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PREFACE

The Navy Denartment tirough the Bureau of Ships is distributing this report

. for the quP STRUCTURE COMMITTEE to those agencies end individuals who were active-

ly ascocinted with the research work, This report represents results of pert of
the research program conducted under the Ship Structure Committee's directive to
“iuva.,tig&te the design and methods of construction of welded steel merchant

V‘eSSB.L-. s

m
1

COPY NO.
Copy lio.

Copy Novo
Copy MNo.
Copy Fo,
Copy No.
Gopy Yo,
Copy HNo.

Copy Ho,.
Gopy HNo.
Copy To.
Copy No.
Copy No.
Copy No,
Cony lo.
Copy Noe
Copy No.
Copy Ho,.
Cony No.
Copy Yo,
Copy o,
Copy No.
Copy No.
Copy No.

Copy lo.
GOW I\TO-
Copy Noe.
Copy No.
Copy No,
Copy Ho.
Covy Koo
Q)py Ho.
Copy Ho.
Copy Ho.
Gopy To.

1.
ne O

distribution of this report is as followss
1 ~ Chief, Bureau of Ships, Navy Department
2 - Dr. Douglas Whiteker, llational Research Council

Ship Structure Commitiee

3 « Rear Adm. K, K. Cowart, USCG -~ Chairman
b - Rear Adm. Charles De W‘neelock, USN, Bureeu of Ships

03 ~3 Oh\n

e~

21
22
23
2L

25
26
27
28
29
30
16
31
32
2l
33

"t it

llli!llll-lli

-

-

-

-

-

Ceptain R, L. Hicks, USH, Maritime Administration

Ceptain W, N, Mansfield, USHR, Military Sea Transportation Service
Col. Werner W. Moore, USA, Trensportation Corps Board - Liaison
Ds Ps Brown, American Bureau of Shipping

Ship Structure Subcommittles

Captein C, M. Tocke, USE, Buresu of Ships - Chairmen
Comdr. E. A, Grantham, DSN Military Sea Transportation Service

Comdr. R. H. Lambert, USN, Bureau of Ships

Comdr. James leIntosh, USCG, U, S, (bast Guard qus.
Comdr. R. D. Schmidtman, USCG, U. S. Coast Guard Hdgs.
". Ga Frederick, llaritime Administration -
Hubert Kempel, Military Ses Transportation Service
I. R, Kramer, Office of Navel Research '
Mathew Letich, American Bureau of Shipping

L. G, Host, American Bureau of Shipping

E, M. Maccutcheon, Jr., Bureau of Ships, Code 318
V. L. Russo, Haritime Administration

Finn Jonassen, Lisison Representative, NRC

g, H, Davidson, Liaison Representstive, AISI

W. P, Gerhart, Lieison Representative, AIST

fm. Spreragen, Liaison Rem-esentative. WRC

Committee on Ship Steel

. o 231, —-— /)-'.),-J"SJ
--Wﬂ&%m/ 4"*— : .

G. He Herty, Jr., Vice Chairman V

W, M. Balcéwin, Jr,

Ches, S. Barrett

Ro Ma Brick

S. L. Hoyt:

I. R. Kramer

M, W. Lightner

Te S, Washburn

Finn Jonessen, Tachnical Director _
James E, licluti, Tecimical Secrelary



'-j_i-

Members of Projeaet Advisory Gomittees SR=98, SR~99, SR=100, SR~108.

Copy HNo,
Cory Yo,
Copy Yo,
Copy lio:
Copy HNo.
Copy lo.
Copy 1o,
Copy Ko.
Copy No.
Copy lo.
Copy Ho.
Copy No.
Copy No.
Copy Mo.
Copy Ho.
Copy No,
Copy No,

Copy lo.
Copy lo,
Copy HNo.
Copy No.
Copy No,
Copy No,
Copy Ho,
Copy No.

Cory No,
Copy llo.
Copy Lo,
Copy No.
Copy No,
Copy No.
Copy MNo.
Copy No.
Copy Ho.

Copy Yo.

Copy No,
Copy Ko.
Copy No,
Copy No.
Copy lNo.

 SR=109 and SR-llO (mt 1isted elsewhere)

3, - R, H. Aborn

35
36
37
a3
39
40
41
42
43
44,
45
46
47
48
49
50

51
27
52
53
54,
55
21
33

EIRFRID/EZTRIR

t £ ¢ & ¢t ¢ 1Lt ov oLt

69
70

| S T T N N DN U DN N DN NN N B B

t vttt %t

L. C. Bibber

llorris Cohen

lis Gensemer

li, ¥, Hawkaes

W, F, Hess i

W. R. Hibbard, Jr.

C. E, Jackson.

P, E, Kyle

v« Re Low, Jr.

H, W, Pierce

W. A. Reich

C. E, Sims

R, D. Stout

e G. Thompson

Bruce G..Johnston, Welding Resesrch Gouncil, Liaison
« H. Wooding, Philadelphia Nevel Shipyard

Committee on Residual Strésees

John T. Norton, Chalirman

Vm. i, Baldwin, Jr,

Paul Ffield :

Levan Griffis

K. Heindlhofer

Daniel Rosenthal

Finn Jonassen, Technical Director "
James E, licNutt, Technical Secretary

Na.vy Depa.rtment
Capt, H. A, Ingram, USN, Supervieing Inspector of Navel Materials
Comdr., Re S, landelkorn, USN, Armed Forces Special Heapons Project
Comdr. F, G Springer, USH, Bureeu of Ships
A, Amlrikien, Bureau of Iards and Docks
A, G. Bissell, Bureau of Ships
J. U, Crowley, Office of Naval Research . .
Charles Hoch, Military Sea Transportation Service
J. W. Jenkins, Bureau of Ships S
Noah Kabn, New York Naval Shipyard.
K. E, Promisel, Bureau of Aeronauties
John Vasta, Bureau of Ships -
J. E. Walker, Buresu of Ships
Naval Research Laboratory '
Naval Research Laboratory, liechanical Section
Naval Research Lasboratory, lietallurgical Ssction

Copy No. 71 - Post Graduate School, U. S, Navel Academy
Copies 72 and 73 -~ U, S. Naval Engineering Experiment Station:
Copy No. 74 =~ New York Naval Shipyard, Material Laboratory



-1ii-

Navy Department (continued)

Copy No. 75 = Industrial Testing Laboratory, Phﬁladelphia Naval Shlpyard
Copy No., 76 ~ Philadelphia Naval Shipyerd

Copy No. 77 - San Francisco Naval Shipyard
Copy No, 78 .= David Taylor Model Basin, Attn: Library

Siaew  adld R

Copies 79 and 80 - Pub*ications Board, Favy Department vie BuShips, Code 362
Copies 81 and 82 - Technicel Library, Bureau of Ships, Code 364

U, 8. Coast Guard

Copy No. 83 = Cantain R. B. Lank, Jr., USCG
Copy No. 84 - Cantain H. C, Moore, UsSCG

Copy.No. 85 = Captain G. 4., Tyler, USCG

Copy No. 86 - W_E Hegee, U, S. Goast Guard
Copy No. - J, B, Pnberteon, S. Coast Guard
Testing and Development Division

U. S, Coast Guard Academy, New London
U. S, laritime Administration

(%]
‘»8
g

L
w0

0O

i3

= Vice Adm, E. L., Cochrane
- Eo . Ec Iﬁﬂrtmky

R nraaen:a.ivna of Ameriean Iron and Siteel Institute

Commigtee n . Ma nufacturing Problema )

Copy No, 92 - C. M. Parker, Secretary, General rr‘echn;u‘:a..'L Committee,
S American Iron and Steel Institute

Copy No. 35 - L, C, Bibter, Carnegie-Illinois Steel Corp,

Copy No. 26 - C, H. Herty, Jr., Bethlehem Steel Company:

Copy No. 93 = E. C. Smith, Republic Steel Corp.-

. Yelding Res ¢h Couneil

C. A, Rdums . Copy Fo. 96 ~ uaMotte Grover
Harry Boardman Copy Wo. 24 ~ Wm, Spraragen

Cory No. 94
Cory lio. 95

Copy No. 97 = C4 R. Soderberg, Chairman, Div. of mngr. & Ind, Res., NRC

Copy No. 25 - R. F. Mehl, Chairman, Committee on Ship Steel

Cory No. 21 = Finn Jonassen. Technical Director, Cormittee on Ship Steel

Copy No. 98 - F, R, Bayainger, Investigator, Research Project SR-100 .

Copy No, 99 = R. G. Kline, Investigator, Research Project SR=100

Copy No., 100 - P, J. Rieppel, Investigator, Research Project SR-100

Copy No, 101 - C, B, Voldrich, Investigator, Research Project SR-100

Copy No. 102 = S, T, Carpenter, Investigator, Research Project SR=98 and 118

Copy No. 27 - Wm. M. Beldwin, Jr., Investigator, Reseerch Projeet SR-99 .
and SR-111 -

Copy Yo. 103 - L. J, Ebert, Investigator, Research Project SR=99 :



Copy No.
Copy No.
Cory Fo.
Copy No.
Gopy No.
Copy No.
Copy No.
Copy No.
Copy No,
Copy No,
Gopy No.
Copy No.
Copy No.
Copy No,
Copy No.
Copy NOr'
Copy No.
Copy No.
Copy ¥o.
Copy No.
Copy No,
Copy No.

ﬁiVn

14 ~ L. J. Klingler, Investigator, Research Project SR=99
105 - Morgan L. Williams, Investigator, Research Project SR-106
25 « R, F. lehl, Investigator, Research Projset SRe108

29 « R, M, Brick, Investigator, Research Projact SR-109
106 - C, H, Lorig, Investigator, Research Project SR-110

107 - E, W, Suppiger, Investigator, Ressarch Project SR~113
108 - E, R. Ward, Investigator, Research Project SR-113

109 - Carlo Riparbelli, Investigator, Research Project SR-113
110 - J. F, Wallace, Investigator, Research Project SR=114
20 - V, L, Russo, Investigator, Research Project SR~117
111 ~ R, A, Hechtman, Investigator, Refarch Project SR«119
112 - G. 5. Mikhelapov, Investigator, Research Project SR-120
113 = Clarence Altenburger, Great Lakes Steel Company

114 - T. N. Armstrong, Internetionsl Nickel Co,, Inc.

115 - A, B, Bagsar, Sun 0il Company

116 - British Shipbuilding Research Association, Attns J. C. Asher, Sec,
117 = George Ellinger, National Buresu of Standards

118 - A, Ed Flanigan, University of. California

119 - 0. J, Horger, Timken Roller Bearing Company

120 - E. P, Klier, University of Maryland

121 - Robert C, ledden, Kaiser Steel Company

122 - N M. Newmark, University of Illinois

Copiles 123 thru 147 - E, G. Hill, British Joint Services Mission {Navy S+aff)

Copy No.
Copy HNo,
Copy No.
Copy No,
Copy No,
Copy NO.
Copy No.
Copy No.
Copy Ko,
Copy No,
Copy NOQ

148 « E, Orowan, Maasachusetts Institute of Technology
149 - Comdr, W. G, Perry, RN, British Joint Services iission (Navy Staff)
150 = L, J. Rohl, Carnegie»Illinois Steel Corp,

151 - W, P. Roop, Swarthmore College

152-~ H, A, Schade, University of Celifornia "

153 - Saylor Snyder, Carnegie- Illinois Steel Corp.

154 - Standard 04l -Company of Californis, Attns K, V. King
155 - Webb Institute of Heval Architecture

156 - Carl A, Zapffe, Carl 4, Zapffe Laboratories

157 = Division of letallurgy, National Bureau of Standards
158 - Transportation Corps Board, Brooklyn, New York

Copies 159 thru 163 - Library of Congress via Bureau of Ships, Code 362

Copy No .

164 ~ NAGA, Attn: Materials Research Coordination, Navy Department

Copy No, 165 - File Copy, Committee or Ship Steel
Coples 166 thru 170 = Bureau of Ships

Copy No.
Copy No. 1
Copy Yo,
Copy No,

Copy Ho.

Copy NO.
Copy Ho.
Copy No,
: Gopy lo.
Copy No,
Copy No,
Gopy NQ.

e - —?/f/.;z_
I A/

171 -MWW&W ¥ 906/57
173 -
17, =
175 =
176 -
177 -
178 -
179 -
180 -
181 -
182 -



Copy No, 183 =
Copy No, 184 -
Copy No. 185 -
Copy No. 186 =
Copy No, 187 =
Copy No, 188 -
Copy Nos 189 =
Copy No, 190 =
Copy No, 191 -
Copy No. 192 =
Copy No. 193 -
Copy Koo, 194 -
Copy Ho. 195 -
Copy No, 196 =
Copy Mo, 197 =
Copy No. 198 -
Copy o, 199 -
Copy No, 200 -

ez
Lo ey £ %ZZJ—‘- / o

{Total Copies 200)




REPORT
on

EVALUATION OF IMPROVED MATERIALS AND METHODS OF
FABRICATION FOR WELDED STEEL SHIPS

to

BUREAU OF SHIPS,
NAVY DEPARTMENT

by

F. R. Baysinger, R. G. Kline, P. J, Rieppel, and C. B, Voldrich

Describing Work Completing
CONTRACT NObs-45543

BATTELLE MEMORIAL INSTITUTE



TABLE CF CONTENTS
Page
ABSIIRACT . L ] - L] L L3 - L] - L ] - - - » [ ] L] - - * - - L » - - - » L] - » - 1

ISR

IMBDDWTION..-&...-....---.-.-..---.-.--

Discussion of Methods of Dstermining

Transition Temperatures . . o+ ¢ o o &« » o ¢ ¢ o 0 o s o ¢ s ¢« 3
HalfofMa.xinmmValue.............',......... 5
Midpoint Between Upper and Lower LAMILE o 4 s o e m e oe u e 7
First Significant DIoOD « « « « « o s o s « s s « s o ¢ s s o« 7
"Envelope" Method of Presenting Data . . o « s ¢ ¢ ¢ o o s o ¢ o 7

Re=evaluation of Data Presen
Previous Reports S5C-23 and SSC-33 ¢ o v ¢ o o » ¢« ¢ s ¢ 6 0 ¢ 9

=

MAERIAIS - L] - & - ’ » L - - - L] L] L] L] Ll L] L4 - - . L] . L] * » L4 » - L

-
[

St-Bels ll'....ll....."..-..-."l.la. ll
Flectrodes . . o « 2 2 ¢ o s 2 2 2 o« » & & & s 8 § & & 6 % o v @ 1\3

STUDIES OF TRANSITION RANGES CF m"AM
AND nW“ Smls I"Ilm KINZEL SPECMS - - - [ ] L] L] » » 2 L ] L ] » L ] L] - - ]3

R s A T LY

reparation and Welding of Spsc

)

TeatingProcedure......‘...t.........-.-:. 16

Test Results of Unwelded and Welded ‘
Specimens of "A" and "W" SteelSs . 4 4 s s s s e e s s s e o 16

Comparison of “A" and "W" Steels '
With “Br" am "C" St@@lﬂ * * » : 8 * & ® 2 ¢ 2 &+ o * L] 17

Camparison of Test Results of Kinzelw
TypeandOther-—'I:ypeSpecjmnS "« s ® % 8 ® ¢ & 4 v ® 8 0w 21

EFFECT OF THERMAL TREATMENTS ON WELDED KINZEL
SPECW:S OF "Brﬁ AN_T) ﬁcii Sm . . » - - e @ L3 .« » . o o - & v o ® 8 26

Preparation, Welding, and Testing of Specimens . ¢ « » ¢ & « o o 27
Effaect of Various Preheats on MOV Steel o o « o v o 5+ 2 & o = 0 27

Effect of Postheat on "C" St@el « + o« « « s » o ¢ » o ¢ o & 4 o o 29



TABLE OF CONTENTS antinued o

Effect of Vhrious_Prehegts ﬁn‘"Br"
Effect of Postheat on "B," Stéel .
Results of Hardnees Surveys . . .
SUBMARY « v v v v o uu iy iy e

FUTURE WORK . & v v o o 'u™e u'a'y o
REFEB.ENG_ESovat.u‘-tn--.-.'o

’

=



REPORT -
on

EVALUATION OF IMPROVED MATERIALS AND METHODS OF
FABRICATION FOR WELDED STEEL SHIPS

to

BUREAU OF SHIPS,
NAVY DEPARTMENT

from
BATTELLE MEMORTAL INSTITUTE
by
F. R. Baysinger, R. G, Kline, P. J. Rieppel, and C. B. Voldrich

Describing Work Completing
Contract NObs~45543

t

ABSTRACT

This report covers the work done durlng the period January 1, 1949, to
June 30 l9h9e _

On the basis of the discussion. of the ﬁork reported in the second -
progress report 55033, the Project Advisory Gommittee recommended that the
behavior of two additional project steels, "A" and "W should ve determined at
various tamperatures (200 F to =100’ F) using the Kinzel~type Spechmen. It was
also decided that a study would be made to determine the effect of preheat and
postheat treatments on the behavior af "B " and “G“ steels when tested at various
temperatures (200 F to -100 F) using the Kinzel speclmen.

- Tests using the Klnzel specimen to determlne the ﬁrhnsition—temperature

‘range of "A" and " steels rate these two steels in the ‘same order that all the

other;type speclmans have done. The four steels which have now. been rated with

'i l

Yaon
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the welded Kinzel specimen have the followi%lg order of increasing transition.
temperature range: "By", "WM, AN, and "G"; When tested with Kix}z_.el-t.ype
specimens, but without the weld beads, "B.", "Wt and "A® -ﬁehaved.vé'ry much
alike, while "C" had a considerably higher transition-temperature range.

The studies on the effect of preheat and postheat on welded Kinzel
specimens of "Bp" and "C" steels revealed that the "Br“ steel responded more
than "C* steel to the use of preheat. As the preheat was raised, the transition-
temperature rangss for both steels were lohwlered.. A—postheat treatment improved
the amount of energy a_.bsg:fbgd.by._both steels at :j.ow temperatures.

Vickers hardness surveys of Kinzel specimens of "B." and "C" steels

4

t el . the
F

welded at various preheats were made. In the specimens of "Br" st

weld metal was harder than the heat-affected zone, while the reverse was true
for the "C" steel. Both preheat and a high temperature postheat each reduced

hardness in both the weld metal and the heat-affected zone,

INTRODUCTION

This is the third progress report on the investigation Qnt:i:.;:.led;
"Evaluation of MWed Materials and Methods of Fabr:.ca.t:.on for“Welded lSteel{
Ships", being conducted for the Ship Struc;t.pre Committeé (ﬁoject SR—].OO') s
and is the f:t.nal report under Navy Department, Bureau of Ships Contract
NObs-45543 | | - o

&3

The second progress report (SSC-33, November 15, 1949)' " on this

project contained the test results of various modifications of notched bend

orandimono amd AP ot alhad & ] P b T aer o hbhin AL 2wl
L e P L m“ ML L T dlliXFl i3 o A WSO WIS UL e b

gation to attempt to obtain the same transition temperatures for the project

#*  See References, Page 41.



-3 -
steels, "B, and "C", that were obtained from the full=scale hatch-coEner test
specimens studied at the University of Californis. ' Cther tests of all-weld- -
metal specimens, made with:EAQLO and E6020 eleéctrodes, were included. The
second progress Ireport-;al‘so described some preliminary observations on:the
initiation ﬁf fracture in the bend-test speciméns. A bibliography of all:
literature studied up to December 30, 1948, which ' pertained to the subject of
this investigation, was .included in.the Appendix...

1. This report .covers tests made with "A" and: "Wr project stesls %o de-
termine their transition-temperature ranges using: both welded and unwelded
Kinzel-type specimens. . The results obtained on:these steels with the Kinzel- '
type specimens.are compared with those obtained on the same steels by several
cther specimens, ..A discussion of methods of ‘Getermining transition temperatures
is included, ; : .. - .

.. This report also covers tests on "B, ".and "C"steéels to determine
' the effect :Iéiﬂ preheat. and postheat treatments on: the behavior of ‘welded Kinzel-:
bend specimens.  Hardnegs surveys were made ‘on'welded Kinzel specimens of "B
and "C" pteels for sach preheat and cerrelated with the test results, - Cooling '
rates on welded Kinzel specimens were recorded forr each of the preneat ‘tempera-'

1

tures, L _ I LA

Diséussion. 6f Methods oi'

-, Determining Transition Temperatures

" The s'ubje'ct'of t-.ransiiio::i .'t;i;\.;.:‘e.r#f.ures a.nd methodé of det.erm.l.ning
transition t.e:npere.tures of various welded and unwelded specimens of sh:.p»grade
steel has been d:a.scussed a.t length.l‘ 7 ‘Ihere ha.s been consid;rable confus:.on
and d:.fficulty in det.erm..m.ng transltion temperatures and. us:.ng them to compare

performnce of various series of Specimens of ship steels tested over a range




of temperatoree. .I The data pre.sented :Ln this report' | whieh were oblained from |
testing aeveral series of Specimene st various tesperatures, are preeented in a
different way, with very litt.x.e reference to tra.neltion temperatures. ‘I'ne
reasons for present;ng the data in this manner are developed in this oectd.om of“
the repcrt. h | | _

The term "tra.nsition tenmereture" refere to the temj:-erature at ;vhich'
the mechanical behavior of a meterial in a given test specimen changes fram
shear to cleevage or from ductlle to bu:‘:.ttle. SJ.nce thie transa.tlon usually
oceurs over a range of temperatures, it is usually not poselble to chooee a
speelfie traneitlon temperature except by use of an arbltrary defmltlon.

In all prevxous work on thJ.e investigetlon, four criterla ha.ve been‘ 1
uséd to evaluate the ohange from ehear to cleeva.ge behavior of bend-test epecmens
tested over a range of temneratures. These are: (a) energy abeorbed bv\a o
specimen from the beginning of loading to maximum load (b) the angle through
which the spec.unen ia bent from begi.nning of loadmg to ma.xinmm load, (c) latera.l
contraetion at the root o.t‘ the notch in the sPecmen durlng testmg, and (d) .
fra.cture appeara.nce, " The meaeured values are plotted as ordmetes agamst
temperature as abscissa and an average curve drawn through the plotted dat.a.. o
The transition temperature is then determined from the average curve, .

As stated prevmuely, before the traneitmn temperature can be de~

termined from this average curve, arbitrary definitlon of the transition

temperature must be established, The definitions of transiti

which were used are: P o S e

1.  The temperature coordinate of the point which represents half.
the maximum value of the average curve,

2. The temperature coordinate of 'the point which represents the
midpoint between the upper and lower limits of the average :
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3. The highest tempersture at which the first significant decrease
oceurs in the measured properiy. ‘

The transition from shear to cleavage behavior usually occurs over a
range of temperaturesand rot at 8 specific temperature, Therefore, a transition
temperature chosen by definition might well be 20 or more degrees above or below
the temperature at which some test specimens will fail by cleavage. This fact
must not be forgotiten when the transition temperatures of various series of

tests are compared. The main advantage, and the reason for the wide use of an

arbitrarily chosen transition temperature, is that wvoluminous test data for

many materials can be readily compared without reference to esch individual graph,

There
from average curves by any of the definitions listed above, These will be dis-

cussed in following sections.

Half of Maximum Value

Using the temperature coordinate of half the maximum value of the
average curve as the transition temperature ray be misleading. For example,
a high maximum value which determines the transition temperature by this method
does not insure that the steel will behave well at low temperatures, In Fig. 1,
by definition, the steel represented by Curve A has a lower transition tempera-
ture than that represented by Curve B, even though the maximum value for the
two curves is the same, GSteel C, however, which has a lower maximum value, is
mich better at low temperatures, eve
definition is the same as for B, The transition temperature by itself then
might give no indications of great variations in the low-temperature properties

of steels being campared by this method,
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OF THE MAXIMUM VALUE OF THE AVERAGE
CURVE
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Midpoint Between Upper and lLowsr Limits
In picking as transition temperature the midpoint between the upper and

lower limits of the average curve, the better low-temperature properties of one
material over another may be ignored. Figure 2 is a schematic illustration. In
this sketch, materials A, B, and C have the same transition temperature by def-
inition. But to say the materials are, therefore, similar completely ignores

the better low-temperature values of materials A and B.

First Significant Drop

The definition of transition temperature as the highest temperature at
which the first significant decrease occurs was used in previous work at Battells.
In a case in which the curve had a sharp drop, the transition temperature was

readily located. Figure 3 shows such a curve, In other cases, the curves had no

Yo ™ J—
sharp drop, as in Figurs 4, and he

e e
v AL

£ e e
hers was no polint on the o choos

o

= nvera a op
1= L S aw

-
iV WL VO

transition temperature. The choice, in these cases, was influenced by the

_ individual datum points and was located more by these points than by the average

curve, The reported transition temperature might be anywhere within the trans-
ition range. In many cases, no two persons could agree on the location of the

transition temperature,

“Envelope" Method of Presenting Data

To avoid the problems of using average curves and the location of

definite transition temperatures, the data in following sections of this report

‘are presented in most cases as envelopes, drawn around the plotted points, These

envelopes make it possible to easily compare two sets of datas and at the same
time see the scatter in each case, It is easy to note whether the transition-

temperature range of one series of specimens is generally higher or lower than
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that of the other, In Figure 5, the same data are presented by the average
curve and envelope methods for comparison., These curves show that there is a
definite difference in the behavior of the two series of specinmens when tested
at various temperatures. It is obvious, when it is attempted to represent these
differences by arbitrary transition temperatures, that much is lost, However,
if the transition temperatures shown on the average curves (deterumined by the
first significant drop) are compared, and are regarded as representing a range
and not a specific point (accurate to about ¥ 20F), then they show the same
trends that are shdwn by the curves taken as a whole, |

Re—evaluation of Data Presented in
Previous Reports SSC-23 and SSC-33

7 on this

The data presented in previous reporis 55C-23% and S5C-33
investigation have now been re-evaluated by using the envelope method instead

of average curves and transition temperatures. In instances, it was found that

" no important new conclusions could be drawn from the data when studied by this

method. As long as the transition temperatures cited in these previous reports
are not considered as precise points, the same overall trends are obtained by
their use, However, if the detailed curves are ignored completely, much in~

teresting and important information can be overlooked.
MATERIALS

Steels
Two semi-killed, as-rolled, mediumecarbon ship steels, designated as
"B." and "C%, were used in this phase of the investigation for studying the

effects of preheat and postheat on the performance of test specimens, In
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ati-di.“t;jr;ti, i:arojéct. steels "AM (semi~killed) and "wr (killed) t:otp as=rolled, were
proposed by the Advisory Gémmittee‘for‘determination of their transition femperam
tures with the Klnzal-type specumen The mechanical propertles and cremlcal

i

cqmpositions of the four above-mentioned steels are given in Table 1.

_ Elscirodes
: The electrodes usad:thrc;t._xghout. this phase of the investigation we*'e
3/16~inch~diameter Class EéOlO elactrodes. The weldmg schedule used for the

elect.rodes will be discussed m a later section of the report. \

STUDIES OF _ TRANSITION RANGES OF

HAY Mﬁ) “W" E:TEELS WTTH KINZEL SFEC IMENS SPECIHENS

At the December, 3.91.8 meeting of the Project AdViSOI‘y chnmttee s it
was recdmerﬁed that "A" a.nd "W“ steels be st.ua:.ed with the Kinzel specmmen.
_Thls was suggested in order to compare such results with result-s obtained wit.h

t.he Kinzel speclmen' on "BL,." and nCH steels.

Preparation a.nd Welding of Spec:unens .

Coupons for the test specmens were Saw cut. from pla.t.es of AW a.nd Wi
-st.ee.hs and t.he surfaces were clea.ned by grit blasting. In order to conserve -
mater:.al the length of the sbecmen was reduced from 12 mches to 8 mches.
Pilot tests :Lndicar,ed the results were not changed by using the shorter Spacimen
F:Lgure 6 shows the details of the Kinzel-type specimen as used :m these test.s.

The weld ‘beads were deposlted on the test coupons by’ autamatlc weld.mg
usiﬁg 3/16~inch~diameter EéOlo elect.rodes. All of the specimens were welded at
room temperat.ure and cooled in a.ir_. ‘Iﬁe éging time f.or all the ISpecimens between

welding and testing was 8 days at frooni temperature. The weiding schedule followss



TABLE Y ~ WJCHANICAL AND CHEMICAL PROFERTIES OF PROJECT STEELS "B, "C", WA® AND wy

_‘ : L _ o Mechanical erties L
Steel Type Thick- Yield Ultimate _El_%at'_yn?__ Reduction Hardness
Code of - ness, Steel Point, Strength, 'in 2 In. in 8 In. in Area, Rockwell
Letter Steel In, Condition -  psi psi % % . B

(1)(2) Semikilled 3/4 - As Rolled  32,200- 55 5600 43 33 71-58  58-63

By o o 34,600 58,600 | o

¢ON2) semikilied 3/, As Rolled -. 34,500 61,500~ ' 43-35 32 6350  66-59

oo .e i 37,600 68,500 - | o

A1X2)  sentiiniea 3/4 ' AsRoliea . 35,400~ 57,600- 45 3732 6253 58-62 -

Steel Code - Chemical Camposition, 2 ‘-

- mttez.{‘j_‘ Cc gn ‘-_31_ ".p s - Cr- M. Mo L Al Sn N -
Bp(1) 0.8 073 0.7  0.008 0,030 0.3 0.05 - 0.006 0,07 0,015 0,012 0.005 .
¢ 024 043 0,05 0,012 0.026 0.3 0.2 0,005 0,03 ‘0.016 0,003 0,009
A1) 026 0,50 C.03 0.012 0,039 0.03 0,02 0,006 0,03 0,012 0,003 0,005
w3) 020 052 0,23, 0.013 0.010 0,07 0,10 0,010 0,17 0.006 0,035 0,005

(1) Boodberg, A.—', H. E. [avis, E. K. Parker, and G. E. Troxell, "Causes of Cleavage Fracture in Ship Plate

Tests of ilide Notched Plates,™ Welding Journal, April 1948,

i
2

Wed

m—

.oz Journal, April 1949.

22 The data for the mechanical properties are the lowest and highest values obtained for each steel. -
} bkahn, N, A., and E. 4. Imbembo, "Notch Sensitivity of Steel Evaluated by the Tear Test," - :
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Average welding current, amps 175
Average arc volts 26
Average welding speed, in./min, 6
Length of weld bead, in. 4
Length of eledtrcde per inch of weld 1.4
Initial plats teamperaturs, F 70
Cooling medium Air

During the aging period, the final machining of the specimens was done

according to the sketch shown in Figure 6,

Testing Procedure

A mixture of methyl cyclohexane and dry ice was used t¢ obtain testing
temperature down to -100 F, Temperatures above 80 F were obtained by a water
bath with resistance-immersion heaters. The bending jig and test specimen were
completely immersed in the cooling (or heating) bath during testing.

The load was applied to the bend specimens at a rate of one inch per
minute free displacement of the platen, lLoad-deflection curves, lateral-
contraction measurements, and fracture—appearance appraisals were made for all
specimens,

™.
&1

- L

- n oot s
Yadl UD oGl LTD

-~

[}
Fy
cF

are discussed in the following sections of the report.

Test Results of Unwelded and Vielded
Specimens of YA" and "WY Steels

Four series of tests were made to study the behavior of unwelded and
welded Kinzel-type specimens of "A" and "W" steels., The detailed data for the
welded and unwelded specimens of "A" steel are given in Appendix A, Tables A=l
and A-2 respectively, For comparison, curves based on absorbed energy to maximum

load, bend angle to maximum load, lateral contraction, and fracture appearance
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were plotted, and are shown in Figure 7. The data for the "W" steel are given
in Appendix A, Tables A-3 and A-4, and curves are shown in Figure 8,

The temperature ranges for the transition from shear to cleavage
behavior based on absorbed energy to maximum load, for both unwelded "A" and
"W» steels, are similar., The fully killed "W" steel, however, absorbed more
energy than Steel "A", as shown in Figures 7 and 8, In addition, the unwelded
"Wt steel showed a lower transition~temperature range based on fracture appear=-
ance,

When tested in the welded condition, the "W" steel had a lower
transition-temperature range with respect to emergy absorption, and it also
absorbed more energy than the "A" steel, However, when fracture appearances
were compared, the "Wn steel showed a cleavage-type fracture at higher tempera-

ture than the "A" steel.

Iy

Comparison of "A" and "W" Steels

" With "B." and "C'" Steels

Values of absorbed energy to maximum load of "B.", "Wm, ™A%, and “C
steels are compared in Figure 9. These data rate the "A" and "i* ateels between
the "B," and "C" steels. Unwelded "B.", myt, and "A" steels have about the same
transition~temperature ranges as determined by absorbed energy to maximum load,
while that of unwelded "Ct steel is higher, The amount of absorbed energy of
unwelded "W" and "B," steels is similar, but "A" steel absorve more energy than
HCH steel. Welding raised the transition-temperature ranges of "W" and "A“
slightly above the "B," steel, but less than for "C" steel. The welded "B,"

steel absorbed much more energy than the "WW, WA®, or "Cn steels,
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Comparison of Test Results of Kinzel ~

Type and Other—Type Egc:mwna_

Transitlon-temperature ranges of the project steels, "B ", "A", and
#C! steels have been determined by other investigators using the Navy tear test,

i ' 1,2,3,6
Charpy keyhole, Charpy V~notch, and 72-inch center~notched plate specimens. ™7’
. 5 .
mi® steel has been tested only with the Navy tear test ™ previous to tests with

the Kinzel specimen. These data are shown in Figures 10 through 13, along with
"B." and "C* steel hatch-corner datae for comparison of transition-temperature
ranges, Similar curves for wwelded and welded Kinzel specimens are shown in
Figures 14 and 15. Additional data for tee-bend and Lehigh specimens of "B,*
and “C* steel are shown in Figures 16 and 17.

Ml of these tests rate the steels "B,", "AM, and "C* in the same
order of increasing transition-temperature range. Both welded and urmwelded

Kinzel specimens place "W' steel between "B." and "AR steel, and the Navy tear

oot ahkhewr
T d U

To compare the specimens :|.n rating steels, the welded and unwelded
Kinzel specimens, the Navy tear test specimen, and the Charpy keyhole specimens
show markedly the rise :m transition-temperature range of "A% steel above "B..",
and "C" steel above "AM steel. All of the tests, including the hatch-corner
tests, show that "B,." steel absorbs more energy and has a lower transition-
temperature range than "C" steel. In addition to distinguishing between steels,
the welded Kinzel specimen and the Navy tear test specimen of prime plate also

t

match the transition-temperature ranges for "B, and "C" steel hatch-corner

e M Himeal ananiman  Baweo s b Ak o o
specimens. The Kinzel Specimen, nowever', appears Snow a

transition-temperature ranges between the steels.
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That welded Kinzel specimens, and the Navy‘téar test specimen con- i
taining no weld, match the hatch-~corner tranaitionétempergture ranges may be &
matter of coincidence, although the probability exists that the small specimens
simulate the notch and restraint conditions of the metal in front of the crack
in the hatch—corner specimens. Had the transition=temperature range for ancther
steel or another hatch-corner design been determined, it is quite possible that ~
some other specimen,_such as the Lehigh spacimen, might have matched that
transition-temperature range. |

With the knowledge that the transition-temperature range of a steel

is influenced by the specimen or weldment "dasign!" or condition of restraint, it

is reasonab}g_po believe the hatch~corner specimen did not have the saue trans-
ition—tgmperatgre range that it would if tested as incorporated in a ship's

- hull. Bub this does not in any way invalidate thesysefulnsss of any or-all of

the small laboratory specimens such as the Kinzel or Navy tear test in evaluating
stegls, as long as it is realized that the.inipnmation relating to transition- m
temperature ranges is strictly relative rather than actual in relation to some
large sqa}g weldment.r There must still be correlatigp’between service per-
formance and test predictions in order to set an "acceptance level" for a

'y
matrandal
A

no +onmirnad ke &l
ik U By ¥4 W [

EFFECT OF THERVAL TREATMENTS ON WELDED
KINZEL SPECIMENS CF “Bn* AND “C® STERLS

The effect of certain thermal treatments on the behavior of welded
Kingzel specimens of "B," and "C" steels has been determined. The thermal treat-
ments weres

a. The use of 10 F, 7O F, 150 F, 250 F, 400 F, and
500 F preheats on "Bn" and "C" sieels.
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b. The use of 70 F preheat and a postheat of 1150 F
for one hour on "B," and "C" steels.

c. The use of 400 F preheat and a postheat of 1150F
for one hour on #B," steel,

were made of the effects of the various thermal treatments on both steels,

PreparatlonAAWbldlng and Tbstlgg
. of Specimens

, The test coupons of "B." and "C" steels were prepared and welded ih |
the same manner as the coupons of MA" and ng steels, described previously.

. The cooling rates for each preheat were measurad by means 6f‘a chromel~
alumel thermocouple flash welded into a small hole drilled in the bottom side
of the specimen, as shown in Figure 18, Cooling curves were récorded'on an |
automatic Speedomax recorder. After preheating and welding, the specimens were
permittéd_to‘cool in air at 70 F. . Average cooling‘éurveé for the various préhe#ts
are shown in Figure .19, . | o ”

An examinatlon of these cooling curves shows that the rate of coollng

changes with preheat.. For a preheat of 10 F, the cooling rate is much faster
than the:ratg for 500 F preheat, - Thus, in sixty secomds? coollng txme, the end

temperatures for 10 F, 70 F, 150 F, 250 F, 400 F, and 500 F preheats are 350 F,

effect of preheat in slowing the cooling rate,

" Effect of Various Preheats on "C¥ Steel

The test results of the Kinzel specimens of "C®" steel using 10 F,

M F,1I80F 280 F. LD P, and 500 F
l"l""J"‘-,‘-/V*,"W""'ﬁ‘f:‘JV a

versus temperature curves are shown .in

A~5 through A-10, Absorbed ener
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Figure 20, and fracture appearance versus temperature curves are shown in
Pigure 21. Based on absorbed energy, 10 F and 150 F preheat had little effect
on the transiijon-temperature range or abscrbed energy. Preheats of 250F,

400 F, and 500 F, however, each successively lowered the transition range, with
the 500 F preheat being most effective. None of the preheats lncreased ab-
sorbed energy at the higher test temperatures. Considering the fracture-
appearance curves, a similar trend in lowering the transition-temperature range

" 2 |

of #(C# steel is observed with the increase

Oy T N S S 4 A omm
1 predgeat vellpblaulles, QALVEDL Ul

500 F preheat, No significance is attached to this deviation, though this is

well to keep in mind when using fracture appsarance to judge behavior,

Effect of Postheat on "C" Steel

3 - -

Energy and fracture-appear

r Kinzel specimens welded at
70 F preheat, followed by a postheat of 1150 F for 1 hour, are shown in
Figures 20 and 21. Complete data are recorded in Apperndix A, Table A-l11l, The
postheat treatment did not lower the transition temperature range below that
of 500 F preheat, but the maximum absorbed energy was increased about 3000
inch pounds over that obtained with 500 F preheat. The shift in transition

temperature range, as measured by fracture appearance, was similar to that of

250 F and 400 F preheats,

Effect of Various Prsheats on "Byp" Steel

The test results of the Kinzel specimens of "B," steel using 10 F,
70 F, 150 F, 250 F, 400 F, and 50C F preheats are given in Appendix A, Tables
A-12 through A-17. Curves of absorbed energy versus temperature are shown in
Figure 22, and fracture appearance versus temperature in Figure 23. Considering

absorbed energy, 10 F preheat had no effect on the transition temperature range.
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Preheats of 150 F, 250 F, 400 F, aud 500 F successively lowered the transition
temperature range, although less energy was absorbed by the 500 F preheat
specimens at higher test temperatures, The lowering of transition temperature
with increasing preheat is better illustrated for "B." steel by the fracture~

appearance curves, as shown in Figure 23,

&

ect of Postheat on "B." Steel

A series of Kinzel specimens of "B,.W steel, welded at 70 F, was post-
heated at 1150 F for one hour ami furnace cooled, Another series was welded at
400 F preheat and given the same postheat treatment. Test results are given in
Appendix A, Tables A-18 and A4-19., Figure 22 shows that the postheat treatments
in both cases resulted in transition-temperature ranges similar to those obtained
from specimens welded at 400 F and 500 F preheat. In addition, the amount of
absorbed energy was noticeably raised. The envelopes for both series of "B."
steel which had been postheated are similar, There is apparently little difference
between specimens preheated to 4C0 F and those preheated to 70 F, when the post-

heat treatment was used.

Results of Hardness Survevs

Hardness surveys were made with a Vickers Hardness Tester, using a
10-kilogram load, on samples of "B," apd "C" steel weided at the various prehuats,
and given the postheat treatment described previously. Figure 24 is a sketch
showing the manner in which the specimens were prepared, The results of these
surveys are shown in Appendix B, Figures B-l1 through B=13.

Figure 25 summarizes the results of the hardness surveys made on "C"
steel, The heat-affected zone, immedistely below the fusion line, had the
highest hardness. Ais higher preheats were used, this zone and the weld metal were

softened. As was expected, the 1150 F postheat produced the softest heat-affected
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zone., The weld metal, although softer than this hardened zone, was harder than
the rest of th

Figure 26 summarizes the hardness surveys on "B," steel welded at
various preheats, and with preheat and postheat treatments, In the case of "B,
steel, the heat-affected zone was softer than the weld metal at all the conditions
of preheat, As was obssrved with "C" steel, the application of pfeheat softened
both the weld metal and the heat-affected zone.

In general, the eifect of preheat on hardness resulted in an over-all
softening of the various zones of the welded specimens of "B," and (" steels,
The "C" steel with 0,24 per cent carbon had a heat-affected zone which was
harder than the weld metal. However, the "B." steei, with 0,18 per cent carbon,
produced a heat~aifected zone which was softer than the weld metal.

In gereral, as the preheating temperature was increased, the hardne.s
was decreased in both the weld and the heat-affected zone of both "B." and OO
steels, With this decrease in hardness there was a general lowaring of the
transition~temperature ranges of the specimens made with both steels, It appears
then that lowering of the transition range may have been a direct result of

hardness in the weld and hes

e may have
been other changes in the weld metal and heat-afiected zone which accompanied
the preheating which was responsible for the lowering of the transition ranges

of the specimens.
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SUMMARY

The transition~temperature ranges for "A" and "W steels were datermined
using the Kinzel specimen. The transition-tamperature rangss, based on

absorbed energy, of the unmelded specimens of both steels were s1m11ar,

althoueh the "W“ steel ab gsorbed mors gn_rgy,

The welded Kinzel Specumen rated the'"Br", ﬁﬁm, "A"rand n¢e steels in

that order of increasing tranSition-temperature fange, the same aslother

tests,

Increasing the preheeﬁ successiVely loﬁered.the transition-tempefature

range of both welded "Br" and "Cn BteeiﬁKinzei épecimens. "B steel was
more responsive than "C" steel to preheat Beth absoebed energy and fracture
appearance data 1nd1cate these trends.‘ | -

The use of postheat of 1150 F for l hour dld not lower the transition-

temnerature range below that accumnllshed bv LOO F preheat for either

steel However absorbed energy was 1ncreased forwboth "B," and "C" steel
welded Klnzel specimenso |

Hardness surveys were made on Kinzel SpeCLmeﬁa of "Br" and "CV steels

which had been weided at various preheats, The “esults show that the weld
metal of the specimens of "B,." steel was harder than the heat-affected zone.
On the other hand, the heat-affected zone of the specimens of "C" steel

was harder than the weld metal., These differances appear to be associated
with the carbon content of the "B " and "C" steels, which are 0,18 and

r

0.2 per cent, re

sner 1 b 110 ~P wohand Am «
Slivy- < .

y W€ USs Gi pren

temperature postheat tended to.soften both the weld metal and the heat-

affected zone.
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6. Cooling rates were determined for the Kinzel specimen welded at preheats
of 10 F, 70.F, 150 F, 250 F, 400 F, and 500 F.

.ohe
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On June 2 1949, the Advisory Comm:ttee for Pro;ect SRleO Contract
N0b3m455h3, "Evaluatlon of Improved Materlals and ‘Methods of Fabrlcatlon for
.Welded Steel Ships," met to review the prograss of the work be:mg dpne at
Battelle Memorial Instltute. The information COntalan in thl; report, de~
scr:.bing the work recunmended by the comm;.tt.ee on December 7, 1948, was pre--
sent.ed for the comm:.ttee's approval |

The follcming program of future work at Battelle Memorla.l Institute
was discussed and apprcved by the Advisory Cmmittee:

1. Underbeadycracklng studies of h2 heats of ABS types of steels

_ will be cont..mued

2. bt.uaies of fract.ure im.tmtlon and propa.gatlon will be made on

st a i

-K:anel Speca.mens of "Br" and "G" steels. On the bas:.s of these

m

tudies, further recommendations will be made for this aspect

of the work.

- Data given in this report are recorded in Battelle laboratory Book
No. 3856, pp. 2533, 40-41, and 54~79; Book No. 4698, pp. 52-59.

FRB:RGK:PJR : CBV/at
October 25, 1950
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APFENDIX A



TABLE A-1, RESULTS OF SLOW BEND TESTS OF STANDARD KINZEL~TYPE
SPECIMENS OF "A" STEEL WELDED AT 70 F

e itpter o e e e et smm——
——

Tegsting Bernd Angle at Absorbed Energy Lateral Fracture
Specimen  Temp,  Maximm  Maximm Load, %o Maximm Load(l)  Comtraction(2)  Appearance,
Number F Load, Lb Degrees Sq In. . In.-Lb In. Per Cent %4 Fibrous
AC121-3 +160 16,000 21 3.33 7,50 0.092 3.06 100
AGi2]=2 +140 16,700 25 3.82 8,740 0.096 3.20 100
AC158-4 +140 16,900 27 L.25 9,550 0.108 3.6 100
AC121-1 +120 18,100 29 5.02 11,290 0.080 2,66 100
AC121-15 +120 16,500 21 3.36 7,560 0,093 3.09 100
AC158-~3 +120 16,700 27 4..26 9,600 0.102 3.4 100
AG121~4 +100 17,250 26 4.21 9,470 0,091 3.03 100
AC121-14 +100 16,700 25 4.02 9,050 0,085 2.82 100
AC158=2 +100 . 15,100 15 2.18 4,900 0.112 3.74 25
A0121-5 + 83 17,0w 16 2.34 5,2w 0.094 3.13 205
AC121-13 + 80 16,200 12 1.7 3,980 0.044 1.46 2
AC158-10 + 80 16,000 16 2,44 5,440 0.045 1.5 8
AC121-6 + 60 16,200 16 2.40 5,400 0,047 1.56 3
AC121-12 + 60 16,500 15 2,33 5,240 0,046 1.53 2.5
AC158-5 + 60 16,000 15 2,37 5,330 0,040 1.33 1
AC121-7 + 40 17,150 11 1,93 4,350 0,037 1,22 1.5
AC158-6 + 40 16,100 16 2.40 5,400 0,042 1.40 o
AC121-8 + 20 16,500 12 1.77 3,980 0,037 1.23 2.5
AC158-7 + 20 13,500 5 0.60 1,35 0.019 0.63 0
AC121-9 0 14,150 2 0.38 855 0.016é 0.53 0
AC158-8 0 13,700 4 0.6 1,440 0.013 0.43 ¢
AC121-10 - 20 12,900 1 0.16 360 0.013 0.43 0
AC1R21-11 =20 13,30 1 0.19 428 0.012 0.43 0

(1) Absorbed Energy = measured area under the load-deflectiom ourve (in ecolunn headed "Sg In,") times 2,250
inch~-pounds.

(2) Measurement made at point of maximum contraction (usually 1/32 inch below the noteh root) on both sides
of the fracture with pointed mierometers.

-~ ep -



TABLE A-2, RESULTS OF SLOW BEND TESTS OF UNWELDED STANDARD KINZEL-TYPE SFECIMENS OF

"A" STEEL
Testing Bend Angle at Absorbed Energ{ Lateral Fracture

Specimen  Tenmp, Maximum Maximum Load, to Maximum load 1) contractigg(z) Appearance,

Number ¥ Load, Lb Degrees 5q In. In,~Ib In, Per Cent £ Fibrous
AC136=15  +160 17,500 40 6,28 14,150 0,111 3.70 100
AC136-14,  +140 18,000 40 64,70 15,100 0,106 3.53 100
AC136=13 +120 17,750 40 6451 14,670 0,100 3.33 100
AC136=12  +100 18,300 40 6,75 15,200 0,105 3.50 100
| AC136=11  + 77 18,700 33 5465 12,700 0,111 3,70 20
| AC136-1 + 40 20,300 36 7403 15,800 0,103 3443 10
| 4C1362 + 20 19, 500 6 bolds 14,490 0,070 2,33 4
| AC136-3 0 19, 400 33 5.97 13,430 0,087 2,90 4
AC136=4 - 20 20,300 35 6.32 14,200 0,088 2,93 2
AC136-8 - 80 19,400 21 420 9,450 0,058 1,93 0
AC136-9 -100 19,250 15 249 6,520 0.045 1,50 0

- g7 -

(1) Absorbed Energy = measured area under the load-deflection curve times 2,250 inch-pounds,

(2) Measurement made at point of maximum contraction (usually 1/32 inch belew the notech root)
on both sides of the fractuxe with pointed micrometers,



TABLE A-3, RESULTS OF SLOW BEND TESTS OF STANDARD KINZEL-TYPE SPECIMENS OF "W*® STEEL
WELDED AT 70 F

Testing Bend Angle at Absorbed Enorgyfl‘ lateral I Fracture
Specimen Temp, Maxiwm Maximum Load, Yo Maxiaum Jogd‘./ Gont tiopi</ Appearance,
Number F load, Ib Degrees S3q In. In,-Lb In, Per Cent 4, Fibrous
ACLL0-4 160 17,700 32 529 11,900 0,094 3.10 100
ACLi0=3 140 17,900 33 5,66 12,750 0,091 3,00 60 i
AC140=2 100 18,050 k) 4498 11,200 0.094 3.10 20 N
ACL,\0=1 80 17,850 26 hel5 10,000 0,108 3.6 35 .
ACLLO-6 L0 16,600 15 2,39 5,390 0,041 1,36 o
ACL4{0=7 20 13,650 5 0.69 - 1,550 0,022 0.73 0
ACL,0-8 0 15,400 8 1,20 2,700 0,027 0.90 0
ACl,0=9 =20 13,750 4 0.55 1,240 0.017 0.57 0

{(2) Measurement made at point of maximum contraction {usually 1/32 inch belo
on both sides of the fracture with pointed micrometers.
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TABLE A-4. RESULTS OF 'SLOW BEND TESTS OF UNWELDED STANDARD KINZEI~TYPE SPECIMENS

QF "W STEEL
Testing Band Angls at Absorbed Energs Iateral Practurs
Specimen Tenp, Maximum Maximum Load, (1) (2) Appearance,

Number F Load, Lb Degrees Sq In, In.-Lb In, Per Cent % Fibrous
ACl41-11 100 19,100 4b 717 17,320 0,128 2435 100
AC141-10 280 18,700 42 7,07 15,900 0,104 3447 100
AC141=1 &0 19,600 43 7.56 17,000 0,115 3.83 40
ACLA1-2 40 21,500 L 8,17 18,400 0,108 3.60 10

| ACLAY-4 0 20,350 42 7.78 17,500 0,112 3,73 10
ACl4il-5 =20 21,000 38 701 15,800 0,093 3.10 1l
AGLAY-7 =40 19,800 28 4490 11,050 0,072 2440 0

| A6 40 23,000 33 6432 14,230 0,08,  2,%0 o

' ACL41=8 -80 18,600 25 Le35 9,800 0,061 2,03 0
ACLAL-9 =95 19,000 16 2,88 6,480 0Q.044 147 C

. 1) Ahaswhad Tonamar  smesstmeed msms semdmee dlia Tmed JoB7 ook dam cicemmme dfomec A AEM S b o 8_

0 A4/ AVOVLIUVOU RBUGLES T IOAJWEU J4TH wWUSI w9 ludu=-uplieCudiua T T LVIIND Lk LOUIITPOUMIFAE

! (2) Measurement made st point of maximum contraction (usually 1/32 belew the noteh reot)

on both sides of the fracture with pointed micrometers,

-9 -



TABLE A-5. RESULTS OF SIOW BEND TESTS OF STANDARD KINZEL~TYPE SPECIMENS OF "C" STEEL
WELDED AT 70 F PREHEAT

Testing Bend Angle at Absorbed Energy lateral Fracture

Specimsn Temp, Maximum Maximum Load, (1) tr. (2) Appearance.,

Number F Load, Ib Degrees Sq In, In.=Ib In, Per Cent % Fibrous
AC23-7 275 18,100 18 2,78 6,250 0.,0520 1.81 100
AC23-6 230 16,800 21.1/2 3.09 6,950 0.0670 2,33 100
ACR3=5 210 17,950 24, 3.73 8,400 0,0880 3.06 100
AC23=4, 190 17,500 24 3.76 8,460 0,0830 2499 100
AC23=3 170 17,300 28 4419 95 440 0,0760 2.64 90
AC23-2 150 17,800 27 4e26 9,590 0,0820 2.86 30
AC23-8 140 18,500 18 2,98 6,710 0.0740 2,58 10
AC23-9 120 17,000 18 2,59 5,830 0.0840 2,92 5
AC23-10 120 17,750 18 2,92 6,580 0.,0650 2426 5
AC23=12 100 15,600 13 - 1,74 3,920 0,0490 1,71 5
AC23-1 75 14,650 8=1/2 1,06 24390 0.0470 1,64 2
AC23.15 70 15,500 10=1/2 1.51 3,400 0,0260 0,905 2
AC23~1 60 14,800 10-1/2 1,27 2,860 0,020 0,766 2
AC23-13 50 15,400 11 1.53 3,450 0,0270 0.94 2
AC23-11 220 11,300 4 0425 560 0,0185 0,644 0

(1) Absorbed energy = measured area under the load-~deflection curve times 2,250 inch-pounds,

(2) Measurement made at point of maximum contraction (usually 1/32 inch belew the notech root)
on both sides of the fracture with pointed micrometers.
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TABLE A-6, RESULTS OF SLOW BEND TESTS OF STANDARD KINZEL-TYPE SPECIMENS OF
nCY STEEL WELDED AT 10 F PREHEAT

Testing EBend Angle at Absorbed Energy Lateral Fracture
Specimen Temp, Maximum Maximum Load, to_Maximum Qgg(l) Co tiopn(?) Apvearance,
Number F Load, Lb Degrees Sq In, In,«Lb In, Per Cent % Fibrous
AC134~13 180 18,000 23 4,19 9,200 0,073 2443 100
AC134~14 180 17,900 25 be3 9,690 0.089 2.97 100
AC134-10 160 18,550 28 5.19 11,690 0,097 3424 100
AC134=~12 160 18,100 26 /A 10,680 0,073 2:43 100
ACl34=-8 140 16,3560 23 3.7 8,340 0,081 2,70 50
AC134=15 140 16,200 12 2,18 44900 0,098 3426 45
ACl134~11 120 15,900 10 1,63 3,670 0,062 2,07 1
ACl134=7 100 17,000 1 242 45950 0,039 1.30 1
AC134~9 80 15,750 9 1.5 3,380 0,030 1,00 0
AC134m~1 60 15,500 7 1.0 2,250 0.022 0.73 0
ACl34=2 40 13,500 4 0.44 990 0.032 1.07 9]
AC134=3 20 12,500 2 0.17 380 0,013 0.43 0
ACl34m4 0 12,500 1 0.12 270 0,010 0.33 0
AC134=6 =20 13,000 1 0.18 405 0,011 0.37 0
ACl34=5 =20 11,400 1 0.11 _ 250 0.009 0.30 0

b — e — ]

(1) Absorbed energy = measured area under the load-deflection curve times 2,250 ineh-pounds.

(2) Measurement made et point of maximum contraction (usually 1/32 inch belew the notch root)
on both sides of the fracture with pointed micrometers,



TABLE A-7, RESULTS OF SLOW BEND TESTS OF STANDARD KINZEI~TYPE SPECIMENS OF "C" STEEL
WELDED AT 150 F PREHEAT

Testing Bend Angle at Absorbed Energf Iateral ( Fracture

Specimen Temp, Mecimum Maximum Load, to Meximum load 1) Contraction ) Appearance,

Number r Load, Lb Degrees Sq In. Ine~Ib In, Per Cent ¥ Fibroua
AC120-4 +180 17,800 23 3.82 8,600 0,082 2,73 100
AC120-3 +160 17,800 23 3.96 8,960 0,079 2,63 100
AC120-2 +140 17,400 18 2,87 6,450 0,088 2,92 18
AC120-10 +140 17,150 16 2,58 5,800 0,076  2.53 17
AC120-1 +120 16,500 1 2,17 4,880 0,069 2030 8
AC120-5 +120 17,300 13 2.14 44810 0,069 2,30 2
AC120-6 +100 16,500 iz 1.90 4,280 0,075 2,50 7
AClZO—lS +100 18,000 12 2008 /+,680 0‘042 1940 3
AG120~7 + 80 i7,10G io 1040 3,150 04034 1.13 1
AGl20—8 + 60 16,200 8 1024 2,8(” 0.029 0096 1
AC120=9 + 40 15,000 9 0.56 1,260 0,020 0.67 0.5
4C120-11 + 20 16,000 5 075 1,690 0,021 0.70 0.5
AC120-12 0 14,000 1 0.4 315 0,013 0,43 0
AC120-13 - 20 15,700 4 0.58 1,305 0,019 0,63 0.25
AC120-14 - 20 15,300 2 0.31 700 0,019 0.63 0

(1) Absorbed Energy = measured ares under the load-deflection curve times 2,250 inch-pounds,

(2) Measurement made at point of maximum contraction (usually 1/32 inch below the notch root)
on both sides of the fracture with pointed micrometers,
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TABLE A-8, RESULTS OF SLOW EEND TESTS OF STANDARD KINZEL-TYPE SPECIMENS OF
"C" STEEL WELDED AT 250 F PREHEAT

Teating Bend Angle at Absorbed Energ¥ Lateral Fracture
Specimen Temp, - Maximum Maximum Load, to Maximum Load 1) Contraction(z) Appesrance,
Number F Load, Ib Degrees Sqg In In.=-Lb In, Per Cent % Fibrous
AC122-6 +1%0 18,100 20 3.41 7,660 0,076 2453 100
ACl22-3  +160 18,300 26 Le45 10,000 0.085 2,84 100
AC122-11 +140 18,800 28 4080 10,800 0,076 2,53 100
AC122-2  +140 18,500 25 hold 9,920 0,095 3,16 100
AC122-5  +120 18,900 24 4o23 9,500 0,067 2,23 15
AC122-1  +120 18,700 21 3489 8,750 0,101 3,36 20
ACl22=15 +100 18,000 18 2,82 6,340 0,052 1.73 4
ACizZ2=f  +100 18,100 19 3410 6,970 04,059 1,96 5
AC122="7 + 80 lé,gw g 1095 zl-’ 390 O‘OM 1047 3
AC122-8 + €0 17,800 14 2.37 54330 0:,015 0450 4
ACl22.9 + 4O 15,200 4 0,70 1,570 0,025 0,83 4
AC122-10 + 20 13,200 3 0.36 810 0,013 0443 0
AC122-12 0 14,200 2 0.32 720 0.015 0450 0
AC122=14 0 13,400 2 0,28 630 0.014 0447 0
AGLZZ2-i3 =~ 20 14,500 3 0052 1,170 0,019 0,63 o

(1) Absorbed Enercy = measured area under the loasd-deflection curve times 2,250 inch-pounds.

(2) Measurement made at point of maximum contraction (usually 1/32 inch below the notch root)
on both sides of the fracture with pointed mierocmeters,
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TABLE A-9. RESULTS OF SLOW BEND TESTS OF STANDARD KINZEL-TYPE SPECIMENS
OF "C" STEEL WELDED AT 400 F PREHEAT

Testing Bend Angle at Absorbed Energ{ Iateral Fracture
Specimen Temp, Maximum Maximum Load to Maximum losd 1) _contraction(2) Appearance,
Number F Ioed, Ib Degrees Sq In. In.~Id In, Per Cent % Fibrous
- AC123-6  +180 174900 21 3.69 8,300 0,081 2,70 100
l ) AC123-3 +160 i8 » 200 26 bo 28 9 » 620 0 .08[.‘, 279 100
AC123=13 +140 18,600 27 477 10,720 0.089 2,97 100
AC123=-2 +140 18,350 25 4412 9,270 0,091 3.04 100
AC123=1 +120 18,000 19 3035 74540 0.060 2,00 5
! AC123=5  +120 18,650 26 4,61 10,380 0,091 3,03 20
' AC123«4  +100 18,900 2 3.87 8,700 0,064 2,13 505
ACl23-15 +100 18,400 20 3054 7)960 0,058 1.93 5
AC123=7 + 80 18,3&’} 18 3022 7, 250 0,055 10% 4
AC123=8 + 60 17,500 13 2,10 5,060 0,041 1,37 0
AC123=9 + 40 16,000 7 1,13 29540 0.025 0,83 o
AC123-10 + 20 14,300 3 050 1,170 0,020 0,67 0
AC123-14 0 17,100 8 1.33 2,990 0,028 0,93 o
AC123-11 0 16,750 8 1.32 2,970 04,029 0,97 0
AC123-12 - 20 13,300 2 0.16 360 0,011 0,37 0

- 96..

(1) Absorbed Energy = measured area under the loed-deflection curve times 2,250 inch-pounds.

(2} Measurement made at point of maximum contraction (usually 1/32 inch below the noteh root)
on both sides of the fracture with pointed micrometers.



TABLE A-10., RESULTS OF SLOW BEND TESTS ON STANDARD KINZEL-TYPE
SPECIMENS (F "C" STEEL WELDED WITH 500 F PREHEAT

Testing Bend Angle at  Absorbed Energy Lateral Fracture
Specimen Teap, Maximum  Meximum Load, 1o Maximum Load(l) Contraction(2) Appearance,
Number F Load, Lb Degrees Sq In, In.-Lb In, Per Cent % Fibrous
AC231-6 +225 19,100 18 3.36 7560 0.097 3.23 100
ACR231-4 +200 19,400 22 3.92 8,830 0.082 2,73 100
AC231=10 +200 19, 350 23 417 9,360 0,087 2,90 100
AC231-2 +180 19,100 25 459 10, 300 0.079 2.63 50
AC228-3 +180 19,450 22 4421 9,500 0.075 2,50 100
AC228-16 +160 19,650 25 470 10,580 0,074 246 22
AC231-1 +160 19,400 20 4.00 3,000 0.081 2.70 10
AC228-17 +140 19,800 24 4Le€7 10,500 0.067 2.23 5
AC228-8 +120 19,700 24, belb 10,030 0.038 1.2¢ 5
AC228-11 +100 19,600 20 3.64 8,200 0.054 1,80 0
AC228-12 +100 19,000 2] 3.68 8,280 0.062 2,03 5
AC228-14 + 80 18,200 17 2.98 6,700 0,060 2.00 0
AC228-15 + 80 19,300 21 3.97 8,930 0.065 2.18 5
AC228-1 + 60 18,300 13 2.37 5,330 0.043 1.43 0
AC228-4 + 40 19,150 16 2.93 6,590 0.051 1.70 0
AC228-5 + 40 17,550 12 2.00 44500 0,034 1.13 0
AC=-228-6 + 20 16, 300 8 1.28 2,880 0.023 0,76 o
AC228-7 + 20 18,900 14 2.41 5,420 0.039 1.30 0
AC228-9 + 0 17,100 5 0.85 1,910 0.023 0.76 0
AC231-7 + 0 19,350 11 2.17 4,880 0.061 2,03 0
AC231-9 - 20 18,350 8 1.55 3,490 0,051 1.70 0
AC228-10 ~ 20 14,400 1 0.35 787 0,011 0.37 0
AC231-8 - 40 19,350 8 1.77 3,980 0.054 1.80 0
AC228-2 - 60 18,350 13 2.37 55330 0.043 1.43 0]

Absorbed Energy = measured area under the load-deflection curve (in column headed "Sq In.") times 2,250
inch-pounds,

Measurement mede at point of maximum contrection (usually 1/32 inch below the notch root) on both sides
of the fracture with pointed micrometers.
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TABLE A-11, HESULTS OF SLOW BEND TESTS OF STANDARD KINZEL-TYPE SPECIMENS OF
#CW# STEEL WELDED AT 70 F PREHEAT AND POSTHEATED FOR 1 HOUR AT 1150 F

Testing Bend Angle at Absorbed Energ;( lateral Fracture
Specimen  Temp, Maximum  Maximum Load, _to Maximum loadll) _Contraction{?)  Appearance,
Number ¥ Ioad, 1b Degrees Sq In, Ine~lb In, Per Cent % Fibrous
AC126~3 +180 18,700 3 5.40 12,160 0,096 3420 100
A20126-2 +160 19,500 32 5.65 12,710 0,082 2,73 100
AC1267 +160 19,150 34 5.74 12,900 0,097 3.23 70
AC126m/, +140 19,300 32 5456 12,520 0,104  3.46 100
AC126=9 +140 . 15,400 34 5487 13,220 0,102 3640 20
AC126-10  +120 19,500 34 5.89 13,250 0,104 3446 1
AC126~12 +100 18,300 23 3.71 8,350 0,064 210 1
AC126-14 + 80 18,500 _5 4410 G220 0,067 Ro23 2
AC126=5 + 60 17,500 17 220 45950 0,045 1.50 0
AC126=15 + 40 18,650 23 3.65 84210 04,059 1.97 o
AC126=11 + 20 15,925 10 1.51 39400 0,022 0,73 0
AC126~-13 e 17,100 14 262 4y 550 04037 1.23 o
AC126=8 - 40 17,250 11 1.65 3,715 04029 0,97 4]
{1) Absorbed Energy ¢ measured arsa under the load-deflsction curve times 2,250 inch-pounds,

() Measurement made at point of maximum contraction {usually 1/32 inch below the noteh root)
on both sides of the fracture with pointed micrometers,

- ®T1 -



TABLE A-12, RESULTS OF SLOW BEND TESTS OF STANDARD KINZEL-TYFE SPECIMENS OF
"B," STEEL WELDED AT 70 F PREHEAT

Testing Bend Angle at Abzorbed Energ{ lateral Fracture
Specimen  Temp, Maximm  Maximm Load, to Meximum Load'l) _Contraction(2)  Appearanes,
Number F Load, Ib Degrees 8qg Ine, In.-Ib In, Per Cent %€ Fibrous
AC137-1, 160 20,700 40 769 17,300 0,136 450 100
AC137-13 L0 20, 400 40 : 7.71 17,360  0.125  Ll16 100
AC137-15 120 21,000 42 8.39 18,890 0,128 4426 100
AC137-9 100 21,000 37 7.27 16,350 0,127 4423 100
AC137-12 80 21,200 50 10,02 22,550 0,129 430 100
AC137-1 60 21,800 L4 9.14 20,580 0,134  Lekb 100
AC137-2 40 21,000 34 7,01 15,800 0,128 4426 99
AC137-8 20 16,350 33 5036 12,080 0,123 .10 15
AC137-3 20 17,150 32 5.53 12,460 0,128 4426 15
AC137-4 0 14,900 5 0.85 1,910 0,022 0,73 5
AC137-5 0 15,000 ) 0,87 1,960 0,017 0,57 6
AC137-6 =20 15,500 5 0.78 1,755 0,022 0,73 5
AC137-7 20 15,000 4 0,63 1,420 0,017 0,57 4
AC137-10  ~40 15,600 5 0,73 1,642 0,019 0.63 5
AC137-11 =40 15,000 4 0.55 1,240 0,020 0,67 4

(1) Absorbed Energy - measured area under the load-deflection curve times 2,250 inch pounds.

(2) Measurement made at point of maximum contraction (usually 1/32 inch below the notch root)
on both gides of the fracture with pointed micrometers,
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TABLE 4-13. HESULTS OF SLOW-BERD TESTS OF STANDARD KINZEL-TYPE SPECIMENS OF
"Br’ STEEL WELIDED AT 10 F FREHEAT

Testing Bend Angle at Absorbed Energy Lateral Fraocture

Specimen Temp, Maximua Maximum Load, £ ¥aximum Logd(1) ggnt;ggt;gg(z) Avpearance,
Numbar F Load, Lb Degrees Sq In. Im.=-Lb In, Per Cent % Fibrqus
AC135-14 180 19,400 3% 6.85 15,400 0,126  4.20 200
AC135-12 160 20,250 37 7.18 16,150 0,134 446 100
AC135~8 140 20, 700 42 8,19 18,410 0,132  4.40 100
AC135-11 120 20,800 41 8.46 19,050 0,167 5,56 100
AC135-6 100 21,300 40 747 17,300 0,133 443 100
AC135-9 80 21,200 40 .09 18,200  O0,L40 4,66 100
AC135=3 €0 20,650 31 5485 13,200 0,121 4403 100
AC135-15 40 20,800 38 Tk 16,600 0.155 5.26 35
AC135-4 40 17,700 33 5455 12,500  0.135 450 22
AC135-1 20 15,200 7 1,0 2,250 0,034 1,13 15
AC135-5 20 16,100 8 1,2 2,720 0,029  0.97 0
AC135-7 0 14,800 3 0.45 1,010 0,016 0,53 0
AC135-2 0 15,800 6 1.0 2,250 0,024 0.8 )
AC135-10 =20 14,550 2 0440 900 04013  0.44 0
AC135-13 =20 14,200 1 0.21 450  0.012 0,40 0

(1) Absorbed Energy = measured area under the load-deflection curve times 2,250 inch-pounds.

(2) Measurement made st point of maximum contraction (usually 1/32 inch below the notch root)
on both sides of the fracture with pointed micrometers,
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TABLE A~14, RESULTS OF SLOW. BEND TESTS OF STANDARD KINZEL-TYPE SPECIVENS OF "B,."
STEEL WELDED AT 150 F FREHEAT

Testing Bend Angle at Abserbed Ensrgy lateral Fracture

Specimen Temp,  Meximum Maximum Load, to Meyimm [0ad(1) contraction(2)  ippesranse,
Number F Load, Lb Degrees Sq In, In,=lb In, Per Cent % Fibrous
AC124=13 473 19,300 31 547 12,300 0,103 343 100
ACl24=14  +60 21,550 i, 8.63 19,200 0,125 416 25
AC}-?—‘{I—-A +60 ZI’CDO 32 6015 13,8% 00129 403) 15
AC124~2 +40 21,150 ' 35 6,92 15,600 0,108 3,60 12
AC124~15  +40 18,850 29 5.01 11,300 0,098 3,26 100
AC12/4-10 (4] 19,200 28 5,08 11,430 0.115 344 100
AC12/-1 =20 18,800 25 4o37 9,850 0,069 2,30 6
AC124=5 =20 20, 500 39 Te4l 16,700 0,117 3.90 100
AC124(~8 =40 18,150 BVA 2e32 5,230 0,038 1.27 0
AC12/-0 =40 16,850 g 1,30 2,930 0,028 0,92 0
AC12/~7 =50 16,700 7 1.10 2,480 0,027 0,90 0
AC124~11 =60 16,000 7 1,10 2,480 0,023 0,77 0
AC12/~3 =30 17,200 7 1.13 2,540 0,023 0. 77 0
AC124~12 =100 17,900 6 1.00 2,250 0,021 0.70 0
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=) MOV L MWW AAVGL T T WACAOUL DWW QL TGO Wi WY A WGALLT WAL L AW W VW WL T Yaangug H"-JU A d-h ADA = &

(2) Measurement made at point of maximum contraction (usually 1/52 inch below the notch root)

on both sides of the fraecture with pointed mierometers,
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TABLE A-15, RESULTS OF SLOW BEND TESTS OF STANDARD KINZEL-TYPE SPECIMENS OF
"B,." STEEL WELDED AT 250 F PREHEAT

e ———— — —— — e —

—

5,00 11,250 0,069 2,30
145 3,260 0,029 0,97
1.8 4,L0 0,035  1.26
1,28 2,980 0,027 0,90
2053 5,700 0.039  1.30
0,98 2,200 0,026 0,87

AC125-10 =40 21,350
AC125-1 =40 16,650
4C125-12 =60 18,000
AC125-6 =60 16,800
AC125-9 =80 19,500
AC125-1 =100 18,500

Testing - Bend Angle at Absarbed Energy Iateral Fracture
Specimen Temp, Maximm Maximum Loed, 39_!5;;gyg_yggg(l) Qonﬁgagting(z) Appesrance,
Nurber F Load, Lb Degrees Sq In, In.=Lb In, Per Cent £ Fibrous
AC125-5 +60 19,600 32 5469 12,800 0,106 3454 100
AC125=8 +40 19,100 32 5.51 12,400 0,117 30,90 100
AC125-15 +20 22,000 41 8,22 18,500 0,122 4,06 12
AC125=2 +20 19,700 31 5465 12,700 0,110 3.68 100
AC125-3 0 19,300 32 5,82 13,100 0,128  4.26 100 -
AC1R5-4 0 23,000 42 8,76 19,720 0131 4,36 15 =
4C125-13 =20 22,100 35 7032 16,500 0,098 3,26 6 ®
AC125-7 =20 19,750 33 6.10 13,700 0,111 3,70 100 '
25 1
9 0
10 0
9 0
1 1
5 0

g ———
——

(1) Absorbed Energy = measured area under the load-deflection curve times 2,250 inch-pounds,

(2) Measurement made at point of maximum contraction (usually 1/32 inch below the notch root)
on both gldes of the fracture with pointed micrcometers,



TABLE A=16, RESULTS OF SLOW BEND TESTS ON KINZEL- TYPE SPECIMENS CF
'Br“ STEEL WELDED WITH 400 F PREHEAT
Testing Bend Angle at Absorbed Energy Iateral Fracture

Specimen Temp, Neximum Maximum Load, TO Maximum Load(1) Gontraction(z) Avpearance,
Number F Load, Lb Degrees Sqg In. Ine.-Lb In, Per Cent ¢ Fibrous
AC154~4 120 21,000 42 8.19 18,400 C.141 4470 100
ACL154~3 120 21,000 L4 8.70 19,600 0.149 495 100
AC154~2 80 21,000 45 9,00 20,200 0,152 5407 100
AC154~1 8G 21,200 L2 8.38 18,900 0.131 4e37 100
AC133-1 &0 14,000 33 5,73 12,900 0.118 3093 100
AC133~3 40 18,700 29 5430 11,920 0.109 3.63 100
AC138-1 40 22,000 45 9,11 20,500 0.126 4o20 17
AC138-9 20 24,100 47 10.62 24,4900 0,140 4466 15
AC138-2 20 23,000 A 845 19,000 0.119 3.96 5
AC133-4 20 22,500 Al 8,50 19,120 00132 4029 25
AC133-8 20 16,850 10 1.64 3,690 04032 1,07 0
AC133-6 0 17,000 11 1.88 4230 0,038 1,26 0
AC133-10 0 19,400 32 6,01 13,530 0,103 3443 97
AC138~4 0 17,400 12 2,14 4,820 0,042 J YA 0
AC138=5 . 0 14,500 3 0.50 1,125 0.017 0.57 0
AC138-7 -20 16, 500 6 1.14 2,565 0,026 0,87 0
AC154-5 ~20 17,700 12 2.03 4y570 0,036 1,20 0
AC154~9 =20 18,100 11 2,00 44500 0,037 1,23 0
AC133=7 =20 16,700 12 1.74 3,920 0,034 1,13 0
ACi33~12 w20 20,700 32 6026 14,100 0,112 3.73 7
AC133=11 =40 15,700 4 0.59 1,330 0,021 0,70 0
AC133=2 =40 19,000 17 3.08 6,940 0,099 3,30 96
AC138-6 w40 16,800 6 1.00 2,250 0,026  0.87 0
AC15.~6 /) 16,850 6 1.15 2,590 0,024 0.77 0
AC154~10 =50 15,700 2 0,40 900 0,016 054 0
AC133=9 =60 22,900 34 7,05 15,880 0,091 3,03 3
AC133-13 &0 17,000 8 1.35 3,040 0,030  1.00 0
AC138-3 =50 15,250 3 0.48 1,080 0,018 0.60 0

=60 16,000 3 0.73 1,643 0,019  0.63 0

AC138-8
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TABLE A-16. (Continued)

Teating Bend Angle gt  Absorbed Energy Lateral Fracture
Specimen Temp, Maximum Maximum Load, to Maximum ngd‘l) gontractionigl Appearance,
Number F Load, lb Degrees Sq In. In.=-Lb In. Per Cent % Fibrous
AC154=7 - 80 16,400 3 0.50 1,125 0.017 0.57 0
AC133-14 - 80 18,800 9 1.63 3,715 0.031 1.03 0
AC133-15 ~100 18,250 8 1.35 3,040 0.026 0.87 0
AC154=8 =100 18,000 1 0.1z 562 0.012 0.40 0
AC226-3 + 60 17,550 30 5.40 12,150 0.107 3.56 100
AC226~1 + 40 17,700 25 bLobb 10,050 0.084 2.80 100
AC226-5 + 40 19,050 35 6.37 14,300 0,082 2.73 100
AC226-9 + 20 18,500 29 546 12,300 0.077 2.56 100
AC226~-8 + 0 19,300 34 6.57 15,000 0.103 3.43 100
AC226-7 - 20 18,850 31 6.00 13,500 0.111 3.66 100
AC226=6 - 20 18,800 20 3.80 8,550 0,057 1,90 20
AC226-10 = 40 19,500 35 6.69 15,050 0,089 2.96 100
AC226~11 - 40 16,000 7 1.01 4,500 0,012 0.40 0
AC226-16 - 60 15,550 1 0.25 563 0.013 0.43 0
AC226~13 - 60 16,000 4 0,70 1,575 0,019 0.63 0
AC226-15 - 80 17,300 6 1.18 2,660 0.014 0.47 0
AC226~12 =100 17,400 3 0.64 ¢

1,440 0,010 0.33

-ELT-

(1} Absorbed Energy = measured srea under the load-deflection curve times 23250 inch-pounds.

(2) Measurement made &t point of maximum contraction (usually 1/32 inch below the notch root) on both sides
of the fracture with pointed micrometers.



TABLE A-17. RESULTS OF SLOW BEND TESTS ON STANDARDlKINZELpTYPE
SPECIMENS OF "By STEEL WELDED WITH 500 F PREHEAT

Teasting Bend Angle st - Absorbed Energy. Latersl - ~Frasture

Specimen Temp, Maximun Maximum Load, to_Maximuym Load{(1) Contraction(2) Appearance,

Number F Load, Lb Degrees Sg In. © In.-Lb In. Per Cent: % Fibrous
AC227-14 + 80 18,000 32 5.60 12,600 0.092 3.06 100
ACR27=-2 + 60 17,300 24 4,428 9,650 0,089 2.96 100
AC227-1 + 60 175750 24 4:31 9,'700 0.107 3.56 100
AC227=-3 + 40 17,750 27 4+89 11,000 0.089 2.96 100
ACR27-4 + 40 18,200 31 5445 12,270 0,101 3.36 100
AC227-6 + 20 19,300 33 635 14,300 0.109 3.63 100 '
AC227-9 + 0 19,800 34 6dd, 1y490 0,092 3,06 100 .
AC227~5 - 20 19,350 25 4+85 10,800 0.098 3.26 100 &
AC227-7 - 20 19,000 34 6.45 14,500 0.116 3.86 100 .
AC227-11 - 40 19,100 2 5.68 12,800  0.093 3.10 100
ACR227-10 - 40 17,450 28 5.20 11,700 0.088 2.93 100
AC227-15 - 60 17,650 10 1.83 45120 0.034 1,13 0
AC227-8 - 60° 16,750 ’ 3 0,66 - 1,480 0,024 0.8 0
AC227-16 - 80 16,650 5 1.07 2,410 0.022 0,73 0
AC227=-13 -100 17,350 3 0.73 1,640 0.016 0.53 0

Absorbed Energy = measured area under the load-deflection curve times 2,250 inch-pounds.

Measurement made at point of meximum contraction (usually 1/32 inch below the notch root) on both sidas
of the fracture with pointed micrometers.



TABLE A-18. RESULTS OF SIOW BEND TESTS OF STANDARD KINZEI~TYPE SPECIMENS OF
¥B_" STEEL WELDED AT 70 F PREHEAT AND FOSTHEATED AT 1150 F MR

1 Hom
Testing Bend Angle at Absorbed Energy lateral Fracture
Specimen Temp, Maximum Meximum Load, to Maximum @Q( 1) (2) Avpsarance.
Number F load, Ib Degrees Sq In. In,=lb In, Per Cent % Fibrous
ACl27=-1 +80 18,350 39 6,63 14,900 0,128 4e26 100
AC127-2 +60 18,850 37 6,16 13,900 0,108 30,60 100
ACL27-4 +40 19,700 22 4ol0 9,960 0,127 4423 100
AC127=5 +20 22,250 49 9.64 21,500 0,153 5,09 14
ACL127-9 ¢] 20, 300 43 8,04 18,100 0,133 heh3 100
4C127-13 =20 20,700 48 8,90 20,030 - — 100 =
AC127-7 =20 20,500 40 751 16,900 — -_— 100 ¥
ACl127=3 =40 18,050 17 2.85 6,420 0,049 1,63 0 '
AC127-10 60 22,400 35 : Te24 16, 300 0,082 2,73 2
AC127~11 «60 22,600 36 6.90 15,520 0,163 3443 1
AC127=12 =80 16,500 8 1.07 2,410 0,026 0.87 0
AC127-14 =80 17,150 8 1,26 2,835 0,023 0.76 0
AC127-15 =100 18,100 10 1,63 3,670 0,033 1.10 0

(1) Absorbed Energy = measured area under the load-deflection curve times 2,250 inch=pounds.

(2) Measurement made at point of maximum contraction (usually 1/32 inch belew the noteh root)
on both sides of the fracture with pointed micrometers.



TABLE A=19, RESULTS OF SLOW BEND TESTS OF STANDARD KINZEL TYFE SPECIMENS OF
"Bp" STEEL WELDED AT 400 F PREHEAT AND POSTHEATED AT 1150 F POR
1 HOWR
Testing Bend Angle at Absorbed Energy Lateral Fracture
Specimen Temp, Maximum Maximum Load, to Maximm Load(1) contraction(z) Appearance,
Number F Load, Lb Degrees Sq In, Ine~Ib In, Per Cent % Fibrous
AC132-15 77 18,300 38 6,64 14,930 0,122 4006 100
AC132-2 60 18,500 38 6.39 14,390 0,128 4,26 100
4C132-3 40 19,000 33 5,51 12,400 0.120 4,00 100
AC132~5 20 22,500 52 10,21 23,000 0,163 S5e43 30
4C132-8 20 19,500 34 6,06 13,650 0,115 3.83 100
AC132-6 0] 22,000 42 Bo35 18,800 04153 5,10 15
AC132~10 0 224700 A A 21,360 0,153 5010 20
AC132-7 =20 23,200 46 .58 21,550 0,136  Lo52 10
ACl32-12 20 22,700 45 9,23 20,780 Ce154 5012 12
AC132-1 =40 23,300 I¥A 9.27 20,870 0,160 5033 17
AC132=4 =40 19,200 28 527 11,880 0,053 1,76 0
AC132-9 =650 17,350 11 1,76 3,960 0.036 1,20 0
AC132-11 =60 17,700 L 2,66 55990 0,046  1.53 0
AGi32=13 80 16,300 ) 1,02 24295 0.025 083 O
AC132-14 =100 17,350 4 0,59 1,330 0,020 0,67 0
unds,

(1) Absorbed Energy - measured ares under the load-deflection curve times 2,250 inch po

{2} Measurement made at
on both sides of the fracture with pointed micrometers,
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OF "BR" STEEL WELDED AT 400F PREHEAT
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