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PREFACE

The Navy Department through the Bureau of Ships is distrmutirg this
report for the SHIP STRUCTURE COMMITTEE to those agencies and individuals

who were actively associated with the research work.

This report represents

results of part of the research program conducted under the Ship Structure
Committee's directive to "improve the hull structures of ships by an ex~
tension of knowledge pertaining to design, materials and methods of fabrica-

tion",
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ARSTRACT

This report covers work d;ne from March 1, 1949, to October 15,
1950.

An investigation of the-underbead cracking tendency of forty~one
heats of ABS Classes "BY and "C" hull éteels ﬁas conducted, using the
Battelle underbead cracking fest. :

One of the steels studiéa‘was-a peening-project steel received
from the American Bureaﬁ.of Shipping. It vas nét erack sensitive.

Eight ABS Glass'B“steelé received from David Taylor iodel Basin
were not crack sensifive. |

| Ten Class "B" steels and eigh# out of ten Class NC" steels received

directly from steel company A were not ecrack sensjtive. One Class "C" steel
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gave 36 per cent underbead cracking, and another gave 16 per cent underbead
cracking by the standard Battelle underbead cracking test.,

Six Class "B" and five of six Class "C" steels purchased from
steel company B were‘ﬁot crack sensitive. wOne Grade "C" steel from this
supplier cracked 15 per cent in the underbead cracking test.

To study whether these erack-sensitive steels would give trouble
in service, large tee-joints were prepared to simulate ship~welding
conditicns. Nine heats of Classes "BY and "C" steels in & total of
thirty-five tee joints were tested, using various test conditions,

A1l of the tee=joints cracked except one joint made in 7/8-inche
thick Class "B" steel. The amount of teé-joint eracking appears to in-
creagse with underbead cracﬁ semsitivity., The tee-joint cracking was
reduced by a 400 F preheat and by a homogenization treatment of the steel
before welding. When a balancedlwelding sequence was used in'welding toe=
joints no cracking resulted. |

Low-bydrogen llme-ferrltlc e;ectrodee were uged to‘veld tee=joints,
When these electrodes were ueed, crecklng in the tee-geints was 1ncreased
1nstead of reduﬂed 45 was expected ot the baSlS of experlence w1th low-
hydrogen electrodes and underbead cracklng.: |

In an attempt to explain the tee—goint crecklng, other studies
were coeducted. These 1nc1uded a study of the tensile properties normel
to the plate surface in the "Z" dlrectlon, notched bar tests, and a study

of bandlng. There was no correlatlon found between data obtalned by these

teste and the cracklna of tee JOlnt spe01mens.
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Further study of tee=-joint eracking is needed to provide informa=-
tion from which field control procedures can be written, and to furnish
the fundamental irformation which is necessary to understand why this

type of cracking occurs,

IHTRCDUCTION

This is the fifth progress report.on the investigation entitled,
"Evaluation of Improved Materials and Methods of Fabrication for Velded
Steel Ships", being conducted for the Ship Structure Committee (Project
SR-100}, under the Favy Department, Bureau of Ships, Contract NObs«43015
(1773), Index o, HS-011-067,

The fi;st objective of this phase of the investigation was to
determine the unaerbead cracking tendencies of forty-one heats of ARS
Class "B" and "C" hull steels using the Battelle underbead cracking test.
The second objective was to determine whether the more crack-sensitive
heats would give trpuble in service, as measured. by large tee~-joint specie
mens wiieh simuiated ship welding conditions.

This report describes the details of the crack-sernsitivity studies,

the tee-joint. tests, and the supplemental studies which were conducted.



Steels

One heat of ARS peening-projeét steel in plate thickneséesAof
1/2 inch and 1 inch was received from the American Bureau of Shipping.

Eight heats of ABS Class "B" hull steels in plate thicknesses
of 3/4 inch were received from the David Taylor Model Basin.

Twenty heats of Classes "BY and "C" hull steels were purchased
directly from stéel company A, Plate thickiiessés were 1 inch for Giééésﬁg"
steels -and 1-1/8 inches to 1-1// ‘inches for Class "C" steels.

‘ Twelve heats of Classes "B" and "C™ hill éteéls ﬁerejpurchasad
directly from another steel company B. Plate thicknesses varied from 15/16
inch to 1 inch for Class "B" steels and from 1-1/8 to 1-5/i6 inches for
Class "C" steels. - ‘ “

A11 ‘steéls ‘from Companies A-and B passed Lavy inspection prior
to being sent to Battelle, These were production steels and were picked
at random, Some were selected because the carbon and mangahése'were
considered to be on the high side of ‘the ABS specifications and might
'give trouble in séivicé; A control steel designated as Z;lB, Héat Num=~
ber 55P321; was used as a control throughout this iﬂvéstigéfion. This
steel has been used in other investigations, and was known to be crack
sensitive. In previous work, it cracked 11 to 24 per cent in the Batéelle
underbead~cracking test.

The heat mumbers, mechanical properties, and chemical composi-

tions of these steels sre listed in Table 1.



TABIE 1. STRENGTH, CHEMICAL COMPOSITION, AND UNDERBEAD CRACKING
DATA ONW ABS CLASS B AND C HULL STEELS

Ultimate Carbon Average
Plate Yield Tensile Elonga-~- Egqulwalent, Underbaad
ABS Thickness, Heat Source of Strength, Strength, tion, Chemical Composition, %(1) o + Mn o+ 83 Grafk'ng,
Clase In. Hunbeyr Supply 1000 psi 1000 psi % c ¥n Si P 5 4 A Z le
3 1/2 512740 ABS Peening 38 64 31 0.19 0.73 0.040 0,012 0.032 0.39 1
B 1 512740 Project 38 63 29 0.19 0.73 0,040 0,012 0,032 0.39 1
Control 7/8 BMI Z-13 -~ — _— 0.18 1.18  0.28 0.017 0.033 0.55 6
B 3/4 41T514-15 Model Besin L2=44 65-67 25-29 0.22 0,58 0.09 0.012 0.035 0.39 0
B 3/4 52V011F-15  Ditio 35-37 59-61 2629 0.17 0,60 0.06 0,014 0.024 0.34 0
B 3/ 52¥011C-6 n 35-37 59-61 24,~30 0.18 0.61 0.06 ©.011 0,027 0.36 1
B 3/4 561549-15 n 35-39 58-62 28-31 0.19 0.46 0.07 0.015 0,038 0.3 1
B 3/4 50T533-15 " 37-42 64~66 27-30 0.26 0,50 0.06 0.0l 0.035 0.40 1
] 3/4 60V0250-9 H 37-39 61-62 27-29 0.19 0.66 0,05 0.014 0,041 0.38 1
B 3/4 461554015 " 42=A4 67-68 25-28 0.21 0,93 0,07 0,012 0,046 0.46 2
B 3/4 LET554F =15 o 39-42 6465 27-29 0.20 0.95 0.07 0,015 0.046 0.46 2
Control 7/8 BMI Z-13 -— —_ —_ Q.18 1.18  0.28 0.017 0.033 0.55 8
B 1 67P239-1  Company 38 63 30 0.21 0.78 0.022 0,016 0.040 0.41 i
B 1 70P216~1. 36 63 34 0.20 0.76 0,019 6,018 0032 0.40 1
B 1 T2P236m1 Ditto 37 65 3l 0.23 0.76 0.021 0.034 0,046 0.43 1
B 1 71P235-1 Ll 39 66 30 0.24 0.77 0,038 0,012 0,035 0.44 3
B 1 69F259-1 " 37 66 30 0.21 0,78 0,033 0.026 0,038 0.4 4
B 1 73P229-1 n 37 66 29 0,22 0.77 0,036 0,024, 0,037 0.42 4
B 1 66F24,5-1 n 7 6 27 0.21 0.90 0.031 0.016 0,040 0.44 5
B 1 73P221-1 n 36 64, 3R 0,21 0.83 0,022 0,017 0,035 0.42 5
B 1 66P243-1 n 39 &6 31 G.22 0.84 0,027 0,016 0,033 0.44 6
B 1 2402661 " 37 &7 28 0.22 0.7, 0,028 0,018 0.035 0.41 7
c 1-1/8 717200-1 Ll 39 65 32 0.17 0.80 0,21 0,028 0.031 0.42 040
¢ 1-1/8  71P207-1 n 40 68 29 0,18  0.90 0.22 0.036 0.034 0.46 1
c 1-1/8 £9P232-1 n 37 &2 27 0.18 0.84 0.2, 0,03 0,031 0.45 2
c 1-1/8 66P0L6-1 " 42 68 29 0.20 0,90 0.20 0,030 0.039 0.48 2
s 1-1/8 21P176-1 n 43 71 30 0.20 0.87 0,23 0,034, 0,030 0.47 3
c 1-1/4 66P192~1 H Al 67 33 0.19 0.85 0,21 0.034 0,031 0.46 132
c 1=1/4  TRP194-1 h 43 68 28 0.17 0.76 0.19 0.022 0,029 c.41 2
c 1-1/4  19P180-1 n 40 70 26 0,18 0.78 0,21 0,030 0,036 0.43 2
c 1-1/4  21P169-1 " 42 73 27 0.18 0.96 0.24 0.020 0,030 0,48 16320
c 1-1/4  66P193-1 n 38 72 k 1] 0.20 0.96 0,24 0.030 0,034 0.50 36;39;46i3)
135
Contrel 7/8 BMI Z-13 —_— —_— —_ 0.18 1,18 0.28 0.017 0,033 0.55 3;7




TABIE 1. (Continued)

Tltimate Carbon Average
Plate ~Yield Tensile Elonga- Equivalent, Underbead
LB3 Thickness, Heat Source of Strength, Strength, tion, Chemical Composition, %E}[“ﬂ ¢ +Ma+ 81 Crafking,
Class In. Yumber Supply 1000 psi 1000 psi A £ n S1 P g 7 4 (2)
B 13/16 69Y609 Compeny 38 &2 27 0,16 0.68 0,05 0,010 0,026 0.34 1
B
B 7/8 61Y=72 Ditto 35 61 2 0.17 0.71 0.05 0,016 0.027 0.36 0
B 7/8 66Y583 " 33 61 30 0,18 0,84 0.05 0.011 0.025 0.40 0
B 7/8 21Y546 n 36 61 1 0.16 0.75 0.05 0.012 0,026 0.36 0
B 15/16 58Y598 Ul 38 65 26 0.12 0,75 0.05 0.012 0.021 0.38 1
B 1 83Y578 " 3, 63 28 0.17 0.70  0.05 0,011 0.0% 0.36 1
c 1-1/8 731596 " 39 64, 26 0.14 0.79  0.25 0,010 0.026 0.40 030
c 1-1/8  75Y592 L 39 70 26 0.20 0.8 0,21 0.013 0,020 0.47 11319
c 1-1/8  71Y354 H 40 70 25 0.15 0.629 0,21 0,012 0,028 0.38 15524
C 1-1/4  74Y590 f 35 62 29 0.14 0.67 0,18 0,010 0.028 0.35 0
C 1-1/4 71Y593 " 38 68 26 0.18 0.75 0.19 0.010 0.024 0.42 0
¢ 1-5/16  73Y¥486 n 39 65 27 0.15 0.75 0.25 0,013 0,026 0.40 0
.Control  7/8 BMI Z-13 - —_ —_ 0.12 1,18 0.28 0.017 0,033 0.55 1436

(1} 11411 check analysis with the exception of the peening-project steel. This analysis is from ladle.
{2) Duplicate values appearing in the column represent the average underbead cracklng obtrined in check tests,

{(3) In initial tests, the average underbead cracking was 36 per cent. In check tests, one series of snecimens had 1/16 ineh machined from the
plate surface befors welding. The average underbead cracking for thils series was 39 per cent. In a second serles of check tests on this
steel, five specimens were welded on one side of the plate surface and five were welded on the opvoslte surface. The average underbead
eracking was 46 per cent.

{4) A series of specimens using low-hydrogen electrodes cracked 1 per cent., Another series, homogenized 5 hours at 2350 F and followed by
normalizing at 1600 F, cracked 5 per cent.



-7 -

Electrodes
Electrodes used in this investigation included 1/8- and 3/14-
inch-diameter Class BE6010 electrodes, and three brands of E7015 low-
hydrogen electrodes. One of these brands conformed to Department of

Defense Specification MIL-E-986 (Ships) for low-hydrogen electrodes.

TESTS WITH BATTELLE
UNDERBEAD CRACKING SPACIMEN

A series of Bgttelle underbead cracking specimens was made for
each of the forty-pne heats of steel, and the control steel.

Specimen Prenaration

Strips long enough to meke ten specimens were flame cut from
the plates. The 2~ by 3-inch test specimens were saw cut from the strips
with the direection of rolling parsllel to the 3-inch dimension. Specimen
surfaces were grit blasted prior to welding to remove mill scale, rust, or

other contaminators.

Welding
Weld beads were deposited by automatic welding along the longi-

tudinal centerline, as shown in Figure 1. The following welding schedule

was used:
A8 electrode classification E6Q20
Electrode diameter, inch 1/8
Amperes S6=100
Volts 24 =26
Speed, inch/minute 10
Effective length of bead, inch 1-1/4
Weld time, seconds 9
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FIGURE | . DETAILS OF BATTELLE UNDERBEAD-
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During welding, all specimens vere immersed to within 1/8 inch
of the top surface in water at an inltial temperature of 70 F. o more

than a 4 F rise in water temperature was permitted.

Aging and Stress Believing

Following ﬁélding, all specimens were aged at room temperaﬁure'
(55 F to 85 F) for twenty-four hours to permit eracks to develop. At
the:eh& of the 24-hour aging period, specimens were stress relieved to
stop firther underbead cracking so that the time element in cracking was
held corstant. Specimens 1 inch or less thick were stress relieved 1
hour at 1150EF§‘thg§e over 1 inch ‘thick were stress relieved for i-1/2

hours at 1150 F, ‘All specimens were'furnacezcooled overnright.

Cutting and Hagnafiuvxing

Before sectioning, all specimens were scribed along the centerline
of the weld, The saw cut was offset from the center so grinding would
bring the suriace to be examined to the seribed centerlire of the weld
bead. Grinding was carried through 600 grit. Specimehs were etched with
5 per cent Iiital to show the structure and fusion 'line. After é'tching,
‘épecimens wefe'Magnéfluxed, end washed in cerbon tetrachléridéto remove

a1l exéeés oil. s
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'ﬂgasuring Uhdggbead Crackihg

Strips of cellulose tape were pressed on the specimens to adhere
to the iflagnaflux erack indications. These tapes were then transferred
to white record cards. The projected lengths of erack indications on
each tape tvransfer were mééé;féd, using a 15wrp$wer miérOSCOpe, Only
cracks from the start of thg pead to the center of the crater were con=
sidered. The total length of erack indications was recorded for each
of the. ten specimens composing a test series, Thg per cent of underbgad
cracking for each heat was coapuled by dividing the total length of

¢ -

cracks by the tofal length of weld according to the following formias
i 1900;'§Total crack length) '
Per cent cracking s TI-Z5) \FUmbet 01 Specimens C e

Testh Regults

-~ ... in Table 1, grouped according:to source of supply, are listed
the average per cent uﬁderhead cracking yalues for the forty=one hegts
of steel tested. Also included are the cracking values for the Z-13
‘ eontrol steel, which?was.tegted_witb‘each group of hull steels,

Peening -Project Stegls

The ABS peening-project steel showed very low cracking tendencles

with 1 per cent cracking for tests made on both 1/2=- and l-inch plates,
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David Taylor Model Basin Steels

’ The Class “B" David Taylor Model Basin steels showed very low
underbead crecklngw The per cent of cracking varied from O to 4 per

cent for the eighit heats tested,

Steel Company A

4711 Class "B" steele from company A had 2 low crack eensitieitf,
varying from 1 te 7-per cent, The Class "C" steels gave underbead-
cracklng values of 0 to 3 per cent, except for two, Heat Number 21P169-1
and Heat Number 66P193=1, which gave 16 and 36 per cent eracking, re=
SPECulvely.- These two steels had just slightly higher manganese conw
tents, carbon equivalents, and tensile strengths then similar steels
whlch were not erack sen51t1ve. Thiu agrees With‘results of previous
1nvest1gatlo“s (1 3) wblch indicate that chemical compositlon is not
the only factor to be con31dered 1n.3udg1ng a steel for susceptlbllity
to underbeaa cracklng,

Check tests were made on Steels 66P193~1 and 21P169n1 with |
high cracklng, and oteels 71P200-1 end 66P192w1 W1th low cracking, to
see if the orlglnal cracking values would be dupllcated. The reeults’
from the crack—sen51t1v1ty check tests are given iv Table 1. o

Two series of check tests were made on Steel 66Pl93-1 wblch
gave 36 per cent cracklng in previous tests. It was belleved that the
weld beads on the original test specimens might have pepetrated into
& highly banded area of the steel, in which case a weld bead deposited

in & different area might change the underbead cracking. For this reason,
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in the first series of tests, 1/16 inch was machined from the plate
surface before weldlng the ten sPeclmens, but the average underbead
cracking for tbis Series was nearly the sane as previous y obtalned,
39 per centn '

In the second series of tests of'this steel, the %én standard
specimens were prepared, but five were welded on one side of the plate,’
and five were welded on the opposite surface. This was done as a
further check on the p0531bility thet in the ori ginal tests the weld
had penetrated into a banded area from one side of the plate. There
was ] however, llttle difference in underbead crac 1ng between the two '
groaps of five speclmens, and the aversge cracklng for this serles wae.‘
46 per cent. o ' B -

-

In tne check tests on Heats 21P169ﬂl (16 per cent crecking),
71P200-1 (0O per cent cracklng), and 66P192-1 (1 per cent cracking) ten'
standard specimens were prepared and welded under standerd condltlons. .
rhe results from the check tests on Heats 21P169~1, 71P200-1, and 66P192-1
were 20, O, and 2 per cent respectlvelyo These results agree with the
origlnal values well w1thin the llmits of expected varlatlon.

Previous 1nvestigatlons (3, have 11nked manganese segregation
with underbead cracking. As 1t was belleved that thc cracking 1n these
steels might also he a result of mansanese segregatior, two addltﬂonal
underbead cracklng tests were made on Heat 66P193»1 the 36 per cent
cracking steel. |

Por the flrst test one standerd group of underbead crecking

specimens was prepsred, but welded with 10W-hydrogen Class E?015 electrodes
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instead of E6010 electrodes. This was done to reduce the hydrogen which
would be absorbed by the weld metal. The average underbead cracking for
this group was 1 per cent, as compared to the 36 per cent obtginad with.
the E60LO electrodes.

. The second test was made using standard welding procedures on
homogenized specimens. The underbead eracking specimens were homogenized
‘by heating for 5 hours at 2350 F in a controlied-atmosphere furnace,
followed by air cooling. The specimens were normalized by reheating to
1600 F for 1 hour and air cooling. Bomogeneity wag checked by annealing
a piece removed,frop_hpmogenized specimen at 1650 F, polishing, etching,
and examining the structure. 4 slot'l/lé inch deep and 1/2 inch wide
was machined in the surface of eac@\specimgn to remove any surface decar=
burization where welded. Underbead cracking was reduced from 36 per cent
to 5 per cent by the homogerizing treatment. The data for these two tests

are shown in Table l.

Steel Cbmﬁaﬁv B

:Sig_classi"B" and four of the six Class "C" steels from company B
cracked.l per gent or legs. Iwo Class "C" steels, Heats 75Y592 and T1Y354,
cracked,;l gpd 15 per cent,_respectively. Heat 75Y592 had_slightly‘higher
carbon apd manganese than the other steels. However, the 15 per eent
cracking for Heat 71Y354 was unexplainable on the basis of the 0,15 |
per qent carbon and 0.69 per cent manganese, as reported by the mili-
check analysis.

To check these results, underbead cracking tests were repeated on
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Heats 75Y592, 71Y354, and also on Heatl 73Y596 which gave no cracking in
"tﬁé original teést, Heats 75Y502 and 71Y354 cracked 11 and 15 per cent,
respectively, on the original tests, and 19 and 2/ per cent in the chéck
tests, The results were in reascnable agreement for the two series.

'In an effort to explain the cracking tendencies of Heat 71Y354,
a check chemicel analysis was made on the carbon and manganese content
of this steel. The Battelle analysis gave 0.2} per cent carbon compared
0 0,15 per cent, and 0.79 per cent mangsrese compared to 0,69 per cent
feﬁorted by the mill-check asamlysis. The Battelle analysis compares well
with the carbon and hanganese content of Heat 75Y592, which cracked 11
per ¢cent, It is believed the highér check analysis is a partial éxplana-
“tion for the cracking tendencies of this steel. Other factors must also

' be' considered.
Discussion of Results

0f the forty-two heats of steels tested for underbead crack
sensitivity, four heats of Class "C" steel had underbead eracking ;élues
over 10 per cent. The chemistry and carbon equivalents for these heats
were slightly highér than for many of the nomcrackesensitive heats of
steel, but the difference does not explain the wide veriations in orack-
ing. Manganese segrogations, which have been riolled out irtd bahds
perallél with the direction of reolling, are believed to be a factor im |
eracking. "As these segregatéd areas of highéﬁanéanese allojihévelsloﬁer
transformation characteristics than other areas, as the teﬁpeféture drops
ferrite forms first In the remaining aress leawing carbon free to migrate

to the yet untransformed austenitic manganese areas, with the resultant
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formation of pearlite bands in the manganese~rich areas.

These same areas, cooling from the heat of welding, transform
last or remain in nart as retained austenite, which can dissolve con-
siderable hydrogen. Whén this fetai%éd austenite transforms at room
temperature, the hydrogen, which has lesser solubility in the trans=
formation products, is rejected and produces insoluble molecular
hydrogénu This hydrogen can build up severe aerostatic pressures,
ﬁhich in addition to other stresses can csuse cold cracking under the
veld beads.

o As aemonstrated on Heat 63P193-1, lowerlnr the hydrogen available
to the weld by use of Jowehydrogen electrodes practically eliminated

the underbead cracking, Homogenizatidﬁ,'which diffuses the segregated
areas, also greatly reduced the cracklng. ﬂowever, to homogeniue crHCA;
sen51t1ve heats of steel is 1mnractlca1 from a production standnoinu. \

At ihis pbint, it was unot knoWn whether a steel such as Heat |
66P193~1 with 36 per cent underbead cracking would give trouble in
service. It Was“decided to tést some of thé sfeels mnder simulatéd

ship welding conditions in the form of tee-joint specimens.
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ITESTS WITH TFE~JOINT SPECIVEN

Originally, three steels were pickeo for tee-joint tests. These
included company A Heats 66P193-1, 21?169-i, and 71P200-1 with
36, 16, and O per cent underbead cracking. Later, six other heats of
steel were tested in tee-joints, for a total of nine steels. .The addi-
tional steels were used to determine if tee-joint eracking could be
produced in any Class "B" or "C" hull steel regardless of underbead crack
sensitivity.

4 series of tests using various brands of low-hydrogepheiectrodes
were made on Heat 66P1°3-1. It was believed that excessive moisture in
the coating might be causing cracklng Whlch occurred with the 1ow-hydrogen
e}ectrodes(z). Tests were made with electrodes dried ot 600 F, and
electrodes which conformed to Department of Defense Specification MIL—Ef986
(Ships), speclfying 0.4 per cent max1mum coatlng moisture content.

Other tests were made to determlne the effect of preheat, homo=

genization, and balanced meldlng sequence on teevgoint cracking,
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Spnecinen Prenaration

‘The original tee-joint specimens consisted cf a base plate 12
inches?wide and 36 inches long, to which was welded a 36~ by 4~inch
Bar for the leg of the tee., In subsequent tests, the specimen length
wag reduced to 24 inches 4o conserve material, Figure 2 shows the joint
design, The direction of rolling of the tase plate was parallel to the
12=-inch dimension and the direction of rolling of the tee-leg was parallel
to the L=ineh dimension. Root openings of 0, 1/16, =nd 3/16 inch were
tried, and the 3/16 inch root gap wes found necessary to obtain full
penetration in the root weld pass. Scale on base plate and tee-leg was
removed by grinding before welding.

Standard Weidine Procedure

Prior to welding, the base plate and leg of the tee were tacked
at the ends and center., The joint was welded manually in the flat position
at room temperature, and the specimen was cooled to room temperature be~

tween successive passes. The welding schedule used was@&s follows:

Olass of electrode B6010 E7015
Size of electrode, inch 3/16 3/16
Root pass: Amperes 160 160
Volts 25 25
Other passess Amperes 180 200
Volts 27 27
Speed, average inch/minute 6 7
Humber of passes 6 9

Figure 2 shows the standard welding sequence. The last pass wes deposited
at the toe of the weld to develop any possible toe cracking that might occur
in the base plate. It was nct necessary to complete the weld, as the side of

the joint which was welded first cracked, while the second side did not erack.
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Direction of rolling Direction of rolling

Standard Welding Sequence Balanced Welding Sequence
Typical Transverse Sections

FIGURE 2. DETAILS OF TEE -JOINT SPEGIMENS SHOWING LOGCATION
OF SECTIONS

0-17028
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Mpdified,Welgégg:E;cqedureg .

In several tee=joint specimens, the welding procedure was mod= '~

ified from the original conditions established.
57015 Flectrodes
Three brands of 7015 electfodes were used in welding tééijdinﬂs

as followss
Coating licisture,

Bgaﬁd Per Cent¥ Condition
(A) lurex HIS 1.03 Stored a£ 36-pér céﬁf
. relative humidity
(4) Ihurex HIS ‘ : 0.18 ~ Dried 600 F for & hours
(B) Fleetweld LH=70 0.27  As received
(C) P&H12 - O.LO Conforms to MIL-E=986

(Ships)

* OSee Reference 2

The low~hydrogen electrodes cannot be weaved, hence it was necessary to
deposit the weld metal in 9 string beads. In Figure 2, passes 3 and L
of standard sequence, would require 2 string beads each,-and paééés 5

and 6 would require 3 string beads each.
Preheat

Tee~joint speeimens were welded, similar to the stendard procedure,

except that a 400 F preheat and_inﬁerpasé ﬁemperatﬂre was used,
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A 12= by 12-inch plate of stesl from Heat 66P193-1 (36 per cent
cracking) was homogenized using the same procedure as described previously
for homogenizing underbead cracking specimens. This plate was Welded to
enother 12~ by 12-inch plate to form a 12« by 24~inch base‘piate.“ Seﬁer&l
tee~joints were made on this composite plate. Uelds were interrupted at
the weld seam in the base plate to prevent eracking through from the as-

. received to the,hpmogenized”éide of the specimen.

Balanced Weld Sequence.

Figure 2 shows the weld dequence used in balanced weld specimens.
Any root eracking was chipped to solid metal and checked by Magnafluxing
betwsen pasées 2 and 3. The remainder of the procedure was similar to

gtandard.

Gutting, Grinding, and Inspection

y-

‘The . tee=joint specimen was reduced in size by flame cutiing.
Three=inch sections. were saw cut as shown in Figure 2, allowing an inch
for end disecard. One face of each section was ground through 600 grit,
etched, HNagnafluxed, and cellulosestape transfers made in the same manner
as for the underbead cracking specimens, described previously. .

Maximum crack depth was measured as the projected transverse
crack depth, excluding weld overlap. Average crack depth was calculated
as the sum of crack depths of the sections in the joint divided by the

total number of sections in the joint.



- 21 -

Test Results and Discussion

Appendix Table A=l gives the complete data for all tee-joint
tests, grouped according to heat numbers. Figure 3 is a condensed
summary of the same test data, presented graphically for easier com=
parison, 41l of the tee-joints cracked, except for one joint welded
in 7/8-inch~thick steel, and those tee-joints welded with = balanced
welding sequence, The differences in the amowmt of cracking as in-
fluenced by various test conditions are discussed in the following

sections.

Effect of Underbesd Crack Sensitivity

Steels with a high sensitivity to underbead erzcking cracked
more in the tee=joint test than steels with low underbead crack sensi-
tivity. Figure 4 shows the relation of underbead crack sensitivity to
tee-joint cracking for joints welded with E6010 electrodes. Figure 5
is a similar comparison for joints welded with E7015 electrodes.

Two things can be observed from these graphs. Firsi, an increase
in the underbead crack sensitivity of the steels is accompanied by
increases in the amount of tee=jcint cracking. This is supporting evi-
dence that the same mechanism which causes underbead or cold cracking
mey be influencing tee=joint cracking.

Cn the other hand, the second observation which can be made is
that steels having no underbead cracking mey still crack in the tee=jcint.

This would suggest thet some factor other than erack sensitivity might
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Efec- |Length :
Heat | Test trode |of Tee, Varied Test
No. No.

. Depth of Tee- Joint Grack , inch
Glass | inches Condition

0 ol 02 03 04 05 06 07
T T

T T

AG214 | E6010 36 |Standord test Verage (Maximum)
AG251 | ET70QI5 24 [Brund B,moisfur90.2?°4

66P-193-1 |AC-250 | E60I0 24 Standard test

(36%)" Brand A, dried to
C.'l_.ass Liatll AG'252 E70|5 24 0]'8 °/o moisture

h AG233 | ETOI5 24 | Brand A,moisture, 1.03"/1
AC-253 E60I0 24 400 F preheat

pG-250H E6OI0 | 24 |Homogenized

ac271 | E705'2' | 24 |Brand G,moisture <04%

2iP169-1 |AG-257 | E60IO 36 Standard test

(16%)"
Class "ov [AC-263 | - E6OIO 24 Standard test
%:g;g B-_ E&0I0 24 Balanced weld sequence
acerz | E7O5'?' | 24 |Brond G, moisture<049%
TIY354 |AC-247 ESOI0 36 Standard test
15%)""!
Class nonv [AC-284 | E60I0 24 Stondord test
-7
gg,g??, } E6010 24 Balanced weld sequence
AG-256 EBQIO 36 Standard test
TIP200-I
: ‘ (0% ' ! jac-262 | EE0I0 24 | Standard test

Class nwgn InG-270 E7O|5(2) 24 Brand G,rhoisture*{)A"@

71Y593 |AC-273 | E7015%*) | 24 |Brand G,moisture<04%

0%)""?
Class "gr [AG-265 | E60I0 24 Stondard test

24P266-1 Iag267 | E7015'*' | 24 |Brand G moisture<04%4
(7o) " R
Class "B |AG-259 E6QIO 24 Standard test

72P236-! [AG-266 | ETOIS2) | 24 | Brand G,moisture<Q4%
( lalo)l 1) _
Class 7Bn (AC-258 E&0I0 24 Standard test

83v578 1aG-269 | E7015'°! | 24 | Brand G,moisture<04%

{ |°/c)( )
Class M3 G261 E&0I10 24 Standard test

. 66Y5§-’;) AG-268 | ETOI5'®)| 24 | Brand G,moisture < 04%)
(0%) ,
Class "B" rBO*ZGO E60I0 24 Standard test

(1) Underbead cracking
{(2) Electrodes meet Department of Defense Specification MIL~E-986 Ships)

FIGURE 3. SUMMARY OF TEE-JOINT TEST DATA, SHOWING HOW VARIATION IN
TEST CONDITIONS AFFECTS DEPTH OF GRAGCKING IN TEE-JOINT SPECIMENS

o0-1T029
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contribute to tee~joint cracking. It has been suggested that these
eracks might be hot cracks. .- e
However, without the knowledge of when these cracks form and
how they propagate,. trying to attribute the cracking to some cause is
premature. The fact to e emphasized is that throughout.this work,

some aof the observed facts point to crack sensitivify,kwhile others .

do not,



Effect of Different Electrodes

As low-hydrogen electrodes had reduced underbead cracking on -
Heat 66P193-1 from 36 to 1 per cent, it was decided’to.see if they would
also reduce tee-joint cracking. . However, it was found.thet teewjoint: -
cracking was increased somewhat by use of the low-hydrogen electrodes.

A comparison of average cracking in tee=joints welded with E6010 and-
E7015 electredes is made in Figure 6, Similarly, maximum eracking for
the same teo-joints is compared in Figure 7. A possible explanation
for this increase in teoe~joint eracking could be the additional number
of passes required with the low-hydrogen electrodes, resulting in
higher stresses at the root of the joint.

With the E7015 electrodes with different coating meisture content
used on Heat 66P193-1, there was no relation between amount of moisture
and cracking. Brand "A" é¥a.afmdes, with 1,03 per cent moisture, gave
0,40 inch maximum erack depth, while Brand "B", with but 0.27 per cent
moisture, gave 0,68-inch maximum crack depth, The latter was the deepest
crack observed in the 24-inch-long tee-joint specimens,

These results would also tend to confirm the agsumption that
tee~joint cracking may not be related to or caused by the same mechanism
as underbead eracking., If the moisture content of the coating has no
influence on eracking, then the role of hydrogen as a cause of tee-joint

cracking may drop out,
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Effect of Preheat

4 preheat and interpass temperature of 400 F reduced the maximii-
depth of tee-joint cracking in Heat 66P193“1 from 0.46 to 0,16 inch, and

the average cracklng from 0. 33 inch to 0 08 inch

Effect of‘quogenizgtion : : . : c it

i

()" hemogenizing heat treatment reduced the meximim tee~joint crack
depth in Heat 66P193<1 from 0.46 inch to 0,11 inch, and the avetags’ téex”
joint erack depth from 0.33 inch to 0,03 inch. These results compare
with the Pedhctdtn in tderbsad crack sensitivity of this heat from 36
‘per ‘cént “fior aderéceivéd specimens to 5 per cemt for homogenized specimetis,
That homogenization reduces both tee»joint and underbead cracking is
strong evidence toward the assumptlon that the two may bs affected or

caused by segregation.

Effect_of Balanced Velding Seguende,

Tes~joints using a balanced welding sequence were made with Heats
21P169-1 and 71Y354, having 16 and 15 per cent underbead cracking, re-
spectively. Check tests were made, also. No cracking was found in any
of the four tee-joints made. Although this seems to be an easy way of
eliminating tee-joint cracking, it is doubtful that sufficient control
could be exerc;sed over yard welding practices.to preclude the possi=-

bility of an_unbalangpd joint from getting built into a ship.. Stress -



undoubtedly plays an important part in tee=joint oracking, but other

factors are also invelved.
QTHER TESTS AND STUDIFS .

Additional studies were made in an effort to explain the dif=
ferences in cracking between steels. It was thought:that some waakness'
in the “Z" direction mgght be the cause of this craﬂhlng. Standard

ten51le Sp601mBhS were made to test several steels in the "Zn directlon
normal to the plate surfaﬂeu0 Keyhole Charpy bars were also made and
tested. Metallographlc studles of the cracks, banaing, and inclusians

were maaeu These tosts and resulis are described in the following sectlons.
Z=Direction Tensile Tests

§gggimeh Prgggrétiggmggg Tegting

Five steels were selected for testing., These included Heats
66P193-1 (36 per cent underbead cracklng) 21P169-1 (16 per cent), and
71P200~1 (O per cent), which had been tested in tee joints., In addition,
Heats 21P176-1 (3 per cent) and 66P046-1 (2 per cent) were included
because they had chemistry and carbon equivalents similar to Heats 66P193-1
and 21P169=1, the two crack-sensitive heats,

Blocks of the test steels 3 by 6 inches were flame cut. To these
test blocks were welded tee-legs of manganese-molybdenum steel, langenend

2l electrodes were uged with a 400 F pmeheat and balanced welding sequence,
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The specimen design and location of the standard 0.505=inch tensile specimen
is showm in Figure 8. Both before and ter mackining, all specimens were
Magnafluxed for cracks. No cracks were observed, even in thé 36 per cent
eracking steel.

The tensile specimens were tested at 80 F using a crosshead gpeed
of 0.02 inch per minute, Yield point was determined by dividers, and

elongations were measured for a 2-inch gauge length.
Tegt Regults and Discussion

In Appendix Table 2, the edmplete test data are given for the Z-
direction tensile tests,

The following table gives the average results:

Teg-

Underbead Joint Reduction Yield Ultimate
Heet Cracking, Cracking, of Area, Strength, Strength,
Number % in, % psi psi
66P193-1 36 0,70 6 48,700 60,000
21P169~1 16 0,55 12 49,200 67,R00
21P176-1 3 -— 9 50,900 62,200
66PCL46-1 2 ~- 6 48,000 57,000
71P200-1 0 0.30 8 49,400 59,500

raa— ey FpPp— 1 v Rt S
e S i St APt B e e

|
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INCH TENSILE SPEGCIMENS

PLATE SURFACE DOTTED LINES SHOW LOCATION OF

FIGURE 8. SPECIMEN USED TO TEST PROPERTIES NORMAL TO
STANDARD 0.505

0-1703 4
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These tests established the fact that no Z-directicn weakﬁess existed.
There was no particular relatién between underbead cracking, tee=joint
cracking, and Z-direc;ion tensile strength.

This led to the idea that perhaps the cracking in these steels

might be due to notch sengitivity in the Z=plane,
Kevhole Charpv-Bar Tesgks

Keyhole Charpy bars were prepared to test the motch sensitivity
of Heats 66P193«1, 21P169-1, and 71P200~1 (36, 16, and O per cent under=-
bead cracking) in the samé direction as the crack which occurs in the
tee-joints. Six bars were preparsd from each heat, as shown in Figure

9, Test results were as follows:

Energy Absorbed, Ft-Lb

. 66P193+1 21P169-1 71P200-1
Test 36 Per Cent 16 Per Cent 0 Per Cont
Temperature, Underhbead Underbead Underbead
F Cracking Cracking Cracking
75 46 47 45
0 28 28 36
~40 27 26 30
=80 17 X7 20

-lOO 3, 19 3’ 21 854
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FIGURE 9. SKETCH SHOWING LOCATION OF STANDARD KEYHOLE
CHARPY SPECIMENS WITH RESPECT TO PLATE SURFACES
AND THE DIRECTION OF ROLLING

0-17038



-133 -

There wag no significant difference between the steels in
notch-bar properties. These data would indicate that there is more
to consider in tee-joint cracking than the simple resistance of the
material to a stress at the root of the noteh, 4s both the Z-direction
tests and Charpy=-tests gave similar values between steels, it is
reasonable to expect thét the amount of the tee=joint cracking due
to stress set up by welding should be equal for each of the steels.
It does not explain why there is a difference in amount of tee-joint

cracking between steels,

i

Metallographic Studies

Several metallographic studies were made in an attempt to find
an explanation of why the tee-joints cracked. These studies included
microscopic examination of the cracks, study of barding in the steels,
and a brief study of inciusions. These studies are discussed in the

following sections.

Study of Tee~-ioint Cracks

In the early part of the investigation, it had been observed
that only one side of the tee-joint cracked, See Figure 10, The first
gide of the tee~joint welded always cracked, but the second side.welded
did not. Hence, it was necessary to weld but one side to produce cracke
ing., Root chipping was stopped because it destroyed any evidence of the

crack origin.
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X 67528

FIGURE 10. TYPICAL CRACK FOUND IN TEE-JOINTS. SPECIMEN AC-214
IN HEAT 66P193~1, (36% UNDERBEAD CRACKIHG)] USING
E6010 ELECTRODES
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Figure 11 is a macrograph of a typleal tee-joint crack. The
erack origin is at the end of the weld overlap where the weld fuses
with the base plate. From its origin it goes in the heat-affected zone
just below the fusion line. This crack exhibits a step~like appearance,
which is typical of all of the cracks. Inclusions are parallel with the
crack, but in Figure 11, inclusions can be observed which the erack cuts
vertically. Figure 12 is a view of a typical tee-joint section which
has been broken open to expose the crack. The crack surface was oxidized
when the specimen was strees relieved.

TWhen the crack forms, and how 1t propagates are not known.
Several welders have made the observation that more angular rotation
of the tee-leg occurs during welding the cover passes than oceurs during
the welding of the filler pesses. No measurements other than with a
rule were made, however. It is believed that the angular rotation of
the tee=joint might be connected with the amount of cracking. However,
to demonstrate the growth of the crack, it would be necessary to run
a series of tee~joints of the same steel, in.which each successive teew
joint had an additional pass. Comparison of the crack depths of these
joints would perhaps show when and how the crack formed. Similar tests

for different steels might disclose some differences in crack propagation.



Plate
surfoce

FIGURE .

True crack

overlap >

Weld |
I

Plate
surface

tOX 71471

MACROGRAPH OF TYPICAL GRAGCK FOUND IN TEE JOINT. CRACK IS 0.45
INCH LONG. SPEGIMEN AG-247-6, IN HEAT 71Y 354, {15% UNDERBEAD

GCRACKING) USING E60I0 ELEGTRODES

0-17054
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73511
Top, looking into weld and tee-lag ' Bottom, leoking intc base plate

1. Area fraetured when specimen was broken open.

2. Tee-joint erack. Surface was oxidized during 1100 F stress relieving.
3. Overlap of root pass on basge plate,

FIGURE 12, VIEW OF A SECTION OF TEE-JOINT WHICH HAS BEEN BROKEN OPEN TO SHOW THE CRACK
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Study of Banding

In an effort to further understand the cracking tendencies of
the steels, a study of banding was made in Heats 66P193~1, 21P16S-1,
and 71P200-1, which had been used in the other supplementary tests,

A sample of each steel was obltained in the as-rolled condition.
A second sample of each steel was ammealed at 1650 F to develop band-
ing, and then studied. Figures 13, 14, and 15 show the photomicro-
graphs of each of the three steels in the as=rolled condition and in
the annealed condition. Comparison of Figure 13 with 14 and 15 shows
that steel 71P200-1 had the least tendency toward visible banding of the
three, Steels 21P169-1 and 66P193-1 showed severe banding tend-
encies, as shown in Figures 14 ‘and 15. Thers is no visible reason to
explain why Steel 66P193«1 should erack more than Steel 21P169-1.

The difference in the amount of pearlite in the bands of Steels
71P200-1 and 66P193~1 appeered greater than the difference in the carbon
content of these two steels, as shown by the mill-check analyses. The

mill-check analyses and Battelle enalyses follow:

Heat - Composition, Per Cent
Number C Mn Si P S
66P193~-1 (Mill) 0,20 0.96 024 0.030 0,034
(BuT) 0.23 0.99 0.23 0,020 0.030
71P200-1 (M411) 0.17 0,80 0.21 0,028 0.031
(BMI) 0.18 0.71 0,20 0,019 0.033
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Steel 66P193-1, with the greater amount of pearlite, had 5 points more
carbon and 28 points more manganese than the other steel, 71P200«1. The
higher chemistry and greater bandlng would appear to correlate with the
greater amourit of undérbead pfﬁéking.' quevgr, when the banding of
66F193-1 and 21P169-1 a;e'compgred,_?hgée is no visibie gorrelation with
underbead crackihé; These same observations have been maée for other
stéels in previoﬁs'ih@estigation§(3).

As_prgviously_discussed,:mnganese ﬁegregatioﬁ plus hydrogen is
attributed{tq bz the ¢ausa'of'uhd§rbead eracking, The difficulty with a
microstudy of banding-is:thét tha bandé*dS ﬁothgive any clue as to what
the composition. gradients are. Thigjvery'importapt fundamental work must
be' done before the veriation in eracking between steels can be thoroughly

explaingdq
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Crack Sengitivity

Forty-one heats of ABS Classes "B" and "C" il steel
were tested with the Battélle underbead cracking test.

a. A peetiing<project steel received from the American .-

Bureau of Shipping was not crack gensgitive.

~ ba Elght ABS Class "B" ateels received from Dav1d Taylor

Model Besin were not crack sensitive,.

¢, Ten Class "B" steels and eight of" ten Class "CM.
steels received from company A were not crack
sengitive:’ 'The two crack-sensitive heats gave-
16 and 36 per cent underbead crackingn
d. Six Class "B" and five of six Class “C" company B
stoels were not crack sénsitive. One Clzss 0% v« iy
steel cracked 15 per cent in the underbead cracklng
test. ot
Only one of the forty-one heats cracked seriously in
thisg test.

Tee~Joint Tests

Nine heats of steel were tested in thirty-five tee-joints
simulating ship welding conditions. All of the tee-joints
eracked, whether welded with E6010 or E7015 electrodes,
except one joint of 7/8-inch plate.

Preheat of 400 F, and homogenization at 2350 F, each reduced
cracking in the tee-joints, but did not eliminate it.

A talanced welding sequence eliminated tee-joint eracking.
This suggeste weld shrinkage as the source of the stresses
which produce cracking. The technique is thought to be
too compiicated for commercial welding.

The amount of tee-joint cracking increased with underbead
crack sensitivity of the steel used in the joint. This was
true for tee=joints welded with either E€010 or E7015 electrodes.
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Other Tests

1, No conclusive results were obtained from tension tests
of several crack=sensitive and noncracke-sensitive heats
teated in the direction normsl to the plate surfaces.

"No steel tested had a Z=direction weskness.

2. Keyhole Charpy tests of three heats indiecated a transition
range below =80 F. These results did not correlate with
the tee=joint tests.

3. Severe pearlite banding was observed in two of three
heats studied. This banding is believed to be the result

of manganese segregation. - Banding did not correlate with
cracking in tee-joints.

CONCLUSTONS

This study hes confirmed the belief that steels which crack
severely in the underbead cracking test would likewlse tend strongly to
crack-in ship welding when the same electrode is used. Such steels
should not be used for important or eritical components unless the
well~known remedial measures are adopted.

Without further testing, the causes for tee-joint cracking can
not be definitely stated. The amount of tee-joint cracking increases
with the underbead crack sensitivity of the steels, and homogenization
reduces both kinds of cracking; these indicate that the same mechanism

could céaéé“£§ﬁh fjﬁes.‘ dn‘the other hand, tée—joints éracked in steels
haviﬁglno hndéqua@lcrack sensitivity and increasing or decreasing the
avaiia%ie h&droé;n had no effect on the amount’of tee~joint eracking.
These data would irdicate that the tee~joint crack does not altogether

depend on the presence of hydrogen or retained austenite. - Also, stress
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alone camnot be the cause, for stresses wors present in the homogenized

PR RN

tee-Joint, which cracked very little. Thus, it must be concluded the
causes of tee-Joinjcrackipgareétlll up];f;own. |
It is ag.s'b pgr‘bine;l:t. 'bhat- g;@ﬁtgnb,:yfdrbgen elca_ctré{deé.do not appear,
from this. investigation, as a cure of tee=joint cracking,.
’ Lr - an . ' T

FUTURE WO

All festix;g 'has .bc_ae'ii .?compsl‘.tial"l‘f‘ed.,‘ I‘Io‘furi‘.he':‘c work will be done

on the present contract.

Data éiven in this nzieport"‘é"r‘é' recorded in Bs-.t*bekl‘j‘e Laborétbr&
Book No. 3856, PP 58_59, 80-85, 94-99, Book No. 4698, pp. 1-18 41-42,
72-89, 98-99, and Book No. 5390, pp. 1-5. '
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TABIE A=-1, TEST DATA FOR TEE=JOINTS OF ABS CLASES"B" AND "C" HULL STEEL
Underbead Electrodes Spocimen Crack Frequency Crack Depth
Heat ABS Thickness, Cracking, Specimsn AUS length, Sections Sectlons With Maximmm, hverage,
thumber €lass Inches Per Cent Humber Clasz Brand Inches Varded Test Conditlon Examined Ho Cracks Inch Inch
AC-197 ESQI0 GE W-22 36 No root gap 10 0 0.65 0.50
AC=201  T60I0 CE W-22 36 1/16-ineh root gap 11 1 0.50 0.31
AC-214  E60I0 GE W22 36 3/16-inch root gap, 10 0 0.70 0. 44
atandard test
AC=233 E7015 Murex 36 Electrode coating molsture, 11 1 0.40 0.30
HTS 1.03%
AC=250  E6010 GE W-22 24 Standard teat 6 0 0,46 0.33
66P193-1 c 1-1/4 36 AC=250-H E6010 GE W-22 24 Homogenized 2350 F, 5 3 0.11 0.03
normalized 1600 F
48=251 E7015 T[leetwsld 24 Elsctrode coating moisture, 5 0 0.68 0.57
1H-70 0.27%
AC-252 E7015 Murex 24 Elsecirode dried 600 F; b 0 0.45 0.20
HT3 0.18% moisture
AC-253 F&010 GE W2 R4 400 F preheat and interpass 5 0 0,16 0,08
temperature
AC=254, E6QID GE W22 24 Root bead only deposited 5 2 0.02 0.01
AC-196 ES0I0  GE W-22 36 No root gap 11 g 0.30 0.10
AC=257 E6010 GE W-22 36 Standard %test 12 0 0.48 0.38
AC-263 E6010 GE W-22 24 Standard test 7 0 0.35 0.23
21F169-1 C 1-1/4 16 AC-271L E7015 P&H-12 24 Electrode coating meolsture, 7 0 0.55 0.46
<G48 .
AC-274, E6010 GE W-22 24 Balanced welding sequence 8 8 .00 0.00
AC~276 EA0I0 GE W-22 24 Balanced welding sequence 8 g 0.00 0,00
AC-247 EGD10 GE W-22 36 Standard test 1z 0 0.46 0.34
AG=264 EA010 GE W-22 24 Standard test ¥ o 0.25 Q.15
71384 c 1-1/4 15 AC=272 E7015  PeH-12 24 Elect..;aie coating molsture, 7 o} 0,60 Q.47
0.4
AC=275 E&010 GE W-22 24 Balanced walding sequence g 8 0.00 0.00
AC-277 F6010 GE Y-22 24 Balanced welding sequence 8 8 0,00 0,00
AC-198 E6010 GE W-32 36 No root gap 11 4 0.05 .03
AG-256 E6010  GE W-=22 36 Standard test 11 0 .31 0.15
71P200~1 c 1-1/8 0 AC-262 E6Q10  GE W-22 24 Standard test 7 1 .30 0.12
AG=270 E7015  PeH-12 24 Electrode coating molsture, 6 1 0,30 0.4
<0.4%
40265 EEQL0 GE W-22 24 Standard test 7 5 0.05 0.01
71¥593 c 1-1/4 0 AC=273 E7015  P&H-12 24 Electrode coating molsturs, 7 2 0.25 0,16
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TABLE A-2. TENSION-TEST DATA FOR STEELS TESTED IN "2" DIRECTION, NORMAL
T0 THE PLATE SURFACE, WITH STANDARD 0,505 TENSILE SPECIMENRS

Underhead Reduction Yield Ultimate
Specimen Heat Cracking, Elongation, of Area, Strength, Strength,
Nomber Mamber Per Cent Per Cent Por Cent psi psi
AC-239=1 66P193-1 36 2.5 6.0 43,500 61,400
AC-239-2(1)  66P193-1 36 2.5 b5 46,300 58,600
AC-239-3 66P193~1 36 2,0 5.4 53,100 €0,100
AC-239-/ 66P193~1 36 2.0 7.0 49,500 58,200
40-239-5(1)  66P193-1 -~ 1.5 6.1 54,300 58,600
AC~240-1(1)  21P169-1 16 L3 6.0 49,300 66,000
AC-240-2(1)  21P169-1 16 7.0 6.1 49,700 67,200
AC-2/0-3 21P169-1 16 7.0 8.0 50, 500 67,600
AC-240-4, 21P169+1 16 5.0 14,8 50,100 67,600
AC-240-5 21P169~1 16 6.0 13.0 47,000 66,600
AC-241~1 21P176=1 3 2.5 9.0 50,000 63,200
AC=241-2 21P176~1 3 4.0 11.0 46,900 62,200
AC-241-3 21P176~1 3 3.0 7.8 50,000 61,600
ACRA1 =, 21P176-1 3 1.5 7.8 575500 59,700
AC-241~5 21P176-1 3 2.0 8.6 50,500 62,600
AC=242-1 T1P200~1 0 3.0 11.0 43,100 55,500
AC-2/2-2 71P200-1 ) 4.0 8.0 46,500 58,400
AC-242-3 71P200~1 0 3.0 8,0 50,100 57,200
AC=242-4 T1P200-1 0 3.0 6,1 50,000 57,300
AC-242-5 71P200~1 0 1.5 6.1 51,000 55 4 500
AC=243-1 66P06~1 2 2,0 5.5 48,600 55,500
AC=243-2 66POLH~1 2 1.8 504 46,900 56,700
AC=243-3 66P0 /61 2 3,0 6,1 51,700 0,500
AC~243~, 66P046~1 2 1.5 7.8 45,700 55,200
AC-243-5 66P0L6-1 2 1.5 6.0 51,700 57,500

————

——

(1) Specimens failed in weld metal, These data were not used when average results were
caloulated,



