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ture Tensile Tests as an Index of Transition Temperatures® by
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ROOM TEMPERATURE TENSILE TESTS AS AN INDEX OF
TRANSTTION TENPERATORE oF wre gi. PLITE

Progress Report No.5 on the Effect of Fabricetion Processes
_ on Steela Used in Pressure Vessels

| ‘ by
Sedun S. TBr‘, Robert D. Stout® end Bruce G, Johnston#

INTRODUCTION

When the Pressure Vessel Research Project at Lehigh
University was started feur yeads agolit was with the pur-
pose of studying and detesmining the effects of warious
fabrication processes on the steels used in pressure vessels,
Ultimetely, i1t was hoped that thiough this extensive study,
not only would the genersl knowledge in this field be en-
lerged, but elso data would result which the design engiseer
could meke use of in pressure vessei design, Two steels
were selected and me jor parts of.heats purchased., Four pro-
gress reports have already been published a8 e result of

1,2,3,4 45 which studies of various notch-bend

thisAprogram
tests, the effects of plastie'strain end post hest treatments,
end the effects of welding on.these steels were reported.

In thia paper fnrther analysis of the data es reported in one

of the eerlier papers, namely Progress Report No.5 by Osborn,

3

Scotchbrook, Stout and Johnston , 18 presented, aend it 1is

%) Research Associate, Fritz Engr. Laboratory, Lehigh Univer.
0) Professor of Metallurgy, Lehigh University, Bethlehem, Ps,
#) Professor of Structurel Engineering, University of Michigen,
former Director of Fritz Engr. Laboratory, Lehigh Unlversity
(1,2,3,4,5) Numbers perteining to references listed at the
end of the article
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indicated thet deformations in the standard tensile test ot
room tempersture are significantly related to the transi-
tion tempersture 6f these and other steels,

A reletionship between tensile test results end transi-
tion temperatures has been sought previously. Recently,
Dr. C. F. Tipper5 in her paper ﬁCdrreletion of Test Results",
said, "..., some relation between tensile test results and
notch—bendland notch-tensile results 1s to be expected
whenever plastic deformation occurs." However, her dats
fell to substen tlate this statement end she is forced to
stateé 1n her concluslon, "the transition temperatures cen-
not be predicted from the tensile test results, although
low tramsition temperatures are sssocleted with high values
of reduction in esrea."

In this paper data are presented in e different manner
end 1t 1s shown that, sllowing for e rather uniform zone of
scatter, a straight line reletion does exlst between tensik

test results end tram sition temperatures,

MATERTIAL

Steel Plate: Steel used in this 1nvestigétion was aluminum-

killed ASTM A-201 Grede A and Rimmed ASTM A-70 (now A-285)
in 131" end 5/8" thickness. Steel A-201 hed 0.15 carbon and
0.53 mengenese end Steel A-?O'had 0.26 carﬁon and 0.35
‘mangenese. (Sece reference 2 for further details.)

Plestic Streining: The 1i" meterial in both steels wes
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tested efter the following permaenent straining operstions:

1 - None _

2 - 1% tension

3 - 5% tension

4 - 10% tension

5 - 1% compression

The $/8" materisl wes tested only after operation 3.

Heat Trgptment after Plastic Deformation: Materisl in each
of the sbove strained eonditions wes tested sfter the follow-
ing heet treatments: |

Room temperature
800CF
800°F
1150°F
1600°F

b IO+
t vt

PROCEDURE

The materisls used =spd testing procedures were described
fully in references 1, 2 and 3; however, 1t mey be pertinent
to give e brief description of the Lehigh slow—nofch-bend,
Cherpy, and tensile specimens, thelr treatments and the

testing methods, es edepied to the present program.

The Lehigh Slow-Notch-Ben@ Test:

| In Fig. 1 can be sesn the specimen end the testing jig
used to determine transition temperstures by the slow-bend
method, The notches were machined in two cuts after the
straining and heet treating operations. The direction of
plestic strain was in the direetion of the long sxis of the
speoimen, Trensition curves were eatabllnhed by testing

twelve double notch spe @imens at verlous temperatures end
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observing the fbllowing criteris:

l, totel energy sbsorbed in breeking sgcimen

2. percent cleavage in the frebture surface

3. percent lateral contraction 1/52 in. below the notch
after fracture.

To obtein e transition curve snd thus determine the
transition temperature, each of the above given criteris
was plotted egeinst the temperature of the test,'and the
sverege of the points et each temperature were jolned by
streight lines. The tempersasture corresponding to the
point on thg curve st 50% of the meximum velue was defined
as the trensition temperature end wss indiceted by TE for
energy criterlion, TB for percent clgavage fracture crite-
rion and T for percent leterel contraction under the
noteh crl tlir lon,

The Charpy Test:

Stendard V-notch Chsrpy specimens with e 0,08 1n.
deep notch and with the direction of plsstic strain parsi-
lel %0 the long axis of the specimen were used. The notch.
direction wes nomsl to the surface of the pleste. Twenty-
four specimens tested at six temperatures were used to
plot the transition'curve. Trensition temperstures were
detemined in the seme manner es 1n/g§;1gh Slow-Notch-
Bend-Test,

Tenslle Test:

Standerd 0.505 in, dlemeter tenslle specimens ma-
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chined subsequent to the same plestic strain end heat trest-
ment sequences were tested in dupliceste and ell the perti-
nent date were recorded,

Exple‘fxa tion of the Grgphs:

The relationship between the tensile specimens snd the
Lehigh slow-notch-bend or Cherpy specimens was obtained by
plotting the percent reduction in sres as obtsined from the
standerd room tempersture tenéile tests agelnst transition
temperatures in degrees Fahreﬁheit as obtained from slow-
notch-bend specimens or standerd V-notch Cherpy impact spe-

cimens, In sddition "TN" transition temperstures ere plot-

ted against:

;A
ég (totel ductility) =4m EQ

o

€ju (uniform ductility) =f2n %9
m

€ . (necking ductility) = {n tn
initisl cross-sectionsl =res

where: A
o

A
b

A
m

It should be borne in mind that the points on these graphs

cross-section sree at breasking

cross-section area at meximum loed

repredent two different steels and 30 different treatments

prior to tensile or trensition tempersture tests. Hence

a8 lerge variastion in the result ant properties 1ls represented.

Discussion of the Grephs:

o b
In Fig.spﬁﬁ lateral contrection trensition temperature

88 obtaeined bj the Lehigh slow-no tch-bend spicimen is ylot-
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ted egsinst the reduction in area. The reduction in sares
velues cover a range of 20% (from 50% to 70%) end the trensi.
tion tempersture covers e range of 200°F (from -120°F to
4+80°F), The relationship is & streight line with some
scetter. The scatter 1s of the megnitude to be expscted
from this type of data., In Fig.4 "TN" transition tempera-
ture as obtained from V-notch Cherpy specimen are plotted
ageinst % reduction in eres., The curve frOm‘Fig.S 1s super-
imposed here to afford e better compafison between the two
tests. The Charpy ﬁransition temperatures are roughly 90°F
higher then those obtained for simllarly trested steel by °
the Lehlgh slow-notch-bend test, Fig.5 sﬁows thé relatlon
between Lehigh slow-notch-bend end V-notch Cherpy trensi-
tion temperatures where % contraction under the notch 1s
used es criterion,

‘"It can be seen that in splte of the scatter there 1s

a definite correlation between the two test methods, In
Fig.6, percent reduction in erea values are piotted egainst
the energy trensition tempersture as obtesined from V-notch
Charpy spe clmens with the energy sbsorbed during test used
as criterion. The resulting gtraight line is practically
the smme as in Fig.4., However, the points are bunched
together Indicating that the energy criterion for use in
transition temperature determinastion with the Charpy spe-

cimen is not as'sensitive to changes in strain or hest .
trestment ss percent contrection uder the notéh meeasure-~

ments,
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In Fig,7€;b_(total ductil1$ty) has been plotted egainst
Lehigh slow-notch-bend trensition temperature Tﬁ. Here
egain the straight line relationshlp is in evidence, How~
ever, when gu and €n’ uniform ductility end necking ducti.
11ty. respectively, ere plotted agalinst trensition tempe-
ratures Ty~ Flg.8 end 9, the relation 1s obscured by exces.-
sive scatter,

Fracture éppearance used as 2 criterion for trensi-
tion temﬁerature determination is not es sensitive as
elther the energy criterion orZEontractioﬁ criterion in
the Cherpy or Lebigh slow-notch-bend tests. In Fig.l0
trandtion températures es determined by fracture sppear-
ance defined 2s percent clesvage has been blotted agel nst
percent reduction in ares valueé obtained from tensile

tests. The relationshlp is not of the straight line type
but rather curvilineer.

Up to this point ell of the data presented have been
confined to the results of the research performed at
Lehigh University. However, 1t was considered desirable (-
%0 survey the trensition tempersture litersture to uncover
gome substantieting deta sulteble for piotting percent
reduction in sres against transition tempersture. Such
dats were found in the ASM Campbell Memorisl Lecture of
1947% geliversd by Dr. A. B. Kinzel. The Kinzel $low
notch~bend. specimely Flgill, eid testing jig, F1e,12,

ere very s3lmiler to those used in the Lehipgh
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slow-notch-bend method. The main differences in the test
specimens are in the ﬁlete thickness end the V-notch depth;
the Kinzel specimen was # inch thick end the V-notch wes
0,05 inches deep; whereas the Lehigh specimen ss used in

the Pressure Vessel Resesrch Program wes 5/8" thick with
0.08" deep V-notch. The differences in the testing jig are
the specimen support span which is 4% inches in the Kingzel
Jig end 7 in. in the Lehigh jig 2nd the ram tip which in the
Kinzel jig hes 2 redius of 2" and in the Lehigh jig has £"
redius.

It 1s noteworthy, however, that contraction under the
notch wes used 28 a criterion for transition temperature
determinstion and 2lso both tensile and slow—hotch—bend
tests were pefformed on a great veriety of steels ranging
from plein cerbon to slloy, Moreover, the fact thet both
of these Investigstions were performed on steels similerly
treated onables one to meke e correlation study similar to
. that cerried out for the Lehigh dats.

The data from the K1n2916 peper are plotted in Fig,1l3.
The percent reduction in area values are obtsined from room
tempersture tensile tests and the transition tempersture |
velues are obteined from the Kinzel sloW—notch-bend specimen
using the under-notch contraction as criterion. It should
be noted thst KinZelhuséd the temperature corresponding to

1 percent contrection in the trmsition curve s his transi-

tion tempersture. Therefore, hils temperature values appesar
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lower then the Lehigh values. To permit e comparison of
this straight 1line, Lehigh transition temperatures were
redetermined from the originsal transitlon curves, at 1
percent contraction, When the Lehigh percent reduction in
erea values are replotted against these tramsttion tempera-
ttires in Fig.l4, 1t becomes obvious that they lie practicelly
on the ssme line as the Kinzel deta, Fig,15. It should be
noted that three groups'of steels are represented in the
Kinzel dete end therefore, s wilde range of reduction in area
end trensition temperature velues are present. It 1s inte-
resting tha% the Lehligh values which rebresent two pleln
low carbon steels.should fall on the same curve as the car-
bon and slloy steels of the Kinzel data.

When % elongation data sre substituted for reduction
in aree, es in Fi1g,16 and 17, the transition temperatures
(% contraction criterioh) no longer fall into a satisfac-
tory correlation with the tensile results of either Lehigh

or Kinzel,

CONCLUSION

The curves presented in this peper show that, ellowing
for 2 band of scstter, there 1s definitely a stralght llre
reletionshlip between tensile test result s, end Charpy br
slow-notch-bend trensition temperatures, Particulerly, this
is‘true of the correlstion between percent reductlion of

srea velues obtained from the stendard tenslle test sp cl-
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mens and the trensition temperatures as obteined using latersal
contractlon es criterion. Moreover, this relastionship 1s
substentlated by an enalysis of results from similer tests
conduc ted by Kinzel6 at an earlier date,

These curves,therefore.leasd one to the concluslon that
reduction in arees es determined by/%ensile test may have
more significance than is generaslly realized, If interprsued
In this manner it has the advantage of requiring only a few
tenslle tests as compared to 24 notch bend tests needed fou
transition tempereture determination. The ultimate aim in
this type of correlation would be to substitute the stand-
ard tensile test where the msny limitations of the V-notch-
bend specimens such es the severity of the notch, the condi-
tion of the notch bottom, the speed of bending,/iﬁz gbsent.
Moreover, the tensile test 1s relatively easy to perform
eand 1s universally accepted.

Willlem aend E’.Llinger'7 heve shown that plates from
Liberty ships in which frzctures occurred possess an average
of from 6 to 12 ft, lbs., V-notch Cherpy values when tested
at the temperature of the ship failure. If such a criterlon
of energy level can be spplied toc pressure vessels, then 1%
would mesn that a steel which has & V-notch Charpy vd ue
lower then some specified value st temperatures at which
the finished pressure vessel wlll operate, would be unsatis-
factory. Using this specified energy level criterlion, V-

notch Charpy transition temperatures could be determined on-
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and

- a number of steels and treatments/plotted agemst percent reduc-

tion in srea (obtained from room temperate tenslle tests) on
the sams ctesis, & direct correlaticn between the opereting

temperatvure ui the pressure vessel and the percent reduction

of area regaired . the steel would thereby ne astablished.

In the fetrinction cf pressure vessels, ihs steel 18 subjeustiud
to certain bending, pressing or welding or combinaetion ¢f
thesé opefatlcns wita the accompanying lowering of_the ducfmm
1ity. This loss in ductility could be determined by the
design englneer, énd befbre the tensile tests are meade,

the ;ﬁaatoa'iai‘ coulé - bo strained by this acont. Alderuatives

1y, ﬁhe reductlion in asree after such 8 prestrein might be
predlcted by refererice to a complete true stress-étrain curve

of the materl ¢1., In this way the percent reduction in area

determined by'the tensile test would more or less represent

those portinus of the pressure vessel that were strained snd

therefore ratalr icss avallable ductility. 'The transition

- temperature corresponding to the reduction iIn eres es deter-

mined by ths above method would then indicate the sultabllity
of that particular steel for use in a pressure vessel st that
temperature, | |

It would be 0f mejor interest tc derermine If the seme
type of relationship ﬁould hold true 1 7lat har tensile speci-
mens were vseu insucad of'round'bar° ‘

It !s hoped chat® other investigators will determine the

felationships reported herein end thet future work be gulded



elong these llnes. It would be desireble to obtsin tensille
eand trensition tempersture date from pressure vessels that

have failed.

SUMMARY

Stralzht linc relationships have been skown to exist
between room temperature round bsr tensile test resulte and
transition tempcratures as determined by Lahigh slow-notch-
bend, Kinzeli slow-notch-bend and V-notch Charpy methods., The
possibllity of using room temperéture tensile tests to predict
trensition temperetures of pressure vessel steecls hes been in-

diceted,
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