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ITTTPLODUCTION

This is the final report on a project sponsored bythe

Ship Structure Committee under U. S. Navy Contract NObs-4~~0

and smarizes the work dcne in the period from July 19 1947

to December 31, 1952. (lj2,3;&51Five Technical Progress Reports.

covered ‘thework completed under this contract.

Three progress reports(1,2,3) were issued entitled7 “The,.

Fundamental Factors Influencing the Behavior of Welded Struc-

tures under Conditions of Multiaxial Stress, and Variations

of T@.perature5 Stress Concentration and Rates of Strain”.

The major objectives were to determine the relative notch

toughness of various zones in commercially welded ship plate

steell and9 if such zones could be isolated to determine the

dependence of the notch behavior upon material, variations in

the welding process9 and heat treatment. Eccentric notch

tensile tests at various low temperatures were used to eval-

uate the ductility of a small volume of metal from any posi-

tion in the wel.dment. A summary of the work toward these

objectives is presented in part I of this report.

Two progress reports(4,5] were submitted under the titleq

“The Effect of Subcritical Heat Treatmerrton the Transition

Temperature of a Low Carbon Ship Plate Steelr’. The princi~al

objectives were to (1) give an insight into the basic mech-

anism which was responsible for the brittle zone found in the

subcritically heated region in weldments; (2) determine the



maximum embrittlement possible in base plate by subcritical

heat treatment; and (~) suggest possible methods of minimiz==

ing OT elimha.tirlg“thisembrittlement in base plate which

ma+ybe applicable.to weldments. This work is presented in

Part 11.

The importar~tfindings of the two different phases of

the ~uvestlgati~n are integrated to show that the quench-

aging mechanism appears to be responsible for the brittle

~or~eeutsiiiethe weld area of IOW ~ar~on S,~lPplate ~el~-

mentsm
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PART Z: THE FUNDAMENTAL FACTORS INFLUENCING
WELDED STRUCTURES

THB BEHAVIOR OF

of Eccentric ?!TotehTensile Test for ~n& ~h&——— — —— mrr.-—.

Effects or Welg,!—..— - —-

Numerous investigations have shown that steel structures

may fail in a brittle manner when subjected to certain service

conditions. The conditions associated with brittle failure

include multiaxial stresses, stress ccmcentration~ low teN.Ew~.

tmme~ section size$ and rate of loading.

A combination of these embrittling’factors may ~educe the

ductility to a low value. The ductility then dictates a struc-

tures resistance to failure rather than the strengthp because

it is known that only a small amount of energy is required to

p~opogate a crack through a region of low ductility.

In view of’the fact that the number of brittle failures

in ships had increased with the adoption of welding technigues$

it was felt that the welding process altered the properties of

the steel. Many investigations employing a number of different

specimens have shown that the ductility of a weldmer.tis 10WW

than the ductility of the steel of which the weldment is made.

In selecting a test for locating zones of lowered duc-

tility in weldments~ a specimen was needed which would con-

stitute a very fine probe (these critical zones we~e expected

to be small)$ and still include some of the previously men-

tioned embrittling factors. Such a test would serve to lowe~

the ductility Df the entire plate to such a point that the



compared. at room temperature~ by means of concentric and ee-

two per cent! whereas the eccent~ic notch strength extended

the dsper,denceof the notch strength upon ductility up to ap-
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me first “testswere Ccmc-11.lctedcm Specimms from the mid-
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prehea,tand inierpass temperature. The transition tenperat’tire

ranges for the unaffected base plate (2 inches or more frcm the

weld ~er:terllne)are showlqin Fig. ~ for C steel$ and in Fig. 1~.

fo~ A steel. The su.periGrproperties of A steel were evident i,rl

a lower transition temperat-ure* (-80QF]9 as compared to -65DF for

C steel. The same relative rating was found in the results of

other investiga-tions.

For both steels the distribution of eccentric notch strength

at selected low temperatures and at various distances from the

weld cent~r~ine showed the presence of a mirlimumat 003-.,~O~ ~~~h

frcm the weld centerline and a maximum in the vicinity of the

weld junction (12.1--O.2inch from the weld cev_terline). The miu.i-

mum and maximum positions can be seen.In the distribution at -6CPF

for C steel and a.t-70@F for A steel in Figs. 5 and 67 respectiveiyo

A comparison of the average transition curves determined fGT the

position of minimum ductility for both st~elsj Fig. 73 showed that

the transition,temperature for C steel (-20~F) was about 2WF’

hi~her than that for A steel (-40”F]0

More complete data on the C steel weldment showed that the

weld metal and the location of the maximum (0.1=-0.2 ird, it-m the

weld centerline] did not go through a transitim in the ra-ngeof

testing temperatures which were used. However9 the relation beL-

tween transition temperature and distance fron weld cente?li~?ecm

be represented as shown in Fig. 8. The zone of minimm ductility

was def”in-itelydefined by its high transition ter.peratu~e.



.

-8-

~
t

t,
—.—.—....—.—..— +.——..+ .- 1 .-. -~ -– --- ----–- -–+----

+“ ~
~1~~,1 I

~ A?&@
I

\

o -...-—.—

1 ‘
‘---–-i-

~ /d@
Ii

I
..-......+ .__ + . . _ _ “j

II J2-22- > “

{
● ’ WK?Z8M2%HY — /2& s-—..+... .-– ///

b
0-%=3?/=33

fswz#05f!2ze/z@, &#CL/ Y2%?7K

~ && -.T_ . . . . . . . . . ---- ~..... .._ L____“.._ ___ _

~ ,+) 1+ +-
--1- ---------7----- ‘----- ‘------- --------- ! ~$ —,

,-? 7
J-&-- -!l’--- 9---- ---- ~

--F+&@ —- J “-f’;”–~-------/-------—--x-.
k
$

I
-:+“:.x--O----~~------.-..---------_,__

:-.!.k%’:&f....._..1.. _. 1+ +%i~~
~ II

--~-------------~~---------
- ./......—---- ..?I,..... . . -------:-----..., ._.

~ I

\ ?#&
!

-/flQ -60 -20 &7@ 60 /0!



-9-



-1o-

Oz?Tf’x3wEG 7!7M!=wi%w!!t&& - P

tJ-



-11-

Preheat and Postheat— —

In order to investigate the possible beneficial effects

of preheating and postheating, weldments of C steel were made

using a 400~F preheat and interpass temperature? and a post-

heat at llOO°F to a weldment made with 100°F preheat. A

comparison of the average transition curves for the unaffected

base plate, Fig. 99 showed that:

(1) Data for the 100@F and 400”F preheat fitted on the
same curve.

(’2) The postheated plate had almost the same transition
temperature (-75~F) as the plates without postheat
(-65QF)0

A.comparison of the distributions of notch strength across

the welds determined at -80”F3 Fig. 10$ showed that the 400@F

preheat brought about aldefinite improvement, and the 11OOOF

postheat a virtual elimination of the region of minimum duc-

tility. The improvement was more clearly revealed in the

average transition curves for this region, Fig. 11. The tran-

sition temperature of -20~F for the 100@F preheat was shifted

to -45c’Fby the 400~F preheat9 and to -70~F by the posthea=t

treatment.

~pecimen Size

A smaller specimen than the one used might be expected

to show Up greater differences in notch strengths, because the

changes in notch strength were Very rapid as the distance from

the weld centerline was increased from zero to 0.5 inch.

To check this$ a number of smalle~ specimens (geometrically
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similar but with the area of the notched section one-half that

of the standard specimen) were taken from various locations

of the A ste”elweldment and tested at -~OaF. These results

superimposed on the results from standard specimens$ Fig. 129

showed little difference. The small size then offered no

advantage over the standard specimen.

Inhomogeneity of Plate.—

To determine any differences due to gross inhomogeneity

of plate~ tests were conducted on specimens taken from as

close as possible to the plate surface of a C steel weldment

made with 100@F preheat. The transition temperature of the

unaffected base plate (-60@F)was but 5°F higher than that at

the midthickness. The distribution of notch strength at various

distances from the weld centerline for a testing temperature of

-80QF9 Fig. 133 showed the same ge~~ral behavior as the mid.

thickness tests$ but the minimum was shifted approximately 0.1

inch further from the weld centerline. This shift was to be

expected due to the geometry of the double-V weld employed.

This same behavior would be expected for the A steel at the

surface levely based on the similar behavior of A and C steels

at the midthickness.

Selected Locations in Weld Metal———

In order to investigate further the possibility of zones

of low ductility in the weld structure, a number of probe tests

were conducted at -80°F at the selected locations listed below:
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AT -80” F
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A. The coarse structure at the weld junction from Pass 5.

B. The coarse structure at the weld centerline approximately
0.03 inch from the plate surface.

C. The coarse structure of Pass 2 at the weld centerline.

At these positions only high notch strength values were obtained?

which9 in conjunction with the high values previously obtained

at the midthickness and surface levels, seemed to preclude the

existence of low ductility in the weld metal.

~ @ Qoncentrie Notch ~ Unnotched ~n- ~~g

To confirm that the eccentric notch strength was a measure

of concentric notch ductility for ship plate steel as had been

previously shown for low alloy steels (see Figs. 1 and 2)$ the

results from a number of eccentric and concentric notch tensile

tests from the mldthickness level of the A steel weldment were

compared.

In Fig. 14 the notch properties of the unaffected base

plate are shown as a function of the testing temperature. The

concentric notch strev.gthappeared to be dependent upon the

ductility up to a low value (say$ two per cent)z wheras the

eccentric notch strength extended the dependence of the notch

strength up to approximately 12 per cent. This was in good

agreement with the previous findings.

Xn Fig. 15 the distribution of notch properties at various

distances from the weld centerline is shown as a function of

testing temperature. The concentric notch ductility showed,

up the region of low ductility (0.3--0.% inch from the weld
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centerline) in the same manner as the eccentric notch.strengthj

whereas the concentric notch strength did not define this em-

brittled zone.

Unnotched tensile tests were also nade on the same weld-

ment to determine whether this

severey by the use of very low

varia-tionsin ship plate steel.

test could be made sufficiently

temperatures? ta detect ductility

For the unaffected base plate$

the tensile strength did not define a transition range; the re-

duction in area did define this range but only at very low

temperatures Fig. 160 The tensile properties at -ll,O@Fof the

zero and 0.35 inch positions were about the same as those for

the unaffected base plate at the same temperature. From this
-.

limited data it appeared that the unnotched tensile test was

not sufficiently severe to detect ductility variations in welded

plate.

~ Stmctures

A metallographic study of the structural zones at the mid-

thickness level of the C steel weldment made with 1000F preheat

revealed that the weld junction was defined by a sudden large

change in grain size at 0.08 inch from the weld centerline.

With increasing distance fron the weld centerline the

grain size of this structure which was cooled from above the

upper critical decreased. The structure resulting from trans-

., formation from the temperature range between the upper and lower

critical merged into the structure of the parent plate at about
.,
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0.3 inch from the weld centerline. There seemed to be no dif-

ference in structure between that of the critical zone (0.3=--O.k

inch from the weld centerline] and that of the parent plate when

examined at either 100 m’ 2000 magnifications. The structures

of the 0.3 inch position for the C steel which were pre and post-

heateda respectively? also appeared to be the same as the unaf-

fected base plate.

Hardness Surveys

Rockwell R hardness distributions were first made at several

levels of a C steel weldment with 100~F preheat? Fig. 17. The
,,

maximum hardness at the midthickness level (RB89) occurred at the

weld junction and was associated with a maximum ductility? w’hereas

a lower hardness (RB83) was found at the zone of minimum ductility.

To obtain the hardness distribution at more closely spaced

intervals$ microhardness tests were conducted across all the welds

at the center of the plates9 Fig. 18. A number of hardness peaks

we~e found, the highest one being at the weld junction. The

other peaks were due to the composite heat affected zone caused

by the six weld passes. For the C steel weldm@nts9 the overall

level of the distribution was decreased9 in order? with increas-

ing preheat and with postheat. The decrease in hardness in the

zone of minimum ductility (0.3--0.4 inch from the weld center-

line) appeared to correlate with the decrease in transition

temperature in this zone brought about by the pre and postheat

treatments
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The hardness curve for the A steel weldment was similar

to that of the C steel with

lower and the overall curve

100°F preheat, but the peaks were

was lower.

The results of the temperature measurements made during

the welding of the C steel (at the midthickness level) are

given in Figs. 197 20q and 21. Ih Fig. 195 the maximum tempera-

tures reached during the welding process are shown as a function

of the distance from the weld centerline for the weldments with

100°F and kOOOl?preheat~ respectively. fi the region Of low

ductility (0.3--0.4 inch from the weld centerline) the tempera-

ture evidently never reached the lower critical temperature

for either weldment.

In Fig. 209 the complete heating and cooling history is

for both welding conditions. A comparison of the heat-

ing and cooling cycles for the first pass for the two welding

conditions Fig. 211 showed that the 100~F preheat weldrnenthad

a faste~ cooling rate. This difference can be shown for all

the weld passes.

Subcritical Heat Treatment (Preliminar~—— — Work~

An attempt was made to duplicate the embrittlement in the

region of low ductility by means of subcritical heat treatment

of base plate of C steel. Specimen blanks were cooled from

95~aF to give three different cooling rates--air Cool$ oil

quench$ and water quench. The notch strengths determined at
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-80°F for all three cooling rates were 10W5 and when compared

to the spread of values for the base plate at -800F$ Fig. 229

it was seen that the material was substantially embrittled by

this heating and cooling.

PART 11: THE EFFECT OF SUBCRITICAL HEAT TREATMENT ON THE
TRAITSITIOITTEMPERATURE OF A LOW CARBON SHIP PLATE
STEEL.

The detection of a brittle zone in ship plate weldments

in a region which was not heated above the lower critical

temperature and the preliminary work which showed that base

plate could be embrittled by subcritical heating and Coolingq

led to an intensive study of the embrittlement of base plate

by subc~itical heat treatment. The effects of the following

factors were studied~ isothermal solution time and tempera-

ture cooling rate? and aging time and temperature.

The embrittlement was evaluated by means @f the eccentric

notch tensile testt and also because it has such a wide degree

of acceptance as a standard~ by means of the Charpy V-notch

test. This work was supplemented by hardness tests and

microscopic examinations.

The studies were carried out with C steel because it

was felt that its inferior ~as-received”properties portended

a higher degree of embrittlement. The test specimens were

prepared from the base plate as shown in Fig. A-7. Unless

otherwise noted$ all testing was done one month after heat

—. —
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treating in order to maintain approximately the same a,ging

interval as used in the weldment study.

Isothermal

Prior

Studies

to determining the effects of time and tempera-

ture, a check was made on the within-heat variation in transi-

tion properties of the two different lazge plates which supplied

notch tensile specimens~ The transition temperature of Plate

I (-650F) used in the earlie~ work on weldments was lower than

that of Plate 11 (-kO”F). Due to this appreciable differences

the results obtained with subcritically heat treated plate have

been separated as to plate number*.

Air ‘Cooled. . —

The relationship between notch tensile transition tempera-

ture and time at various temperatures in the 700~--l2OO~F range

is plotted in.Fig. 23. With the properties of the as-received

plate as a basis of comparison, the magnitude of the maximum

embrittlement appeared to be Independent of the temperature

amounting to a 10QF increase in transition temperature for Plate

11 and a 2~@F increase for Plate I. Time at temperature had

little effects other than an improvement in properties at very

long times due to a slightly spheroidized structure.

In Fig. 2ha the transition temperature--isothermaltime

relationship for impact specimens heated at 1100@ and 1200QF--

%All impact specimens were obtained from Plate 11.
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indicated no embrittlement at the shorter times; howeverj at

the longer times

accompanied by a

Furnace Qled

*
a slowly increasing embrittlement was evident ~

gradual softening.

Spot checks with impact specimens indicated that no sig-

nificant difference in transition properties can be expected

from specimens

no checks were

that a furnace

comparably heat treated

made with notch tensile

cool would result in no

and air cooled. Although

specimens: it is believed

embrittlement because the

cooling rate would be less than the critical necessary to intro-

duce quench-aging effects.

Water Quenched

The ‘Transitiontemperature-time curves for notch tensile

speciiiensquenched from 1100@F and 12000F and aged one month

at room temperature Fig. 25$ were displaced to much higher trar.si-

tion temperature than the comparable air cooled curves, indicat-

ing a severe embrittlementa and with the magnitude of the ernbrit-

tlement amounted to about a ~OQF increase in transition tempera-

ture above that of the as-received plate; and for the 1200~F

series$ an average of about 1000F increase in transition ternpera-

ture.

With impact specimens$ Fig. 259 the transition temperature-

*It should be recalled that although embri’ttlementwas
indicated by three different criteriay the upper level of “energy
absorbed~lwas raisedq indicating an improvement in properties at

., the higher testing temperatures.

——..
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time ,curvefGr the 1100~F treated series was displaced about

25QF and the 1200~F series about 55~F above their respective

air cooled cwrves.

Effect of ~ -— —

In the first stages of this investigation~ both air and

a nitrate salt bath were used as the heating medium. It was

noticed that? generally, test specimens heated in salt had

higher transition temperatures and harnesses than specimens

similarly treated in air. This anomalous behavior was revealed

in both the Charpy V-notch and eccentric notch tensile data.

Both the impact and notch tensile transition temperatures

revealed that the magnitude of embrittlement accompanying an

air cool from the salt heat treatments was increased with

temperature and time at temperature as evident in the corn.

parison with the results obtained after heat treating in air:

Fig. 26. The impact data also revealed that the embrittlement

increased with an increase in cooling ratey Fig. 27.

Metallographic examination chemical analyses, and X-rays

showed the embrittling agent to be nitrogen$ introduced by dif-

fusion into the specimens through a scaling rea~tion of the

metal with the salt.

Q“ug~h-A@ng Studies

In order to determine the room temperature aging effects9

impact specimens were tested after various aging times after

water quenching from 12000F and 13000F. Both the transition
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and hardness increased with increasing solution

and with increasing aging time, reaching a maxi-

mum level, Fig. 28.

To determine the maximum embrittlement due to quench-

aging$ and how to minimize it, hardness tests were first made

after water quenching from 1300~F and aging for various periods

of time in the 35n to 11OO*F range? Fig. 29. The peak hardness

reached and the time to attain this peak decreased with increas-

ing aging temperature. Similar changes were observed with the

impact transition

temperatures from

To obtain a

and aging effects

temperature, Fig. 30q when employing aging

roam temperature to 600QF.

quantitative measure of the solid solution

as a function of solution temperature from

room temperature to 1300@F, Fig. 31 was prepared. Below SO~U-

tion temperatures of 650@F, the quench-aging effects were

absent, but then increased with increasing solution tempera-

ture. The maximum embrittlement induced in C steel by the

quench-aging mechanism amounted to a 90~F increase in impact

transition temperature and 25 points increase in Rockwell B

hardness.

Microstructure

To afford

obtained during

a possible @explanationof the enbrittlement

subcritical heat treatment, numerous structures

were examined at 2000X0 All specimens which were air or furnace

cooled showed no difference in structure from that of the as-re-

ceived plate except a slight spheroidization which set in at
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the longer times at the higher temperature s.. NO differe~.ce

in mic~ostm.mture from that of the base plate was detected

lr~ the series water quenched from either lIOOQ or 1200@F and

aged at room temperature again with the exception of spheroi-

dization setting in at the longer times. The first indication

that a precipitation reaction was operative was obtained in a

series aged at 400°F after water quenching from 1200°Ft which

showed a general precipitation throughout the ferrite grains.

A study of the st~uctures after quenching from 1300~F

and aging at various temperatures for various times$ indicated

that the precipitation from the supersaturated solution was a

two-stage process. At low aging temperatures the precipitate

was detected as a mott:ing of the ferrite grains; at the

higher aging temperatures, where an Ooveraged’ condition was

rapidly reached? the precipitate had grown so as to be resolvable.

CocIWrg Rates——

The resuits of the temperature measurements made during

the cooling of sulmritically heated test specimens from 2200°F

are shown in Fig. 32$ in comparison with the cooling curves

associated with the zone of minimum ductility for the first

weld pass foz the two welding conditions. With ari air cool the

impact specimens cooled at a slightly slower rate than the notch

tensile specimens due to the larger mass of ~~etaljbut at a rate

which was still slower than that obtained in the ~OO°F preheat

weldment. Although the 100@F preheat weldment had a-faster cool-

ing rate than the kOO~F preheat weldment$ the coolfng rate for

—
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hot,l~thase welding conditionswerei~~-te~nedia’~~to the air coaled

and water quenchad,t~st specimens.

INTERPRETATION”OF RESUZTS

In the weldrnent~tudy the variations in ductility across

the weld area were represented by the distribution of notch

tensile transition temperature~ Fig. 8. It was believed that

the maximum ductility observed near the weld junction was

associated Irfitha tempered martensitie structure, whose duc-

tility was higher than that of pearlite.

The location of the ductility minimum corresponded to a

region whleh was not heated above the I.owercritical temperature>

whichj coupled with a relatively fast Cools pointed to embrit-

tlement by the subcritical precipitation of carbide from ferrite

(quench-aging). That this mechanism was operative appeared to

be corroborated by the beneficial effects of highe~ preheat and

of postheat treatment. The improvement of the ductility in this

critical region with higher preheat was attributed to a slower

cool,~allowing less solid solution and subsequent aging post-

heat effectsy while the virtual elimination of embrittlernent

by pos%heat was believed due to ‘overagingl.

Due to a difference in the general types of microstructure

across the weld area~ the hardness could not be used as a meas-

ure cd?’ductility. The peak in hardness was associated with the

maximum notch strength at the weld junctionz but the minimm in

notch strength occur~ed in a subcritically heated region~ where
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th.ehardness was leveling off. Howevert considering the critical

region which had the same general type of microstructure,? the

hardness appeared to be correlated with the ductility~ i.e.: a

higher hardness signified a higher transition temperat-ure.

From the complexity of the time? temperature~ cooling rat;+

conditions in a multi-pass weldmentj it was impossible to deter-

mine the exact quench-aging cycle experienced in the critical

region. It was helfeved that each weld pass contributed to the

solid solution and aging effects~ but that the first few weld

passes controlled the amount of carbon initially retained in

sclution~ while the following passes served mainly as short

accelerated aging treatments.

Xn t~.esubcritical work? the investigation of the effects

of solution time and temperature, cooling rate? and aging time

and temperature revealed significant changes in ductility hard-

nessa and microstructure. These changes were largely reconciled

with the quench-aging mechanism.

The isothermal studies showed that no appr~ciable varia-

tion in ductility can be expected by varying the time at tern.

perature with the exception that at long times at the higher

,su”bcritiealtemperatures softening set in due to slight spheroi-

diza~im~ This stability with time indicated that the critical

region in weldrnentswas not the result of decay of an unstable

ccm,dition.

Air aaoling or furnace cooling ~rom subcritical tempera-

tures resulted in little or no embrittlement. The sl-ight

i—- .—
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emb~ititlement that was obtained by air cooling notch tensile

specimens was about the same as that found in the critical

region of the C steal w~ldaent nade with %OOQF preheat~ and as

was shown in Fig. 32$ the coolir.grates were about the same.

With an air or fur~iac~CGC13 it was reascmed that the degree

of supersaturation was low or nil due to the fact that pre-

cipitator. occurred largely during cooling; Consequently$ no

appreciable change in ductility was realized on subsequent

a,ging.

A consideration of the quench-aging results showed that

the degree of emtumittlernentwas influenced by the subcritical

temperature and the aging time and temperature. The volubility

of carbon in ferrite Increased with increasing solution tempera-

‘tu~eYresulting im a greater ‘as-quenched!hardness? andY ap-

parently a greater initial transition temperature due to the

higher degree of supersaturation. Upon subsequent room tempera-

ture agln.g~the magnitude of the peak embrittlement reached also

increased~ the higher was the solution temperature Fig. 28.

This was in line with other quench-aging systems which showed.

that a greater change in properties can be expected with in-

creasing solution temperature.

With accelerated agfng~ the changes in transition tempera-

ture and hardn,ess~Figs. 29 and 30$ revealed characteristic

i.e.a the maximum embrittlement attained and the

this maximum decreased with increasing aging
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improvement if a slow cool were employed; however, another

quench-aging cycle could be initiated upon fast cooling from

above 6500F.
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TABLE B--

pr~pert~, all d C Steel Plate*

(%qnical COm position %

g MQ
C Steel 0.24 0.48
A Steel 0.26 o.~o

Q Q

C Steel OoO~ 0.03
A steel 0.03 0.03

c steel 397000
A steel 37995~

~ ~ Si

00012 0.026 —0.05
0 m012 0.039 O*O3

& & ~

0.005 o* 003 0.009
0.006 00003 0.004

&ehanical Properties

Tensile Strength
~

67,ho0
59y91~

Al ~—
0.016 0.02
o* 012 0.02

y h

0.02 0001
0.02 0001

Elongation

25.5 (8tIg~gd
33.5 (2:? gage)

Notes Both steels were semi-killed. 3/41?plate in the as-rolled

condition.
,—-

~Technical Progress Report of the Ehi

7

Structure Committee~
Welding Journala Vol. 13 (Ju~y$ 1948 ~ p. ~77s-38%o

—
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