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ABSTRACT

Thisreport describesthe second stage of research work
_on a program designed to study the motch-tougjhness properties
of semikilled ship-steel plate over one inch inthickness. The
details set forth here are the results of tests? on the fracture
appearance and ductility transi.tiontemperaturés of samples of
3/4in., 1 1/4 in. and 1 3/4 in. thick plate, representing two
heats of a low-carbon, high-manganese, semikijlled experimen-
tal steel, as determined by means of the not%:hed slow~-bend
test developed by J. H. van der Veen, 1

Observations made during this mvestjig'ation seem to
indicate that the vander Veen test provides a.n‘ estimate of the
fracture transition temperature similar to that obtained in the
Navy tear test. However, more work remains ito be done with
regard to obtaining additional experience withi the method and
establishing its correlationwith other techniqués usedfor eval-

uating notch-sensitivity characteristics of ship-plate steels.

T
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INTRODUCTION

In November, 1955, the Material Laboratory of the New York Naval Ship—
vard commenced evaluating the notch-toughness properties of samples of experi-
mental ship-plate steel by means of the van der Veen notched slow-bend test.
This work is a phase of a comprehensive program (SR-141) which was originally
set up by the Ship Structure Committee to investigate properties of semikilled
steel plate in thicknesses over 1 in. that contaln less carbon and more manga~
nese than Class-B steel as specified in the 1955.ABS Rules for plate ranging in
thickness from over 1/2 in. to 1 in. inclusive. It was felt that a semikilled,
hot-rolled steel containing approximately 0. 16% carbon and 1,00% maprganese
might serve as a possible emergency substitute for fully killed Class-C steel,
currently specified by ABS Rules for ship plate over 1 in. in thickness. The pro-

gram has been subseguently expanded to include a determination of the ductility

- and fracture-appearance transition temperatures of samples of steel plate by

means of the van der Veen notched slow-bend test--an experimental technique
developed in Europe by J. H. van der Veen, 1 Its application by the Material
Laboratory represents the only known exploration of the method in this country.
Under arrangements made by the Ship Structure Committee, samples of
plate rolled from. two experimental heats of the proposed steel produced by the
TU. 8. Steel Corporation were distributed to a number of laboratories for a com~
prehensive investigation of the characteristics of the material, with particular
emphasis on notch-toughness properties as evaluated by various experimental
techniques. These included Charpy drop~weight, explosion crack-starter,
Robertson, Essgo brittle temperature, and Navy tear tests. The groups partici-
pating in the program include the American Bureau of Shipping, Naval Research
Laboratory, Admiralty Naval Construction Research Establishment, Esso Research
and Engineering Company, Material Laboratory and the United States Steel Corpo-
ration. The projact is of interest to the Depariment of the Navy in view of the
fact that hull plate, 7/8 in. thick and over, is required under Military Specifi-
cation MIL-S-16113B to be of the same type as ABS Class~C and, in addition, to

be in the normalized condition.
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The purpose of this report is to describe the technique, equipment and
procedure used by the Material Laboratory in the van der Veen test. These data,
together with those obtained by the various cooperating laboratories orn the same
steel, will be analyzed and correlated by R. W. Vanderbeck of the United States Steel
Corporation; a first progress report on this analysis and correlation appeared in
August, 1956, 2 An appraisal of the method as a means of determining the tend-

ency of mild steel to brittle fracture may be found elsewhere. 3,4

VAN DER VEEN TEST METHOD

Description: Specimens of the type shown in Fig. 1 are bent at various
temperatures in a testing machine at a loading rate of 20 mm (0.8 in.} per min.
The longitudinal axis of the specimen is taken perpendicular to the direction of
rolling. In the middle of one of the two machined surfaces, a sharp 3-mm deep
notch with an included angle of 45° is made with a hardened-steel knife, pro-
ducing a radius in the order of 0.004 mm (0.00016 in.) at the root of the notch.
After notching, the specimen is brought to the desired test temperature in a
ligquid bath, then removed from the conditioning bath and tested to failure with~-
in a minute. It is important that the testing be completed within 2 hr. of notch~
ing to minimize aging effectsﬂ

Heat exchange with the surroundings is considered negligible; however,
the temperature does rise as a result of deformation energy becoming in part
frictional heat, which may influence the transition temperature. It is stated
that the test thus acquires an adiabatic character. In this connection, it has
been stated: "Whether service conditions are approximated more closely by an
adiabatic than by an isothermal test is still an open question. In any case,
the isothermal test is more difficult to perform, not only because during the
test the specimen must be present in the cooling bath, but because the test
would have to be carried out very slowly and with interruptions to permit dissi-
pation of the heat locally generated. 3

During the test, the changes in load as a function of the deflection of

the specimen at its center are recorded automatically to produce a complete
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load-deflection diagram. As will be shown later, it is not essential to obtain
such diagrams since the test results may be evaluated by other means,

The various forms that may be assumed by the load-deflection curve
are shown schematically in Fig. 2. Tvpe "a" represents the behavior of.a
specimen failing entirely by shear, the fracture appearance being totally fi-
brous. Types “b," "¢,” "d," and "e" show the behavior of the specimen un-
der the conditions that tend to promote increased brittleness, such as would
be obtained by lowering the testing temperature. After the start of cleavage,
a measurable (though small) amount of work may be .absorbed in. some cases,
despite the fact that the fracture path is almost fully crystalline. In these
cases, the fracture surface usually shows about 1- or 2-mm wide fibrous. edges
bordering on the plate surfaces. In addition, these fibrous edges may occa-
sionally widen and join to form a so-called thumbnail of parabolic shape., At
times, this thumbnail condition may lead to a sequence of alternate fibrous

-and crystalline areas in the fracture. In all of these instances, the energy
included under Area IIlis. greater than zero and the load-deflection diagrams
occasionally show a "tail, * which is indicated by the dashed lines in Fig. 2.

Two transition temperatures are usudlly determined by testing a num-
ber of specimens at each of a series of test temperatures 10 C (18 F) apart.
These temperatures are the fracture-appearance transition temperature and the

ductility transition temperature.

1. The fracture-appearance transition temperature is obtained by
measuring the depth of fibrous area beneath the. notch and plotting the value
for each specimen tested as a function of the test temperature. -Since in.all
fractures of a mixed type the fibrous portion has.a parabolic boundary, measg-—
urement of fibrous areas can be avolided by simply taking a scale measurement
of the distance between the notch root and the vertex of the parabola. 3 The
curve drawn through the average value of "mm fibrous" at each test temperature
ig the transition curve. The fracture-appearance transition temperature is the
temperature at which this average curve intersects the 32-mm line, as illus-

trated. schematically in graph C of Fig. 3. An equivalent criterion for determin-



TABLE 1 - IDENTIFICATION OF U, 8. STEEL {GARY WORKSj SAMPLE MATERIAL

1. Heat No. 2G 2850 2(z 2883
2. Ladle Analyses, %
a. Carbon 0.16 0.15
b. Manganese 1.30 1.04
c. Phosphorous 0.010 0.013
d. Sulfur 0.021 0.022
e, Silicon .08 0.021
3. Plate Thickness 3/4 in, 11/4in. 13/4in. 3/41in. 1 1/4 in. 1 3/4 in. 1 3/4 in.
4, Slab Code B C D B C A D
5., Sample Size
a. Tear Test{in.} 36 x 45 36 x 45 36 x 45 18 x 45 18 x 45 18 x 45 18 x 45
b. VDV Test {in.} * % * 18 x 48 18 x 48 18 x 48 18 x 48

6. Direction of Rolling
in Sample for

a. Tear Test Parallel to 36 in. dimension
b, VDV Test Parallel to 36 in. dimension

7. Approximate
Location of
Sample with

Respect to

Length of

Original Plate

a. Tear Tesgt Bottom Bottom Top Top
b. VDV Test Bottom Bottom Top Center

* One sample plece for both tear and van der Veen tests.

Parallel to 18 in. dimension
Parallel to 48 in. dimension

Top Top Botiom
Center Center Center
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ing this temperature uses Le/Im = 0.7, where Lc represents the load at cleavage
and ILm is the maximum load. The fracture-appearance transition through use of
this alternate criterion is obtained from the average curve of Lc/Lm vs. test tem-
perature at a point where the curve intersects the 0.7 line of Lc/Lm, as illustrated
schematically in graph D of Fig. 3. The use of "mm fibrous” as a criterion is pre-
ferred by van der Veenl.because of socmewhat greater accuracy in its measurement.
This temperature is related to the transitlon from type "b" to "c¢" fractures (Fig. 2)
and “therefore may be considered to be a measure of the tendency to start cleavage
from a fibrous crack propagating in material that has been slightly deformed in
tension."” 1

2. The ductility transition temperature is related to the transition from

type "d" to "e" fractures (Fig. 2). Van der Veen has found that in the type "d"
fracture, the depth of fibrous area under the notch amounts to 7 mm average. In
type "e, " the crystalline fracture starts immediately at the root of the notch inthe
vicinity of the "yield point" of the load-~deflection diagram at a load and deflection
considerably less than those at which the fibrous incipient crack would otherwise

3

have started., On the basis of previous reports and information obtained in cor-
respondence with van der Veen, the ductility transition temperature is taken as the
temperature at which the value of Dm (defleciion at maximum load) is about half-
way between the extremes of the average curve of Dm vs. test temperature, as
illustrated schematically in graph A of Fig., 3. (A recent IIW report4 takes the duc-
tility transition temperature at a value of Dm = 6 mm). A similar alternative pro-
cedure for determination of the ductilitv transition temperature is illustrated in
graph B of Fig. 3. In this case, the transition temperature is defined as that tem-
perature at which the maximum load is about half-way between the extremes of the
average curve of Lm vs. test temperature. However, van der Veen1 considers the
ductility transition temperature using the criterion of Dm to be more convenient

and reliable.

Ship-Plate Material Under Test: A detailed description of the ship-plate

material under investigation is contained in the Flrst Progress.Report on this
projec‘u2 In brief, one 30-in. X 64-in. x 8%-1/2-in. ingot was cast from each

of two heats. Four slabs, coded A, B, C, and D, were produced from each ingot.
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Slab A was the top slab of the ingot. In the first heat (No. 2G 2850}, the top
cut was lost because of pipe and, as a result, slab A was not obtained. The
slabs were rolled to plate thicknesses of 3/4 in., 1~1/4 in. and 1-3/4 in.

A description of the sample material is given irn Table I, which also
shows the size and relative location of the sample material subjected to tear
tests. It is to be noted that in the case of heat o. 2G 2850, the tear and van
der Veen tests were made on the same sample of plate, while in the case of heat
No. 2G 2883, tests were made on samples taken from different locations in the

original plate.

EXPERIMENTAL EQUIPMENT

Figure 4 shows the jig that was constructed to perform the notched slow-
bend tests. The dimensions of the loading and support rolls, as well as those
of the span between centers of the support rolls, were made to conform to the
dimensions given in Fig. 1. The jig was designed with édjustable stops (shown
in Fig. B) for centering specimens of different plate thicknesses up to 2 in. in
thickness. A disadvantage of the test with respect to the testing of mild steel
plate is that it requires a minimum plate thickness of approximately 1/2 in. 3
Thinner specimens tend to tilt and become unstable when loaded, which unduly
affects the test results or may even render performance of the test impossible.

Figure 6 indicates the arrangement for locating the loading roll midway
between the support rolls and, simultaneously, for lateral centering. The
centering .template is.also utilized in the inverted position to serve as the
hardened-steel knife holder, Figure 7 shows how the hardened-steel knife is
used to cold-press the 45° V-notch in the test specimen. The knife is made of
52100 steel, hardened to Rc 63/64, ground and hand-honed to a sharp edge.

The edge of the knife 1s located 3 mm above the top surface of the knife holder,
a close-up view of which is shown in Fig. 8. In applﬁng the load for cold-
pressing,. the Joading roil is removed to prevent deformation of the specimen
edge opposite the notch. The load is applied until the bottom edge of the speci-

men contacts the upper surface of the knife holder (as evidenced by sudden in-
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crease in load), thus .automatically pressing the notch to the required depth of
3 mm. A close-up view of a specimen in the process of being notched is shown,
in Fig. 9.

In order to avoid excessive change in temperature of a specimen during
the interval between removal from the conditioning bath and application of load,
it is considered desirable to have some means of quickly centering the specimen
in the bending jig with subsequent immediate application of load. Therefore, a
specimen, upon being removed from the conditioning bath, is banked against the
specimen thickness stops (previously described} with the notch simultaneously
centered midway between the support rolls by means of the index point shown in

FPig. 10; the loaci is then immediately applied,

PROCEDURE

For each sample plate, three specimens were tested at each of geven or
eight temperatures, selected so as to provide the neceséary data for development
of the transition curves., The longer dimension of the specimen was taken perpen-
dicular to the direction of rolling.

Some preliminarv experiments were conducted to determine whether it was
necessary to machine the longer edges of the specimen, It was found that & care-
fully made sew-cut was adeguate. The shorter edges were flame-cut. In this
connection, van der Veern recommends that when the longer edges have been flame-
cut, the width of the specimen blank should be 100 mm éo as. to provide an allow-
ance of 15 mm on each side for subseguent removal by machining to the finished
dimension of 70 mm.

The mechanism of cold-pressing the notch has ﬁb;ssem previously described.
The necessary loads to fully form the notch to the required depth in the 3/4-in.,
1-1/4 in. and 1-3/4 in. thick plates were in the ranges of 20, 000--25, 000,

30, 000~-35, 000, and 40, 000 to. 50, 000 lb, respectively. As a precaution against
.using a dull knife edge, no more than 10 pressings were made on the same area of
the knife before the knife was hand~honed for subsequent pressings. Microscopic

examination at 500 diam. of several notches showed no measurable radius at the
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root. The literature availlable on the van der Veen test does not contain direct
references on the effects of the cold-pressed notch on test results. However,
it indicates two advantages for the cold-pressed notch, namely:. 1} such a
notch simulates as nearly as possible the action of a natural fracture and 2)
the transition temperature determined by this notch is relatively independent of
notch root radius. 3

Specimens of the 3/4-in. and. 1-1/4-in, plates were tested in full plate
thickness in a.120, 000-1b capacity hydraulic testing machine equipped with a
pacing device for controlling the speed of the loading ram. A microformer-tvpe
deflectometer and. automatic recorder were employed to obtain the load-defiection
diagrams. The deflection under load was not measured directly beneath  the
specimen because of possible damage to the deflectometer, particularlv in the
case of brittle failures; rather the deflection was measured as the change in
distance between the loading heads, which is considered substantially eguivalent
to measurement of specimen deflection. This is especially true in view of the rela-
tively large magnitude of this quantity. Because of insufficient load capacity of
the testing machine described above, it was necessary to test specimens of the
1-3/4~1in. thick plate in a 600, 000-1b hyvdraulic testing machine. However, this
machine is not equipped with apparatus for atitomatic recording of the load-
deflection diagram. As.a result, the evaluation of the data was. based on the
criteria of "mm fibrous beneath notch” and maximum load. In all cases, the cross-
head speed was. 0.5 in./min, since it was found difficult to control the test at a
speed of 0.8 in./min as used by van der Veen.

For test temperatures below atmospheric temperature, the specimens were
conditioned in an alcohol bath contained in an insulated tank and refrigerated bv
direct addition of drv ice. For test temperatures above atmospheric temperature,
a water bath heated with an electric immersion heater was employed. The 3/4~1in.
and 1-1/4-in. thick specimens were held at temperature at least 30 min and the

1-3/4~in. thick specimens 45 min before transfer to the testing machine.



~13-

[ 12°0 o0t 00914 00919 * Bay
0t Lz 0 00"t 00099 00095
Q 0z 0 00°1 00214 00215 ne-
.................................................... O o ATTO_____ Q0L ____ 008k ___00SL%_ e
£ 0 6170 oot 000e¥ 000L¥ 1°2 9270 001 007es 00Z%Es - bay
0%l 9270 ogt1 006LF 006LY 0*1 £2°0 oot 00FIs 00%15
1] g1°0 a0t 00Z0¥F 00Z0% §°€ 62°0 00T o0gss Q085S 0
...... O ______.§I0______Q0'E_____0060F _______0060%_ ____0%%______§el0_____00°L______00s75_____005§25_ e
50 720 001 00ESy 00EsH L'¥ ZE"O 00T 00999 00999 * Bayy
1] 8170 00°1 000F 0002% §'9 ¥E£T0 a0 1 00984 0098S
870 £2°0 00T G089% 0089% 0¥ (B3¢ 00 I 00859 008549 07
..... 0T _____ %20______00°L_____002Ly_______00ZL%_ o _§€ _____08'0_____ 00T ______008S§_____00ESS_ e
£°sT 1€ 0 ¥8°0 00T1% 0066% * Bayy
0¥ £F"0 1570 00082 005%9
01 S2°0 041 00GL¥ 00GLF 0g
..... 0°1______¥erO_____00°L_____00k¥ _______00uL% P I
£T LY S£°0 ¥8'0 00T 0066¥ 57E7 9" 0 6L 0 00L¥F a0L9g * bay
VR § 7T 0 oot 1 000%¥% 000%¥ 0" Zg e’ 0 L9'o 0008E 00699
0"L 6¢°0 00" 1 00zes O0ZES g'8 9¢°0 00°T ooiLs 002.L9 oF
,,,,, 0'¥Y_____ €90 _____VSIO_____00L9T______ _00¥Z5_ ____00E 9870 _____O0L'0______0006E ___ 00655 _ I
£°9F 9% 0 6% 0 00TLZ 00LSS - bay
0" L¥ Ly 0 6% "0 009L7 00599
0°gg LF' 0 €L°0 0050¥F 0oEss 0s
..... 0°6S_ ____ BP0 ____ ¥I0_____002€1_______0028§_ o o
L*1§ ] FE'D 00181 O02ES 0°ze "0 849°0 00L0€ 009%9 *bay
0°29 oF"o £EE°D 00041 il 87) ot 1 £€2°0 00°T Q0Los 00LOS
n°és 0 FE'OQ 0068t 002%5 0" Ly 9e" 0 9Lt 0 00007 00295 09
..... 0°TS______Sh'O_____ SE’0_____008SI______ _00I¥S_ ____ D8y _____9gro______8er0______00slz____ 00895 _ e
L*8E GET D L¥°o QpEse o0ses T bay
0°89 ge' 0 ST°0 oots 005%4
0%Zs SETOD LZ2°0 00s¥%1 000%s 0L
U R S VECO______ 00T ______ 000£S ___ __ 000§S . ______
LFS 3 ] SE°0 0006T 00L%S 07e9 sE°0 8070 00EF 00289 *Bay
0rgg S¥°0 9E " g 0000zE 00E5S 0°89 9E£°Q s1° 0 0008 008eS
3 ¥S 9% 0 SE°O 00061 005%8 0" L9 ¥ET0 0 0 00224 o
..... 0SS __ ____€¥0______€ET0_____0008T _______00P¥S_ ____07T9 ____ RE'O______60°0____ 0005 ____ 00.£S_ e
0719 9€°0 010 ooLs 00¥5S *Bry
099 9t 0 270 007t 005%s
0 L9 1%°0 0 ol 00065 oot
n* o9 €0 60°0 ooong 00824
€980 I¥JH "dIvid ADIHL 'NI #/¢ 068257 Lvad 'divId A0LIHL NI ¥/%
Wi "UooN weT o7 wT wul FYo1oN LiiTqj o7 wT Ei
iresuag ‘U ‘pEOT abmavaln ¥ WU XE yiesusg *uy ‘peoT abBRARS]D) IWF WU Xe - dwg],
rary snoiqiy KR 1B k| “5qQT TpeoT eany SNoIql] "KRP 1B s 37T ‘pROl ‘ |l
70 yidag uovsliag o1 J0 yidag uctioeTisg o1

SAIvId TIIIS AOIHILI HONI ¥/¢ NO SISIL NIIA d43A NYA JO SITNSTH - II ITIVL



—14~

) 610 00°1 00£89 00ERY
0 710 00°1 00%65 00F65
0 92°0 00°1 00948 00982
...... 0 _______6F'0______00°T_____0089% _ ____ _00899_
€1 T 00'1 00758 00TES
02 £%' 0 00°1 00968 00968
0'2 FE°0 00°'1 00518 00518
|||||||||||||| 620 ______00'L_____0boosr__ ____ _0008L_
09 1570 00°1 00656 006%6
s's 9% 0 00°T 00€S6 00€56
s's 16'0 00°1 00LED 00LY6
..... 0L ______SST0______00°T_____00MB6____ __ _00i%6
€'ez 950 18°0 DOTEL 00£06
59T 850 9670 00506 0016
57 o0 00°1 00£98 00£98
||||| QXS ______6PT0______ALFC0_____00SZF __ __ __ _00906
817 56°0 ¥2°0 TooriL 00cEd
0°6 L5°0 00T 000%6 000¥%6
56 P60 1570 0008% 008¥%6
..... 'L ______€8°0______00°L_____g0eT6_______00ZI6_
112 F5°0 08°0 00LFL 001€6
01T §5°0 00°'1 002¥6 002%6
0° 7% €570 £9°0 00695 00116
..... 2°8¢ _____ RS'0_____ 8L7O0____ _000EL____ ___000¥56 _
L1s 750 %0 00LGE 008L8
0° 05 £5°0 $¥°0 0006€ 00888
0" 6% 05°0 6%°0 005T% 00968
..... 0'9¢______€S°0______Qe’0_____00892 __ ____ _00068 _
£° 95 8% 0 92°0 00027 00558
0°0% 05°0 BE"D 000%E 00528
0'L9 9%°0 0 o 00£¥%8
0°2s 6% 0 8E'0 0002€ 00L%8
£88¢07 IVAH ‘ALvld S0IHL NI #/1 1
W T4oj0N wq o1 3
ieauag “our ‘peoT wy abearaln 1Y WNWIXE W
BaIy SnoIqil 'XB 1B o TS ‘pEOT
10 yideg ite) WieTobgiety

92 0€" 0 00°'1T 00098 00098
4] Ze'0 001 000L8 000L8
4] ST'0 00°1 00LAD 00LA9
S €970 _____ 0 L______ 002T0T __ __ 002101
21 EE"D oot 00288 0ozes
1] 2270 0o°1 0099t 0099L
gz %0 00° T noeEgs N0eEg6
S 970 _____ 00°T______ 00968 __ __ _00968 _
€11 0¥ 0 66°0 00EDG Q0ETh
0°'T1 0F" 0 660 00GZ6 noseé
[(h 4 9c° 0 00T 00%06 00% 06
S S Io______ 86:0______ 00088 _ __ __ 00668 _
Z°¢l ¥¥'0 680 001%8 005%6
0°2 0¥'0 0o°% 00188 00188
g LT 9¥° 0 £9°0 00029 00926
R S 9¥I0______ 00°T______ 002201 __ __ 008201
£°92 S¥°0 6L°0 Q0024 00216
g*L LFT0 00" 1 00FZ6 BOFZ6
0°6¢ €7 0 ¥9'0 00085 0¥ 98
O PO ____ €L°0______ 00289 _____ 00LF6 _
08l ¥#'0 8L 0 Q00GL 00696
0'8 S¥'0 00°'1 0OGFOT DOTFOT
081 9% 0 ¥5°0 elelolile) 0ozZES
o_o8T_ I 6L°0______ 000PL _ ____ 00756 _
0 6% S0 BETD 00EgE 00TZ6
ST 8% €0 SETD oooile 00068
0" LY 9% "0 £9°0 Qogos 00sE6
U - SR Wl __.__ Q€70 ______ 00082 ___ __ 00656 _
LT 65 Z¥°0 FARS!] Q0FFT G0t 98
0°€gs TEFT0 GET0 0000% 00098
0°6S§ Z2¥°0 9["0 002¢1 G0FSe
0" L9 0% 0 0 0 009.8

068757 INIH '3I¥1d ¥OIHL "MI #/T1 1

W “UI10N wg o7 51
yieauag 'yl ‘pROT w sfeArRal W W Ke W
Rany 5004} "B 3R UM TS CpROT

0 Mdaq ucl10813eq

S9LVId T3IILS ADIHI HONI /T T NO SISII NIFA ¥IA NVA IO SITAST - III TIEVL

rdws]
LEREAN



-15-=

0TLo 849 €705 PR L V¥ S F1 0°¢ 0 abrioay

S S U S L L T 11 N 17 S 0% T 07T pion hEsied
0°Lo 0"L9 g*1g 0°19 0'€g 06° 02 0 Q BaIE STIOIqY T

0"Lo G°gg ¥ 0°09 0'TT §° 0T 0 0 10 yadag

009901 002011 006£2T 0QO0ZF1IT 0066TT QOT®TT 00966 00948 afbrioay

T T T T T T T T T T T o0vetT  C 000¥1T T 009521 00002l T T 000¥TT T T 00ZTel . 00¥se 0021% T T T TTTTT w7
000€01 00950T 002421 Q09211 009071 008211 0O0FLOT 00998 'sqi ‘peol

00¥%%+0T 000TIT 008021 QQ20TT 000¢721 00¥80T 000901 00061 WNUN KR

a 9¥1S ‘€88e57 1¥3H ‘dIVId JIDIHL "NI #/€ T

L' 19 £°499 L°Z¥% 49T g'¢g L0 g0 0 abelany
R N N T 5 T L 2 0 G T T T 0 T wu ‘ydlou yedusq
0°'¢9 0" 6% 0*6g 0°6T S ¢ 0°2 0 0 eale SNOIqlj
0°'99 0" 0% 0° 9% 0°GT 0°g 0 0°1 0 Jo nadeg
006721 00%€2T 00gL2T 0086271 00T6ZT 001011 00590T QoeET0T abeiany
000%21  00Z€2T  009s2T  0DeesT T T T T T TTTTTToogszl  00sz01 008221 00Z%6 7777 wy T
000921 000927 009T¢T 00FLZ1 0000LT 00F62T 00062 00F0TT *sq] ‘peol
008811 009TZT Q08¥%2T 000621 0098¢T 000E6 009LTT 00266 UINWX BN
¥ 9715 ‘€887D7 IVAH "IIVId ADIHL "NI #/% T

0°L9 L*gg £'¥2 0'T¢ S°TI1 g1 0 obeloay
0'L9  0°L9  o'pe  otes T T TN T T T T Ty T T T T 0 ww ‘yojou mieausg
0*L9 0°€E [t 2 0'2¢ 0°9T g7 0 BOIR SNOIJLY
0'L9 0°LG 05t 0°62 0*L 0 0 Jjo mdeg
00€9€T  0062¢T 00T LET 002%¥%1 00TT4aT 00LF21 009111 aberany
009TFT  008L2T  ©00Z8€T C000ZRT T T T T T T T T T TTTBOgesT T T T T T T T DoReZT  008TET T T T T T w1
00F0ET  0QOBOFT 0009¥%T DO0B¥FST 000¥FST 0098F1 002811 *sql ‘peOl
000%€T O0QO000ET 0020ET 008%¢T1 009S¥%1 00096 008¥F8 WNUITXR A
06987¢9¢ I¥IH ‘3IVId IOIHI "NI #/¢ T

0%T 0Z1 001 06 0g 0L 09 0¥ 0z 0 0o¢- Jd ‘rdwag 158y

*SHIVId TIILS ADIHI HONI #/¢ T NO SISII NITA ¥IA NVA A0 SITNSTY - Al TT4VIL




~16-

LOAD .
TYPE LBS LOAD~ DEFLEGCTION DIAGRAM FRACTURE APPEARANGE
100000 }
LM — =
75000 b }
oM
a 50000 |
ss000 Y TEST TEMP
+ 100 %
o
100C00 || 4
|
75000 | i e
b oM START OF CLEAVAGE
50000 b
TEST TEMR
25000 60 °F
g
100000
LM — —gae LG
75000 F i START OF CLEAVAGE
DM
C 50000 |
25000 Ti_S;OTfFMR
0
100000
o m = LM LO
v
d DM
50000
25000 TESTOTEMP.
0 °F
0
160000 |
73000 F . _ | msLC
e | START OF GLEAVAGE
50000 |fpm
TEST TEMP,
25000  20°F
0 H 1 ] I 1 1 1 1 1 | I 1
02 04 06 08 LO 12
DEFLEGCTION— INCHES
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(1 1/4 in. Thick Plate, Heat 2G2850, Lab, Code 241C)
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JABLE .V - SUMMARY OF TRANSITION TEMPERATURES.AS
DETERMINED BY TEAR TESTS AND} VDV SLOW-BEND TESTS

Transition Temperatures { °F)

Tear Test van der Veen Test
Fracture Transition Fracture T{gns_i_tjgn Ductility Transition

Start of Middle of 32 mm 0.7 Max,

Trans, Scatter Band Fibrous 1Lc¢/Lm Load Dm
70 60 57 54 5 g
70 hh 69 67 .14 9
90 75 95 - 4 e
60 50 42 40 33 35
90 85 87 85 17 22

120 105 91 - 7 -
90 65 61 - 1 -

%# Tear specimens of 1 3/4-in. thick plate reduced in thickness to 1.1/4 in. for

testing.
#kJamples

for tear and VDV tests were from different portions of plate (see Table I).
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RESULTS

Results of tests are given in Tables II, III, and IV. Typical load de-
flection diagrams and fractures are shown in Fig. 11. The transition curves
based on the data of Tables II, III, and IV are presented in Fig. 12 through 18,
The transition temperatures, as previously defined, have been indicated by
heavy crosses on the transition curves. It is to be noted from Fig. 12, 13, 15
and 16 that the alternative methods of determining transition temperature for
either ductility or fracture-appearance criteria yield substantially the same
results. In determining the ductility transition temperatures, considerable
scatter of the Lm and Dm values was encountered at the lower test temperatures.
In future work, it is planned to conduct a greater number of tests in this region
in order to better define the lower end of the transition curve.

A summary of the VDV and tear-test transition temperatures is given in
Table V. The fracture-appearance transition temperatures derived by both
methods show fairly close agreement, particularly if the middle of the scatter
band in the tear test is used as the basis of comparison.

Further analysis of the data will be made by R. W. Vanderbeck of the
United States Steel Corporation who has accepted the task of compiling and
correlating all data obtained on the same steel by the various cooperating lab-

oratories.
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CONCLUSIONS

On the basig of the limited amount of work reported here, the van der Veen
notched slow-bend test appears to provide an estimate of the fracture transition
temperature similar to that obtained in the Navy tear test. A ductility transition
temperature can also be evaluated by the van der Veen test, but during the present
study it appearad that more tests should have been conducted at lower temperatures
in order to permit more suitable selections of the ductility transition temperature.
Increased use of the van der Veen test should establish its correlation with the other
tests that have been used to evaluate the notch-sensitivity characteristics of ship-
plate steels. In this connection, the Material Laboratory is currently applying the
van der Veen test to samples of ABS ship plate under investigation at the National
Bureau of Standards as part of Ship Structure Committee Preject SR-139, "Joint
S8SC-AISI Study.”
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