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of strain and temperature has beon confirmed also for stoel
conforming to ABS-Bclassification. Steel prestrained in cum=
pression by about 50% at’ 72T and subsequently tested in ten-
sion [ractures atan extensicnal strain of the order of 1'%, Pro-
straming at 530 F by cven 25% can cause brittleress inoxlen-
sion at =16 F. Local severe embrittlement of this nature has
been shown to be the basic cause of the static initiation’ of
brittle failure of structures at low average stress. This 1scon-
firmed by service failures, whaose origin is frequently traced
to cold worked areas,. or to the hot strained regions of defacts
close to welds. :

It is shown that a suitable hoat treatment can restore
approcianle ductility to steel embrittled by hot or ¢old strain-
ing. Thea duration of heating docreascs with the temperature,
but incroascs very rapidly with the amount of prestrain, To
cach témperature corresponds a lilmiting prestrain for which
hieat treatment becomes impractically long., Cold strained
steel roquires eonsiderably lenger heat treatment and higher
temporatures (FJ30-1203 1) than hot strained steel (732-1300
F}. Approximnate time=-temperature~prestrain curves have been
experimontally determined.

Thoresults confirmthat a major baneficial effect of the
so-called "thermal siregs-relieving treatment is g restoration
of the ductility of locally embrittled steel.
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INTRODUCTION

The understandmg of the mochanism of
brittle [racture of structures was greatly
advanced b\, the fundamental chservations
of Wells (0.2) and the analysis of Drucker
(3), which related the overall static be-
havior of a structure to the amount of
plastic deformation at the most severely
strained region. Typically brittle failures
under static coentral Inading are those
orcurring before the incidence of goneral
vielding of the cross-section, when the
plastie strains at the root of cracks or
notches  are  yrelatively  small and the
average stress smaller that vield, Con-
vers ely a duetility smialler than needed
at the rvoots of cracks or notches whean
generad  vielding begins. should  cause
fracture at an average stress level lower
than vield, hence brittle fractures. Or-
dinary structural steels  tested in the
laboratory, however. had been found to
have sufficient duetility so as to avoid
low static stress fracture in spite of
cracks and a low temperature, Conse-
guently, it Decame clear that service
fractures occurring under static loading
at low average stress indicated a loss or
reduction of the initial ductility of struc-
tural steel in the regions of cracks or
noteh roots. This has bechexperimentally
verified by deliberately damaging the
stecl so-as to reduce its ductility at the
noteh rects in order to obtain fractures
at low average stress. The reduction of
ductitity wais achieved in the laboratory
by prestraining notched plates in com-
pression. (4-6) When subjected to.sub-
sequent tension these essentially unwelded
plates fractured at an average net stress
as low as 107 of vield. Extensive re-
search (4-168)  with prestrained notched
plates. bent beams, and axially com-
pressed bars, has shown that the duc-
tijity of steel depends on the whole history
of prioyr strain and temperature, and may
be drastically exhausted by cold styraining
of a closely determined amount, and far
more casily by straining at about 500-

RNV The ovhausgtinn of duactilitey oausoed
UV . Lae oXnausiion ol QU UseQ

by zuitable stradning appedars as a major
factor In the mechanism of statie brittle
{racture initiation., This is in striking
avreement with the cencral finding that
service failures are inttiated m coid-
worked reglons or gt defects close to
welds,  where  complex  hot straining
accurs.

Brittle fracture intiation close to welds
was first sinulated m the laboratory by
Greene (19} with plates butt-welded along
edges containing presared notches.

: Simll i tests were systemuatized by Wells

(1,2.20) and with muany  varzitions by
.:»wer&} other investigators{2i-30) . The
early cracks and failures of these plates
have been muostly attributed to the strong
longitudinal residual tension of the ther-
mally contracting region adjacent to the
weld, A strong argument in favor of this
view has been the prevention of fracture
by the su-called “thermal stress-reliev-
ing’ !)pt—‘l‘dtll)ll which consists of heating
to about 1200°F. Nevertheless, opinions
vary widely on the subject of the influence
ot residual stresses (6,13,18.30.31). With
cur present knowledge it is readily seen
that the local embrittlement resulting from
the complex hot straining during the weld-
ing eyvele is the most likely cause of the
test plate failures at the welded-over
notehes, andof service fatlures originating

close to welds (12),

Increasing attention has been given in the
last vears to the nmportance of the eni-
brittiement caused by the history of strain
and temperature, partlc ularly inthe vicin-
ity of welds (18,25.26,32), The change of
duciility of the parent plate near a weld
nas been confirmed by hardness measure-
ments {33), and by tension (34) and impact
tests (35) of notehed specimens taken at
varicus distances fromthe weld. Anumber
ol mdependent investigators starting from
different points of view have studied
various aspects of the influence of the
history of strain and temperature on the
properties of steel {36-56) Notable among
these is the work of Korber. Eichincer.
and Moéller, (36) which had escaped the
attention of all subsequent investigators.

I tho caus e of the failures originating at

ing 113 aralilo My Tin o lA
s LR al Weiis 0l o UaLQ
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the embrittlement
cold the
hluhlv beneficial effect of the so- (.lllcd

“thermal  stress relieving treatment™
suould be a restoration. at least in part,
of the duetility of the steel, **Mechanical
stress relieving’” (21,41)  may also re-
store some ductility as shown by instances
of strain-softening l39 40). Hedttledlrmut
at temperatures higher than 1100-1200°F
is employed after forming or spinning.

or sty nnn-\n

Lagasse and Hoffmans (45-47) huve con-
firmed ihat steel sheet embrittled by
cold Iorming could bhe made suificiently
ductile Ly beating at about 1100 F. i.e.
at the stress relieving temperature. A
small number of preliminary tests (15)
with E-, ABS-C and A-T type steel ewm--

britiled by cold C'On'L))l‘C"-:SlOD supported
this view.

The purpose of the present tests is
study the relation between the required
duration and temperature of heat treat-
ment and the amount and temperature of
prestrain, Besides their practical useful-

to

TABLE I,

ness fur rstress relieving'', the results
could give some indication on the nature
of the processes involved in the restora-
tion of ductility and on the physical causes
of the initial embrittlement. The precision
of the tests depended on the ability to
produce controfled embrittlement, and to
liij'ﬁu qu).l.\.uy 1 th
a8 to avoid significant influences of the
intermediate tempe ratures.  Controlled
prestrain was effectively produced with
the reversed bent test. The rapid heating
was achieved by immersion in aleadbath. .

2.

o oAoeiead h_nnnnv afurs s
l-\.J Liie \l‘.all b T

'EXHAUSTION LIMITS
STEEL

OF ABRS-B

2a. Material, The bars used in all tests
were cut in the direction of rolling from
3,4 in. platés conforming to ABS Class
B specifications, of the same heats as
plates tested at the National Bureau of
Standards. Composition and properties
are shown i Tables 1 and 1L

COMPOSITION

2. Testing Method,

Exhaustion limits in
cold-straining.  The

reversed Dhent test

T T

i |
. ; .
l o |
#inimum | G.1&% ; G.51 G.00% i
Maximum ] 0,18 % 1,07 0.012 {
Typical 0.1k 1.0 0.011 i 0,018 0,0% 0.023 i 0.083 Q0,031 9,02 ; 0,004
i 0,15 0.94 0.009 | 0.027 0.0u6 ° Q.0uC ‘i o.094 | 0,023 0,02 i ¢.00%
e b 1 — . SN S S———
TABLE 11, PROPLRTILS CF -B STLLL.
m R & ] - g o
' Yield | Ultim. Flong. Finish | territe | r il Dugr. 1 Fibrous
Point .Str'enethi 8" Tgmp. i Grain '_ o !
ksi l ksi l E F 1 Size ‘ v ¢
i ! !
Maximom @ 32.6 | 57,9 1 31,0 | 1600 © 7.8
Hinimum 35.7 | 63,9 33.0 1 1725 8.2
i
[ Y a4 a ! a u l a1, .n 1Eun Wf 7.4
lypical I3eG RSP 1 2200 SSES £y
35,7 ¢ 9.8 ; 32.0 l 1600 8,1 .

From 17 analyses and 6 tests by the Hat. Bureau of Standards on pieces taken

same heat as used In the present tests,

plates of the



£13,14) was emploved throurhoeut the
s L 2T 12

1 pre
sent  inve ﬁu_,d.'ullu DArSs i_’i Giumensions
9 x 1.00 x 0.7% in. are bent at firs
slightly in four peint loading (Fig. la),
and then more inlongitudinal compression
till they buckle and bend by various
amounts (Fig. 1b). This ig referred to as
the prestraiu or initial bending. The final
test consists of pulling the bars open
a reversed bending action igures le and
2). The compressive prestrain f4 at the
intrados (which is one of the as-rolled
surfaces of the steel plate) is calculated

from the radius of curvature R and the

bar thickness h
€, = h/{2K+h}

As was found with tests of other stecls,
bars prestrained above o certain limit
are brittle and fracture in reverse bend-
ing at small strains and low loads. Bars
Dlebtl'lln(‘d below this limit have suf-
ficient ductility so as not to fracture
even when pulled open by large amounts,
corresponding to large extension: il strains.
and high loads. The prestrain C.iuwmg the
sudden reduction of ductility is referred
-to as the exhaustiopn limit. The great
convenience of the reversed-bend tests
is the ease with which the ‘exhaustion
limit may Dbe determined by simple
measurement of the load at fracture. As
shown m mee 3 (right) bars presirain-
ed at 70°F by more than 0 55 {357%) and
aged (1 1,2 hours at 300°F) cracked or
Iractured in subsequent reversed bend-
ing at 70° F under loads well below 3000
lb. On the contrary bars prestrained
below 0.55 did not break at lvads well
above 5000 Ih. Bars withstanding the
arbitrary load of 5000 1 are called
ductile; those breaking at loads below
5000 1b. are brittle. Any other load
limit hicher than about 3000 b, would
sive the same exhaustion limit of 0.55
for these conditions of testing. The ex-
haustion hml.t is uswally determined with-
it a strain of 0.02 or less, Yur s
prestrained at 70°F, aged dlld tested at
-16°F the exhaustion limit lies hetween
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0.45 and 0.48 (Fig. 3, left). The detailed
results of 62 tests plotted in Figure 3 are
given in Table II1. ’

_Durihg final testing, all bars were im-
mersed In a liquid bath. This reduced the
loealized heating caused by plastic work.

provided the test was slow, and eliminated

the convection heating of bars tested at
-169F. A special horizontal hydraulic
testing machine was built for this purpose
(Fig. 2), “The legs of the U-shaped bars
are upright and the lower curved part
hangs ingide 2 eooling tank {(mnaved to

1.3 Viliafy  JdladVoua W

the ‘left in Figure 2). Water was used for

the tests ut 70°F, and glycerine at 607

concentration for the tests at
Glycerine was not found to
nificantly the results,

-16°F.

.T!lé exhaustion limit is a sensitive
indicator  of the influence of many
variables on the embrittlement of steel.
A reduction of the exhaustion limit in-
dicates a stronger embrittling action,

since a lower prestrain exhausts the duc-

tility to the point of brittleness. An in-
crease of the exhaustion limit indicates a
less embrittling action. Thus, aging and
low testing temperatures reduce the ex-
haustion limit, '

affect sig-

N T 7 T T

Toacag 11 ;,11.’-,,%; | 1y %%% 4
’ .o f\\ |
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-— %————- — | ———]
- i
zoochk e, 4+ S
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1vocH 4+ b
%o :ﬁ
PR LA
E T T T CL T
F1G. 3. EXHJ\USTION LIMITS OF ABS-B

STELL INTTIALLY BENT AT 70° AND
AGED. )

g~

2c. Warm prestraining. As discussed
cisewhere (12.13) the easier embrittle-
ment caused by straining at about 500 to
600°F is related with the initiation of
brittle fracture at defects close to welds,
The most embrittling temperature and
the corresponding reduced exhaustion
limit may prove wseful indications of how
prone a steel is to such embritticment.

. Bars were prestraiped at various tem-

peratures up to B507F, After heating in

TABLE NI, EXTIAUSTION LIMIT OF
BARS CT' AiB3-B STELL PRESTRAINLD
AT 70° AND AGED.

K 1 Lo
i . |
S
Y >

- | x !
A SRS i - .
FHE Tracture at 4030 1b,, eoleaient to oves WA pxi.
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an oven to the required temperature the

for bars tested at 70 as well as -169F. -

{
-
¢ ‘“-:%
o
:
i

bars were given the initial four-point
bending (Fig. 1a), and after reheating
for about 30 min., they were bent to the
required radius and left to cool. One or
more days later they were tested in re-

versed bending (Figures lc¢ and 2} at’
70°F or -16°F. The results of T8 tests.

at 70°F and of 82 tests at -16°F are given
in Tables IV a, b and V a, b, and i
graph form in Figures 4 and 5, where
the temperature of prestrain is plotted

against the amount of prestrain, and the

behavior of the bars in subsequent ten-
sion is marked by a black circle when
brittle, and by an open circle when duc-
tile (i.e. when no fracture had occurred
under 500G lb. or more)., A ‘‘worst”’
temperature range exists around 550UF,

TABLL IV (a) and (D).
EXHAUSTION LIMIT OF BARS OF ABS-B STELL

TABLL IV lb}

r—— 1
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TABLE Vh. LXHAUSTION LIMIT GF BARS
OF ABS-B STLEL PRUSTRAINED HOT AND

1000~

°F

BENDING  TEMP

INIT VAL

TESTED AT =16° F.

e

L SEND

b Mo fracture at TIzd b,

.8

e

E .
n
I
t -
[ S

The prestrain at the “iworst’’ temperature
causing brittleness at T0°F. is just over
half the prestrain at room temperature
(about 0.32 as compared to 0.55). For
tests at -160F the difference is even more
pronounced: the prestrain at the “worst”’
temperature is less than half that at 70O F
(about 0.22 as commared to about 0.47.

"~ As the prestraintempera,ture rises above
about B00OF, the exhaustion limit ju-
creases again, showing.a weaker em-
brittling effect.- Above about 900° the ex-
haustion limit is higher than at room
temperature. o

| 3. RESTORATION OF 'DUCTILITY BY

HEATING ‘ .

9. Heat treating procedure. Preliminary

tests have shown (15) that oven heating

produces a very siow temperature rise

in the pars. Cold bars would reach the
oven temperature in about 30 mim_.ltes.
This long heating time ohscured thetime-

temperature relationship for heat treat-
ment. A more rapid electrical resistance
heating was tried. A 2 yolt 4000 amp.
current [rom a modified lighting trans-
former with a single turn secondary

| T i T T
’ : rd
e BRITTLE g
o DUCTILE ® . -
800 fes) o - ]
- - - '
(2 [ ]
a0 @y
so0k //// _ 1 FIG. 1. LXHAUSTION
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s
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winding was passed through the bent bars’
held in special clamps. The temperature
was measured with thermocouples on the
specimens, and was found to reach the
desired level in less than 3 minutes, but
non-uniform heating resulted, with a hot
region at the intrados. The onlv satis-
factory method of uniform and rapid
heating was by immersion of the pre-
strained bars in a commercial lead bath
thermostatically controlled to within  5°F,
The bars were first immersed partially,
with the legs of the U-shaped bars in the
lead bath and the intrados outside. Three
minutes later, when the intrados had
been heated to about 100°F below the
bath temperature, and the lead bath had
recovered its set temperature, the bars
were totally immersed, and in two more
minutes were within 5 degrees of the
bath temperature. This was taken as the
beginning of the heat treating period in
all tests. The effect of the short heating
time below the test temperature is neg-
ligible. For example, bars beunt cold to 2
prestrain of 0.55 and tested at -16°F,
were made ductile by a heating of about
10 minutes at 11509F, 20 minutes at
1100°F and not even 2 hours at 1050°F
(Figures 8 and 9). The rate of restoration

the temperature drops.

3b. _Description of the tests, The tests

included bars strained at 70°F and at
the “worst’’ temperature of 550°F, and
tested after heat treatment at 70 and at
-169F. The bars were prestrained by
various amounts above the exhaustion
limit for the specifi¢c conditions of each
test, so that without heat treatment they
should have all been brittle. With bars
prestrained at 70°F the exhaustion limit
was about 0.95 for tests at T09F, aud
about 0.45-0.48 at -16 F: and with bars
prestrained at 550 F it was about 0.30-
0.35 for tests at 70 F and about 0.21-
0.22 for tests at -16 F.

The duration of heat treatment varied
from 3 to 120 minutes. Temperatures
between 1000 and 1150 F for cold strained
bars, and between 700 to 1000 F for hot
strained bars were tried.

3¢, Test results. The results of 208 tests
of cold strained bars and 311 hot strained
bhars are given in Tables VI to XXII. The
results are also plotted in the graphs of
Figures 6 to 16, aecording totemperature
of prestrain, of heat treatment, and of

of ductility decreases quite rapidly when | test. In these figures the heat treating time
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TABLE ¥1. RESTCRATION OF DUCTILITY OF
BARS OF A35-B STCLL PRESTRAINLD AT 70 F
HEAT TREATED AT 1600 T; TLSTED AT 70 F.

TOTLET LOAD (Ab}

axn PR~ L SEAT TREATHEST rrachg cTRets |
STRAIE o — JUSUDR—— i
' T T 2 |
=r Minires - ArT. frack : Fraztees T TR
EECUIN | - . 2300 ;
3 - . . - i
' - i + .
< ' . .
-~ -— v
800 1 - )
. 3 - . 2800
.2 . +
L] - ! + l +
| 18 : - -
Y] + i .
3506 7 18 . 2300 H 3050 T .-
3% : ! 1630 e
33 - -
0 - . i .
% . ! .
- - |
E 1 ..
woe | - . 150D '
oo - i 1300 i
50 - | 204
s - : 505 i
iz - | 908 t
1% 1 - i 3900
! Hsl{ 3,62 ] 1000, B 0 - o T
PowTee ' L i B 2200 i
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is plotted against the amount ofprestrain,
which is always higher than the cor-
responding exhaustion limit shown in the
legend. Bars deforming without fracture
under a load up to or beyond 5000 lb. are

termed ductile and are represented by

open circles. Bars Iracturing at lower
loads are termed brittle and are re-
presented by full circles. To produce
prestrains of 0.60 or more {cold strained
bars) it was found necessary to shorten
the bars, otherwise their legs would
touch during bending. These shorter bars
are indicated by an asterisk in Tables VI
to XII, and were tested to the calculated
equivalent load of 6300 1b. It was also
found that some of the most highly strain-
ad bars had developed cracks before the
final test, as was obvious [romdiscolored
areas of the fracture surfaces. Thesebhars
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TABLE IX. RESTORATICN OF DUCTILITY OF
CBARS CF ABS-B STLLL PRESTRAINLD AT

70 T BEAT FREATED AT 1150 [, TESTED AT
7C F. e

131 PeEe | MTAT TREATMENT
TTAN

AEFC R i * «
™ i . i . -

+ %o fratvor ay 3490 185, equivalert to wwer S¢ bai.
. % Shorter bars. sighest loaa §s §30¢ lb,, equivelent to over 8o k3i,

% Piw-nisting crack, as shewn by discalorwd part of fracture wurface,

The scatter of the results is considerably
greater and the transition from brittle to
ductile less sharp than with non heat-
treated bars. There are indications that
the ductility is restored gradually during
heating. Although the loads appear to in-
crease gradually with heating time up to
5000 lb. (or 6300 Ib. for the shorterbars),
very rarely did fractures occur at the
higher loads (up to 7000 1b.) at which the
bars were frequently tested. The 5000 1b.
(or 6300 Ib.) still shows the restoration
of an appreciable ductility,  with ex-
tensional strains well over 0.10.

In spite of scatter, the results indicate
an unexpecied dependence of the least
necessary - duration of heating on the
amount of prestrain. Approximate curves
of the minimum heating time needed to
restore the ductility have been plotted as
functions of prestrain. except for the
heat treating temperature of 850°F, (Fig.

TABLE X RESTCRATION OF DUCTILITY oF
BARS OF AB3-B STEEL PRESTRAINED AT 70T
HEAT TREATED AT 1000 T & 1050 £, TESTLD

AT -6 T
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14, above), where the scatter was too
great, The heating time increases so
rapidly with prestrain, that an effective
cut-off prestrain appears to exist beyond
~which restoration of ductility, if at all
possible, would not be practical. It is not
known whether any deterioration of the
steel under prolonged heating contributes
to this effect. The collected curves for
all straining. heat treating. and testing
temperatures are shown in Figure 17,
The unexpected dependence of heating
time on amount of prestrain, and its ex-
pected inverse dependence on heat treat-
ing temperature are clearly indicated.
This is also shown in Fig. 18 where the
approXimate minimum heat treating time
is plotted against the heat treating tem-
perature for various constant prestrains
at 550" F. -

3d. A tentative explanation of the **worst’’
prestraining temperature, A wvery
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"TABLL XI. RESTCRATION OF DUCTILITY OF
BARS OF ABS-B STELL PRESTRAINED AT 70 P
" HEAT TREATED AT 1100 F; TESTED AT -16 F.
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interesting though not altogether unex-
pected result is the restoration of ductility
of hot strained bars at temperatures as
low as 700°F. As shown in Figure 13 and
Table XVIIL, bars prestrainedalittle above
the exhaustion limit and heat treated ai
750CF and 700°F for periods of 1 or 2
hours, may be ductile at -16"F. Likewise
heat treatment at 750°F for 1-2 hours
restores ductility at 70°F to bars strain-
ed just over the exhaustion limit at 550°F
(Table XIII). Some ductility is very likely
restored even in shorter heating periods.

- or at slightly lower temperatures, though

not sufficient to enable the bars to with-
stand the full straining caused by a 5000
1Ib. load. An explanation may then be
offered for the existence of a “‘worst’”’
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-TABIE XIH. RESTORATION O DUGTILITY OF

BARS CT ABS-B STEEL PRESTRAINED AT 550 F;
HEAT TREATED AT 750 & 800 F; TESTED AT
70 F. Co )
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temperature around 550°F at which the
exhaustion limit is least, and for the
rapid increase of exhaustion limit as the
prestraining temperature is raised above
600°F (Figures 4 and 5). The strain
hardening, aging. and embrittlement ap-
pear to increase with the temperature, at
least up to a point. Simultanecusly a
recovery or restoration of ductility ap-
pears to occur above a certain tem-
perature and to become faster as the
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TABLE XIX. RESTORATION OF DUCTILITY OF TABLE XXI. RESTORATION OF DUCTIHTY
BARS OF ABS-B STEEL PRESTRAINED AT 550 F OF BARS OF ABS-B STELL PRLSTRAINED AT
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teniperature rises. The f{inal behavior
of the steel should be governed by the
net effcet of the two counteractiing in-
{luences. Under the present test con-
ditions the two influences cause the worse
embrittlement at about 550°F. Above this
temperature the rate of recovery is
stronger and restores more ductility than
1s exhausted. . A gain of restoration over
exhaustion of a few per cent for every
5P F, is sufficient to produce the shape
of the curves of Figures 4 and 5.
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4. CONCLUSIONS

It has been found that ABS-B steel
like other steels studied in the past,
suffers a sudden reduction of the ex-
tensional ductility at a narrowlv deter-
mined limit of compressive prestrain,
The exhaustion limit was determined for
prestraining at 70° and -16°F. A‘‘worst’”’

G0

prastraining temperature was dgain found
at about 550°F, where the exhaustion
limit was about half as high as at 70°F,

Heat treatment at t-emperatureé above
1000° F of bars embrittled by cold strain-

' ing was found to restore sufficient duc-

tility to permit extensional strains of
over 0.10 (10%) without fracture. The
vequired duration of heating was found




Ctu increase very rapidly with the amount
of presirain, so that at each of the
tested temperatures a practical cut-off
prestrain existed. beyvond which imprac-

tically long heating times appeared to be’

needed, The required heat treating time
decreased rapidly as the temperature
was raised, : :

Restoration of ductility was much faster
and could be achieved at considerably
lower temipetatures in burs which had
been embnttled by prestraining at 550°F
than at 70°F. Bars prestrained 11ttle be-
yond the exhaustion limit at 550°F could
be nnde ductile in two hours even at
T00°F,

restoration of ductility takes place con-
tinuously and gradually during heat treat-
ment, and that some restoration of duc-
'tihtv may occur. even. in short heating
(ycles and at lower temperatures than
700°F. The *‘worst’”’ prestraining tem-
perature would then appear to result
from the most unfavorable net efiect of
two  oppesite  tendencies. namely the
emarittlement by straining and aging, and
the rafe of recovery, both of which appear
to increase with tempe:atul e.

It may be coneluded that suitable heat

It dppears that the process. of |

treatment can restore sufficient dtmtility '

to prevent brigtle failures, but requires a
- specified time which depends pot only on
the temperature but also quite strongly
on the hmr) and amount of nre'-.h‘aln en -
brittlement. The ewenmentqlly de-
termined time -temperature -prestrain
curves with ABS-B steel indicate the
following trends: :

A. Restoration of ductility is easier

in hot than in cold strained hars.

B. Some restoration of ductihg ay-
pears to occur even at 7007, and
mavhe even less, for- hnt strained
bars.

C. The required heating time in-
- ¢reases with the amount of pre-
strain, and becomes impractically
long beyond a certain limiting
prestrain.

‘strained
however,

An increase of temperature re-

dimne ths rannivad hn:f\na
GUUCES W0 ToqAIren aea

and increases the hnntmnr pre-
strain. : ‘

timao
me

Heating for about 1,2 to 1 hour
at 1050°F or more would seem
necessary for bars strained hot,
and at 1150°F or more for batrs
cold. It is not known,
if these heat treatments
are Sthcxent Tor the most severe
prestrams.
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