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PREFACE

The Navy Department through the Bureau of Ships is distributing this report
to thoge agencles and individuals who were actively associated with the research

work.

This report represents a part of the research work contracted for under

Tl amatt e
LIIT oL LbL'WEl WL

the Navy's directive "to investigate the design and construction

of welded steel merchant vessels."

The

Copy Yo,
Copy Ho,

Copy HNo,
O?py No.
Copy Non
Copy Mn,
Copy lo.
Copy No-
Copy No,
Cogzy No,
Copy No.
Cupy Ho,
L (J!Jy Yo,
Copy Fo.
Copy HNo,

Copy Mo
Copy Mo,
Copy o,
Copy Mo,
Copy Ho.
Copy ¥o.
Copy lo.
Copy HNo.
Copy No.
Copy Yo.
Copy Fo.
Copy No.
Copy No.
Copy To.
Cony No.
Copy No,
Copy Lo,
Copy Yo.

distribution of this report is as follows:

1
2

O -3 Ov o\

10

(g

-
G -~J OO 0O -3 O

Chief, Buresu of Shipé, Navy Dupartment
br. D. W, Bronk, Chairman, National Research Council

Committee on Ship Construction

V., H. Schnee, Chalrman
J. L, Bates

H. C. Boardman

Paul FFleld

M. A, Grossman

C. H, Herty, Jr,

A, B, Kingzel

J. M. Lesgells

G, S, Mikhalapov

. Urmendroyd

i W, Plerce

E-, C. Smith

T. T. Wataon

finn Jonassen, Research Coordinator

Members of Project Advisory Committees SR-25, SR-87,
SR=02, SP-QO SR~ 98 SR~-99, 3R=100 and SR~i01 |

Finn Jonassen, Chairman
R, H, Aburn

L. C. Bibber

H1 C. Boardman

« J. Dolan
Pavl Ffield
M. 4. Groszman
C. H, Herty, Jr.
G, L. Jacksnn
J. II. Lessells
M, W. Lightner
G, 5. lnkhalapov
J» Crmondroyd
R. E. Petersaon
H, W, Pierce
R, L. Rickett
E. Cs Smith
T. T. Watson



sopy Mo, 24 -
Lopy o, 25 -
Copy Lo, 26 -
Copy No. 27 ~
Copy No. 28 =
Gopy No., 29 -
Gopy Yo, 30 -
Copy No. 31 =
Copy i0a 32 -

Copy Fo. 33 -
Couy No, 34 =
GCopy Mo, 35 =
Copy Wo, 30 =
Copy Mo, 37 -
Copy No. 3 =

Copy Mo, 28 -
Copy Foa. 39 -
Gopy Mo, 4o -
Jepy Mo, 28 =
Copy Fo. &L -
Copy Ho. 42 -
Croy Yo, L5 -
Copy o, 26 =
Copy Mo, 43 -
Copy Ho. A =
Copy Mo, 31 =
Copy Fo, 32 -~
Copy Mo, 16 -
Copy Na, 45 =
Cepy Vo, 46 =
Copy o, 30 =

Cony Ko, 47 -

Copy Ko, 24 -
Copy Ho, 48 =
Copy loe 49 -
Copy No. 50 =
Copy ¥o. 51 -
Copy No. 52 =
Cepy No. 53 -
Copy NHo. 54 =
Copies No. 55
Copy Mo, 57
C.py No,. 58 -
Copy Fo, 59 =

A, G. Bissell, Bureau of Ships, Lialson

Mathew Letich, American Bureauw of Shipping, Liaison
Janes licIntosh, U, S. Ccast Guard, Liaison

. Rassmen, Bureau of Ships, Liaison

Comdr, R, D, Schmidtman, U, 5. Coast Guard, Liaison
T L. Sco-Hoo, Bureau of Shipe, Liaison

Vm, Spraragesn, Welding Research touncil, Liaison

R. E. Tilsy, Bureau of Ships, Liaison

J. L. Wilson, American Bureau of Shinping, Liaison

Ship Structure Commitiee

Rear Admiral Ellis Reed-Hil., 730G = Chairman

Resr &Ldmiral Charles D. Wheelock, USH, Bursau of Ships
Brigadier General 2aul F. Yount, War Department
Captain J, L, heGuigan, U. S, Haritime Ccommission

D. P. Brown, American Bureau of Chipping

V. H, Schnee, Committee on Ship Construction = Liaison

Ship Structure Subcommitiee

Captain €, M. Tooke, USH, Bureau of Ships, Chairman

Captain R. &. Hinncrs, USN, David Taylor Model Basin

Comdr, k. H, Lambert, UsM, Burean of Ships

Comdr, R, D, Schmidtman, USCG, U.3, Coast Guard Headquarters
W, G. Frederick, U, 5. Maritire Commission

whert Kempel, Offiece, Chief of Transportation, Var Department
Hethew Letich, American Buresu of Shipping

James MeIntosh, U. S. Coast traard

5, M. Roberigorn, Office of Maval Research, U. 3, Navy

7. L. Russo, U. S, laritime Cowmnission

R. E, Wiley, Bureau of Ships, U, S, Navy

J. L. Milgon, American Bureau of Shipning

Finn Jonassen, IZaison Representative, NRC

E, B. Davidmon, Lisison Representative, AIST

Pavl Gerhert, Liaison Representative, AISI

Wm, Spraragen, Linison Representative, ®RG

Navy Department

Comdr, R. S. landelkorn, USH, Arméd Forces Special Weapons Project
A. G, Bissell, Bureau of Ships

A, Amirivien, Bureau of Yards and Docks,

J. 7. Jenkirs, Bureau of Ships

Noah Kahn, New York HNaval Shipyard

E, B. MacCnicheon, Jr., David faylor Model Basin

W, R, Oawood, David Taylor lcdel Basin

V. E. Promicel, Bureau of Aerunaubtics

John Vauta, Burean of Ships

and 53¢ = U. S, Naval Engineering Experiment Station

- ¥ew L.ow o oot Shiipyard, Material Laboratory

LRSI

Indvste lal Testing Laboratory, rhiladeiphia Naval Chipyard
Philadelphia Naval Shipyard



Copy No, 60 -
Copy Mo, 61 =
Copies No. 62
Copies A4 and

Copy Fo, 66
Copy Vo, 67 =
Cory Wo, 68 -
Copy No. €9 -

I

Copy No, 70

San Francisco Faval Shipyard

David Taylor Model Basin, Attn: Library (330¢
and 63 - Publications Board, Havy Dept. via Buresu of Ships, Code
65 = Technieal Library, Bureau of Ships, Code 237-L

U, S. Coast Grard
Captain R. B. Lank, Jr., USCG
Captain G. A. Tyler, USCG
Testing and Developmeru Division
Us 5. Coast Guard Academy, New Londoa

Uy 5. Maritime Cmigsion

E. E. Martinsky

Representatives of American Iron anc Steel Institute

i

Copy No, 71

Copy Fo, 18 =«
Gopy No. 8 -
Copy T'os 14 ~

Copy No. 72 -
Comy No, 13

Copy No. 75

Copy No. 8 -
Copy Mo, 706

Copy No, 77 =
Cupy Ho, 78 =
Sopy No, 79 -
Copv Ho, 80 «
Copy Ho, 21 =
Copy Mo, 81 -
Copy No. 16 ~
Copy o, 82 -

Copy No. 83 -
Copv No, 3 =
Copy Yoo 16 ~
Copy Fo. 84 -
Copy No, 85 -
Copy No, 86 -
Gopy No, 87 -
Copy Ne, 88 -

Committee on Manufacturing Prcblems
C, M, Parker, Secvetary, General Technical Committes,
American Iron and Steel Institute
L. G, Bibker, Carnegis-Illincis Steel Corp.

G. H. Herty, Jr., Bethiehem Stesl Coupany
E, C. Smith, Republic Steel Conrvany

Welding Research Council

C. 4. Adams Cory No, 74 = LaMotte Grover

« Mverett Chapman Cupy Mo, 30 = Wm. Spraragen

Committee on Ship Steel

R. F. ¥ehl, Chairman
C. H. Herty, Jr., Vice Chairman
Wme b, Baldwin, Jr.
Charles S. Barrett
R, M. Brick
S. L. Hoyt
I, R, Kramer
M, ¥, Lighiner
Te S, Washburn
Finn Jonassen, Technical Director

m

R, H, Raring, Technical Secretary

C. R. Soderberg, Chairman, Div, Eng, & Ind. Research, I'RC

V, H. Schnee, Chairman, Committee on Ship Construection

Finn Jonagsen, Research Coordinator, Committee -on Ship Construction
C. E, Sims, Investigator, Resesrch Project SR-87

I, ¥, Banta. Investigator, Research Project SR-87

A. L, walters, Investigator, Research Project SR-37

S, T. Carpenter, Investigator, Research Project OR-98

L. J. Ebert, Investigator, Resecarch Project SE-99



Copy No. 10 - J. M, Lessells, Investigator, Research Project SR-101
Copy No, 89 « C. W7, MacGregor, Investigator, Research Project SR-102
Copy No. 90 = O, B. Voldrich, Investigator, Research Project 3R=100
Cepy Moo Gl - Clarence Altenburger, Great Lakes Steel Compﬂ 1w

Copy No, 92 - A. B. Bagsar, Sun 0il Company :

Copy Fo. 93 - H. L. Uochrene, Mascachusetts Institute of Technology
Sopy Nee 94 - George Elliunger, National Pureau of Standards

Copy Mo. 95 - M, Gensamer, Carnegie-Illinois Steel Cornoration

Copy kic, 96 - M. ¥, Hawkes, Carnepie-Ihetitite of Technology

Copy lio, 97 - W. ¥. Hess, Rensselacr Polytechnic Institute

Copy No, 98 - O, J. Horger, Telmken Reoller Bearing Company

COp}r' NOU ')9 - Bruce Johnst GOl Fritz Labor "Lul).l.[)’, Leh '.i.f"‘" TTT"VEEI'Sit}f
Copy Mo, 100 -~ P, E. Kyle, uornbll Univer.ity

Copy No, 101 = J. R, Low, Jr., General Flectric Company

Copy Fo. 102 = N, M. Newmzrl, University of Illinois

Copy Fo. 103 = J. T.Norton, Massachusctts Institute of Technology
Cony Fo, 104 ~ W, A, Reich, General Electric Company

Copy Ho, 105 = L., J, Rohl, Carnegle-Illincis Steel Corp.

Copy Fo, 106 ~ W, P, Roop, Swarthmore Collepe

Copy ¥o, 107 =~ R, D. Stout, Lehigh University

Copy Mo, 108 =~ Saylor Snyder, Garnegie—Illinois Steel Corp. ]
Copy Vo, 109- J, F. Wd?lanm, Pateriown Arssnal Laboratory (Staff)

Copies 110 thau 134 ~ Sir Chorles Wright, L*ltmqn Joint Services liission,(Favy
Fo, 135 -~ Carl A&, Zapffe, Carl A. ?apfhu Laboratories

Copy
Copy
Copy

Copies 135

"3
JR1 6%

e N 2Lt T
1_){'7 = "lIluL.lI.hJ L:.LULLQ-- l‘IJ_U‘i’LE-L Laldy J—I-LJ'J’ -ﬁ-UULIh J-a J-‘ b

Fo,. 157 -~ Transportaticn Corpe Board, Brooklvn, New York

Copy Yo, 140

l r'\'l’\‘(f’

COplG% 145

Copy
Cony
Sopy
Copy
Copy

Copy I
Cony I
Copy T

Copy
Copy

[LfalN

No,
Yo,
Moy
e,

o Mo

AR A

Copy 1

Copy

Copy ¥

Copy
Sopy
Copy
Copy N
Lopy I
Copy H
Sopy
Copy

142

150
151

182

153
154
155
156
157
158
159
140
161
162
163
164
165
166
167
1488

- -
R

17
AN

-

wru 142 - Library of Congress via Bureau of Chips, Code 330¢

Filte Copy, Comuittes on Ship Steel
WACA, Atin, Materials Rescorch Coordination, U. . Havy

shriu 149 - Burean of Ships



Copy Yo, 172
Copy Yo. 173
Copy Fo. 174
Copy Mo, 175

i

(Total - 175 copies)



FINAL PROGRESS REPCRET

on

NAVY PESEARCH PROJECT HObs 31

A3

18

METALLURGICAL QUALITY CF STEELS

T2ED FOR
HULL COHSTRUCTION

. E. 8ims, H. . Banta, and A. L. Wal

BATTELLE MEMORIAL TNSTITUTH



TaBLE OF

- r— e 11 ke el 5 ks Aot

ruzre

S‘lJF "l’},“ :AR-‘}: ” . L ] . L) L + » - ') L] - - - L) o L] - L[] L] - - - . a o ¢ o~ 1 l
THTRODUCTION o v o o o o o o s o = e o« » o s « o 2 o v o o o o s s &
EXI’JER I}EE -“E T AL _‘.‘IO RK . . F - » * - & - » s - . . . - - » - v Y n o a T :1

Migh Yield Strength Laborastory Heabs . . » + « ¢« « v - « 4 5

5
Preparation of Manganese-lolybderum-Vanadium Laterstory
TF_@S.tS I S S ) 4 # o & ‘5 « 8 ®w & BN W i & 4 o 4 > w & o 2 5
Ternsile Properties .+ ¢ + o ¢ o 4 o o v 4 o a x s n . T

Weld Crack Sensitivity « o v ¢ o v v 5 v v 6 o v 0 e o s 8

Yotched~Rar Impact Properties « « « o ¢ & o s« = & o o s

9
Study of the Effect of Aluminum (ontent Up~n thne
Trmpect Properties of High Yield Strength Steels . . . . . . Q
Tensile Propertias. ¢ o s e 0 e v L 4 e s e s e s ow s o4 LD
Tnderbesd Crack Sensltivity B T
Notched-Bar [mpact Properties « + « o v o « o ¢« ¢ s » o« = 17
3tudy of Leboratory Heats Containing Manganese,
IMolyhdenum, Vanadium, Kickel, and Copper « + + 5 o+ -~ o ¢ & « « 18
Tensile Properties v = o 6 o s 4 s s . 2 s 4 e e o« 4w o« o« £0

Mot=kolled Properties « o« v & o v & o w0 w4 s e 2w s ow 20
Effect of Normalizing et 1650°Fs =« + o ¢« v o & o &+ ¢ » 2%
REfect of Tempering o : o o o 2 v s s s ¢ s o 5 s+ s = o 2%
Weld Crack Sensitivity + « » 5 ¢ ¢ = 4 o 4 o « o o . o s 2D
Wotched—Bar Jmpact Drcpérties S e e s e e e e w e e e 27
Fot~Rolled Notched-Rar Properties « » « ¢ o 4 v ¢ v o o o 28

Frfect of Normelizing o « v v o « o o 52 o « o o o « o « 32

Effect of Normalizing and Tempering « + « v o o 2 o o o & 02

Significance oi Precipitation Hardenming » + « « « « o« o « ZZ



TLRLE O LA Contimued

T

Study of Chromium-jlengenese Stecle o o o v o a0 0 20w

Preparation of Laboratory leets Containing
nengenese and Chromium - .

-
.
<
o
-
®
-
.
s
.
.

Tensile Properties .« « « o ¢ o » 2 o 2 5+ v 4 4 s e
Thderbesd Weld Crack Seunsitivity .« « « + o v v« 4
Wotched-Rar Imoact Propertles « « « ¢« v v v 5 o ¢ o @

gffect of Tomogenizing Steel in the Form of
Slebs Prior to Rolling to Plabtes o o « ¢ o v v 5 o o & -«

Tornsile Properties of the Plate from the Homopenized
Inderbead Weld Crack Sensibivity « - » > -+ o v o
Wotched-Par Impact Properties o« o » « « o & « o « & &
Discussion of HomogeniZing » « « « o o « 0 = o« . ¢

Relatlionship of Hardnees Under the ield Bead to
f?r‘ack Sensitj‘vi‘ty & a & 5 8 % v O € 3 8 1 & & o« + & © & %

Tensile Properties of Herdened und Untempered Steels . o »
Wotched-RBar Impact Properties + « « o « o v o o« 0 o &
Study of Joint #fficiency of Quenched and Tempered Plate .
Tensile Propertiss o o o s v o v 0 v 4 4 v 0 0 s 4 e

Effect of Bleetrode Coating, Size of Flectrode, and
Hest Tmput Tipon Underbead Cracking « « » « « v 0 0 ¢ v v

Bxperimental ileat~Treated Commercial Plate Steels + .+ . -

Orack=-Sonsitivicy Teats « « ¢ 0 0 o 0 @ 6 6 o o 2 s =

APPENDIN, o 4 ¢ o o o 5 o s s s & o & & & s & 2 & & 3 & & & o 3

-
. .
. .
.
E) k-]
Yebs
. e
. o
. s
o
‘. %
e e
L L3
o *
* r
. .
.
* L ]

O
a5}

-

jo)

i3]

<

(a1
-



F1HAL PROCRESS REPOKT

on

WAVY RESEARCH PROJECT NObs 3119

METALLURGICAL (ITALITY OF STEELS
USED FOR
HTLL COMSTRUCTION

From:
Battelle Memcrial Institute

Report Prepared By:
He. M. Banta

A. T.. Walters

e 1, Simg, Supervisor

veins laboratory hests, it was demonstrated that l-imnclh hot-
rolled plate with a yield strength of approximsisly 85,000 psi. and low
orack sensitivity could be obtained from a 0.20 ner cent carbon steel
with 1.30 per cent manganese, 0.60 per cent molybdenwmw, and 0.18 per cem
wanadium, when deoxidizesd with 4 pounds of eluminum per ton. The noich-
ed-bar impact strength ¢f this steel, however, was guite low.

L study ol the influence of eluminum content, 1 to 4 pounds pev
ton, upon the notched-bar impact properties of high yield sbrenciin, rote
rolled steels of the above chemical analysis, indicated that an addition

of one pound per ton gave the best results, bHut the notched-var hehavior



-2
of this wns atill quite pocr, being sbout 5 Lo 10 foot-pounds Tharpy at
0%%.  the nrack rensitivity of this steel, however. war quite high.
These results again demonstrated thet the crack sensitivity was reduced
by the additiszn of 4 pounds of alumiaum per fon.

A shbudy of 2.5 and 3.5 per cent nickel steels proved to be
inconclusive because verv rscent work on another project has shown that

it is necessary to modlify the crasgk-sensitivity testing procedure in
' (=3

oty

order to determine the crecking characteristizs of steels containing
2 to & per cent niekel. These steels show little or no tendeucy to
crack when the crack-sensitivity specimens are welded at 3°F. but wey
crack cxtensively when welded at higher initial temperatures. This phase
of the subject ok¥viously rsguires additional'investigéticn.

An invegtigation ol the influence of chromium in ths ranre ol
0.25 to 1.0 per cent showed that this alloy had little, 1f sny, influeic
on the crack sengitivity of hot-rolled 0.2C par cent carbon steey with
1.30 per cent manranese. Since, however, the additicn of ctremim did
not materially increase the vield strength of the hot-rolled stecl. the
use of this alloy 2did not appesr promising.

Thile the crack sensitivity can be reduced aprreciasbly by
homogenizin; the hot¥rolled plats, such a treatment wonld not be
commercially feasible because of excessive scaling and warping of the
plate. “uch a treatment would be practiceal, however, 1f it gould be
carried cut in & reasonable length of time on the slabs prior to rolling
to plate. The results from slab homogenizing trials made in the mill

indicated that the homogenizing time required to benefit the cleel waulid

be entirely too long for pracbicul purposes.
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A cowparison of the maximym harduness or the heat-affTected zone
under the welidheed in hot-rolled steels, with the same shesls after
homogenizing, showed no dirference, even though the creck sensitivity wag
reduced to a marked extent.
L study of fully quenched tensile and notched-par impset

spoelmens which were not tempered showed that the mariemsite developod

in the ATS type of stesl was not brittle but had beth zood ductliity wnd

impact strength, although the tenslle strength wae in the neighberhood
of 200,000 psi. The object in view was to demonstrate that the herd

martensite under the weld wes not neecsszarily brittle and that weld
crociks de not ocour for this resson.

Bust-weilded Joints made on I~inch quenched and tenpered plate,
using nigh-strength lime-coated electredes, were found to be practicully
100 per cent efficient. This indicates that the Improved properties
cbtrined from quenched and tempered plate may bo utilized lor weided
structures without lose of strength at the joints.

A comparison of ¥ 6610, ¥ 5016, end § 6020 showed that 4 hot-
rotled steel,which was guite crack gensidive. when weldsd with a bighe
hydroren collulosic-coated W 8010, could be welasd without cricking
when using bthe lime~coated I 8015 electrode, while the minersi-coatod

E 8020 reduced the cracking to o merked extent.

The results of cracke-sensitivity teste on 2 sensitive quanched

endg tempered steel showed that this steel did not crack when welded with
tae lime~coated electrodes. In making these

Tests. 3/16vinch clectrones were used, gs it was found thet the 5/i€~
inch £ 6010 electrode ceused more cracking thaa the 1/8-inch [ 6010

electrode which is normally used for this test. While these resulis were



opposite from whet mizht normally heve been expected, they appear to-
be in sgreement with those obtained witi nickei-alloy stesl ana indicate
the naed for a study ol the effect of electrode gize.

the results of erack-sensitivity tests made on a group of
commereial quenched and tempered sta&ls indicated the necessity of Limit-
ing the carbon and mangancse contents in order to minimize The underbouad

cracking.

TNTRODUCT ION

This i1g the finsl progress report on this project sud is o son-
tinuation of the phase of the investigation discussed in the previcus
progregs report, that is, a study of the influence oi chemical compu-
sition with the object being to develop a hot-rolled steecl yith high
vield strength and a low level of crack sens;pivipy that i satisfectory
for welded construction.

In addition to chemicgl composition, the results of commerecinl
iscussed - well 38 se of electrods
. eoatings upon underbead cracking.

In order to summarize the work of this projsct. 2 final sumesry
report T (350-26). .. covering both the reaulbs‘of this inveshi~

gation and the preceding projsct on this subject which wags conducted for

the OSRD as Project HRC-8Y. will be publiished,



EXPLR IHENTAL JORK

Figh Yield Strength Laboretery ileats

Preparatioc of Wangenese-lolybdenum~Venadium lLaboratory Heats

e o i i A o o i e R Rk AL Rt Al R e L e e —  ————— t—

Previous work on hei~rolled laboratory heats chowed that
72,000 pei. minimun yield strength could be deveioped from steels with

f
OaIB/b.15 per cent carbon, 1¢25/1.50 per cent ﬁanganesej approximately
.70 molybdenum, and 0.10 per cent vanadiuvm which showed little or no
tendenciss towerds vnderbead crecking, provided they were deoxidized
with a large sxcess of aluminum. The notched~bar impect propertiss of
these steels, however, were relatively low.

In order to determine if =till higher yield strengths, 80,000
psi. to 85,000 pei:, could be obtalned togetier with low underhead
craciing, two split heate were made in which the carbon was raisad o
(.18 to D0.20 per cent, the vanadium to 0.15 to 0.18 per ocent, and the

LD o O.50
(A

inm +the rg
VeV 1 THEe C©

S_'!

se of one
037 in the second heat., Tn arder to further investiszate the inflosics
of larpe additious of aluminum, these heats were aplit, the alumimun
being omitted from the steel used for pouring the firat ingect, while
four pounds per ton wag added prior to pouring the sevond ingot. Sunze
the carbon is frequently lower ir the second iugot because of oxldation
in the fu.mace, approximatelv four points of carbon was added prior o
pouring the second ingot in crder to imake up for this probable loss.
Bach of these two neate were cast inte two 6-5/8-inch-squere

1 L LU T © i P W S

hot-topped ingots end forged to 2 by fH-inch slabs. The chemical
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arnlyvsas of these “woe split heats, Yeats X/l and X-83,0v¢ shown in
¥ :

"eble 1. It will pe noted that in each case the seconc 1nzot is hizher

L

in carbon than the first ingst, because of lower loss then expected:
otherwige the analysesare ldentical with the excer tion of the alininum
content. Half of the 2 by H-inch siab from each ingot was then homogen=«
ized at 2380° for four hours. Yollowing relieatinyg, the slabs were hot
rolled into plates slightly greater then one inch in falckness. These

plates were then brought to 1900°FV. and rolled to a thickness of iz

inch in one pass which insured-a uniform {mishing temperature. Followiag

this final pass, the plates were sitood on sdge and allowed o ceool as iun

normalizing.

TARLE 1. CHEMICAL AWALYS:RS OF HIATS X-51i AND X-B2

Heat Ingo®t 3 . Uhemical ComposiéZ:;j—éfg;gigj:;:ii;‘
NG o G T'n F 3 ST W3 Tl
x5l 1 0.17  1.28 018 026 0.31  0.37 0.156  Ni}
i-514 2 0.19 1.28 .020 .026 0.32 0.37 O.L8 %175
%53 1 0.16 1.3¢  .020  .026 G.3%  0.8C 0.1% it
Y~53A 2 0,20  1.33 018 026 0.3L  0.50 0.if 01853

Acid=~zsoluble
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Tensile Propertiles

Lo

The tensile propertiles were determined from standard 0.505- n.h-
dismeter specimens machined from the center of the test plate, duplicate
specimens being prepared longitudinal with respect to tne direction of

rclling. Yield strengths were caliculated from the strese-strain curves



-
using the load at 0.2 per cent offset. A summeary of the tensile data
is given in Teble 2, and the complete data will be fouwr 1l in Teble 1 of
the Aopendix.

TABLE 2. LONGITUDIHAL TEJ5TLK PROPERTIES CF LOT-RILLED

AND HOMGGENIZED ONE=-INCH PLATES FROL YLATS
X-5r AWD X~b3

Blong. in Ped. of vield * |

leat Ingov  Processing £ Inches, Area,  Strengtn,

Mo o Method A s psi,
X-51 ot rolled 23,0 51.0 88,8C0 g9, 3500
X=51A 2 " " 21.5 58.0 76,500 107,800
X~h3 1 Hot relled 2240 585 71,000 1034, 200
X-534 2 " t 19.0 53.5 84,300 14,700
¥-51 1 Tomogenizedt  28.0  6£.0 71,300 100, 500
¥-5lA 2 " £1.0 60.0 76,000 109,500
Y53 1 Homogenized® — 20.0 5540 77,000 107,800
X534 2 " 19.0 51.5 15,400 LaT 000
"—*— Yi(ﬂ ld itrbﬂ{’;".ﬁﬂ at 0.2 per cent o fi‘set E e e

s

Homogenized steels were hested at 2350°F. for four hours in the
fo:m ol 2 by S5-inch slabs, reheated, and roiled iato one-inch Llstou.

Tensile Proverties

Table 2 shows that the yieldrstr@ngth Qf fhe régular hew-rollad
stesls fallsbetween 68,800 and 84,300 psi. and the teusile strength
between 99,300 and 114,700 psi. Roth the yiecld and tensile strength of
the homogenized steel wers slightly higher, the yiela strength varving

and the ter

sile 100,500 to 117,000 psi< The

=

Lk oa A Laak

ERaTeet] 71 'Z{]ﬂ ey QR 11.(“1('3 ™ay .
14 Lo WA LU OU g TWY Pod s

ductility of bhoth groups was essentially the sams



#2104 Creck Sersitivity
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The underbsad crackiag teudencics were determined {rom the
single-bead tesbt as described in previcus repovis peritaiuliy to this
project. TRecruse of the possible affect which siight surfase deserburi-
& groove 1/2 inch wide

zation meyv have on the underbead cracking Les™

¥

hy 1/16 inch desp was cut in the surface of the speciuen and The lend
deposited in it.  Other than this, there hes been no change from ths

pracstice Formerly used. When mekings the ftest, ten speeinens from cunsh

.ﬁ
[43)
-
—
ot

ware welded. AV

s cracking values are ilsted in Table 2, and

b

the results Trom individual specimsns appear in Table 2 of thn frependix.

£s shown in Tabie 3, the regular hot-rolled shueels with 0.17 ond
0.18 per cent carbon mede without alumiwan, Heats X~51 and RX-5%, cracked
24 ard 18 per zent, respectively. The alunminum~treated stoel from fie
Sam: hcatsy(x-5lﬂ and X-534A, which were highoer in carbon, sracked j& and
18 per cente Since the hivher carbon would increase the crackirg, tucse
regults indicate that the aluminum was effective in reducling the cvack
sensitlivity.

TABLE 3. RESTLIS OF UWDERBEAD ORACKING Tx3TS
ON JEATS X-51 AsD ¥=-5b3

Tm:derbead
Heat Tngot Processing Carbon Alumd num Cracking, -
NG . lic. Viethod Content, % Cortent, % o7
X-51 1 Hot rolled 0.1V Wil 2k
X-E1A 2 " " 0.1% 018 Lé
X-5Z 1 Hot rolled 0.16 M1 16
F-b3A 2 i " 0.20 0.185 ie
- . + . rs
K-8l 1 llomegenized 0.17 Hil 5
¥-51Aa 2 " 0.19 0.185 2
- . -i- -
X~53 1 Ponmagenized 0.18 mMil i2
F=B3A 7 " .20 0.1c5 3

F Homsronized by hecFife ©ho 2 Dy beifc 1 Slibs o fao0°F. TOT 4 Lours.
rehsated and rolled to i-inch plate.
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It will be noted that the homogenizing trestmwent reduced the
cracgk sensitivity as compsred with the regular hot-roliecd steel. A
gimilar effect of aluminum was also noted in the homogenized stesls as
was [ound in the hot-rolled stesels, the large sdditior of aluminum

reducing the crack sensitivity.

Yotched=-Bar Impact Properties

The impact strengths were debermined from stendard Charpr hars
with V=-type notches cut verpendiculsy to the plate surfece. All
specimens were prepared Trom the center of ons~inch-thick plates, the
length being in the direction of rolling. Tests were run at each of six
temperatures in the range of ~75°F. to +210°F., four specimens from eah
keat being breken et cach temperaturs. The date trom these taste are
shown graphically in Figures 1 to 4, inclusive. The notched-bar impact
strength of ali four of these steels was found to be relatlzely .ow =t
room temperatures sad below. It will be noted that the addition of
aluminum did increase the impact strength. See Table 3 of Appendix {ov

complete data.)

Study of the Effect of Aluminum Contenti Tipon the

Imp&c¥ Propertics of Hish YVield Strengih Sveess

In an attenpt te improve the impact properties of the hob-rolled
high yield strength steels, 80,000 to 85,000 psi., which were alloyed
with a corbivation of marganese, melybdenum, and vanadium, three snlit
heats wers male and deoxidized with one, two, and threc pounds of
aluminum per ton prior Lo pouring the ingots. 4 Courth split heat was

made with the aluminum beingy omitted from the steel poured into the Tirst
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ingot, while the steel used for the second ingev wag decxidized with four pounds
of aluminum per ton in order to further investigate the effect of aluminuu upen
vnderbead cracking.  Aside from these differences in aluminum, eacs heat was made
t5 contain approximately 0.21 cer cent carbon, 1.35 per cen
pur ceat molybdenum, and 0.22 per ceni vanadium,
The heats were cast and processed in the manner previcusly described.
The chemical analyses of these heats, a~55 to £~58, ipclusive, arc
listed in Table 4. It will be noted that the chemical analyses of these neats

are guite gimilar with the exception of the aluminum content which was purposely

veried.
TABLE 4. CHIMICAL ANALYSEs OF HeATe X-55 TO %-58, INCLU:IVE

Heat ingot Chemical Composition, Per Cemy, HhEN
_ o, No, C_ Vn_ P 5 Si Mo T . Y W vl
X~55 1 0.2L L1.35 - .015 024 0.3z 0.50  0.2h Wil C
X554 2 0,20 1.35 015 .025 0.33 0,52 i 0,180 i
F~56 L .21 1.35 ,019 027 0.27 0.51 C.22 0,020 1
¥-50A 2 0,22 1.35 .021 .028 0.238 0,510 0.23 0.07C 2
=57 1 0,21 1.25 .08 031 0.28 0.52 C.23 0 015 1
A~57A 2 0,22 1,33 .020 ,033 0.28 0.51  0.23 0,105 2
X-58 2 0.20 1.34  L019 .028 0.27 0.52 0.z23 0.070 2
X264 2 0,21 1.35 o2 030 030 5 C.23 0.i05 3
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Tonegile Propertias
e

The tensile propertics wsro determinad #rom standard 0.5086-inch-

dlameter specimens machined rrow thes center of the Hest plute, duplicate

H

@

spesliens baing prepsved leoagitudinal to the dirvecvwion of rolling. Th
yirid strengths were detsrmined from the stress-strain curve using the

load at 0.2 ver cent offset.

The rvesults of the tensile tects from Feats X-55 1o X~hE,
inglusive, In the hot~rolled condition, and for Heabts ¥-56 to X858,
inclusive, after tempering at 1000°F. for sne hour and cooling ia air,
arz listed in Table 5. The complete dats are listed in Tabhle 1 ~f the
Appendix.

From Table &, 1t will ve seea thet the yield strensths of the
hotwrolled plates were 84,000 to 88,400 psic and the ftensile astrengths
111,500 o 120,300 psi. The elongation varied fvom 16 wo 20 per ceut
in two iwncheg and reduction in ares from 40,5 to B ner cent. There
eppeared to be little, if any, relabionship bétwéen aluninum conbent
end tensile properbies.

Temvering these sheels at 1000°7. reiscd the yield stren th o
90,800 to §3,300 psiu but had practicaily ne effech upon the tensile
sfrenmthsa The per cent elongation was 16 to 20 vsr cont and the

reductlon of erea H2.5 to 58 per cent.

Underbead Crack Sensitivity

The underbead cracking charachteristice for Eeats ¥-55 to X- L8,

inclusive, in the hot-rolled condition,wsre determined from the single-



TABLL 5

16

. LONGITUDINAL TEISIL. PROP

TEWMPERLD ONE~-

IFCLUSIVE

INCH PTATES

ERTIES CF RIT-ROLLED AKD

FEG T\’[ Iﬂ'Jl ‘Ll‘ 4‘( oh

{0 X534,

J

bead test, ten specimens from each steel beling welded using

" procedure.

the complete deta ere listed in Table 2 of

As observed from Table 6,

e

the

2]

par

compared to 29 per cent when four pounds

ls tr

Flong. in  kLed. vield ,  Tensile
Heat  Ingot  Processing 2 Inche=, Ares, Strength, Strencth,
NG o NG Method % % pls el
X~55 1 Hot rolled 18.0 54.0 86,500 118,200
X~ 5bA 2 v " 19.0 51.5 93,400 120,300
¥-56 1 Tot rolled 19.5 59:0 84,000 112,300
X-B6A 2 " n 20.0 55.0 86,500 136,300
X857 Hot rolied 19.0 57 .7 84,100 114,400
X-5TA 2 " " 16.0 40.5 87,300 115,800
X-58 1 Fot rolled 17.0 43.5 84,300 113,
X-5hEA Z " " 19.0 56 .0 37,400 117, 4nm
X=56 1  Tempered 1 hr. 20.0 58.0 98,200 113.7C0
X-504 2 at 1000°F., 15.0 5d.b $1,300 118 eco

air cooled

X=27 1 Ditte 20.C 56.0 90 . 800 15,200
X-E7A b7 " 180 5.5 21,300 118,200
¥-58 1 v 18.0 55.5 9%, 500 11a,100
X-hEA 2 " 19.0 54.0 92,3500 156,700

strengths were calculated from the siress-stra

ected with O

to 3 pounds of

¢:nt asid-seluble aluminum contents,

v the load at 0.2 per cent offsct.

the extent of under

A summary cof the cracking data will be found in

‘e Apoendix.

bead cracking for

aluminum per ton, O to 0.700

wes BR

75 per cent os

of alumirum per

ton were

addad.
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TARLE 8. HESULTY OF UNNEREEAD ARLD-CRACKING TeSTS FROM
HEATS X-55 TU X~58, IJCLUSIVE, Tu THE M -ROLLED

SUSTTYVTIT OV
LASa L L AN

. Aluminum
Feat Tnzot farbo. Aluminum Added in Tnderbead
Hos 1§ Content, % Content, o IHze/Ton cking, 7

A AR o ——— L A" gy ot H—— . o o it 0 bl b 8 e 7 8 et . s 4 B . T T T i —

¥-55 1 V21 Wil 0 56

A
- %
;
<
5
[

. 0.21 2020 1 58
A-57 1 0.2 015 1 75

- 5HiA 2 D.22 070 2 55
v oo q ~ o TS ~ g ]
PaSRels L 'e ) AU PR . s et

WesTA
X=hEA Z

<135 3 75
<105 3 - B

U
o O
SN
AN

X-oha 2 0.20 L1856 4 nY

This, and data shown previously, lndicates thetl the cracking drops
sharslywhen the acid-solunle sluminum content is increased So somowvhere

ghove 2,105 per cent.

Totched-2er Tupeact Propsrties

The impact properties of Heats X-56 to ¥-58, inclusive, were
determined from starderd Charpy bars with V-type ncotenes cut perpendice
ular to the surface of the plate. All specimens were prepared from the

center of one-inch hot-rolled plates, the length of the specimene baing

s

T v e rantimsy At vallirnoe .
i ne reolion ol rolllng.

I<!

1
Ll

-~

[

etures in the renge -T75°F. to +210°F., four svezimens from sach hozt

boing broken &t sach temperavurs.
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The noteched-bar nproperties ere shown graphically in Pigpurss 3
to 7, ineclusive, and the data from which thz curvee wers Jdresm are listed
in Table 3 of the Lfupendix.

The impact strength of thase steels, as shown bv Flgures &, G,
and 7, were low vihen tested al rcom temperature and below. The steols
decoxidized with one pound of aluminum psr ton werw, however. semewhat
suscrior in thas respect to those treated with two ane three bounds of

luminum per ton.

G

Study of Laboratory Heets Jonbaining Mangenese,
Folybdenum, Venadium, WNickel, and Copper

In order to determine the advantages that mizht be obtained by
the use of 2.5 or 3.5 per ocent nickel in additicn to molybdenum snd
vanadiom, three labocratory heats were made of the analysis shown in
Table 7. In addition to the above alloyg, 0.65 per cent copper wes
added %o tho fourth heat in order to further increcse the vield strenpth,
by preciplitation hardening.

dincs carbon snd maagenese nre eospecially detrimentel with
respect te undsrbead cracking, the carbor snd manganese in these heats

18

—d

imited to O

)

iT1a L0 ney nont, regtectiTvellv.
ra LU Der olNG, FegPoeCTTolY

4

Eech hest was deoxidizsd with two pounds of aluminum per “ton,
this addition being considered the most desirabie trom the standroint
of impact propertisg. 211 heats were 225-pound ianduction-furnace melts

snd were casb into 6-5/8-inch-sgquare inzots.
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TAFLE 7. CHEMICAL AYWALYS{S CF LABORATORY HEATS
QONTATNING NICKEL

Ada Al gy iF r

deat Themizal Composition, Per Cent "
No e & ™ P 5 Si e v Wi G AL

063 Q.18 1.03 L0827 028 0.26 0.37 - Ga0d - 075
X-£1 0.18 1.03 021 031 0.44 - 0.22 3k - 065
:’\"‘b:) Oal? 1.-0:3 IOZ]- 5027 0025 0131 Oals ?.o"_)b - c075

X’66 0‘17 1»02 0025 tU27 Ol25 Oau‘g: Otld 2155 OOFD n\JIfQ

e et e+ e et i - - nrr— y At i1 - ———7 == <l aan % MR b - A ——
et [P hanapboltobiskal oy astu i S A

*  ficidesoluble aluminum content

I procesuing these ateels, the same prosedure &3 described
sarlier was foliowed, thet is, the inzots were forged from 2700°%. intc
2 by b-luch slabw, reheated and rolled into plates slighlly over one
inch in thickness. . The final operation then consisted of aijustirs the

plates to 1800°F., rolling to one inch in cne taszs and gtanuing the

o

Jates on edre to cocl:. The finishing temperature was avproxinaLely
m 2 L 2P J

The tencile propertiss of these hests 1n the hot-rolled,
nermalized, aad normelized and tempered condltlions were determined ITrom
threadsd—end stendard 0.,o0b~inch-diameter fest barsﬂ duplicate specimzns
beins mechinsd from the center of the plate end Longiiudinal to the
directicn of rolling. Vield Strengths were takon from the stress-shtrala
curve using the iload at 0.2 per cent offget. A sammery of the tensile
results is given in Table 8, and the data for the individual rpecimens

g2 listed in Table 4 of the Appendix.



TABLE 8. TpN3ILE PROPERTINS OF LABORATORT HEATS
€6 -

-63 TO X- IN VARIOUZ HEAT-TESATED
CONDITIONS
‘ Elong. in Redo of Yleld Terile
Heat - 2 Inches, - Area, Strength; trength,
___¥e.  Condition % % psi. __ psi.
X563 bt 20.0 42.0 74,000 115,200
" B 20,0 55.5 84,000 125,100
B c 24.0 61.0 Y48,800 107,500
X-64 A 205 15.0 78,900 116,200
" B 21.5 5260 82,000 128,500
" C 21.0 58.0 108,800 130,800
X-85 A 21.5 54,9 79,300 108,400
" B 21.5 58:0 78,000 119,800
" C 21.5 805 103,800 126, 200
X-88 JiA 17.0 3245 83,600 116,300
" B 20,0 42.5 gz, 500 136,300
" C 20.0 55.5 115,300 136,300
" D 20.0 54 .t 111,400 134.900
B B 1g.0 50,5 865,000 132,700
- = e

Yield strength st C.2 per cent cffset.
** Cordition:
A« Hot rolled
B. WNormalized 1E5C°F.
C. Neormalized 165C°F., tempered one hour 1200°W.,
air cocled- .

D Same as "CY, except tempered at 1i00°F.
£« Same as "0, eLCFpt tempered at 1000°F.

Hot-Rolled Properties

Tatle 8 shows that the yield strengthsof the hot-rolled plate
from Heats X~83, X-64, and X-65 ranged from approxiﬁately 74,000 Lo
79,000 psi. with the copper-tearing Feat X-66 being slightly higher,
83,600 psi. The tensile strength of all four steels wire well over

160,000 psi., ranging from about 108,000 to 119,000 psi. The ductiliitiss
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of the first thrse heats wers quite similar ass indicatsd by the elengation

in 2 inchss, while that of the copper-besring steel, Her-v X-66, was

silghtly lower.

Effect of MNorme

izing at 16500°F.

Normalizing inecreased the vield strengbih of both ths 3.5 per

seut nickel steels, the increase in the molybdenum~bes: ing sieel,

Fert ¥-82, being 10,000 psi. as compared to about 3000 psi. for tho
venadium~bearing stesl, Heat X-064.

The yield strenrth for the 2.5 per cent nickel steel, Henl Y-85,
containing nelybdenun, venadium, and no copper,was practicelly uwnsliveotod
by normalizing, while the companion steel with 0.65 per cent copper
showsd an increase in yvield strength of 3000 psi.

The tersile strengths of the threse hot-rolled siszels withont
copper were imcereased approximately 10,000 psi. as the reswit of norwai-
izing, whereag, the strength of the copper~bearipg heat waz lncrcased
17,000 nsi.

Normalizing hed practically no influence upon the ductility
as sacwn by per cent elongetion, of the three hea%ts wibhout copper, v
increased the reductiocn of area appreciably. Both elongabion and

T

reduction in arsa of the copper-bsaring heet were improved by this tro

nMentTe

=] \ i et
Effect of Tempering

The tensile properties of cuch of the four nickel-bearing slenls
were determined afber normalizing at 1850°F., end

tetpering for ono nour

at 1200°F. and air cooling. £s observed from Table 8, this treatment
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decreased the yield strength of the 2.8 per cent nickel steel containing
- nmolybdsuum sud no vanadium; Heat X~63,.by'about 40500 ref. ws compared to
the strength after normalizing, while the vield strength of the companion
heat, Haeat X-864, which contsined vanadium, was increased opproximately
28.000 pei. as & result of the tempering treatment.

Yield strength of HeatSIX"é5 aﬁd X~86 wus increased spproximotbely

23,000 psi. by the hempering treatment. Tempering stecl from Heat {-66

at temperaturcs of 1000°F. &nd 1100°F. for 1 hour resulted in lecs zin

in yield strength thun wes obtained from the 1Z00°F. tempering trestment.
The tensile strength of the 3.5 per cent nickel heat with

molybdenun tnd norvanadium, Heat ¥-635, was decreased from 126,100 &o

107,500 psi. by the tempering treatment, while the strength of the

P
(o]

maining three hests was elther unaffected or increased siightly.

The duetility, ss indicmted b? tﬁé reduction in area, was
increascd slizhtly in most cases hy Tthe tempering creatment. The
complete tensile data for these steels will be fouﬁd in Tebie 4 of the

Appendix.

Fzld Crack fensitivity

R e o | PO | ~ P o Y B s Iy 3
Th 1 - o 3 5 1y Y] v ?

e
o
j
o
)]
i}
o
{
o
[
(e}
s
o

bead tests as described previoﬁsly. Ten grooved specimens were welded
from each stesl in the various heat-treated conditions with the excepsvicn
of the tests on the normaliced, ard normalized and'tempered steel from
Heat ¥-G66, and the tests welded at 75°F. and 120°F. whizh were medo with
five spacimens because of insufficient stcelg

Table ¢ shows low ﬁnderbe&d cracking tendezncies for cach of the

gteels in the hot-rolled condition when welded at O°F., the highest
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TARLE 9. RESULTS OF UKDHERBEAD JRACHTHG TESTE »ROM HEATS
X~63 TC ¥~66 FOLLOWING VARTIOUS HEAT YREALMITS
& Pet Cant (rucxlna**
Baat Chemical Analyses, Per Cent Condi- Jhen Wslded 8%
Koo G ) Vi 1o v Cu tion O°F. 4787 F., #1207,
=5 0,18 1.03 3.45 0.387 - - A 5 7 g
L] " it " " - . B O — -
X-84 0.18 1.C3 3.46 - (.22 - b a4 -
1 i ! 1t - 1 - o 1 .
X-65 $.17 1.02 2.86 0.3l 0.1b8 - A 14 19 1%
it "o ] it it il w C 0 - -
X=d8 017 1.02 2:52 0.34 0.16 0.6D & ] -
n o T i n 1 1 R 2 - -
L 1t 2 L4 1" it IH C _]'5 can -
- e s Pl S TR L

Corndition: L. Hot rolled

B. YNormalized 1650°F.

C. Normalized LGEC°F. then tempsrazd fsr one Lour

at 1200°F; air cooled from tvempering tempecrsture.
Specimens welded 1n carbon tetrachloridje bath at 0°F-
i water bath was used to mainbtain specimen terperatures of +75°
and +120°F. at start of welding.
cracking ‘eingy 24 per csnt for Heat X-04. Normalizing or normalicing
and tempering reduced the oracking in the specimens from Heals X-63,
¥--84, and %¥-65 to almest zerc, but had practically no eflfect on tie atecl
containin: copper, Heat 7-66. (Jee Table £ of Appendix
Since this work was started, however, it wuz found, as the resuli

of work on another prcject, thet the higher allioy sieels behave in a moch
different marmer than the BHTI steel, or zimilar steels containing smal:

alioy =2dditicn, when subjected to ths crask-senszitivity tect. The alizot

of initial specimen temperature was “ound tc be quibe pronounced cnd
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different from that generally expected. ¥arly in this project, it was
shownt that increasing the initial preheat tempe}ature from 0°F. to 120°F.
resulied in & slizht increase in the exbtent of cracking in HTS steels.
This trend was found to be much.more pronounced in the hizher £lloy
stesls that have been iuvestigated than in the HIS steels. For exanyle,
a steal wﬁich showed no evidence of cracking whi~n velded at 0°F. cracked

in excess of 30 per cent when welded at 180°F., while usracking was

o
D
:J‘,

e

7

prectically eiiminated by further increasing the initial specimeu

e

erature to Z200°F. Therefore, efter compkzting the tests at 0°F.,
limited number of weld tests were made using initial.temperatnre% of
75°F. and 120°F., the specimens being held in 8 water -bath mainteincd

at the above temperatures. Bécause of the lack of additiinal stesl,

this work wes Llimited and only five specimens were welded fvom Heats X-63
and X-85 at tnese temperatures. The average of these Tests is shown in
Tabla 9.

The resulis of these few tests indicalte that the crackins in the
hob-rolled steel from Feats X-63 and X-65 is net materislly changed by
incresasing the initial temperature. Because of the smell number of
tests 2ud the limited tamperature.rauge covercd, no definite conclusiors
can be made concerning the crack sensitivity.of these steels. Heforse
the orack sensitivity of alioy'stéels can be econrately determined, 1t

appears thal considerable rescarch must be conducted.

Wotched-Bar JTmpsct Properties

The impact properties of this series of heats were determined
Prom s*aundard-size Charpy bers out {rom the center of one-inch-thick

plates and notched perpendicular to the plete surface, the length of the
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specimens veing in the direction oi rolling.

Ta order to be consistent with ths pructice feliowed in the past,
V- typs notclies were used, although,at the testine femperature of -40°7,,
both kevhole snd V-type nctch specimens were used.

The noncopper-bearing hot-roilad siesls from Heats %-63, X~64,

g of =75°%. to

(953

and X-8b were vested at six temperatures within the rang

<o

+210°F., whereas, copper-beuring Feat ¥~86 was tested ot ~40°F., -5°R.,
and +75°F., only. Four specimens from epch steel were broken at ef-h
tenperaturs.

Spocimens were also prepured 'rom normalized and normalized fnd

crperad plotes and the impact strengths et -40°F. compered with those

of the same steels in the hot-rolled condition. The particoulor heat

wAas aone of the two Just wentioned which developasd ths

hizher vield s*trength in the stesl.

The impact properties are shown in Flrures 8, 9, ond 10, and ths

=)

results from individual specimens sre listed in Teble 6 of the Arpendixs

Properties

Figures 8 and 9 show relatively low lmpact strengtbh st +40°F.
and below for Feats ¥-63, X~64, and ¥=-60 in the hot-rolled condition,

the values at -40°F. being compareble for ¢ither type of notch used. [t

el
i

i Lot v YW sy )

L

peratures above +40°F., the impact values rose sherply, the increase
being moat proncunced in the molybdenum~beering Tecets ¥-63 end X-65-
The highest strength et +210°F. was ottaived by Hest -85, which
contains 2.5 per cent nickel,

The impact characteristics of Heat X-643, which contained 0.65

er cent conper, compared favorably with those of the othur three nuats
- pRer, 12
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when tested ot temper“tu&es -40°F., =5°F., and +7H°TF.

Effect of yormalizing

Mormeli

l\

zing improved the notched-bor properties of Tset ¥-83 Lo

1 AL e L

r\

a2 markzed exbtent when tested &t —40°,‘the velues from keyhole type
specimens being 21 to 26 and 4 to 6 foot-pounds for the normalized and
hot~rolled steels, respectively. The only other steesl of the serics
tested alter normalizing was Heet X-66, the lmpuact streugths ot BT
fnd -40°¥. belny guite low in hoth the hot-rolled and normalized

cenditionsg. Also, practically ne difference wag observed in the velues

obtained from seither of the twe types of specimens.

Effect of Formalizing and Tempering

Figures 8 and 9 show & glicht lmprovement in a keyhole Charny
strensth of HYeasts X-64, ¥~-65, after normalizinp followed by lomrering.
A& comnarison of V-notch properties of Heet ¥~66 shows that the bost low-

temperature noteh resistance 1s developed by tempering wt 1100°F.

gipnificance of Preeclipltuticon Hordening

£ comparison of dats for Hests X-65 and ¥~86, boilh being similar
in composition, axcept the latter contains 0.64 per cen® copper, showo
an increcse in yisld strength of 4000 psi. for the hot-rolled condition

Fel

ag a rasult of the coppur additiorn. This diffeccnce bocane more pra-
nounced unon hest treafing; thoe vield strengthseiter normalizing boingz
C 78,000 psi. and 500 psi.; respectively. This represents & glisht

decrease in strength for the heat without copper and an increase of wlmogh

9000 psi. for the copper-bearing heats Both heats increased in yicod
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strength after being tempered at 1200°¥F. for one hour, the yield
strength of the noncopper-bearing heat reaching 103,8CC psi. compared to
115,300 psi. for the copper steel, The increase resulting from the
tempering treatment wes shout 25,000 psi. in either cese. The final
difference in yield strength was about 11,000 psi. in faver of the
copper-besaring steel.

The notched~bar impsct strength of the copper steel after
rormalizing and tempering was slightly lower than thet cf the ceooper—
free material, but this diffserence would be expected in view of the
hirher vield strength of the copper steel.

The cracking characteristics of the coppsr steel in the hot-
rolled and normalized-tempered conditions were esszentially the some,

. .
thess steels cracking 9 and 13 per cent. respschively, when wested av
0°". Tne copper-fres heat, however, cracked 14 per cent in the hot-
rolled state and showed no evidence of eracking after being normalized

and tempered.

Study of Chromium-"langonese Steelsn

Preparation of Laboratory Heats Containing
Menganese &nd Chromium

The effect of the elements carbon, mangsnese, silicon, molybie-
num, ond vanadium, when edded sinpularly in various amoﬁnts to =&
stdndard anaiysis, was determined and the dabe were included in the
Ebvemhér 17, 1847, Progress Report. 1In ﬁrder to investigate the
influence of chromium, a seriecs of four 2‘5¥pound induction~furncce heat

was made to which approximetely 0.25, 0.50, 2nd 0.75 and 1.00 per cenk
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chromium, respeﬁtively, was added to tﬁe standard enalysis. 48 before,
each heat was deoxidized with 0.4 pound of aluminum per ton and caest
into a 6-6/8-inch—square ingot. The chemﬁcal analyses of these heats
appear in Teble 10, together-with the standerd composition Tecats X-~45
and X-46. |

The procedure fbllpﬁed in processing these steels was the sums

as given earlier in this report for the mangesnese-molybdenum-vinodium

herts.
TARLE 10. CFEMICAT, AVALYSES CF LABORATORY HEATS
MADE TO STUDY THE EFFECT OF CHROMIUY,
HEATS X=-869 TO ¥-82, INCLUSIVE
Heat Anelyses, Per Cent ' ~—:;*““
Fo. - C - Mn P R Ty Cr Al
X~53 0.20 1.37 =025 026 0.22 0la 0.28 <003
=60 Q.20 1.33 024 +030 0.38 2312 0.52 -u03
X-67 0.2l 1.38 D24 «026 024 «012 0.78 <003
¥-62  0.22 1.30 .024 -025 0.31 «015 1.00 -002
(Stendard Composition Heats)
X-45  0.21 .‘1 35 021 030 0.27 <015 .003
¥-468 0,22 1:35 023 <032 0.28 <015 003

ield=~s0luble aluminum conkent

Tensile Properties

chromium series ond

L summary of tensile properties for the

standard composition heats is listed in Table 1l. The complete doto are
listed in Table 7 of the fppendix. These propertiecs were determined

from standard 0.505~inch~dicmeter tensile bars, duplicate specimens
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longitudiral to the directicn of rolling besing prepared from the center

of one~inch plates. 4s before, yield strengths were caleulated from the

stress-strain curve usine the load at 0.2 ver cent offsct.

TLRLE 11, TENSILE PROPERTIES OF CHRUFIUM-BEARING ARD
STANDARD=COMPOSITION LARORATORY IILATS
Flong. in Rede of vield®  Tensile
Heot - 2 Inches, ATea, Strength, Strength,
No. Condition % ' = psi. sl
(M&ng&nese-ﬂhfomium Heats)
¥-59 Hot relled &3.D 59,5 48,400 a0, 000
=60 " " 31.5 70.0 49,800 81,900
X- 61 mooo 2840 65.0 51,500 86,400
X862 n " 27,0 ‘ €€.0 54, 500 91,900
*k ' : _
£Z«6%  FHomogs & Morm. 2445 £l.5 61,200 105,3C0
{Standard-Jompositicn Hests)
=45 Hot rolled 3%.8 67.2 e, 100 75,100
X~4e " "o 350 70.1 50,780 20, 200

* Tield strencsth nt 0.2 per cent offset.

** (ne-inch-thick plates were homogenized for 4 ‘hours et 2350°F. and
then normalized at 1620°F.

411 gpeecimens from one-inch plotes

in exomination of Table 1} shows little difference in hot-reolled

eld streasth of the highest chromium, Heat ¥-62, and the stondord-
< a3 5

- T T T " |
T e O TN 4w

composition herts without chromium. The yield s

chromium stecls was similar, or slightly lower, +than thot of stondord-
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cotmposition bheats, indicating that chrowmiwn cdditions of 0.5 por cont
have little effact upon the hot-rolled yield strergith. T1re tensile
streng th, however, wis increased bj'BOOG to 10,00G nsl. by the cddition
of 0.78 to 1.00 per cent chromium.

The ductility, as indicated by the per cent elongation, wae
decreascd with incretsing chromium content, while the reduction of craw
wis practicelly unchanged.

Nomogenizing oneo-inch-thick platc from the 1.00 per cent
chromiuvm heet {or four hours st 23B0°T. followed by normelizing, in-
crenged thoe yvield strenrth from 54,500 t5 €2,200 psi. snd the tensile
strangth from 91,900 to 101,300 psi. The ductilitvwes deareascd sliznhtly

by this traotment.

mderbead Weld Ureck Sensitivity

Thu underboend crocking tendencies were determined by the sinzle-
busd test, ten grooved specimens being woelded from cech heeb., In the
ce.sz of the homegenized steel from Heet X-62; five spocimens were woloed:

Avegrucs cracking values sre listzad in Table 12, and the data Tor
the individual teste will be found in Tsble 8 of the Anpondix.

Table 12 indicates thet the cddition of 0.25 or C.5C per zemt
chromium to the steul is not detrimental, but may actuelly decreass the
ocreck sensitivity, since the cracking in these twe steels wes less thun
cno-half of thot for the standord-somposition hurts, 28 und 20 per sent
¢ 57 and €60 por cents. The carbon content for the two irow.r
chromium heats was about one point lowor than for the standord heoto.

but 5t is imprebeble that this could account for the wide differcace in

crecking.
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TABLE 12. RESULTS OF CRACKR-SENSITIVITY TwsTS CN
CHROMIUM-BEARING LaBORATCRY ETEELS

Heat Cemposition, Per Cent fverage
NO . I m or ALT Cendition Crucking, 4

(Mengunese-Chromium Heats)

X 59 0.20  1.37  0.28  .003 Hot rolled 28
X80 0.20  1.3%  0.52  .003 weooo 20
%=61 Ge2l  1.36  0.78  .003 . 65
%62 0,22 1.30  1.00  .003 N 54
T-B2 0.22  1.30  1.00  .003  Homog. & Yorm. 5
461 021 136 0,78 .003 i 14

{Standard-Composition Heats)
¥-45 Ga.21 1.35 - 003 ot rolled 57

X~46 0.22  1.35 - 003 CEE 60

* Acid-soluble aluminum content

+ Pletec homogenized 4 hours at 2350°F., then normalized 1850°F.,

1

. 1 T R < L
The 0.7 1.800 per cen ked t tl
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emount #8 the gtendard hests in the hot=rolled condition, but tho crack-

ing in cach cese was greatly reduced Dy homogenizing.

Wotched-Bar Impact Properties

The impact strengthsof these steels were determined from stendard
V-notch Chorpy bars, four duplicete spcceimens being broken at each of six
temperatures in bthe renge of ~78°F. to +210°F. 4ll sp@cimens woere talon
from the center of the plate and machincd longitudinal to thu diresction
roll

5 D -
T Py aota A
1l e LWO S&wa U

]

o
41
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erpendiculor toe the plate surfacc, and thoe sccond set parallel Ho The
e 2

piy

2

»
3uris

o
[

v

ihe impact propertiss for the chromiuvm-booring wnd standsrd
composition hests cre shown grephically in Figures 11 to 15, inclusive.

The dota frem which these curves wore drawn ere listed in Table 9 of the

frpondix.  Specimens from the standard-composition heats were noitched

i

varellel Lo the pleate surfeace only, aund the data are ahown in Fiesure 1l.

i

gares 12 to 15, inciusive, show low impect atrengbhs o ~40°%

end below, and reletively ILittle scotter among individual velues through-

ot the entirve btemperature range when noetehing was perpendicular to the

plete surface. More scettor was noted in the tests notchod poaralicl to
the plete surfuce. As the chromium content was increescd, o corresponc-
ing decrease 1n impaet strenghi: oconrred.
Tn the cose of the 1.0 por cont chromium svecl, Figure LU shows
C i

that homogenizing followed by normalizing osroduced o wide sontber of the

values in what appeared to be the transition zono.

Bffect of flomogenizing Stoel in the Form of

Siabs Priocr to Rolliug ©o Siates

Mumorous dote are cveilanle o show the weneficisl infiuence of

high-temperature hemogenizing, cspecielly with ruspace Lo 1is effect vpow
underhead weld crack sevnsitivity cnd notchebar ilmpaet properiies of
tfinislied plates of vericus compos’tions. Sinece, howsver, it would not e
comnereially fessible to freat the finished nlates in this monner,
bocauge of the oxcsssive furnace silzo and cepacity reguired, noccasity

of normalizing following this trestment, poor surface of the plate cs tho

cr
&
[}

r to corry ow

-
\
v

rogult of scoling, warping, etc., it would be neécesaar
s 2 = 2
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honmgenizing treatment in eithor the ingot or slab. Yomogenlzing the
steel in the form of 1ngots would roguirve excessive tirn:, because eleven
hours at 23530°F. were required to completely homogenize o small

o N TR E T e
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rogquirc an wxceedingly long time. Tais leaves the slab as thoe only
logicol form in which the steel could be treatod.

In order bo determine the e¢ffect of homogeniziaz the stesl in

]

5

the Torm of slabs, threc ezetions from ecch of twe 8-inch sommers

manganzse=tolybdenum slabs were hested for various iengths of time in o
soaking-pit type furnece and then rolled into one-inch plates.

Sections from the same slabs were treated in the resular manner {or

COLPariscon purposes, S
Tn this initicl commercisl exporiment, Stesl 23¥ was heated for

periods of 2-1/4, 5, and 10 hours, regpectively, at 2300°F. In *ie
éccond trinl, Sbecl Z6]T was heated for pericds of 35, 8, end 1% hours,
reapsotively, et 23650°F. The chemicel analyses of tho steals sro listed
in Table 13. Fach stecl had pr@vioﬁsl& been rolled froem She ingot to
Beinch slens, rchected, and rolled to 6-inch slabe pricr bo the time tho
homog omizing triesls were made.

The homogenizing periods in hours are shown in the follewling

ct

data by

u

he suffixos sdded to the steel numbery 23HS, for excmple,

indicates that Stesl 23H was homogenized for

Py

17e hHOUrs.

Tensile Propurties of the Plate from the

[ PR ———

Homogenizod Slabs

Stondard 0.508-inch-diamebur throadod-end tensile spocinmens

vrepared in duplicabe from the centor of one~inch pletss were usud, the
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TABLE 14. TENSILE PROFPERTIES OF ONE~INCH*TTIOK
PLATES HCT ROLLED FROM ROMOUERIZWT
COMMERCTAL SL.ABS

B N " T . * - .
Slab Elong. in  Red. of Yield Tensile
Stesl Homsgenizing 2 Inches, Lrea, Strength, 3trength,
MU Time, IIrs. < 9, psis psi.
PR Reg. Prazctice £2.0 56.0 70,100 103,300
28KE.D 205 : 21.5 58.5 13,600 105,500
Z3HE 5 21.0 B89.E 72,200 102,400

23H1G 10 23.5 65.5 £8,200
2CHD Reg. Proctice 25.0 B84 66,700

26H3 3 - 23,5 1.2 €8, 500

2618 8 24.0 2.5 69,500
PEHL 13 24.5 62.8 29,200

*  Yield strengths were token from the stress-strain curve using

load at 0:2 per cent offget.:

L
e

marner previcusly descoribed to aveoid the possible influence of decartur-

izaticn. In addition to the test made at O°F., spevimens from Steel 26H

were a21isc welidsd in & water bath &b room cempersture snd in alr at room

temperature. 4LLlL the specimens from Steel 23H were welded at

o
S

Carbon checks were made from chivs removed frem the plebe surfacs

in order te debermine if the homogenizing irea“ment had decarburiied ihs

sleb sulficleatly to influence tho crack sensitivity of the plafe. The

data are iisted with the results of the crack-sensizivity tests g

indicate that the carbon content had not been affected

L summery of the cracking date Jor Stesl Z3I appeurs

n Table

Lo

end the complete dets are listed in Table 11 of the fppendix. Sumairy
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data for Stzel 26H will be found in Table 16 and the complete resalls in
Table 12 of the Appendix,

TALTE 15, CRACK SENSITIVITY OF STERT. 23H AVTEL HOT ROLLING
TO OWR-INCH-THICK PLAT i: FROM HOMCGENIZED SLaBS

- i
— ————— s -y - s . o b+ g - ko B L b AL = L Al - Y P £

olab Cheinical Average
Steel  Homogeniwing Analysis, Per Cent Number of Cracking,
No. Tine at 23000F, 2 Mn s} Specimens  Per Cent
2310 Dirset Tulled 0.19 1.46 0,37 10 79
23H2.5  2-1/2 hours " 5 " 10 8l
23H5 5 hours " d i 10 ac
231110 10 hoeours 1 " n 10 19

PSR, b, - Ak, 1 i A e .tk g ¥ s A

As shown in Table 15, the four lots of plate from Steel 23H all
cracked approsimately 80 per cent regardless of the thermal processing,
indicating that homogenizing the slab was ineffective in this case.

Bxamination of microstructure of the anneaied plate rolled from the
homogenized slabs showed strong evidence of banding and no influence of the
homogenizing {reaiment.

| Table L& also indicates that the homogenizing treatment did not
alter the crack sensitivity of Steel 26H, although the temperature was
raised from 2300 to 2350°F, and the heating cycle of the fourth lot was iu-
creased from 10 to 13 hours. The low crack sensitivity of Steel Z¢6H as
compared with éteel 23H was the result of the difference in carbon content
which was Q.14 per cent as compared with 0,19 per cent for Steel 23H.

From Table 16 it will be noted that the weld tests which were
made in a water bath at room temperature and those welded in air at room

temperature cracked to about the same extent or slightly more than those

welded at O°F, There was no indication from these tests thab homogeniz ing
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the slobs was bheneTicial.
TIBLE 16. CGRACK SEFMAITIVITY OF STLkL €67 fY¥TE3R HOT -

BOLLIEG TO ONRE~INCE~THIOK PLITES TRO
HOEQOGEN LZED 3LABS

Stecl : Slab Honogenizing ' Chemical fnalysis, 9
Ho. Time at 2350°F. C T Mo

2640 Direct rolied to plates 0.14 1.44 (&8
ZEY3 © 3 hours r w t
26118 8 hours " " n

26H13 13 hours " " 0

¥
Fxtent of Tnderhead Cracking, Per Cent

Steel Jelded alb O°F. Welded Room Telip- Welded Moo
No - Group L Group 2 in ¥Water Tenv. in Alr

sCHG iz 8 1l 10

i4a]

26113 15 16 18

2610 6 7 | 11 7

REH LS e 6 15 i9

%  Percentage fipures represent uverage cracking wveoluss for ten
specimens weldéd per group.

Becsuse of the ineffectiveness of the homogenlizing proccas when
applicd to slebs from Steel 230 and 26H, it wes decidad to determins the
inflnence of homégenizing upon the crack sensitivity of repguliar hot-
rolled one-inch plete from the same heat es Stesl 22H, designaved ac

Stecl 39. (%ee Table 17 for chemiocal analysis.;
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TABLE 17. CHEMICAL ANALYSIK OF STEHEL 39

Steesl Chemical Composition, Fur Cent
Mo C Un P 2 Si Mo

39 0.18 1.43 018 018 C.28 0.33

b A A i - e T M A TorRrrarb . - A WO TR’ TR % e e e e e o St

Jections sufficiently large to prenare five weld specimons wore
cut and probector plates were wslded to the four edges to nrevent do—

3o Ao rant o voe Mhe aoarkinans w
J.JJ.5 JJ-UJL\JE,DLJ..L{JJ.J.J.ED PAF S W) PR R N L LRy

a to
temperatures, of 2350°F. and 2400°F. as indicated in Table 18, for pericds
of ten minutes, 1, 3, and 5 hours, and then normelized at 16B0°F.
after removal of ths prrtector plates. Weldw-cracking tests were run iv
the usual marmer and e summery of the results are listed in Table 18.
The date are shown graphieally in Figure 16. The complete data rre
listed in Table 13 of the Appendix.

Fipure 16 shows a merked decresase in cracking resulting from
heating the specimens to the homogenizing temperature for 10 minutes, *the

tim

e reguired to reach tem
also shows that the crack sensitivity decreased progressively with
increosed holding time with the higher temperaturc teing more effective,
as would be expected.

These results, together with those obtoined following homcgenizea-

tion of the slsbs, indicate this steel will respond to hemogenizing, huk

that the time required to homogenize the slabs would be prohibitive.
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Lo CHACK SENSIVIVILY O STELL 89 LIFTu

T ROLLING TO OWE~I1ACH PLATI ARD DOMUCREATZING
50°F, AND 2400°F., FOLLOSED 3Y WORM
B o

TLRLL 18.  TH

I

0

T s o

Specimens Cracldineg,
Condition of Plate L ) Weided Per Cent

Hot rolled : 10 73

Uomorenized 10 min. sl 2350°TF. 5 %5

" 1 hr. " " 5 28

i 3 hrg, " n 5 ia

" 5 hrg., ™ " 5 1a

n 10 min. at 2400°7%. 5 24

" 1l hr. " " 5 iz

" 3 nra. " " D iA

" 5 hrs. " " 5 10

Notched=Rer Jmpact Properties

In order to determine the influence of the glabk homogenizing
treatments upon the notched-bar impact proporties of Steels 230 and 261,
longitudinal Chorpy bars with Vtyne nctches cut perpendicular to the

were used

plate surfacs from the center of the platess Tour duplicate specimerns

£ oq o S T R U S |
Irom cadcil 0L Wgrc Lok

r

~75°F. to +210°F. The impact strengths are shown graphically in
Figures 17 and 18, end the dnta for the individual svecilmens are giwvon

in Table 14 of the ippendix.
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Figure 17 shoas 31itble differcuce in nobtched-bar propertics of
Steels Z8R0, 23HZ.5, end 2305, tarcughont the entire Tisting vemperature
ranpe, indieating that the 2~l/2~and S-hour homopouizing trestnents did
not lmprove “he notched~bar charactevistics. Thers were some indications
that the ten-hour homogenizing cycle wes slightly benefilcinl.

The date in Pigure 18 show no dndicat.ions that tho

hasz improwved the notched~bar impect strength of Stecl 26.

Discussion of Homogonizing

Results reported in the previous progress reportshave shown thob
homogenizing one-inch plate st 2350°FP. for reliatively chort periods of
time will decreasse the crack sensitivity o @ narked oxterit, provided
the carhen awnd mengenese contents ers not tee high, svd freguentiy
improves the nouched-ber impsct churacteristics withoutv any secririce
in sensile properties. Obviously, such a treatment is nob comwmercially
Feosible becuuse of scauling end werping the finished plate, together
with the excessive cost of such an opuration.

The above chjectlons could be largely ovoercome if the slaks freow
which the plate is rolled ceuld be homogenized in & reoasonsble lounghh of
time. The results shown in this report, however, indisate thet the tiwe
reguired would be far in excess ol anything that could be consldered
practical.

Arv approciotion, however, of thy influence of alloy banding and
& reslisalion of the effects of homogenlzation upon underbuad crrering
has contributed considerably te cur understanding of the mechenizr of

underbead orocking.
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Beloutionship of Horduess TUneer the
Wold Beud to Creclk Sensitivity

L ostudy wos mede in order to detlermine the relaticnship of

herdnsss under the weld bead t©
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l;sted in Table 19. A1l of the steels in this group werq;ane~inch—thick
plete, with the excsption of Z18, which was seven-cighths inch thick.
The¢ hizgher carbon steels, X9, X17, X22, and %81, werc tested in the hot-
rolled condition end slso after being homogenized for four hours =t
23650°F., followed by normzlizing. The lower carbon steels, X40, 40, ond
Z1le were testod in the hot;rolled condition only:

The procedure followed fer meking ths weld spucimens wag the soue
as Lhat used for crack-sensitivity tests, except thet the L1B0°F. shross-

B R B e
O ALl LD e WG

3

e cirm oy ma d P |
1 Wdo OHLL Lokl

oo

Preperatory to moking the herdness survey, scovlons epproximotely
cne~fourth inch thick were oculb transversely through the cenier of the
weld boad, web ground on either side, end polished, the fincl polish
velng waxth 400-grit emery peper. The hardnsss traverse was made ot the
point o ducpost penstration of ths beead using & Vickers Hardnoss Tester
with o one=kilogrem load. Impressions were started In weld desposit and
carricd through the heat-affucted zore, the distance between succeeding
impressions being 005 inch.

The maximum underbead-hardness values, the crack sensitivity, end

the chemical enalyses of the steels are listed in Teble 19. The comuicte

hordness and cracking dats from the individuel tests are listed in Todloe

15 end 146, respectively, of the Appendixe.



TRBLE 19, COMPARISON UF UHDEEBE.D HIRDNESS. CRACK
SENSITIVITY, AND CHEVICLL AWALYSES GF
VARICUS STuELs IN THR CONDITIONS LISTED

Maximum

{Inderhend
Steel Chemical Annlyses, Per Cent _ Herdness Crocking,
¥aa C ™m Si VMoV Cr  Conditioa (Viekers) Per Cent

K9 0.21 1.5l 0.29 - - - Hot rolled 498 59

—

" : Homog. Dz il

¥-17 C.2%8 1l.32 0.3 0.%Z2 - - Hot rolled 55, 71

" Homog . 551 13
X2 0,21 1:.28 G.29 - 0.29 - Hot velled 453 T4
" Homog « £33 8
¥-61 0,21 1.38 034 -~ =« 0.78 Hot rclled 360 €5
o . ’ " Pomegs 513 i4
40 C.14 1.24 0.24 0.43 - - Hot relled 453 P

X=dO  Uel8  1.%2 0.32  « 0.,39 - B "

s
(8]
N
Y

7~16 G.18  1.18 0.28 - - - " " 426 18

from Table 19 1t Qi]i be ﬁoted that the moximun herdness in the
heat-affected zone of the hot-rollcd sheels ie essentially the semc os
in fhe homegenized plates, although there is & morked Iifference in the
erack censitivity. ﬁ‘bdﬁpﬁrisbn of the chemicnl analyses of these steclis
with the maximam underbeﬁd hardness indicates thers is e relobtionshir
between these two feoctors, but nc correlation between The hordoess zna
underbecd crécking. Thess data are ln agreement with those includca in

E

thc August 15, 1945, Progress Repor® pertoining %o this projecte.
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Tensile Properties of Herdened end Untempered Steels

It is still commonly believed that cracks occur in the hurd
mertensitic strusture immediately under the bead because this srea is |
hard end deveid of dvetility. In order to demonstrate that herd
martensite is not necesserily britﬁie and thot underbood cracking lis,
therzfore, not the result of high hardness but 1s causcd by other factors,
tensile tests were mede on small water-quenched spoclwmens from tThree
heats of HTS steels The chemical analyses of the steels rre licted in
Teble 20

NaLYSES CF STEELS TE5TeED IW THE
D UNTHEMPRERED CONDITICN

TLRLE 20. CHEMICAL &
HiLRDEEED 4

Steol Chemical fnolyses, Por Cent
Mo . C im P S Si Mo

530 0.19  1.46  .020 018 0.25  0.37
9810 0.1&  1.44 L0183 .027  0.25  U.48

34 0,23  1.53 016 022 0.24 o

The speecimens were prepared by rough turning *the onc-inch-thick
plote to 0.530-inch diemeter, water quenching from 1650°F., end wet
grinding tc 0.500~inch diameter. Precauticns wers tuken te see thuet the
specimens were kept cool during grinding.

Tn sddition to the tests described, 0.247-inch-dismeter tersile

after water quenching from 16850°F.
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5 osummary - of the tensile properties 1z given 1a Tobis 21, ond
the complets data m&V be found in Table 17 of the Appendix.
L8 svidence ﬂhat the gteels were fully guenchsd, it will be noted
that the hardness values cbtained,which ranged frow 553 Bha. for the
0.14 per cent carben steel tno 429 Bhn. for the G.2% per cent carbon
steel, represent the highest nsrduness possible for noritensile of these
cerbon contents.
Lithough dreosticelly quenched and ziven ho tewperirg whatever,

these steels are far from veing brittle. With strengths from 2 to

!

tinze the hoterolled values, the ductility ranges from 7.0 por cent
clengstion and 17.0 ver cent reductlion of srea for the hizhest cerhon

stecl to 16.0 per cont clongation and BS.0 per cent redustion of arca
i

for the tewest corben stecl. It would appear that the explanstion for
underbesd cracking as "martensite being a brittle msierial crocks under
the sbroin dmrosed by thermal stresses” is nobt sufricient.

Ed
£

On the other hand, it has been shown by bHevres , that muricnsite

L

lezded with hydrogen is o brittle moterizl under slow straining.

Netched~Bar Impect Properties

Impact strength of Steels 23HO and 34 in tne quenched and
untempered condition wos determined from stendsrd anofoﬁ Charpy svecim=ns
in the temperature range.of ~75°F. to +210°F.

Twenty-four longitudirel specimens werve rough machimed from ihe

center of rne~inch plates from wvach steel, and quenched in woter from

1650°F. The specimens were thea wet ground to size, noiched porpeniiculsr

* Terres, 8. A.t Welding Jnl. Research Supptamont {19440 25, 43-3.



TLALE 21,  TERITLE PROTERITHES OF STEE

LR 28H0, 2610, &ND 34
IN THE UENCHEL AND UBTRMPREREO CORLITION

et e o — e e o
Test Elceng. Red. of Yield

Steel . pirec~ in 2", Aresa, Strength,
10 . fondition tlea 7 e psi.

Hot roiled Long. 22.0 88,0 TG, 800
specimorns)

Cuenched " 15.0 50,6 155,500 212,200 4zl
" Hot wrolled Trens. 21 51l.56 70,000 101,400 -
" Quunched " 13.53 42,5 152,800 210,200 -
EGﬂ Hot roiled long-. 24.0 58.5 67,500 98,000 207
{7 -diam. ODuklmens)
2

8HO Guoenched " 16.0 59.0 129,100 179,000 263

FAJHE Hot rolled Trang. 23.0 800 68,000 26, OC -

" 1. " T~ A0 e W P e e

B k&UJ ALCneq : L& el) Gha LOU; oUU Lrd ,Uud -
34 Hot rollied Long, 32,0 705 53 . B0U BCL 100 187
{aM-dism. speclmens )
34 Quenched R 11.56 26-5 155,000 222,100 429

* Hot rolled Trons. 27.5 60,0 55,300 85,800 -
r - @uenchod " 7.0  17.0 187,000 217,050 -

2350 tnenched Long. 8.5 47,5 - 220,500 -
(iv-diam. spuoimen)

2 H’) © Quenched it 10,8 28.0 = 195,700
(~"-diam. specimun)

quenched from 1680° P not tempered.

strensth at Q.2 per oent off'sot.

to the plete surfece, and four spocimens 7From eich stecl wore brokoen at

cach of six ftemperatures between -75° snd 210°F. The impact date from

thege tests arce shown iu Figure 19, end the velues nsed in plothine These
& ‘ b 5

curves arc 1iated in Table 18 of +the fppendix.
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45 shown in Fizurs 19, the notched-bor impect strengthzof
Steels 23H0 and 2AH0 sbHart ot ebout 10 foot-pounds at ~73°F. and increese
greduclly with incrensiung temperature, the minimum impoct strengths ot
+210°F. being 3% and 4% faot-pounds, respectively.

The impect proporties for Stéel 34 were lower then those of the
above steels because of thehipher carbon content. The results of the
chove tensile end notched-ber impact tests on fully quenched specimens
from the three 0TS steels illustrate that htrd martensite is not

necessarily brittle but csn be guite ductile and tough.

Study of Joint Bfficiency of Quenched snd Tempered Plete

Tn order te determine the cofficiency of butt-welded. quenchud
end tempercd plete, spewcimens were prepared frowm two commorcial stuels.
Steol 24 being used in the heat-treated condition as suppliecd by the mill;
whilec Steel 40 was water quenched from 1600°F. und tempered for cne hour
at 1200°%¥, in the laboretory. The choemieal analyses of these steecls urs

listed in Teble 22.

TARLE 22. CHEMIC,L AHALYSES OF STEELS 24 AND 40

Steel Chemical lnalyscs, Per Cunt
0. 7 I P 3 51 o Cr Zr

24 0.15 0.78 «024 032 Q.73 0.186 0.61 0.14

[1:9
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The welds were made with 3/16-inch, W55 high-strongth lims-conted
clectrodes (approximetely (7S E9015 classificawion), using the method

outlined in Fipgure 20. HBoch Vee was welded in four passes, the
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tonperature of the plete being «llowsd to drop to 200°F. belween phsecs.

Tensile bare 1w1/é inches wide, &as shown by Figure 20, weru
mechinegd from the welded assembly with the weld joint transversc to the
testiug dircction. The direction of rolling was parulilel to the 8-inch
dimension shown in the drawing.

Full=cection tensile specimens were prepared in duplicate from

both the ss-welded plate and Irom the plate alter ma,
with she

s . R
Jeurface. The results or these tests were compared with rosults from

ining the bead lush

similer speclinons taken from the unwelded plete. L summary of the tuosth
data is.given in Teble 23, end the results for the indivicual spocisin.
#1ll be found in Teble 19 of the ippendix. Yield strengths were obtoined
from the stross-strain curve using the load at 0.2 per cent offsci.

The date in Table 23 show that, in each zese, the strzngth of the
wald and heat-affected zone is equivalent to thut of the base plote.
£11 of the zpecimens failed at least 1~1/2 inches from the weld.

Effect of Hleectrode Coating, 3ize of Blectrode, ond
Heat Input Upon Underbead Cracking

In crder to determine the effect of the various tvoes af
electrode contings upon underbesd cracking, cracking tests were mede
using two commercial steels which were relatively crack sensitive whon
walded in accordance with the standard testing procedure.  Steesl 28 wmg
a ons=-inch plate furnished in the Qu@nched and tumpored condition by the
mill. The second steel was a one~inch plate from Stesl 35, which wras

supplied and tested in the hot~rolled condition. Chemical analysen of
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the plates eppuer in Table 24.

Oreclh-genaitivity tests were mede on Steel 08, using three types
Af l/ﬁ-ircn cloctrodus, BGOLO, RAGLS, nd BED020, the former beaeing the
electrode used in the stenderd creck-seasitivity test. Othor then the
eluctrode, these tests were made using the conditions thot had been
established Tor the standard sensitivity test. In this cese, ten
specimens were welded with each typoe of elcuetrode and r summery of tho
dote from thesgs Lests is shown In Teble 25. (Szc Tuble 20 of the
Lppendix. )

TonLE 25.  TENSILE PROPERTIGES OF BULT-wELDED JOINTS
ALDE FROM CUEHCRHAD INL THMPHRFD PLLTY

Hlong.
Lol Degeription in 27,

No - of Speccimen 7%

po—

(3/4-inch plate thicknoss

24 Base plete only’ 3545 79,500 87,100
i L8 welded 5.5 78:530 96:,'!’ 15

24 Jolded-bead shaped flush
o plate 38.0 T8 ,500 96 .0

(i-inch plate thickness)
40 Buge plote only 44.0 8€
£0 48 weided 44.5 82,800 28,200

40 Jelded~buad shapoed flush
to plote . 42.5 84,200 85,700

- . . . . a4 fe s
411 welacd speeimens feiled in the basoe plate abt least 1-1/2 inches
from the weld.

* Yield strength at 0.2 por cont off'set.

Hotetr Stecl 24 wobtor quenched from 1650°F., teupered et 1200°F. in a
continuous furnuce.
Stoel 40 water guenched from L600°F., tempered for onc hour ot
1200°F., air coclea.
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TarLy 240 CHERICAL AMALYSES CF 5Tw l.C 238 AdD &9

veel Chemical AHQTJBES, 3er Cents
Moo { Mn P 3 S1 Mo 3
=0 ™ I g " S Fatsls) Fatla) Y "y 7 Y i IaYa%ri
L0 Vel FRN a4 sUSG w10 Veded Vel W UL

THE EFFECT OF SLECTRCIE CCATINGS UPCH
THE CRACK SERSILIVITY OF STHFL 3¢

:LA:g¥rode “m;ﬂectrode ) _Welding Current 4#““;::::i Sge;z:mz;;:;;:;;
Tvpe {oating Imperes Arc Volts ipm- Per ,ent
EGCL0 Ceilulosic 100 25 16 78
E6OSC Mineral 54 " 20
B30LA Lime " 26 R 0

¥ote: The above tests were made using the standard
procaedure for determining the crack sensitvivity
with the exception of the type of elevtrodc.

The data in Table 25 show the influence o1 the sleclrode coétiug
upon the extert of underbesd crazking. Walding witn the cellualowic-
coated ©6010-type electrods, which developes an arc atmoépheve higﬂ in
hydrogen, produced 7& per cent cracking as cembared to no cracking when
the low-hydrogen, lime-coated E60LE-typs electrode was used.

while the use of the KB020~type electrod=s resulits in considerably
less crackinzg, as compared with the E6010. the explanstion for this
difference is not too cbvious since the arc atmosphefe of the EGCZC is
relatively high in hydrogen. The volume of ges generated per inch ol

gumed is r-rmc.'uwnrao1 - lags

lectrode o 2ol
LABCTrode J0nsSUmMed 18 gONSsSidarag

however. Additicral study wili

¥ 1 4 L

e
<
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be necessury in order to obtain a better understandirg of the difference
in behavior of these two electrodes,

The second group of tests were made oh Steel 24, which was
guenched and temper=d plate. The principal object in this case was to
compare the lime-coated type electrodes with the cellulosic-coated FH0L0
type. Since the lime-coated ferritic electrodes were availabie only in
2/1l6-inch size, the welding rrocedure used in making thosc btests was
sltered to accominodate the larger electrode, The welding current was
increased from 100 to 200 amperes, while the travel rate was reduced from
10 to 6 inches per minute. Upon completion of the weld bead, the specimens
were held In the bath, which was maincained at O°F,, for 30 seconds
instead of 10 seconds. For comparison purpeoses, specimens were also weld a
with both 1/8- and 3/16-inch EAC10-type electrodes.

The summary of the data from these tests is shown an Talle 26.
Thzse resuits show that no cracking occurred when using the lime-ccaten
ferritic electrodes bubl that the 3/1é-inch HACOLO electrode rosulted
in 95 per cert cracking., The 1/8-inch EECLO electrode, however, produced
only 47 per cen: cracking. ({(See Table 20 in the Appendix for complete
data.) The difference in resvits obtained from the two siges of E&T10-
‘ype elecirodes was somewhat surprising, since it would be expected thaeh
the larger electrode, with about twice the power inpul and slower travel
spieed, weuid result in less cracking, but this was not tne casc. Those
results indicate the need for additional study coveiirg the effect of the

electrode size, travel speed, and power input upon underbead cracking.



Mostrode | Teotrods | delding Curremt  frevel Speed, cracking
_Urps _Losting fmperes Ao VCLts __dipme  Ter Cent
“E010 Cellulosie 200 26 £ 95
Ferritic Line _ " 23 " 0
Ferritic " v " v 0

cracking for this steel was 47 per cent when welded with 1/8=inch
FBOY0 slectrodes and using the standard procedure.

I

xperimental Feat-Treated Commercial
Flate Steels

e ]

At the request of the Wevy Department, Bureszu oy Shins, a number

Eod]

of stecl producers submitbed heat-treated plate having 8 wminimum of

1d 15 foot-nound Charny impoonh sbreun-sth at
sot~nound O Py impent br=ils at

tie program for investigating thoese steels, Batbelle was anslignsd the

1

preblem of determinine the crack sensi tiviby.

Plates from each of the six heats In this group have been

.

recsived and tosted with the exception of Heat X-15044. Tn the caze of
Teoat 21242, only hot-rolled plate was obtained, hut tais material wac
hest treated in tho Bathtells leborabory, by norualizing snd tempering in

the game menner used to treat the plate which wae shipped to the Wewe.

2] LR | o
L

Tre chemicerl analyses of

A+ P T e o~ A
Lz 58 o uvo th th

~1 o T PO BN e Tl
Louwlbo, RULIL WL .Lad-khj E"‘—J»J-ki e d

o
iy

analyses on the pilate tested,ere listed In Table P7 end the heat wreeb-

ment in Table 28.



TABLE 27. LADLE AND PLATE CHECK ANALYSHS CF COMILRCIAL ELaT-TREATED STEBLS
SUPFLIED BY THE VARICSUS 8TEsL IILLS

Feat Type of fnalyses, Por Jent
Yo. inalysie ¢ T P §T 78 T VIt or  Cu NS S
5118078 Ladle 0.14 ©0.76 .022 L02B 0,79 O0.16 - - 0.8l - - 0.08 - -
" GhDCk on15 0079 0024: 0032 er;’?) OA16 - - Ouel - bl Oa14 0025 -
161519 Ledle 0,16 0.87 .014 .021 Q.17 0.20 - 2.32 - 0.04 - - - -
" Cheock 0.15 0.26 .010 .021 0.17 0.17 - 2.29 1.28 - - - 055 .
Z51319 Ledle 0,16 1.45 .017 .038 0D.21 0.48 (.08 0,53 - 0.08 - - - -
fheck 0.17 1.28 .019 L0035 0,19 0.4l 0.08 0.59 - - - - L03E -
1645€9 Ladle 0.15 1.22 .022 .0l 0.24 0.16 - - - - - - -
Check  0.15 1.22 .022 .018 0.23 0.17 - - - - L0071, - 018 -
21242 Ledle 0.16 1.30 L013 .C24 0,25 0.21 0.11 1.88 - 0.23 - -2 008
Check 0.15 1.232 .012 .026 0.25 ©.22 0.13 1.82 - 0.31 < .~ 020 .005
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TADLE 28. METHCDS CI LmaT TREA
THE CCMMERCIAL PLATHS

FroGhED IN PRORUCING

ieat Thickness
Hoe of Plate Type of Treatment
EMIE0TE6 5/@ inch Spray quenched (water) from 16L07TF.,
terpered at 1200°F. in & continuous
fumace, and air cooled from tho
eupering temperature.
BA1E0TE 1 inch Seme as for 3/4-inch plate.

194519 3/4 inuch Heated in 1-1/4 hours o 1808°F.{A75°C.),
maintained at temperaturc cne hour,
water cuenched{diveed) 2-1/2 mimites,

hested in i-1/2 hours to 121E°/.

(855°0.), meinteined at temperetare

4 hours, water quenched (divved) natil

1 inch Heated in 1-1,2 hours to 1810°7.(875°0);
maintained at temperature l~1/2 hovrs,
water cuenched{dipved; 3-172 mimites,
heated in 1-3/4 hours to 1208°F.(820°C;
maintained at temperature 4 Lours,
water quenshed(dipped) until sold.

251319 5/@ inch Yeated o 1808°F.(875°C.} and main-
tained 1 hour, woter quonched cold and
reheated to 12E8°F.(670°0.),; maiitainsd
1 hour and floor coolede.
1st redraw
Herted to
2 nours and floosr oooled.
2rd redraw
Feated to 1248°T./¢78°C.), maintained
4 hours and floor cooled.

e 184569 1 inch Tater guenched 1625°-1850°F. Tompered

1215°F. for « ncurs, eir ccesled From
tempering teuperature.

s Al242 1 inch Heterolled pletes heat treated ¢%
Rattelle by novmallsing for one hour
at 1680°F., tempered one hour &t LZ00"F.
snd 2ir cooled from terpering Somper-
ature.

a2z R B T R ST R ;o macam
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Crack=Sensitivity Tests

The crack Sunsitivity.of these sbeels wes dstermined using the
standard proceduré; 1C gpecimens from each heat being welded while hold
in a bath at 0°F. A summary of the results of these tests will be found
in Table 29, and the deta from each individuel specimen sre listed in
Table 21 of the Appendix.

As shovm in Table 29, the crack-secnsitivity tests on both 3/ b
and 1-inch plate from Heat 51116076 showsd no evidonec of cracking, which
can be explained by the low carbon snd mangenese contents, the check
snalysis on the plate showing 0.15 per cunt carben and 0.72 per «ont
manganeses Ghile the silicon content of this stecl is relutively hipgh,
0.73% pur cent, and 1t also contains smell amounts of molybdernum and
chromium, it has previcusly been shown thet those elloys in the amount
brosent are not detrimental to the crack sencitivity.

TABLE 29. CRACK SENSITIVITY CF THy CCMMERCIAL
HEAT=-TREATED STERLS

Humber of Tnderbead

Heat Condition Thickmess Specimens Craclang,

__ lo. of Plate of Plate Ticlded Per Cont
EM16076 quenched and 2/4 inch 10 o
" tempoered 1 inch i0 0
1517519 Ditto 3/4 inch 10 0
" " 1 inch 10 0
351319 o 3/4 inch 10 B4
fr " 1 inch 10 51
184583 " 1 inch 10 47
21242 Normalized and 1 ineh 10 52

Lempered




~ 7L
The results of the tests fromn Beat 199519 alse appesr  to
indicate a low degree of craék sensitivity. #Anile thie heat has low
carben and manganesc contents, 0.18 aund Q.2€ per cent, respectively, it
slgo contains 2.39 per cont nickel. Because of the high nickel content,
1t now appears that the crack-sensitivity results in this cuss sre mis-
leading because very recent work on another projeet has shown thut low-
carbon 2 or 3 per cent nickel steels do not crack wher welded =t 0°pF.
tut will crack extensively when the specimens are welded e% o hirher

anit1a
Ln1Lila

1 ten
£ s
viould be noceesary to make creck-sensitivity tests on the steel from
Feat 18MB1Y, uszing soveral initisl temperatures between 0°F. and shout
250°F. in order to definitsly establish the crack scusitivity.
ere
The remsining three steels in this group/all quite crack

sensitive, cracking from 47 to €4 per cent. Since these heats ore all
eppreciably higher in manganese thean Heat EL6C76 which showed no sirns
of cracking, these results eppear to indicate the necessity of keuping

o

the manganese content low in order to reduce underbead crocking.

HMR,CR8 /AL tabn
Septenber 30, 1948
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TABLE 1. LONGITUDINAL TWH3TLY FTROPHRTIRE OF MANGANESE-
MCLYBPEAUM-VANALIUL TABORATURY dEATI FOR
COFDITIONS IMDICATLD

Bleng. in Red. of vielg*
Ezat . 2 Inches, Lrea, Strength,
a0 . Condition % A psi.
X-50 R 23:0 50,0 57,900
N " " 820 74,000
Kl Homog . £23.0 £35.5 65,800
" " U 64 .0 72,800
£-BlA IR 2.5 5E,.b 75,500
" " i B9.0 TTLEDO
e 1A Homog. 21.0 8500 78,003
i o 20a3 59.5 75,300
X--h3 e 21,5 605 72,300
d " 22,0 58D 59, 500
X635 Houmog . 20.0 05.0 72,000
i v 1"t n '71“3)!‘}(‘:0
A-53A HR 19.0 52,0 4,500
‘ " " 5555 84,000
X=~bdA CHomog. 19.0 50.F 84,500
" " ig.s 51,0 88,509
T~05 g 19.0 b4.5 86,000
" " 1748 54.0 87,000
X-554 HH 19.0 51,0 09,200
" " " 52.0 27,500
X-56 IR 20,0 59.0 64 0UG
" " 19.¢ 59.C B4, 000
K-56 Temp . 19.0 58.0 a0, BGO
n a £1.0 " ag,000
X~ B6A R 18.5 57.5 88,500
" i 20.0 B8. S 87,500
¥-bH6A Temp. 18.5 8530 SG, 500
v n 16.5 560 22,000

Tensiie
Strensth,
DSie

A e ——————

5

98, 200
100, 500

Wop
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-TABLE 1. Continued

| " hlong. in  FRed. of - Yield®  Tensile

Heat % 2 Inches, Lrea, Strength, Strength,

R ~_Condition = % psi. psie
X567 iR 1.0 54.5 34,500 115,000
v i 19.5 59.C 83,7680 112,800
X-57 Tewp » 21.0 57.0 51,0C0 115,800
b " 200 £55.0 90,500 114 ,5G0
X-57A HR 16.0 42.1, 82,000 116,300
" T L 39.0 85,500 115,300
=574 Tempe 19.0 52.5 91,300 116, 390
1 L 18.5 £2.5 91,500 117.300
X--58 HR 16.5 41.56 84,000 117,800
it . o 17.9 £7.0 84,500 111,300
X~-58 Temp. 19.0 53,5 91,800 113,500
m K 1 57:5 93,500 112,700
¥X-b8A HR 18.5 555 67,000 1g, 500
" ! 18.0 56.0 58,500 - 118,300
X~ 584 ~ Teup. 18. 535 93,500 118,300
" " 20,0 £4.5 93,000 177,000

Yieid strength at 0.2 per cent offset.

Conditions as followé:
HR: . Hot rolled

Homog.: 6=5/8-inch-square ingots were
forged to 2-lach-thick sliabs.
Slabs were aezted at Z350% feor
4 hours, then hot roiled to cue=-
inch-tnick plates.
Temp.:  Hot-roclled plales were tempered by
heating at GO0 F. Por one heour,
then air ceoled to room temperatura.



TABIE 2. UJDERBEAD CRACKING RESULTS FOR MAHGAIRSH-
MOLYBDENTM-VASADI N LABDRATURY HE:TS ¥FOR
COVDITIONS LISTaD

Heat Coe Lpeclmen Tnderbead {ro

[V Conditin Number Fer

X-51 Hot rolled

O Wo-1Mmo;m P AN

-t

[ =

[ . *
-bi Homogeonized

-
o I B o e N

H=H1A Hot rolled

O w0 -3®@ > 0D s

T

ES
X=-0la Homogenized

QW3O b Gy

—t

34

[l

SO oo

.
ST

[

b el -
BRC  B B A  Ewil (a ] 43}

.

P e

Lg.

I
[R=N

6
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TABLE 2. Continued

Nenv Specilmen Tnderbead Cracking,
Hoe - Condition ~ - Number Per Gent

e P m— s o+ S Sl e e

16
AE
10
30
12
15
18
iz
e
17 Aveeo 18

X-03 - Hot rolled

-3 Gl O3 DD

].—l
O

_ , *
X=5E Yomogenized 12
11

o
12
18

f
12
16

b

Hs O3 Do

O w0 o =7 3o

—
AV
n

fvgs 12

R~-h3A Hot rolled

ny -t
oo

S @ =1 ;e
AN el AV 0
O D OO R

=

Avgz.18.0

; . *
K=D3A Homogenized

L o=
N

pRs)
10

L=y

€W m~-3 ¢ CGE
oo =g

—

[ae]
<}
3

[
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TABLE 2. Continued

Heat : Specimsn Underbead Jracicing,
Mo Condition Humber Fer gent
H-55 Hot rolied 1 3
2 T
3 79
4 57
D ST
6 Vi
7 63
8 54
2 49
e

i
o

75 kvg. 66
¥-054 Hot rolled 30
36

-

Bl

F
(=) 5

Ha 01 DO -
b

ig
39
na

[

20 Avg. 29

o o ~3 O n

=
o]

Y- 56 Hot rclled

(vl

QWX =3®mT >N
&
s

!

¥-B6A Hot rolled

Do bt
jog e
1N

LS
[8)}]
3 eAn

S w3
[ex]
[o>]




TARLE 2.

—— ——

. Condition

- fEn-

Specimen
Number

Continued

Underbeed Cracking,
Per (ent

X-58

X~ o84

Hot rolled

ot rolied

Hot rolled

Hot rolied

!

Jorrd

—t

)

w33 o i Do

C w10 ] 0o

QDL O~1TDO U B

O W m~JOuk G

87
84
81
72
83
55
79
57
75
71

88
70
56
s7
87
76
a8
82
84

s

51
85
42
65
56
43
23
49
61

49
6l
66
52
36
73
€0
57
7
73

mrg o T3

Avg » 15

Avg. B2

Avg. 61

*  Two-inch~thick slabs were forged from G_S/B—inch square inpgots,hented
at 2%50°F. for four hours, and hot rolled into one-inch platses.
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TABLE 3. 2QT”HFD Banl TiP4CT PROPEETIES (CHARPY V-NOTCE) OF ”ATFﬁTLOE MOLYRDENT-
vﬁj,‘LDI M LASGRATCRY HEATS FOR THE CCNDITIONS INDICATED. ToVGTE OF SPLOTIENS
T DIRECTICY OF ROLLING. SPECIVENS LOTCIED PrRPENDICHLAR TC PLATE SJTFACE

Heat * - ‘:jif““;: “'T;s *n;—;;;écraku?;n Daerees ﬁ:ﬂ T T

oS Gondition =75 Y B Y +75 4210 -
¥~51 Hect rolled - G-l 25 3=3 2~5-3-3 Z=5-3--4 5-5~56-5 ZE~26-14-38

h HOmOg . 2223 CemBe2 2“é~2~2 Zm B B-a §=EB-8 28--30-584--35
X--514  Tob rolled 3-6-6-7 5-6-~6-8 5-5--5-6 §-7--8-10 8-10-13-14 S1-34-36-37

n Homog. Bld -5 5=4-5-6 &= BT 8~-9-9--10 12-13-14~15 eR-45--54~62
A~53 Hot rolied 2~2-2-2 3~5-3-3 2222 3=5--53-3 Amd=dm b 16--17-20-24

" Homogs g-g-g-& 2w 2-2-2-2 3-3—2—‘ 4=dmdq-4q 17-21-22-23
%-B3A  Hot rolled 2-3-3-4 4-5-5=13 3=b=B5m5 5-5-b~b 5-6-8-8 18-21-22-26

n Homog . -%-3-4 RmBdmd Segmled 4o 568 EmGm5-11 1620~ 2240
X--26 Hot rolied o=-6~6--10 5-6~6~10 6~7-7-10 8- 10-12-12 11-20-21--22 53--41--5%-C3
K564 hot rolled  3-5w3-T B-4-4 B 456 R $eg 813 14-12-52-22
X-67 ot rolled  4-4-6-6 6667 8u5-9-13  8-12-15-19 11~13-16-16  35-35=43-40
Y--ETR Hot rolled B B33 O Lmbeb Boe G e K e 5-6-7-9 12--23-58=2%
¥--08 Yot ralied SrBd-g E--gdedmBb g6 BB 8 £-0-8-13 21-21-84=-24
¥-E8L ot roiled 55 3 NI P25 B 3mgfmB 120151620
e i et 1 o e T

...TPL-.
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TABLE 4. LONJITUDINAL TRJSILYE PRCPERTTES OF WMANGAWLIW-
HOLYRDENTE-VANADIU-NICRLT - COPPER LABCEATORY
HEATS TF VARICUS CollDITIOLS

Wlong. in Fed. ol Yield Tensile
Fuat N 2 Inches, Area, Strength, Strengti,
Ho . Condition o 7 paie pal.
¥-83 A 19.0 59.5 72,500 118, 200
210 44.5 75,500 114,800
" 8 20,0 55.5 84,000 126,000
20.0 550 84,000 128, 200
" y 25:5 80,5 £0,000 107,500
24,5 61.5 79, 500 107, £00
X-54 I 20,5 445 77,800 - 117,800
20.5 45.0 80,000 118,100
" 3 2145 5545 E2.,000 128,200
2l.5 50,0 2,000 128,800
g c 20.5 59,0 108, 500 131,000
21,0 59,0 111,000 130,500
X-65 A 22.0 55 »0 78.030 102, 200
21.0 5345 80, 500 108 . 500
" B 21.8 O7a0 78,000 119,500
21.5 5645 78,000 120,000
" ¥ 21.5 59.5 103, 500 125, 800
21.5 6140 104,000 125 000
¥=G6 A 16.0 28.0 gh 800 119 Co0
18.C 38.0 82,000 13%, 500

" 5 ‘ 20,0 50.5 62,009 136, 300
16.5 D 48.5 93,000 135 200

X566 C 2.0 55,0 118, 800 138,500
20.5 5640 122,300 137,100

I D ' 20.0 54,0 114,800 137, 300
20,0 53.5 111,000 136, 500

L 8 19.0 51.0 97,500 132,500
19.0 £0.5 94, £00 132 500

= Het rolied
Normalized 1650°F. for 1 hour

= Normalized 16B0°F., tempered 12CC0°7. for 1 hour
— n f ] -i 1 ()\) 3 " 11 ¥

w,
= it 1"t 1 .],GQUQ i I " "

* Conditicn:

e e i
h
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E 5. TKDBEHIEAD CRACRING KESULTS FCR THw MANJANESH-
PMOLYBDEN M- VANAD UM~ TOKEL- COPPER LABURETORY
IEATE FOE THE CONDITIONS LISTED

s e K
Par Cent Cracking

Heat ' Specimen hen Welded at
NG Condition Wo. 0"F. +75° %, +el0° T,

PATION) Hot rolled 20 3

3 0

G g 14
13

O W~ D D
ar 0 O
T
bt
o3|

8 - -
0 - -

0 - ~

1 9 - -
Average 5 s 9

¥~83  MNorme. 1680°F., 1

not tempered 2
3
4
5
6
7
8
9

10
Average

OO0 oo o0 0 OoOC0O
L
L

Fa
[}
(6]
IS
s
3

f—.
b}
bl

OGO ~1 3o G DD B
l_J
s
1

10 16
Average 24 - o

X=64  Norm. 18B0°F., 1
tempered 1 hr. 2

at 1200°F. 3

4

5

DS OO0 o0
I
¥

8 - "
7= - -
8 . -
B 10 - -
10 0 -
Average 2 - -
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TARLE 5. (Yontimmed)

Per Cent (racking’
Heat Specimen . when iWelded &t
No. Conditicn V. C°F.  +75°F.  +4210°F.
X-65 Hot rolled 1 14 7 4%
2 21 14 1z
3 9 22 30
4 34 5 0
5 8 45 0
8 18 - o
7 15 -
8 5 - -
9 11 - -
10 6 - -
Average 14 19 17
X-65 Norm. 1650°F., 1 0 - -
tempered 1 hr. 2 0 - -
at 1Z00°p, ) 0 - -
4 Q - -
5 0 - ~-
5 0 - -
7 0 - -
8 0 - -
9 0 -
10 0 - -
Average G - -
X-66 ot rolled a 11 - -
2 12 - -
3 10 - -
4 - -
5 18 - -
3] 0 - -
7 18 - -
8 5 - -
9 0 - -
10 10 - -
Lverage 9 - -
X-66 Horm. 1850°F. i 4 - -
2 4 - -
3 g - -
4 8 - -
5 17 - -
Average 8 - -




-76%~

eat Specimen
Mo Condition No»

Awbi form,. 1650°F., 1 10 - -
tempersd 1 hr. 2 0 - -
at 1200°F. 3 16 -~ -

4 30 - -
5 13 - -
Average 13 - -

411 specimens were welded according to the standard procedure
sxcepting those at +75° and +21C°F.  Water was used at these
temperatures and the specimens were partially immersed in i,



TLEILE 5. fOﬂ"f~D BAR DUPAST
MG YBDENT -1
DTTIO”S INDICATED.

S NOYCHED PuR:2

Y ¥-ROTCE AND KEYROLD TEST.) OF
s~COPPER LABMEATTRY HsATS TR THE
! T DIRRCTION ©F ROLLING.
T PLATE STIRFACH.

L)J. LI”IH'

Heat Type of Dezrees Fa
VG . Condition Test ~75 ~40 7 220

¥ 63 Hot rolled  Venobch  S-4-4-4  4-d-5-5 5= 66 8-5-10-10  19-10-18-20  5B-55-56-58

tt t 1t . Key-‘ho:‘;_e 4B~F-F

i Wormalized " 21=-25-28~28
-84 Yot rolled V--notch 3= 344 4 5-5=-5 G 5-6=7 E-9-1G~-10 13-14~156~1F 40-40-41-44

" " " . Keyhcle T=F==

3] Jot rolled Y-noteh 4-4-5H~E B B=T-5 6-7-10-22 9-13-17-19 18-25~26-27 78-76-78-79

tr H f Kevhole 5-85--9=12

" Yorm.& crewn : 9-18=10-17

1 hour. air cooled.
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TARLE 7. LOWGITUDINAL TENSILE PROP.RTIiS CF MANGANESE-
CHROMIUM AND STAWDARD COMPOHSITION LABORATORY

HEATS FOR THE CONDITIOHS LISTED

Elong. in Red. of Yield Tensile
Heat 2 Inches, Ares, Strength, Strength,
No- gondition = % psi- psie
{Gtande:d Composition Heals)
X-45  Hot relled 34,5 69, 51750 78,900
2 nooow 33.0 6544 52. 500 79,250
%46 W 3540 70.1 49,750 79,900
i " n 35,0 70.1 51,780 80,750
(1fanganese~"hromium Heats)
X-hg 1 " 34.0 89.0 48,000 79,500
" t " Z3.0 T0.0 48,800 80,500
X-60 r " 3l-5 620 5C¢,000 81,800
n " " 31l.5 71.0 45,500 82,000
¥-51 " " 28.0 66.0 62,500 69,000
" " n 28.:0 64.0 50, 500 87,000
¥-62 " " 27.0 6EB.b5 55,000 82,800
i " " 27TaL 66.:0 54,000 91,000
ke
" Homog. & Norm. 24.5 £1.0 61, 500 102, 300
fi i i 24.5 £1.5 60, 500 106,300

Cne-inch-thick plates were homogenized for 4 hours at 2350°F.

and then normalized at 1650°F.
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BTN
fa SR R R

¢ VLS E-CH
AND STALDAED COMPOSITICH LARCHATORY HLATS FCD TEE
CCNDITICES LISTEL

Feat Specimen Per flent Cracking
o No. Hot Rolled Homow e=ilorms

(Standard Composition Feats)

i4
40
949
70
54
25
g1
48
38
83
o7

=

i
G N e O O

o
OO W3O DR N

=
[
o
o3
@

el
s
T
—
[e>]
s
‘—i
Q0

[a]
-3
on
N2
3

A
3]
n O
™o
[

a3 8

OO0 3 O LN oH
as
<o
s
=

9 9
10 53 8
Lverags 1Y 14
(Wanganese-Chromium Heats)
xr = &) N =i o
Al 1 (e
8

onoHs Ll
e
o2
H

Ww w3
[aVv]
i
i

28 -
10 24 -
Average 28 -

¥ =60

A tw =~
-
5]

oo
[a)

W

1
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TAFLE 8. Continued

Heat Specimen Per Cent Cracking
M. Ko, - Hot Polled Tamog s ~Norme T

X-60 8 4 -

7 7 -

8 35 -

9 10 -

10 a7 -

Average 20 -

L-61 1 68 -

P T -

o 62 -

4 64 -

5 40 -

6 70 -

7 85 -

8 50 -

9 65 -

10 70 -

fverage 86 -

X~6a 1 49 e

2 34 11

3 30 &

4 68 0

5 70 7

& 78 7

7 55 9

8 50 3]

9 38 : U

10 55 : 10

iverage 54 5

* Plate homogenized 4 hours at 2350°F. snd thon normalized 1650°F.



TAZLE $. CHARPY NOTCYED-SBAR II7PACT FROPLE T;ﬁS MF F
JunTD Fur\)_ C\u\l ITI S L' —:'—‘L..,'f- bf.-'.: iR JLD LOT‘::'L: 5
DIRECTION QF ROLLING £0D V--TYPr N anﬁ CUOT PERPENDICTLAE Al D PARATLEL

TOTHE PLATL SURFLOR
- R A A Ads Ll L [ RN R S )

TJeat j L Tgsting Temperature, Dezrees T
lo. Condition Wotched «“75 . m40 =5 4D e +75 +210
T ) (3tandard Compositicn leats)
¥-45 Hot wollcd Parallel 22-4-6-6 105-19-14-4€ 45-112-132-126 107-122-106-11% 121~121-116-113 104~11€-116-111
: &7-111-102-125
X--46 Hot Foll:d 1" B--6~9--5 76~20-20-41  30-121-115-10C 117-1409-111-117 126-128-115-1i6 110-100-133-110
11¢-111-102--82
X--b& Hot rolled Darp. 3-3--7-9 4--5-6-25 25--27-28~30 38-.41--43-48 4%-58--60-81 77-30~80-84
{1% plate) . ;
" Ditto Parallel 3-3-3-5 4-.6--8-20 4-14-.21-38 42--48~48..90 88.-104--113--130 1C9~115-217-118
X-80 i Perpe. 3--3--8--8 4~4--7-20 18-29-34-37 36-46-51~55 47-49~52-61 78--80-80-80
" " Parallel 3&-4-5-6 3e-5-5-8 7-11-24-25 36~40--45--50 45- 46--94.-103 S0-91-110~113
¥=-€1 " Perp., 2333 4-4-6 11 5-10-11-14 2Im25-20-322 Z8-T6~20..40 TO=-70-Te-7L
f i Parallel 2-3-3-3 ZeeBe6-7 &-8-9-18 ©.-13-13-28 26-253-4%-102 81--82-88-104
i-62 " Perp. Zud=2--3 Bedm 512 5=4--3-10 11-19-20-28 £26--28~-31-31 £8-58--68-69
" n Perallel 2-2..3-5 2—2«5{5 3~4.-9--13 T-7-9-22 Flm30 2337 77-80-53-108
" Plate homog. “ 3~5-8-7  4--5-8.11 11..28-.3%-119 & 50~110~145 $8--128-13E-164 80-98~117-120
2350°Y. for 4 hrs. -
then normalized

YMote: The above impect values ars given in foot-peunds. The specimens used were tne stanaard V-noteh rharuy bars
which were broken on a fiehle impact machine having an initial enercy cf 220 foot-pounds.

..09-



TABLE 10,

- 8] -

COMERCTAL SLABS

LONGTITUDTHAL ToNSILe PROP 21155 OF ONg-INCH-
THICK PIAT <o HOT ROLLAD FROM HOMOGENT/ZLED

Steel
l\l G

25 HO

23i12.5
23H5
1

<3HLO

H

26HD

I

olab Rlong. in fed., of Yield Tensile
Homog , 2 Inches, Avea, Strength, obrength,
Time, Hrs. % i psi. psi.
Reg, Practices 21.0 56,0 69,700 102,300
" " 23.0 555 70,500 103,500
2.5 20.0 55.5 72.500 105,500
i 4.0 57.5 74,700 105,5C0
5 210 59:5 73,200 102,300
" 21.0 5%.5 71,200 1C2, 500
10 23.5 65,0 68,200 95,00G
" 23.5 66.0 68,200 95,200
Reg  Practice 2h.5 65.1 66,200 9% Q00
: H 25.0 62.3 65,500 Q3 000
3 23.5 £1.8 68,500 103,500
! 23.5 6G. 6 62,500 124 500
2 24,0 62,6 64,000 1C4 500
" 24.0 62.6 64,500 103,000
13 2h .5 63.3 69,500 104,000
o 245 £2.2 69,000 102,600

* The regular practice consisted of heating the slabs to the rolling

temperature

and holding for about 1/2 - 1 1/2 hours before rolling,
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L3LE 11l.  JSDeERDEAD CRaCHING RISULTS FOR STEEL 23H AFTER
2T NCLLING FROM SLABS HOMNCGEHETZED AT 2300°F.
TC ONLE-THCH PLATES

Stesl hsomogeniziag Specimen Per Cent
VO . Time, Hre. . 70w Cracking
23H0 Remilar prgctice 64
' Bl

79
81
80
79
80

L
G 3o

86 Lve. 79

2312. 5 2-1/%

~1 Yy Ln o H N DD
-
W

o
8]
@]

—
[ Ie]
w
o4
w
-
']
o
—

65
84
B4
N
88
g0
. 8%
-86
75
74 Avg s 80

[So Tl e e a e > N B oS AV I

1

(e}

23H10 10 81

83

100

85

70

60

8§

78

65

88 Lvge 79

(o anes B s - B o I e A I

o
]

* The rszular practice consisted of heatin:, the slabs to the rollins
temperature and holding for about 1/2 - 1 1/2 hours before rollin:,
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TLBLE 12, USDERDELD CRLCEIHG RESULILS FOR STEEL 267 LFTER
BOT ROLLIHNG FROM 8LABS NOMOGHNIZRD &1 2350°F.
TO CNE~INCHT PLATES

Extent ol Cracking. Psr Cent

Welded Welded
Steel Homog . bSpec: Helded at 0°F. Room Temp. Reom Temp.
Yo, Time, Hrs. No» Group 1 Gr. 2 Gr. 3 in Water in Jir
2€6H0  Rege. pract.® 1 & 4 2 15 12
e 0 9 2 Q 10
3 25 154 0 4 )
4 T 5 0 1% 10
5 5 7 0 7 o
S 13 o 10 22 13
7 bA3) 18 0 5 5
8 17 10 0 20 12
9 15 8 0 € 11
10 T 8 9] 10 s
iverage 12 8 i 1l 10
2603 3 1 15 11 5 15 16
Z 17 13 13 20 11
S 8 13 ) 21 12
4 0 16 0 18 15
5 24 26 7 12 12
& 10 17 5 a1 5
7 25 17 2 13 7
2 10 16 0 26 5
9 30 30 10 5 4
10 13 11 0 Gk 5
iverage 15 1% 4 is g
2618 & 1 5 4 5 10 10
2 10 0 Q 10 11
3 5 5 0 12 0
4 -7 0. 0 12 10
5 0 8 7 I3 b
6 11 Q 5 20 P
7 9 30 8 1t 5
3 10 0 3 10 i5
g 2 8 5 0 4
10 © 4 Ay 0 18 12
Lverage 5] 7 4 11 7
2681118 13 1 G 8 0 20 4
2 o] 14 0 11 2
3 0 15 0 15 9
4 0 7 0 10 19
H (W) € 0 9 g
8 8] 0 5 15 10
7 C 3 8] 14 10
8 0 0 5 14 5
9 0 9 6 25 6
10 0 3 0 20 18
o iverage 0 g 2 15 9

% {he regular practice consisted of heating E:? slabs to the rolling
tecperature pand holdigg Tor about i?“ -1 372 hours before rolling,

[
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TO8L7 13 UNDeRBE/D ORLCKINY LESULTS FOR CEE-130H PLITE
FROMD STESL 39 17 T4 HCT-ROLLED COMDITION AND
LAFTER GCHOOENIZING [T 22360°F. (YD 2400°F.
TOLLGWED BY WORMLALIZING LT 1650°F.

specimen Underbead
Condition of “late %o« Cracking, %

Hat rolled 55
75
B3
76
93

80

Rt e P @) T oS B AN I T

TL
83 84
G 75
10 70 ivg, 78
Tomorenized 10 min. at 2350°F. 1 48
;2 34
S 12
a4 25
5 55 LV 35

Homogenized 1 hr. st 23L0°F. 39

R I N
—
2l

[
s
o]

hvg . 28

Homeogenized 3 hrs. at 2350°%, 1 23
2 i 23
3 28
4 34
5 40 ivg. 30

Homcpenized 5 hrs. at 2550°F.

= WD
[¢5)

n

13 Avg. 14

Homogenized 10 min. at 2400°F. 28
30
& 20
5 40 ivg. 24
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TLBLE 13.  Continuaed

Specimen Underbegsd
fondition of “late __ To. Cracking, ¥
Pomegenized 1 hr. at 2400°F 1 14

2 10
3 8
4 5
5 26 fvg. 12
Yomozenized 3 nrs. at 2400°F. 1 13
- 2 20
3 1C
4 10
5 13 hvg. 14
Fomogenized © hrs. at 2400°F. 1 11
: 2 8
3 5
4 8
5 18 swvg. 10




14, --BiR TP 0T PRCPERTIES CF SOLLEL PROM
( Gie 'iIZn;J SLARS (S7HEL 261) ST F OEQOTCH 00T
PEEDICTLLE TO PLITE SURW O Bf LaTIoN
HOLLIAG
ing Tempereture, . T -
~75 -40 =57 pwiky) TR T o +210
2=5-5-3 p—-Z=3-4 fed -l 5~ E-8--8 B fe G 10 BE- 22841
Z_ s A 7_2Z _N_© SRR 7 770 TN,10. T2 A A AA_ET_RA
I [ e T Lot T ] ) i ! o LR At T AT T T
BeZeded  4-lmd4eB Ene T 77 10-10-13-20  39-41-43-49

G~77~-82~50

3]
1N
1
G
i
pe,
[47]
[os)
o]
[N
L
D
!
Lt
[
{
H
‘ol
o}
]
!
—
q‘:
™
D
i
gl
-]
Led
I
1
i
oo
i
&
2
Cri
22

-5 B5e6e6mT 10-10-10-11  18-21-21--2%  §5-51-91 -89
G-0u010 16-18-17-18  77-75-75-76
8589 15-16-16-18  28-30-30-33  £6-87-87-92

T 788 15-17-18-21 £25-29-533-32 86-87.-90-93

e o imnect values are given in foobt-pounds. The zpecimeus vsed were the

3
D
a)
\_/J
8]
2
tf
1=
5
o B
_3

on & Pierle impect mechine

- L b
sta&dard V0o Jh Charpy bars wnich were broksen
ng en initial energy of 220 foob-pounds:
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TESLE HARDIESS TRAVERSES OF Tk UEAT-ATFLOTLD 201
UNDER THe YRLD BEAD OF URTEMPEERD CRA”“-S UbITIVITY
SPECINENS.  VALU.LG :APRESSED AS VICKERS HARDIESS
WHBERE.  ONE KILOGRAM LOSD USED. INMPRESSIONS SPACED
L005-INCH APART
' ST T Thent xes T
Hot liolled Homopr: 2550°F. =4 Hrs.-Nnrm.,
wjfgglﬁzh—mﬁh%éfmy - %pe"1mﬂn Tarber
Treverse ITTETTE T T o 3 5
Yeld mebal 282 305 297 283 283 263 259 063
a4 283 297 305 305 305 290 282 283
Teat-affected zone 378 348 358 388 439 401 413 453
i " " 338 439 4L€ 487 482 417 E1H 487
" i " 467 453 467 439 453 413 467 428
" " u 498 453 4E7 487 428 338 428 4RI
" " " 42¢ 467 482 426 46 348 413 467
t " n 413 430 452 439 380 338 413 . 426
r f 1 401 428 453 401 368 338 A58 401
1 " " 348 413 482 548 313 3%l 358 BED
n " " 339 313 378 320 321 287 313 330
" ! ! 320 335 273 378 305 283 207 330
Rase met 197 197 224 295 205 2GH  18% 197
Leat X--17
ot molicd oMo, 250 F a4 Tr8omdorm.
Srecimer. tmmner . Sverimen .oer
1 z a E TR T
Tald metal 297 283 297 313 239 338 257 2A9
" 1 3L5 283 950 230 257 248 x2l 30E
Heat-affected zone 401 339 ..428 378 348 487 482 459
L " t 439 498 ..378 439 348 467 482 467
" " u 482 498, 467 515 378 498 481 487
i " v 439 487 467 551 390 498 51u 267
" U t 553 482 413 515 _ 476 488 BLL 43
u “ b 432 453 439 515 426 482 498 467
I n " 498 498 439 330 358 B15 498 515
" i " 533 401 426 438 3%0. 453 458 498
" " " 439 439 358 498 358 . 453 467 48e
" i wo 339 539 3233 378 313 378 428 439
Rase metal 197 187 205 197 186 197 183 201




~BB8a=—

TLBLE 15. Continued

— —— —————. 4 ———

Ht?tl"l: X=52

THot ne WOL‘“J

o eu;re uueulmfn Jumba:
Traverss T 2 i z 3 4
Weld metal 308 305 297 297 dl3 321 33" 348
it it 313 268 200 297 306 313 358 3%
Heatw&lfected zone aza 453 457 35S 348 487 b33 401
" i " 401 428 413 453 413 453 458 498
" " M 401 467 467 453 487 45% 482  53%
li ft " 482 487 453 453 435 4h3 482 498
it fi " 492 467 41F 482 439 428 4F9 482
" " " 4z6 439 401 498 4138 413 4238 4053
Y " " 426 438 413 ol 401 401 401 487
" it " 439 221 378 413 278 401 401 428
" " " 290 348 368 3648 468 330 401 358
i " i 239 348 282 B30 321 321 348 358
219 219

Sece wetal 245 289 239 257 214 218

Heat X-5l
Ae Rollied Homog . 2350°%..-d Frs.-Norm.
L~p<Jchr1¢=:r1 Myra bpec*mrn 2

T 3]
Held metal o 230 B2 B39 368 388 38R 320 439
" n ' . 343 221 388 384 358 390 41 426
Hest-affecied zone 426 488 482 | 590 348 413 dﬁi bhEl
1 " " 498 498 448 482 438  bBlf 521
! : oo BTL B71 515 483 571 651 515
i K n 462 B71 591 D33 613 EhL 591
" " " 561 B5L E2Y B33 57l BBl 533
" n " 482 b7l 8l3 b5lb 515 691 ¢ 571
" " i 83% 591 BHL  Bl5H 515 BHL B33 B8LY
" " " 551 660 b8l 571 5EL 813 498 &8l
" " " 571 813 551 482 571 591 48% 533
Base metal 234 239 224 219 229 224 24 224
Heat 7-d4d TMew 40
~ Fot ®oilea l ot oliaed
“Specimen Yumber N bpeclmeu Tamber
1 2 2 T 2 3
Feld metal 297 280 887 280 283 283
1 B 339 248 - 297 260 280 2893
Heat-aflected zone 467 426 467 380 348 113
" 1w " 426 467 4B2 ' 426 453 426
" " " 4563 487 453 456 439 415
" " h 467 413 439 453 439 401
" " " 3648 339 364 128 439 459
" " r 368 287 313 453 4533 453
" i " 330 297 321 439 413 413
b fi " 268 220 221 413 433 401
" n " el 245 263 413 426 378
I " " 257 254 245 350 413 287

Base matal 229 20 229 229 229 234




TABLE 15.

ST —

~36b~-

Tontinued

Feat 716,

Jet Rolled

Specimen Number

Trajgzpe 11 12 13
“Yeld metal 276 245 263
fi " 278 263 276
Jeat-affected zone 413 3E8 401
n " " 340 350 426
" " " 358 390 413
" " " 368 339 339
it " " 358 313 329
" " i 321 308 s21
i " " 305 290 305
" " " 297 2561 283
" r n 289 269 269
i n " 263 27E 278
Base metel 205 2140 219
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TABLE 16. UNDERBEAD WHLD CRACKING INDEXES FOR THEH
VARIOUS STEELS USED TC DETERWINE THW HWARDWESS
UNDER THI WELD BREAD

= e e T TR TR e R e e e =

Steel _.Bpecimen Cracking,; Per Zent N
_Nos B No. Hot Ro.iled Homog o~Morm,

£=9 1 71 8
2 74 14

3 76 3

4 E8 23

5 80 10

3 34 8

7 58 8

B 70 <0

9 & 10

10 73 10

Average &9 11

X=17 1 71 21
2 T4 10

3 54 4

& T4 17

b 71 7

8 T 20

7 63 -

8 8l o -

9 84 -

0 64 ST -

Average 71 13

X--22 1 74 8
2 80 i5

3 78 8

4 70 11

5 71 o

8 65 12

7 b -

8 75 =

S 70 -

1C 54 -

Averege 74 10

%=1 1 €8 32
2 74 0

Z 52 .15

4 64 10

5 40 14

6 70 ~-

7 85 -

8 50 -

9 65 -

18 70 -

Average £5 14
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TABLE 18. Continued.

Steel Specimen Cracking, Per Cent N
O o Hot Rolled Homog.~lHorm,.
X-40 1 5 -
2 0 -
3 -4 -
4 8 -
5 4 -
Average 4 -
40 1 o -
Z 0 -
3 5 -
4 G -
] 7 -
Average 2 -
Z16 1 8§ -
2 18 -
3 12 -
4 5 -
5 15 -
6 12 -
7 20 -
8 15 -
9 21 -
10 2l -
Average 15 : -
*

One-inch~thick plates were homogenized for 4 hours
at 2350°F. and then normalized at 1850°F.



TABLEK 17,

TANSILE PROPERTY

-58--

3 O STEELS 2310,

2 E?TO AHD 34

18 THE HOT-ICLLuu LO”DITI”N AND AFTER WeTER
CQUUNCEIHS FROM 1650

Blong . Red. of Yieid Tensile

Stesl Direction in 2%, Area, Strength, S*renwthj

o of Test Condition % i psis psie
(1/2-inch-diameter tensile specimens )

2370 Long » Hot rolled 22.5 56. 8 10,500 101,200
21.5 5845 71,000 101,700
" Trens. " # 220 £l.5 70,500 101,507
20,0 8l.5 2,500 101,200
K Long GQuenched 15.0 49,0 143,500 212,200
15.5 52.0 144,500 212,200
n Trans. t 13.5 41.5 152,800 209, 600
14.0 345 162,800 210,300
2610 Long ot rolied &£2.5 52.5 £8,720 89,000
2540 4.5 86,300 95,500
r Transg. n R 22,0 59,5 85,700 97,800
24.0 0.5 67 . 200 6,800
" Long. tuenched 17,0 61.0 138,800 178, 000
- 15.0 57.0 135,400 180.000
" - Transe Y 14.0 48.8 129,000 178 002
1.0 482.5 133,500 178,004
34 . Longe. Yot rolled 32.0 70.0 ,C00 86,000
31.5 71.5 54,000 8€, 200
"’ Transge " i 2890 60‘-:0“ ' 00350(} 85’ o0
27.0 -60.0 55,060 86,100
! Long. Quenched 11.0 28.0 154,800 221,200
1r.0 30.5 157,200 223,000
" Irans. " 6.0 16.0 165,200 21%. 000
8.0 i8.0 64,000 221,000
2340 r.ong. Guernched 8.5 4545 - Zel, 300
8.5 48,5 - 219,700
26y Long " 10.5 £3.0 185,200
11.0 59.0 ~ 196,200

i i .+ b Badbem.




TABLE 18. £LZARPY WOTCHLD-RBAR TVPACT PROPERTIES OF STEELS 2300, 26HC, AN
AFTER JATER QUENCIING FRCIY 1650°F. SPRCTHwNS J1TH V-TYPE NO
OUT PERPENDICULAR TO THE PLATE SURPLCE 7ERE TSED. T%y LOFsTH

THE SPeECIHNS Jhs 1IN Too DINACTICH OF RCALING.

Steel

Testing Temperature, Degrees I.

75 %0

-5 +40 +75 +210

11-131-12-25 11-13-13-14

10-12-16-20 16~-16-17-21

45T 5--5-6-8

15-18-18-18
22~25-25-29 Z5~35-38-43

4-H=5-5

23~25~-25-30 25-25-27-29 58-34-34-35

78--40-40-42 43-43-45-45

8-9--10-16 6--10-10-11 14-15--16-18

¥ote: The above impact values are
the standard V-notch Charpy
Faving an initial erergv of

given in foot-pounds. The specimens used were
bars which were brokxen on & Riehle impact machine
220 foot-pounds.

g5~
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TABLE 16. TmN I;n PR“PHRTIES GF BUTT-omlDiD sPocId
ROTH SYEELS HEAY TRF

TENS, FROM
WYED FRICR

Liong. Yield Tensile

Steel Lescripvion in 2", Strength, Strength,

Yo, o' Specimen % ~ peil. DS«

24 Base plate only ' 35840 79,300 96,400
36.0° 19,900 o7, 800
" Ls welded 3640 78,200 26, 500
2540 78,700 98,800
" Yelded bead machined flush 38,0 77,500 T 26,100
to plate 38,0 79,400 97,020
40 Base plate only 43,0 86,000 . 100,200
45.0 87,300 101,002
w As welded 45.0 83,100 98, 700
44,0 82,400 98,000
" deided bead machined flush 43,0 54,200 98,930
to plate 42,0 64,100 g8 400

% Stesl 24 was heat treated in & continucus furnace by the

Great Lakes Steel Corporation by water guenching from 1650°F. aud
tempering at 1200°F. Plate’was 3/4" thick.

1 40 was water quenched. from 1600° ?n ana tarpered for cne hour
200"} Plate thickness was one incha



TARLE 20,

CRBEAD CRACEING ROSSULTS FOR STEELS 28 AND 39
GELDED (TTH VARTIQUS TYPES CF ELECTRODES.
R AT O°F,

3tenl Type of Size of Specimen  (racking,
No. Wlectrode Eie ctrode Hoe Par Cent

39 E 601C 1/8 inch -

D@D -1 ;D 0
0
o

bt

35 86008 1/8 inch 1
2 0
3 0
4 0
5 0
6 0
7 0
8 0
9 0

1

]

O ivg.0

¥ E02C 1 1,/8 inch

e
e
R

~J o
[N S A B AR I S
[0 T R e B I o

Avyg 20

28 I 601C 1/8 inch

46
82
40 tvp. 47

QW el 3D g e
i
1N

[




TABLE 20, Continued
Steel Type of Sizs of Specimen fracking,
_No.  Electrods Blectrode - Ho., Per Cant
28 B 6010 3/16 inch i 94
2 1156
Z 68
4 a5
5 91
5] 164
7 80
B 75
9 103
10 13C Awvg.90
28 Lime Ferritic 3/16 inch i 0
2 0
3 0
T4 0
5 8]
8 o
7 o
8 0
3 O
10 D onvg O
26 Lime Ferritic 3/16 inch 1 0
2 0
3 0
4 O
5 e
£ 0
7 Q
& ¢
] 0
10 0 Avg.G
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TA3LE 2l

Heatl Thickness Specimen Cracking,
Do of Plate o Per Cent

—— s o ——

BHLGRTS 3/4 inch 1-10 Wone showed cracking
1 1 iﬂch 1-10 \i it 1r
157518 3/4 inch 1-10 L L "
" 1 inch

65
86

255219 3/4 inch

54
70
74
65
64

T4
48 Lvp. €4

[t o sIE e a2 B = S B AV I

1

=]

304319 1 inch 61
61
35

50

CA O Cd DO R
on
-1

fe2)
N
fs}

‘_l

O w0 @ -
¢ <n
& €a

Avg. Bl

164969 1 dneh

W s
w3

L

b

Toe s R Y3 T R O
Ol R o D

'_.I
o
i
o
P
o
E
S
e
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TABLE Zl. Continued

Heat Thickness Specimen Cracking,
Nou. of Plate NG a Per Cent

21242 1l irzh 52
80
44
57
48
45
40
59
57
80 fvg. B2

O -9dOHad R

-

—— T T i e i S e i




