce

of sharp crack-like defects~ it is possible to fracture such

steels at 20” to ~O”F without visible deformation by the impact

of a dropping weight. Figure 1 illustrates the extensive ex-

plosion bulge deformation which may be developed without fracture

at -~@F in a prime plate of AES-A steel and the brittle fracture

of a similar steel at 2(3oFresulting from the presence of arc

strikes associated with small cracks.

In order to develop ‘brittlefracture with small or essen-

tially nil deformation two requixwnents must be met--not only

must a sharp notch be prssent9 but also the s%ee~ must be at a

proper temperature. Depending on the sharpness of the notch9

a temperature transition is obtained such that the steel changes

from being insensitive to the presence or the notch to being

highly sensitive. It is this change5 particularly for the case

of sharp9 crack-like notcbes~ with which the designer of we3ded

ships and other large structures is concerned. ln the Sh.phSt

possible terms the designer wishes to know the temperature at

which high sensitivity to sharp notches is developed for a

specific stee10 Furthermore this temperature must be predictable

___ .
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ARCSTRIKF SOURCE

.

.
20°F DROPWEIGHT LOADING
ARC STRIKE DAMAGEDPLATE

-400F EXPLOSION LOADING
OF PRIME PLATE

Fig. 1. F.elatl.veperformance @f ABS-).type ship plate in prime

condition (bottom) and in presence of sharp crack,de-
fects (center). The prime plate rep~esents mat@rlal
taken from stock, and the arc strike plate repr~sents
a sample of material taken from a T-2 tanker which
fractured at 350F.
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from the results of relatively simple laboratory tests.

In order to obtain this information thelNaval Research

Laboratory has conducted extensive tests of sh~p steels using
I

the sharpest possible type of notch--a cleavage crack. The

methods have been described in detail in,previous reports(3,4).

Briefly, a bead-on-plate of a highly brittles hard-surfacing

weld is deposited on the test plate; as the weld cracks on

loading an ultra sharp notch is introduced in the steel. Two

types of ‘~crack-starterYJtests were evolved:

10

20

DroRWeiEht -. Used t~ establish the tempera-

ture at which the steel loses its ability to

develop more than a minute amount of deformation

in the presence of the crack-like notch. In this

test a 3 l\2-in. by 1~-in. by plate thickness

specimen is loaded by the impact of a dropping

weight. A stop is used to limit the deformaticm

to 2* of bend angle following the development of

the weld crack. Details pertaining to testing

equipment and procedures are furnished in the

Appendix.

ElxvloSion Test. Used to establish the tempera-
●

ture range of transition from easy to d+fficult

propagation of fractures. In this test a

Iq-in. by Ik-in. by plate thickness specimen is

placed over a circular die and explosion loaded.

.

1

-.

.- ....— — —. _. _—— ._
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Figure 2 illustrates the typical relationship of explosion

crack-starter tests of semiskilledand rimmed ABS-A type ship

plate steels to the Charpy V transition curves relating to

energy3 fracture appearance and notch deformation. The change

from shatter type fractures to fracture refusal corresponds

essentially to the range of the Charpy V transitions. The

change.from complete fracture tq~$[thr~~gh) tO partial fracture

‘~St+(stop) is of particular significance in denoting a transi-

tion in the properties of the steel with respect to fracture

propagation through the lightly loaded edge regions of the test

plate. In the T to .Srange9 the thickness of the shear lips

developed at the surface of the fracture becomes equal to the

0020--.030-in. thickness found to be the maximum observed for

the ship fracture p+tes (3/41~

Figure 3 illust&tes the typical relationship of the drop-

weight test nil-ductility transition (highest temp~rature at

which the steel is unable to withstand.2e of bend in the presence

of the sharp crack) to the Charpy V energy curve. Grdinarily5

six to eight specimens are utilized to establish the nil-

ductility transition

critical temperature

tame). In this case

to be 100F using six

with duplicate or triplicate tests at each

(lO°F above and at the transition tempera-

te transition temperature was determined

specimens?

additional tests were perforried

producibility. Of the fourteen

and then a large number of

to illustrate the degree of re-

tests at 109F only one specimen



Ioc

(SE

1
O“F +-

’40?
7

60”F
T
I
I

/ SHEAR

0
-4

—

—

—

—

-

w

Fig. 2* Relationshipof explosioncrack-starterteststo CharpyV
transitioncurvesfor typicalABS-Atype steel(0.23$C7
O+k5~Mn,0.05$%Si--l-in.thick).
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failed to fracture; and of fourteen tests at 200F$ only one

specimen developed fracture. At ~OmF and kO”F all specimens

resisted fracture; and at 0°9 -IO” and -200F7 all specimens

fractured. The test specimens are shown in Figure h. ThiS

high degree of reproducibility which may be suprisfng for

fracture tests results from two fractors~

The reproducibility of the notch condition--

the brittle weld always develops the same sharp

cleavage crack.

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 K)”F9 it is demonstrated (Figure 5)

that at 30”F and higher temperatures drastic

bending is permitted without fractura.

is af interest that at temperatures of drop-weight frac-

ture the explosion test plates break ‘lflatW9i.e.a without vis-

ible deformation. At higher temperatures bulging is developed

indicating that the fracture was diffic~~ltto start and required

?fforcing’v.

If sharp crack faults were actually responsible for the

initiati~n of ship fractures9 it should be expected that the

crack-starter tests should show the same correlation to the

Charpy V energy curve as demonstrated by the NBS investigation

(576)of fractured ship plates . The loading conditions in the

—
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-2(’)oF -looF O°F 10°F 20°F 30°F 40°F
$

.

N

Fig. 4. Drop-weighttest specimensused to establishdata pre-
sentedin Figure 3.
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ships are such that fractmw 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-weight test

(Figure 65 Iefti). Once started9 the fractures of ship struc-

tures must nec~ssarily propagate through regians of elastic

loading. The edge regions of the explosion test pZates are

supported by the die and therefore do not develop bulge [plastic)

deform~,$ionsuch as the central regions. Thus9 the ~dge regions

provid~ a critical evaluation for tha fracture resistance of

elastic load regious (Figure 69 right).

The abcnm stated considerations represent the theory of

the test procedures; the proof of the applicability of the

~heary mustib~ found in the test results. The initial test

results of A13S.Atype steels indicated that th~ drop-weight test

correlated with fracture initiation conditions of ship fracture

“S.CmrCeqGplates and that the T-S fracture transition of the ex-

plosion test correlated with the limiting conditions of fractur~

propagation as judged by ship fracture ~fthroughyVand ‘Pendr~

+teso In order to obtain a more rigorous check of the cor-

relation fwitures~ the Ship Structure Committee requested crack-

starter Wsts of actual ship fracture steels. During the progress

of the Investigationa 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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~lthru~~and ~~s~op~~(T--5)behavior in explosiontest
to propagationor stoppageof fracturesin service.
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purpose ‘tprojectsteelsm used in previous investigations “were

made available for crack-starter tests.

TEST RESULTS

The Charpy V trans~tion 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 all ship

fracture steels investigated by the NBS. Figure 8 presents th~

Charpy V energy transition curves obtained for eighteen ship

fracture plates (eleven NBS ship No. 527 seven NBS ship No. 91].

Rimmed steel curves are grouped at the top9 and s~mikilled 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 NBS9 these steels are observed to represent

average materiala i.e.~ m the basis of Charpy V energy 35 ft-lb

distribution (Figure 7)? these steels fall within the limits

encompassing approximately 80fiOf 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--S points. The lower end of the band re-

presents the highest temperature at which the brittle cracks

propagated TXROUGH (~) the lightly loaded holddown regions of

the test plate9 and the upper end of the band represents the
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test temperature (20°F higher) at which the brittle cracks are

confined (STOP)(&) to the plastically deformed9 central regions

of the bulge. Figure 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 variotisship fracture steels.

Figure 10 summariz~s the correspondence of the NBS ship

fracture data

investigation

and the NRL crack-starter test data. The NBS

demonstrated that ‘tsource’~plates were character-

ized by Charpy V energy va:.uesuf 11.h ft-lb maximum (average

7.4 ft-lb) 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-lb transition temperature

marks the critical temperature for fracture initiation of AB&A

steels. The drop-weight test data indicate that without excep-

tion the thirty-five ABEL-Asteels testedf including seventeen

ship fracture platesY required temperatures of less than that

of the Charpy V 10 ft-lb transition for fracture initiation in

the absence of app~eciable deformation. The average Charpy V

energy at the drop-weight transition temperature of 6.1 ft-lb

for the seventeen ship fracture steels and 509 ft.-lbfor all

ABS-A steels are for all practical purposes exactly equivalent

to the NBS 7.4 ft-lb average value.

When considering the NBS data for “thruf~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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TABIE 1 -

r CRACK-STARTER TEST RESULTS OF SHIP ~x _.— ——

EXPLOSION FRACTURE TRANSITION4.
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The explosion tests thus define the 15 to 25 ft-lb 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-lb was the highest value for a ‘tthru~tplate.

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

,ata 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 arc strike of

one of the starboard deck plates (PEDS). At the ship failure

temperature the source plate developed 7 ft-lb Charpy V energy.

The nil-ductility (drop-weight test) transition for this plate

was 50°F at which 10 ft.lb Charpy V energy was developed. The

drop-weight test results indicate at the ship failure tempera-

ture of 35°F the source plate was l~”l?below the nil-ductility

transition (500F) 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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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 t’hatthe fracture initiated from a natural crack defect in

the fillet weld.

C04MENTS FU?lATINGTO 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 semiskilledand 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 also shows relationships to higher

positions on the Charpy V energy curve. Figur~ 34 summarizes

the results of T.-S and drop-weight nil-ductility determinations

(7)for ABS-C and HTS steels which have been tested to date . It

is noted that the average Charpy V energy at the drop-weight

transition for ABS.C steels is 16.2 ft.lb and for the HTS steels

2&ok ft-lb. The T--S range for these two steels averages kO to

~ ft-lb and 61 to 83 ft-lba respectively.

CORRELATION 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



I
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I

1

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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which a ~?scatterband~? Of high and, low values of cleavage frac-
(839910511512)

ture is developed. The fracture transitions reported

for the wide plate tests correspond to the full spread of the

(1391%) for
‘Fscatterband”range? while the transitions reported

the tear tests represent the highest temperature at which one

or more of four specimens broke with more than ~0~ 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 1~

and 16 depict the results of the wide plateq 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 TabTe 2.

The following may be concluded:

Explosion test fracture transitions (T.-S)

generally occur at a temperature range which

overlaps the range displayed in the wide

plate tests.

When the wide plate transitions (cm the T--S

fracture transition) are related to the Charpy V

energy curves, significantly higher energy values

are obtained for the fully killed steel (Dn) as

compared to the rimmed and semikilld ABS-A

type steels (E? A9 C, PBDP3 PCDPa,PJSS~ and FBDtS).

-.. .- .-
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TABLE 2

CRACK-STARTER TEST RESULTS 0??PROJECT STEELS—— .— —

EXPLOSION FRACTURE TRANSITTOIV
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This pattern of behavior persists if wide plate

data for additional fully killed steels are con-

sidered~ Figure ~T)o In other wordsa 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.

36 The tear te~t 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-lb

with the range

In relation to

datay the tear

(229 60$ !555XI, ba 405 35)

of SO to ~0 being most ccmmon.

the NBS7 NRL~ and wide plate

test appears to provide a

conservative

with respect

estimate of the danger temperature

to propagation.

COMMENTS RELATIVE TO PROJECT STEEL CHARPY V DATA

From previous investigations involving project steeIsa 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(15)~ In 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(16) are compared to those obtained at this Laboratory.

Essentially equivalent curves are

Dna For steel Br the two sets of

differences between plates within

tions shown in Figure 16 are poor

plained on the basis of

The various Charpy

are shown in Figure 19.

s~q-in. plates? the one

studies apparently does

project A steely but it

for the various C steel

plates of

obtained for Eq As Bn and

data indicate significant

the same heat. The correla-

for Bra which fact may be ex-

different quality.

V curves reported for projecb C steel

Of the curves reported(16) for the

chosen for subsequent correlation

coincide with the Charpy V curve for

does not represent thw average curve

plates, Hence$ any conclusions re=

garding the inadequacies of Charpy V tests based on A and C

comparisons are questionable.

Charpy V curves were obtained

the material which was tested

ThE same relative differences

In the case of the NRL tests~

for A and C steels adjacentito

by the crack-starter method.

were indicated ‘bythe Charpy

curves as well as by the fracture tests (C at approximately

200F inferior to A].
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I)ifferencesin tear test transitions far A and C served
(17)

as another basis of argument against the Charpy V test .

It should be noted that for the C steel the tear test correlates

with 60 ft-lb, and what is more important this is very near the

top of the transition range. In no other case is the tear test

correlation so high on the Charpy V curve. EXp~oSiOn crack-

starter

portion

without

tests conducted at temperatures related tm the upper

of the Charpy V transition range have demonstrated

excention a near refusal to cracka 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

specimens and test

be found~ far even

led to the development of a

procedures. The ideal will

the closest of all possible

great variety of

probably never

duplication of

the structure fothe~ ships for example)

the same result in service.

Based on Naval Research Laboratory

does not always give

test resultsy it is now

apparent that service performance is a question of probabilities--

a sharp crack defect at a position of yielding in a steel of

inadequate pmpertfes 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 if the steel is not sensitive to crack-like defects to the

— .—



lowest service temperature? failure should not be possible.

Design based on the elimination of yield positions should

permit the use of steels susceptible to brittle fracture anda

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:

1. Tests of conventional small specimens$ such as

the Charpy V type9 for which correlation to

service is expected to be empirical.

2. Tests of full thickness specimens such as

wide plate tests utilizing arbitrary machined

notche~ which are expected to correlate directly

to service on a basis of fracture appearance

(propagation aspects of fracture).

SO Tests of full thickness specimens utilizing ultra

sharp cracks considered to be the equivalent to

the natural type. For these testsy 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 naw
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T .--: 20FT-U=:;—_.==—:--.,-.-_<~.--_-.—-
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15FT-LB

ABS-C
-- 20FT-LB— --..c.— —-..—. -..

Fig. 20. Drop-weight tests of ABS-A and ABS-C steels at tempera-
tures equivalent to Charpy 15 and 20 ft-lb. Note large
ductility reserve in A steel but not in C steel. In
order to develop extensive deformation in the ABS-C
steel, it is necessary to test at Charpy V 30 ft-lb
temperatures.
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ABS-G does not.

Additional evidence of differences between semiskilled

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 semiskilledand rimmed

steels.

.— —
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The dmp.weight test was developed to determine the tem-

perature at which a given steel loses its ability to deform in

the presence or a sharp crack-like defect (the worst type to be

expected]. Figure A-1 illustrates the specimen and test equip-

ment. The condition of a sharp crack-like flaw is synthesized

by the use of a brittle~ hard-surfacing type weld. On loading

by drop-weights 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 is restricted to ~o;,if the additional 20 of

bend is not permitted% the steel fractures.

THEDROP-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 weight release mecha==

nism is ~llustrated in Figures A.s and A-k. The weight is

raised by the use of an electric hoist or alternately by the

use of a hand crank.

PREPARATION OF THE DROP-WEIGHT SPECIMEN

The drop-weight specimen which is T-in. by 3 l/2-in by

Ik-i,n.(T being any thickness up to and including 1 Inch] can

be either flaresor saw cut from plate material. Figure A=-~’a
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Fig. A-4. Release
pull on

mechanism
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in support position; a downward
causes release of the weight.
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Fig. A-5. Methods of depositing weld bead.
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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

piece. Points A and D, each of which are 1 1A in. from the

center point C, are the weld start locations; the terminal point

for each half of the weld bead is point C. In lieu of the punch

layout method for preparing the specimenq an alternative system

which in many respects is more desirable can be used. A copper

template? Figure A-s, part B with an elongated slot at the

center is used to locate the weld bead%

quence is employed.

Murex Hardex 25, 3\16-in. diameter

the same welding se-

electrode~ is employed

to deposit the weld bead. The deposited weld metal is extremely

brittle to temperatures as high as %000F2 which makes this mate-

rial well suited for the intended purpose of crack initiation.

The bead appearance is determined by the amperage? arc-voltagea

and speed of travel used; 18o to 200 amperesa a medium arc-lengthy

and a travel speed which will result in a moderately high-crowned

bead have been found to be suitable conditions. An oscillating

m? weaving motion is umecessary, since this electrode naturallj+

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 crownq 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 speeds 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 operat~.on. To reduce abrasive wheel breakage$ it

is essential that light pressure and a high rotating speed be

maintained during this operation.

of a I/k-in. rod approximately 10

cated brass ferrule which permits

The shaft extension consists

in. long revolving in a lubri=

a hand-grip for easy control

and results in

specimen. The

shaft by means

The depth

a notch which is normal to the surface of the

abrasive disk is retained on the end of the

of a small machine screw.

of the notch is not maintained at a specific

dimension. Instead of’measuring the depth of the notch refe~-

enced from the crown of the weld$ the thickness of the remain=

Ing weld under the notch has been arbitrarily standardized at

.~~~ in. with a plUS .o10-in. to~eran~e. The .O~()-inOthi~k-

ness is maintained across the width of the weld. This is 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 adjustable

dial gauge with bridge support is used in the following manner:

[1) the dial is adjusted to the zero satting while resting in



‘) h.’..’ ,’, ., ,,
%,. ,,
,,,

:.

.-



-52-

,t

Fig. A-7. Thickness gauge.
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position on the specimen so that the pointer contacts the

plate surface; (2)

over the weld with

dial now reads the

With experience in

the bridge is moved to a location directly

the pointer resting in the notch; (3) the

thickness of weld metal under the notch.

the preparation of a few specimens~ 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 critical--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 machinea 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.

test

wood

TESTING PROCEDURE

Figure A-10 shows a system for cooling or heating the

specimens to the desired testing temperature. Each ply-

box contains a cylindrical light-gauge metal tank which

has been surrounded with h in. of vermiculite insulation. The

ta119 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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cowrs the specimens (as many as eight to ten specimens of
. .

various materials may be cooled at the same time]. Adju@= ,

.ment or the temperature may be made during the ~0- to “4~+nia-

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 texripera-

ture recording; however$ immersion thermometers may also bq

employed. Testing temperatures as low as -IOOOF can be at-

tained with this or simila~ equipment. Temperatures above

th~ ambient are attained by means of immersion heaters in

water or light oil depending on the temperature. Approxi-

mately ten seco~ds elapse between removal of the specimen

frOm tihe‘bathand the completion of testing. Th~~ d~~ay d~e~

not significantly affeet the temperature of the specimen.

The usual test sequence is as follows: (1) estimate the

approximate f’racturetemperature then test in 200F steps

(0”3 20@~ %O°F would be a good series for a mild steel). (2)

when the approximate fracture temperature is established (as-

sume specimens at 00 and 200F broke but at %0° did not) test

in duplicate in 10@F intervals above the highest fracture tern=

perature~ i.e.~ +~00 and +kO~F for this example. 1% will be

found that initially six to eight specimens are required; with

expe~ience it is possible to cut the number to a minimum cd?

six. If material is not sufficient ends may be welded to sam-

ples as small as 3 1/2- by %-in.~ Figure A-11. By this prticedurfs

-..
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Fig. A-n. Test of small sample by means of welded ends.
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three tests may be made from one ~ l/2- by lk-in. test sample,

i.e.3 after the first test the two halves are assembled as

shown in the ffgure9 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 wGight 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 minimum

height? an additional one or two feet are addedy and this height

is used for subsequent tests at a~l temperatures.

height which is necessary to produce contact with

Since the

the StOp fS

directly related to the tensile strength of the materialg it

follows that any material of similar strength can be tested in

a like manner 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 I-A provides

a listing of heights used from various materials.

—
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TABTE 3.-A

DROP HEIGHTS (60# WEIGHT) FOR VARIOUS
MATERIALS--l2-in. SUPPORT SPAN

Materials Tensile Strength Thickness
(lbd per sqm In..)

Mild Steel 609000 1/2 in.

3A 3m.

1 in.

112 in.

3A in.

z in.

150~ooo 172 ill.

Alloy’Steel 1259000

High strength materials in particular often fly outward

on breaking. A removable metal guard shown in Figure A-M!

serves as protection from flying pieces.

.—————
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Fig. A-12. Back view of protection guard--the front
open to the operator.

remains


