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ABSTRACT

Eleven structural steels in a variety of conditions were tested
using the notched slow-bend (Kinzel) , Naval Research Laboratory (NRL)

- drop-weight and V-notch Charpy tests in order to develop a basis of
comparison for these tests.

In addition to- determining the Kinzel 1% lateral contraction transi-
tion temperature, the nil;duc;itiiity transition temberature (NDT) and the
Zharpy 10 ft.lb. temperature, use was madé of specimen fracture .;a;ppear'v-
ance after testing to help analyze the results of each test.

A correlation between the drop-weight NDT and the Kinzel 1% lateral
contraction tempera tures was found to exist when Kinzel specimen behavior
reflected the ability of the base material to prevent cleavage crack
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INTRODUCTION

.. Brittle failures of welded ships during the last World Wer have
led to extensive studies on the notch toughness of steels used in
'welded structures. Much helpful data have been accumulated.fram the
various notch toughness tests; however, many points of anfvsion exist.
These include intéfpretation of laboratory tests; correlation between
.the-Various laboratory tests and the correlation between laboratory
tes%s.and*serviee performance. While all the tests sh0w broad'agreement
;inﬁevaluatingythe;notch»%nghnesS of steel, the use of the many specimen
designs .and thé~varidusvtest'criteria have complicated the picture.
Most tests do not use & welded specimen which wdu1d’bé dﬁsirabie
when dealing with weld struecture. The Charpy V-notch impact test does
not incorporate a welded specimen, but it has thé?advantage of being
;easy~ta use and;it_re&dily.measures the response of the transition
"tem@erature‘tOvthe<various heat treatments. ©Several different criteria
have been used as a measure of the transition temperature in the Charpy

test. The most widely accepted is the 10 foot-pound level which has

been successfully correlated with service performance (1,2}, This cor-
relation was obtained from theVStu&y-Qf the ship fractures, where it
was found that & cleavege crack always started in a steel plate that
could not absorb 10 foot-pound of energy at the temperature of failure.
The Naval Research Laboratory (NRL) has developed & drop weight
- test using, essentially, an unwelded specimen (3,4,5,6). The test was

developed to measure thé "nil ductility temperature.” The nil ductility




temperature can be described as the temperature above which the amount

of deformation required to "force" the propagation of fracture increases

- rapidly with temperature and below which the specimen cannot stand a

small amount of deformation in . the presence of the sharp notch used in the
test. The actual specimen has a hard-facing weld deposit on the surface
This is used only as a means of developing a running cleavage crack

which is the sharpest obtainable notech.: Pellini and co-workers feel that

the heat affected zone under the weld does mot affect the nil ductility
temperature. They cite as evidence the ability to obtain the same nil
ductility temperature before and 'after heat treating a series of specimens
for one hour at llO(5°F. Pellini has been able to relate the nil ductility
temperature with the Charpy V-notch test (4). In \rimmed steels, the
Charpy energy leve‘l__did;. not exceed"] foot pounds at the NDT; in the
semi-killed steels the Charpy energy level did not exceed 10 foot pounds
at the NDT.

The l&S t test considered is. the Kinzel test (7,8). This test was
d.evelo'p_ed. to: measure the effect of wvelding on the transition tempera-
ture of the steel specimen. Murphy and Stout give two important factors
to consider when studying the effect of weélding on the Kinzel test
transition tempem ture. ’Ihese two factors are:

(1) the tendency of the weld zone to initiate .clee;vage failure,

(2) the ability of the base I:é,-tal to prevent propagation of cleavage

failure. ‘. \ L

This they show by the following schematic diagram.




Ti (A) unwelded

Ti Twz (B) welded

(C) welded

3
g5 8§
g

™ Twz (D) condition (C) postheated

Temp .

In the above diagram the symbols are defined as follows:
Ti = Temperature at which cleavage is initiated easily in unwelded

specimens. Defined here at 1% lateral contraction.

Lowest temperature at which the base material prevents easy
propagation of a cleavege crack and thus reises the lateral
‘contraction to 1%.

Twz = Highest temperature at which any area in the weld zone can

i

initiate cledvage failure.

In Figure (E} the arrow indicates where the'l%nlateréiédntraCtiOnn
transition temperature is located. This is for.&n unwelded specimen
and here the transition temperature is determined by Ti. Since these
are properties of the base metal they remain constant throughout the
remaining figures. In the last figure, (D), this is not true but the
change will usually not be appreciable.

In Figure (B) the weld zone is able to initiate & cleavage crack
between Ti and Tp. In this case it controls the transition temperature.

For the case in Figure (C) the weld zone can indicate a.cieavage

crack at Twz and the crack propagatés into the base material until

further propagation is prevented by the base material. Therefore,
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shear rings are formed in the'base material. Below Tp the propagation

of th%hcleavage crack cannot be stopped by the base materisl. Therefore,

Tp is the transition temperature. Postheating the specimen in Figure (C)

§ o 1owers Twz below Tp and it again controls the transition temperature.

% | In the work of Murphy and Stout the above could be seen by looklng

: | at the fracture surfaces of the broken specimens, .in which the condition
illustrated in Figure (C) was demonstrated by rings of fibrous failure
around the weld zone in the base metal from where the cleavage crack

E originates. As the test temperature is lowered these shear rings dis-
appear and the lateral contraction drops below 1%.

o~ In a few cases the influence of the weld zone was altered by the

presence of a tough material surrounding a more brittle structure isa the

heat affected zone. In this case ‘a cleavage craCK.could.be;stoppéd
by the heat affected zone, raising the lateralgdontraction abovevL%;

It was thought that the fracture surfaces might be of further interest

so the study of the fracture patterns is continued in this paper. Also
the disappearance of the shear rings or the "nil shear" temperature in
Murphy and Stout's paper wﬁs thought to be similar to the nil duCtility'
temperature of the drop weight test. This was investigated.

As a further study, a comparison between the 1l-inch span Kinzel test
and the T-inch span Kinzel test was made. -

The dbjectkgf'thisipaper is to try to correlate the different

tests described above. Points Of‘similarify~as well as differences

between the tests will be examined. It is hoped that the paper will.

lead to a better understanding of the tests and their interrelations.




MATERIAL

The steels used in this investigation were ordered. to A.S.T.M.
specifications except the 1#885, which has an American Eureau of Shipping
specification, and the T-1l, a steel developed by United States Steel
Corporation. |

The a.nalyse\s and tensile properties are given in Tables I and II,
respectively.

The E6010, E9010, ET015 and E12015 electrodes used were 3/16 inch
in diameter and ordered to A.W.S. specifications. The Murex Hardex N

is a special hard-facing electrode.

Apparatus and Procedure

The steels tested were received in large l-inch thick plates. These
were flame cut into smaller sections. A section, sglected at random,
was then cut into the desired test specimens:.

The normalizing treatment, for the Kinzel and the drop weight speci-

mens, was done in a reducing atmosphere at 16SO°F for one hour. The

normalized Charpy specimens were cut from the unstrained portion of a
broken normalized Kinzel or p weight specimen that had failed in a
completely brittle fashion.

| The A-302 steel was welded with EQO1O electrodes, ‘the U8s5 steel
welded with ET015 electrodes; and the T-1 steel welded with E12015

electrodes. The balance of the steels were welded with E6010 electrodes.

- The weld bead was always parallel to the rolling direction and was de-

posited using 170 amps and 28 volts, with the exception of the ETO15




and E12015 electrodes, which deposited weld beads using 190-200 amps

and 22-24 volts. The welding speed was approximately 6 inches a minute.
The Murex Hardex N' electrodes were used for the weld bead on t'/,he drop
weight specimens. This was deposited in the longitudinal direction uS].ng
a current of 190-200 amps with 22 volts and a welding speed of 5 inches
per minute. This left a moderately high weld deposit 2 inches 'loﬁg with
a hardness of Rch6. A1l welded ‘specimens were then set aside for T days
to age before testing.

The Charpy specimens were ground to standard dimensions and nqt“‘cj-r‘{ie;d‘
with the regular Charpy V-notch. The longitudinal axis of the specimen
was always parallel to the rolling direction of the plate and the notch
machined perpendicular to the plate surface. Testing temperatiires below
room temperature were obtained by placing the sample in an alcohol bath
and cooling the bath with dry ice to the desired temperature. Temperja.-‘ture,s.i
above room temperature were obtained by placing the sample in water
or glycerin and heating on an electric burner. After the specimen had
reached the desired temperature it was quickly placed in the impact
machine and tested The energy required to break the gpecimen was Te-
:'c:'o;_'z‘]'de d.

The Kinzel specimens were machined a.nd notched as shown in Figure 1
in the appendix. A testing span of 11 inches was used. Five series of
the regular T-inch span were also tested. The testing temperatures
were obtained by methods described above. The only difference being a
larger bath and, for the unwelded specimens, where the extra low tem-
peratures were obtained by using petroleum and liquid nitrogen. Measure-

ments were taken of the lateral distance 1/32nd inch below the notch




for each specimen before a’nd_a’tfter' testing. Any lateral contraction

less than l% was considered t6 indicate a brittle failure. The tempera-
| ture of the complete disappeara.nee of shear i‘ings in the weld zone or

5ase metal was teken as the '"nil shear" temperature. A 1oad-deflee‘tion

/

curve was obtained for each specimen tes_ted.
After testing, the 'fracture surface was '/examined"ia.'nd drawings made

of the shear and cleavage areas. An example is shown in Figure 3. Tre

top of the drawing represents the bottom of the notch. The first arc

at the top in the center represents the weld metal. Between the first

and second arc represents the heat affected zone. Shear is indicated

by cross-hatching; the cleavage is the- open portion (the rest of the
surface). The percent lateral contraction is given in the lower right
corner. The temperature at which the specimen was tested is placed at
The drop weight sp:ec:iimgn:s were tésted in an apparatus similar to
tha:tz developed at the Naval Research Laboratory, the major difference
being in the height. The height of the drop was limited to a little
over 8 feet because of the low ceiling. The falling weight was 100
pounds. This could be increased to 150 pounds by the addition of
two lead blocks placed on the top of the weight. The drop weight speci-
mens were of the same dimensions as used by the Naval Research Laboratory
(Figure 2), a testing span of 12 1nches and 3—1/2 inches wide. All specimens °
were 1 inch thick. The notch was cut with a milling cutter used in the
Charpy V-no.teh . The cleavage crack was developed by bending the hard

weld deposit in tension. The apex of the notch was always 0.070 inch

above the base meté,l.-:_ The e}!@rbon. steel specimens were allowed to bend
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& maximum of 0.30 inch when the falling weight struck them. The higher
strength alloy steels (48S5 and T-l) were allowed to bend 0.5 inch be-
cause the running cleave.ge crack was harder to start in those steels |
of high yield strength. The testing temperature was obtained as in
the Kinzel test, by d.ryhice and an alcohol bath.

By varying the testing temperature, the nil ductility temperm ture
(NDT) was obtained. If the running cleavage crack, developed at the
start of'bend.ing , ran through the specimen, the testing temperature
was below 1/:he NDT If the crack stopped in the xnaﬁi';e*rial and could not-
be broken by hand the testing temperature was ab‘ove. the NDT.

After the specimens were tested they were set a.side for a day.

The ductile specimens were then broken apart and the fracture surfaces

were examined. A thin rust film indicated where the running cleavage

crack stopﬁed. | These were recorded in a manner similar to the fracture
patterns of the Kinzel specimens. The top of the drawing represents
the top of the specimen and not the bottom of the notch as in the drawings
-eI" the Kinzel fracture surfaces. The line drawn around the weld zone is
where the cleavage crack was stopped. The testing temperature is indicated
at the side of the drawing.

Three serie-e of regular drop weight specimens were tested in the
ll -inc_h span Kinzel apparatus ds a further comparison between the two

tests. Tn order to maintain the same criterion as used in the drop

weight test, the specimens were assumed to have failed only when they -

fractured completely before 0.3 inch deflection was reached. The loading
rate was 2 inches per minute. The percent lateral contraction and the

nil shear were _obta‘.i;ned as in the Kinzel test.




RESULTS AND DISCUSSION

The various individual tests are plotted on graphs in the appendiX.
Teble III is a compilation of the transition temperatures for all the

steels in all conditions as determined by the three testiing methods.

Correlation Between the NDT and the _Ki.n‘z,:e’:l

Transition Temperature

In Figure 3 in the appendix the fracture patterns of the Kinzel
snd drop weight specimens are drawn for a representative steel. In the

Kinzel test at -20°F, the cleavage crack, initiated in the weld zone,

propagated through the entire specimen while in another Kinzel specimen,

at the same temperature, the cleavage crack did not propagate completely
through the specimen but chanhged into E:] -region. of shear. The region of
shear in the base metal caused the lateral cont:x"fac‘tii"o{n to rise above

1% . The l% lateral contraction and the nil shear transition temperature
for thls Kinzel series are both at =20°F.

In the drop weight tests, at and below -10°F, the cleavage crack

initiated in the hard-surfacing weld ran completely through the specimen.
One specimen at -10°F and those above this temperature stopped the

propagation of the crack in the base metal. The NDT for this series

is -10°F. Tt must be remembered that the fibrous areas are produced

after testing when the specimens are broken apart.
There was an obvious similarity between the fracture 'péttér;ﬁs .

In both series the resistance of the base metal to the propagation of

a cleavage crack was measured. There was also a high degree of correla-

tion between the two tests as shown in Figures 4 and 5 in the appendix




where the two regression lines* almost coincide. This similarity was
velid only for the particular steels plotted where the 1% lateral con-
traction was controlled by the ability of the base material to prevent

cleavege crack propagation.

Correlation Between the Charpy V Transition,

the NDT, and the Kinzel Transition

In Figure 6, the correlation between the Charpy V-notch 10 foot
‘pound transition temper ture and the NDT is shown. In Figures 7 and 8,
the correldtions between the Charpy V-notch 10 foot pound transition
temperature and the transition temperatures measured by the Kinzel test
are shown. The curve for NDT vs. the 10 foot pound transition tempera-
'ture.forﬂtheseyparticular steels shows 'an eicellent correlation; the
two regression lines almost coincide. The slopes of the lines are

not close to 45°; the Charpy V-notch transition temperatures fall faster

an the NDT as the notch toughness increases. The relative effect of
increasing the notch . toughness is shown in Figure 9. In all cases the
normalizing treatment decreased the Charpy transition temperature by at
least 25°F in the steels tested and the decrease was always more than
the NDT. In the A7 (RW) steel the NDT did not change. The Kinzel 1%
lateral contraction is even less consistent. In two cases A-T (W)

and A-201 (RB), normalizing increased the transition temperature and

for the A-201 (Y) and the A-285 steels ‘there was no change.

There is considerable spread in the point on the scatter diagrams

of the Charpy transition temperatures vs.. the l% lateral contraction

*See Appendix I.

10
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'transition'temperafuré“and_théinil shear temperature. The angle between

the regression lines is very large as compared to that between the Charpy
transition temperature vs. the NDT and the NDT vs. the Kinzel transition
temperatures. There is, however, a definite correlation between the two

tests.

Effect of Increasing the Test Span on Kinzel Transition

Temperature Correlation Between T-inch and 1ll-inch

Kinzel Specimens

The difference in the transition temperatures obtained by the
‘(-inch span and by the 1ll-inch spangKinzel.tests-(See‘Table IV9 can
- -possibly be explained by two factors. First, the energy aiaiiébiélfgf”wwuwm‘wm
propagate the cleavage crack is greater in the T-inch span than in the
1l-inch span. The moments in iﬁchprﬁhdsg'mEasured.tb the center of the
span; are almost the same in each test. To obtain the same moment the
T-inch span will require a greater force exerted by the testing machine;
therefore, more energy is stored in the,mAChine.andain.the specimen to
propagate the cleavage crack. .Second, the constraint is greater in the
T-inch than in the 1ll-inch span. This will tend to increase the severity

of the test which will increase the transition temperature.

/
Effect of Loading Rate on NDT

Tests were conducted on several steéels to determine the effect of
loading rate on the nil ductility temperature. Standard drop weight
specimens were tested in slow bending in the same manner the Kinzel

- specimens were tested. In order to maintain the same transition criterion

for the slow bend tests as the drop weight tests, the specimens. were

11
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assumed to have failed only when complete brittle fracture resulted

before & deflection of 0.3 inch was reached. Results of these tests

and the standard drop weight tests are reported in Teble V. The slow
| | .

bending of the drop weight specimens decreased the transition tempem ture

4O to 65°F below the standard NDT.

_Qonclusions

(1) There is a very good correlation between the nil ductility
transition as determined by the crack starter drop weight test and the
Kinzel 1% lateral contraction. The two regression lines almost coincide

with an approximate one-to-one correlation. This correlation is valid

only for those steels in which the behsavior of the Kinzel specimen

tested above the transition temperature is one in which the propagation

of a cleavage crack, initiated in the weld zone, 1s inhibited by the base

material.
(2) For most of the structural steéls tested, the Kinzel 1% lateral

contraction transition temperature was a manifestation of the ability

of the base material to inhibit propagation of a weld-zone-initiated

cleavage crack.

(3) For the steels tested here, fracture examination of standard

drop weight specimens indicated that the NDT was & true measure of the

base material notch toughness and was not affected by the heat-affected

zone beneath the weld.

(4) The correlation between the nil ductility transition and the
Charpy 10 foot pound is excellent, but is not a one-to-one correlation.

The Charpy 10 foot pound transition temperatures fall faster than the NDT

as the toughness of the steels improves.




(5) There is not a good correlation between the Kinzel 1% lateral
contraction transition temperaturé and the nil shear temﬁerature with the
Charpy 10 foo‘i';. pound transition temperature. Both exhibit the same general
trend but there is considerable scatter in the points.

(6) Decreasing the loading rate by testing drop weight specimens
in slow bending lowered the NDT by 4O to 65°F.

(7) The 7 inch span Kinzel specimen increases the 1% lateral cons=
traction transition temperature over that measured with an 11 inch span
specimen. This may be explained by t’he increase in constraint and the
added energy stored in the test system which is available to propagate

the cleavage crack.

13
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APPENDIX I

/

Graphical and Numerical Correlation

Between the Various Tests

i

The correlations between the various tests were analygzed statisti-
cally. The method is outlined below for the correlation between the Kfnzel
1% lateral contraction transition temperature and the nil ductility tempera-
ture (NDT).

Since either the l%_lateral contraction transjtion temperature,

or the nil ductility temperature (Figure 5) can be the variable and the

other the dependent variable, there are two regression-lines. The two™
- regression lines aré also plotted on the diagram. Regression lines are
least square lines, one& minimizes the error in the Y directign,(y'= 1.6 +
1.19x) and the second minimizes the error in the X direction (x = -0.4 +
0:.70y). 1If there were a perfect correlation between~therﬁwc'tranSition
temperatures the two regression lines would beéome.one_line. Therefore,

the slopes of the two regression lines are & measure of their correlation.

The coefficient of correlation is given by the following equation (12):

where b and b' are the slopes of the two regression lines. A perfect
correlation would be r =t 1. The significance of r can be obtained
used.

In this case, r = 0.914. The significance of correlation is greater

than 99.9% which is highly significant.
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TABLE T

Steels and Chemical Composition

Steel o | - % Composition | |
Spec.  Grade  (Code C Mn P s Si NI Cr Mo Other

+ —————— e — ‘- .~>: LR . eminirnr

A-T - RW .20 ST5. <009 .030. - - - - -
A-T . - W 27 .60 .01k 031 - - - 5 -
A-201 A RB 12 A8 010 .022 .18 - - - -
A=201 A Y 11 .51 -020 .02k 20 - - . -
A-212 B ch? ‘ .25 .66 020 £022 ‘.19- < - S

A-285 B RG .09 Wite .010 2031 - - - - -

oT

A-302 B H 18 1.12 .035  .033 .23 - - A5 o -

A-302 B B 20 1.32 .022  .030 .25 - - L2 =

S
O

.,006_ |

i

T-1 - R | 15 .93 015 .0%2 .27 .89 .48 .




Steel

A-T |

A-T (W)
A-201 (Y)
A-212 (XC)

A-212 (T)

*A&BOE(CEj

T-1.

TABLE II

Tensile Properties of Steels

AR

A.R. - As rolled
N. - Lab. normalized

:285200

38,700
39,500

41,400

28,700

27,600

38,000
36,400.
Ll ;_Moo_.
42,100.
21.,200.
33,000

k7,700

52,000

47,300

T.S.

68,800

58,900
80,200
79,000
56,400
57,800
56,300
58,700

71,700

72,900

83,300

51,600

95,400

85,600

83,300

légQBOO

l2316‘0'

M.N.
Q.&T.

% Elong.

Qn)
33.3

23.0
36.0
36:3
36.0

20.2

- 26.8

22:.1
13:9

% R-A.

63.2
67.8
52.3

76.8
69.2
61.5
63.5

66.2
55 ?
6.2

5765

- Mill normalized
- Quenched and tempered




TABLE IIT

Transition Temperatures Obtained by Four Testing Methods

Steel

A-T (RW)

A-7 (w)

A-201 (RB)

A-212 (T)

A-285

4

Condition

A.R.
.N.

A.R.

M.N.
M.N.

Q &T

A.R. - As rolled
N. - Lab. normalized

Kinzel

Drop

1% Lat. Nil- weight
cont. shear N.D.T.

+20°F +15°

+ 5 + 5
+20 +20

*25 +10

+25 415

M.
Q-

F + 5°F
+ 5
+35

V-
Charpy
10 ££.1b.

+15°F

+10

-210

N. - Mill normalized
&T. - Quenched and tempered




Steel

A@?iéf(Ké)

A-212 (1)

Load*

1bs

13f200
13,200
lu;BOO

13,300

11 Inchl Span

Moment
in-=lb

13,000

81,000

?35000

AT&BEE;IYJ

Trans
TEmp
°F

+20
410
+15

;25

Comparison Between Kinzel Specimens of Different Spans

Toad*
1bs

22,300
2&,000

28,800

22,300

7 Inch Span

Moment
in-1b

78,000

84,000
101,000

-78}00@2

Trans
Temp

+45

+20

'+§5

e 24,500 132,000  +100 39,400 138,000  +125

6T

'*LOadraf‘Whiﬁh:the cleavage.sﬁarts

[ 59




TABLE V

Standard NDT Slow Bend NDT
Steel Condition °F °F

A-7 (RW) As Received +5 -35
A-201 (RB) As Received -5 -60

”A5285' As Received | #+5; -60

20




Experimental Data for Steel: A-201 (Y)

Series: As-Received Welded 11 in Kinzel

Test Temp % Lateral Maximum. Shear
°F Contraction Load Rings

17,700 Yes
14,200 Yes
15,100 Yes
14,300 -
12,300 Yes
14,200 -
13,200 ~
12,200 -
13,200 -
14,000 -
12,600 Yes
13,600 -
13,100 =

30
20
20
20
10
10
10

0

o)

Q
-10
=10
=20

OO K OOOOOHHKHFIMN

1% Trans Temp +10°F
Nil Shear Temp +10°F

'Series:»_As%RQCEived:Drop Weight Series: Normalized Drop Weight

Test Temp Propagation of Test Temp Propagation of
°F Crack Stopped _F Crack Stopped

20 ~ Yes [¢) Yes
20 . Yes =10 Yes
10 Yes -10 Yes
10 Yes =10 Yes
10 No -20 No
(6) No. -20 Yes
-10 No -20 Yes
;‘30 ;N@

NDT +410°F NDT -20°F

Continued




é TABLE VI
: (Continued)

Experimental Data for Steel: A-201 (Y)

Series: As-Received Charpy Series: Normalized Charpy

Test Temp Energy Test Temp Energy
°F Ft Lb | °F Ft Lb

78 104 20 168
70 162 u - 10 130
60 102 i 10. 110
60 80 0 L5
50 36 . 0 30
50 30 - o} 32

50 21 o} 33
o 22 -10 1
30 15 -20 11
20 10 -20 13
20 12 | -30 &
20 14 -30
10 10 Lo
10 10 -ho 1
0 T -50
-20 5

W O \NN\O -

10 £t 1b level + 10°F 10 £t 1b devel -20°F

T B R AP R T R s M

22
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TABLE VII
Experimental Data for Steel: A-212 (T)

Series: As-Received Welded 11 in Kinzel Series: As-Received Charpy

Test - Test
Temp % lateral Maximum  Shear Temp Energy
°F Contraction Ioad Rings - °F Ft Lb

14,000 Yes 175 L8

70
70

15,100 Yes 146 38
14,200 Yes 125 23
14,200 Yes 103 17
14,000 Yes 100 20
1k,300 Yes 90 17
15,000 Yes 90 13

12,700 Yés 80 13
14,300 Yes 80 12

13,600 Yes 68 12

13,100 Yes 60 11

12,900 Yes 60

13,700 Yes S5k

13,400 - - 50

13;300 . ko

13,600 ' Yes

2

OO0 OO0OO0OO0OOOKHHOOHO K

BBEE 558838888
OO\ C0-J B3O 00 1= R~ = 20 o

1% Trans Temp  6O°F 10 £t 1b level 60°F
Nil Shear Temp 25°F

Series: As-Received Drop Weights

Test Temp Propagation of
__F Crack Stopped

50 Yes
4o No
Lo Yes
Lo Yes
ﬁ3@. No
30 Yes
20 No
0 . N

NDT 15°F B

23
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TABLE VIII
Experimental Data for Steel: A-212 (KC)

Series: As-Received Welded 1l in Kinzel

Test Temp % La.ceral Maximum Shear
°F Contraction Load, Rings

Lo
Lo
*hQ
30
30
30
20
20
20 .
~10
10

ﬁ 16,200 Yrs
15,000 Yes
17,200 Yes
15,800 -
15,600 Yes
15,300 Yes
14,700 Yes
15,800 Yes
14,900 -
14,900 -
15,100 -
14,800 =

CooOKRISHEONN
15 o do o o o 50 o n

1% Trans Temp  +25°F
Nil Shear Temp #15°F

Series: Normalized Welded 11 in Kinzel

15,600 Yes
15,000 Yes
15,100 Yes
15,600 Click
15,500 Click
14,100 -
14,800 -
151100 =
15,000 -
1k, 700 ~

10

10

10

0

0

-10

3 ..lo

OO O0OOOQKHKHHKFH
N V1003 08 N X ON

15 Trans Temp +5°F
Nil Shear Temp +5°F

Continued.
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 TABLE VIII
(Continued)

Experimental Data for Steel: A-212 (KC)

Series: As-Received Drop Weight Series: Normalized Drop Weight

Test Temp Propagation of Test

Temp Propagation of
F Crack Stopped __F )

Crack Stopped

30 Yes 20 Yes

- 20 Yes 10 Yes
20. Yes 10 Yes
20: Yes 10 Yes
100 . No " No
106 No No
10 No No

(6} No

el eNC)

NDT 15°F NDT 5°F

Seriés: As-Received Charpy Series: Normalized Charpy

Test Temp | Energy Test Temp Energy
P Ftlb _ P Ftlb

185 93 165 105
165 80 . 140 98
125 52 100 83
100 69 75 ;
53 18 30 38
Lo 33 20 36
) 16 10 18
30 12 10 27
- | 30 35 0 1
30 13 0 13
10 9 | -20 12
10 8 =30 8
0 6 -30 9

10 ft 1b level 10°F 10 ft 1b level -25°F

25




TABLE IX

Experimental Data for Steel: T-1

Series: Quenched and Tempered Drop Weight

Test Temp Propagation of
F Crack Stopped.

- =T0 Yes
-80 Yes.
-80 Yes
=80 Yes
-90 No
-90 | No

=90 No

-100

No

NDT "BSOF |

26




TABLE X

Expérimental Data for Steel: Uu8S5

“Mili‘Normalized‘Drop Weight

Test Temp Propagation of
°F - ; Crack Stopped

0 Yes
-lo Yes
=10, Yes

NDT -15°F

27
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TABLE XI
Experimental Data for Steel: A-302 (B)

Series: Mill Normalized Drop Weight

Test Temp Propagation of
°F . Crack Stopped

+20 : Yes
+10 Yes
+10 Yes
+10 ' Yes
0 No
0 o
0 Yes
=20 Yes

o8
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TABLE XII

Experimental Data for Steel: A-285

Series: As-Received Welded 11 in.Kinzél

Test Temp % Lateral Maximum Shear
°F Contraction Load Rings

16,100 -
14,200 Yes
14,100 Yes
13,600 Yes
13,500 Yes
11,700 Yes
11,600 Yes
f 3)hOO -

20
20
10
10
0
o
=10
=10
=20.

11,800 -
'115200» Yes
12,900 -
11}7QQ. -

‘C?C5F4C)C)PJ$JEJF¢kJFJn)
+F 0O \N0W I a3 o

1% Trans Temp  -15°F
Wil Shear Temp -15°F

Series: NbrmalizedjWeldbd.ll<ingKingel

10
10
0
0
-10
-10

~10

-10

| -10
=20

-20.

~20

=30

-30

13,200 Yes
15,400
123000 -
15,100 Yes
12,200 Yes
11,400 Yes
11,200 Yes
1211“ -
12,200 Yes
12}3@0 -
11,100 Yes
12,900 -
;lg}?QOf i
12,200 -

COO0OO0O0OOOWO R KWN M
AT W OVOY WD B B ) OGO RO

1% Trans Temp  -15°F
Nil Shear Temp -15°F

Continued
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Table XII
(Continued)

Experimental Data for Steel: A-285

Series: AS‘R¢C¢iV?d“DPOP Weight

Test Temp | ~ Propagation of
_°F Crack Stopped

20 Yes
20 Yes
20 Yes
10 - No
10 No
10 No
10 Yes
6] Yes
9] Yes
0 * > No
Q: No
=10 No
-10 ) No
-10 '* No

Series: ;Nb:mglizgi_Dr@p;Weight

0 Yes
0 Yes
O Yes.
-10. No
~-20 No




- TABLE XIT
(Continued)

Experimental Data for Steel: A-285

~Series: Normalized Charpy :

‘ Energy ]
Test Temp Absorbed i
°F Ft Lbs |

185 152
110 104
95 &
8 67
57 28
rh5' 28;
302 21
30 17
20 | _13
15 10
10 9
10 10
o
-10
20
-30

OV ONO

Series: As-Received Charpy

155 29
140 85:
132 87
120 95
96 33
65 21
60 18
€0 15
50 18
50 13
ko 9
Lo 12
ko 12
30 8
30 10

20 * T

| 6

T

4

3

L 1| —

10:
10

o)
-10




TABLE XIIT
Experimental Data for Steel: "A-302 (H)

Series: As-Received Welded 11 in Kinzel

Test Temp % Lateral Maximum Shear
°F .Contraction Load ~ Rings

23,800 -
2l ;900 ~ Yes
2L, 600 Yes
25,000 -
24,900 -
22,800 -
23,000 -
23,600 -
22,400 | -
22,800 -

110
105
100
100
9 2.
%

e R I s AYORC VLY

1% Trans Temp  100°F
Nil Shear Temp 100°F

Series: Normalized Drop Weights

Test Temp Propagation of
P Crack Stopped

20 ~ Yes
0 Yes
=10 Yes
-20 Yes:
=20 No
30 No
-0 No

NDT -20°F

Continued. .
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Series: As-Received Cha_r:g_y_

Test Temp
°F

<

TABLE XIII
(Continued)

Experimental Data for Steel:

175
146
120

90
80
€0
50.
Lo
)+O
30
30 .
30
20
20
20
10
10
10
O
€]

Energy
Ft Lb

58

35
18
23
17
12
20
15
13
20
10

O\ o= I:S |

10 ft 1b level +10°F

33

A-302 (H)

Series: 'Normalized Charpy

Test Temp

Th

60
50
30.
20

0
-10

Energy

Pt Ib_

o0

-0
=50
- "5 O:

10 ft 1b level

38
Lo
36
30
26
20
13

6

~ “\O \@




TABLE XTIV

Experimental Data for Steel: A-T7 (W)

Series: As-Received Welded 11 in Kinzel

Test Temp % Lateral . Maximum Shear
°F Contraction Load Rings

60
60
50
50
30
20
20
10
10

10}

0

14,400 Yes
13,700  Yes
1k, 4oo Yes
14,200 -
12,600 _.~ Yes
13,400 Yes
13,000 -
13,400 Yes
_lB,SQO' &
13,000 -
12,900 T
13,700 - =

OOOOHOKEIEOOO

1% Trans Temp +20°F
Nil Shear Temp +20°F

Series: Normalized Welded 1l in Kinzel

4o
Lo
30
2

13,500 Yes
12,600 Yes
13,000 Yes
13,500 Yes
12,800 Yes
14,200 Yes
12,5400 Yes.
13,600: -

13,400 -

13,760 =

20
10
0]
f@:;

eNoNeNol tH el ool ol
FREE] O Nw

1% Trans Temp +25°F
Nil Shear Temp +10°F

Continued
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TABLE XIV ‘
(Continued)

Experimental Data for Steel: A-7 (W)

Series: As-Received Drop Weight / Series: Normalizeﬁd Drop Weight:

Test Temp Propagation of Test Temp Propagation of
°F Crack Stopped _°F Crack S;opped

4o Yes 30 Yes
ko Yes 30 Yes:
Lo Yes 30 Yes
30 No - 20 No.
30 No 20 No
20 Mo 10 o

NDT '. +35 OF NDT +25 o F

Series: As-Received Charpy

Series: Normalized Charpy

Test ‘Temp

nergy Test Temp Energy
N ;Mmu“ﬁlwbaMwMme%W»:mjfi‘; 1h.. .. om:

175 58 70 ol
1h5: b3 60 11
125 30 60 21
100 25 60 30
100 22 50 16
90 16 50 - 13
90 17 50 1k
80 15 40 8
80 13 Lo 1k
68 12 Lo 10
60 : 11 - 30 11
20 T
20 e
10 L
10 ki
ly

I

35




TABLE XV
Experimental Data for Steel: A-201 (RB)

Series: As-Received'Welded 11 in Kinzel

Test_Temp‘" % Lateral Maximum Shear
°F Contraction Toad Rings

L) Did not break
0] Did not break
-10 2 17,.300 Yes
-10 12,700 Yes
=20 13,700 Yes
-20 12,100 Yes
-20 12,400 Yes
-30 12,000 Yes
=30 21,000 =
=30 13,500 Yes
-ko 13,800 No
=lo 13,400 No

o O\ O\ 0N O

1% Trens Temp  -30°F
Nil Shear Temp -30°F

|..J
N
(D
Q.
=,
@
|._J
oY
(D
o
'..J
=
o
}_J
=
S
(D
}._J

‘SﬁriESJ NQJw:fif;f fg§_'

20
0
0

-10
-10
=10
=20
-20
=20
ASQ
-30
ko

18,400 Ye's
13,800  yes
14,800 Yes
o Yes
14,100 Yos
13,500 Yes
13,400 -
13;600 ’ Yés
13,200 _
lonOOZ -
13;600 _
13,900 .

0000 FOFVWIID
NG £ =3 = 0O &3

1% Trans Temp  ~20°F
Nil Shear Temp -20°F

Continued
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TABLE XV
(Continued)

Experimental Data for Steel: A-201 (RB)

Series: As -Received Charpy Series: Normalized Charpy

Test Temp Energy Test

Temp Energy
°F Ft Lb_‘ 1

Ft Lb

T3 122 57 - 20k
€0 162 30 207
50 22 30 207 -.
50 : 82 20 116 :
Lo 20 10 39 |
Lo 17 9) 29
30 11 -10 21
30 17 -10 29
20 | 13 =20 17
10 -30 7
Q =30 12
#lO' ého T a4
“ho

V1 =J 0O\ \O

Ui oo

10 £t 1b leyel +15°F 10 £t 1b level =30°F

37




Experimental Data for Steel:

TABLE XV
(Continued)

Series: As-Received Drop Weights

Test Temp

+10
0
Q
-10
-10
-30

-20
-30

Propagation of

" Crack Stopped

NDT -SOF

Series: Normalized Drop Weights

0O

=10
=10
-20
-20
-20

NDT -10°F

Series: As-Received - Slow Drop Weights

-20
_Lo

40
-50
..,'
-.'-:f
=70

NDT -60°F

Yes

Yes
. Yes
No

No
No
No
No
No

Yes:
Yes
Yes
Yes
No

No

No
No

Yes
Yes
Yes.
Yes:
Yes
No




e
Experimental Date for Steel: A-7 (RW)

Series: As-Received Welded 11 in Kinzel

Test Temp % lateral Maximum Shear
L Contraction Load Rings

/ o \\'51
50.

o

30

30.

30

20

20

20

20

10

jl@

Q

15,600 Yes
14,100 Yes
16}600’ -
16;300_ Yes
15,000 i
12,800 Yes
15)000' | Yes
13,000 Yes
l375©O- -
13,200 -

OCOCOOROFENMHEOHE P
PG AC IV RS FRC RV FITRE BN

Nil Shear Temp +15°F

Series: Normalized Welded 11 in Kinzel

20
20

15,500 Yes
13,500 Yes
13,800 Yes
13,500 Yes
15,600 Yes
13,700 Yes
14,000 . -
13,800 Yes
13,700 Yes:
134900 -
13,700 -
13,300 -

}—J
O
Goatn b b o o i o

- H 1% Trans Temp +5°F
Nil Shear Temp +5°F

% | ;394




Series:

Series:

TABLE XVI
(Continued)

L

Experimental Data for Steel: -A*7"fRW)

As-Received Drop Weight

Test Temp Propagation of
| °F Crack Stopped

Lo | Yes
20 Yes
10 Yes
10 Yes
10 , Yes
0 No
(0} No:
=10 No

NDT +5°F

Normalized Drop Weight

20 Yes'
10 Yes:
10 Yes.
10 Yes
o Yo
0 No
0 No
-10 : No

NDT +5°F

Lo




TABLE XVI
(Continued)

Experimental Data for Steel: A-7 (RW)

Series: Normalized Charpy ~ Series: As-Received Charpy

Test Temp Energy ~ Test Temp Energy

F Ft Ib °F Ft Lb

150 107 71 100
125 93 150 92
105 n2 125 92
83 8o . 105 79
21 S [ '
L5 | >3 61 L6
30 B 50 18
30 20 ko 20
30 30 Lo 1k
20 17 30 12
10 13 20
0 11 10 i
-10 8 10 8
6
8

-10 10 ¢
-10 10 | 0
-20 T
-20 6
=30 8

10 £t 1b level. -10°F | 10 £t 1b level +15°F

41
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S NUOTCHEL - 45° VERTEX ANGLE
' O.0iC IN. VEKTEX RACIJU> WITH

.;3',;44

VERTEX OO70IN. ABOVE PLATE
SURFACE.
Hakuy
WELD DEFOSIT ~
I IN.
= I
/ / 3.5 IN,

6 IN —— —6 IN. —— ——— - 6 IN.

Flo.a« DROP WEIGHT SPECINEN.




KINZEL °F DROP WEIGHT

\\_./’ | . \\ // ﬂ

- 20

039

- 20

4.4?{1

- 10

s g
77 - 10
5.1% | LT 7277777 77 |

7

/// // o /;/ %
% g g /////// , é// i
20777 Z, 70
] crRYsTALLINE VA FIBROUS

FIG.3 TYPICAL FRACTURE PATTERNS FOR KINZEL AND DROP -
WEIGHT SPECIMENS TESTED THROUGH THE TRANSITION RANGE.
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