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In the last few years, much research work has been conducted on the
swethod for determining J4.> by using J-integral R-curve at room tempera-

fure, as in References [1][2][3][4]. Many countries had conformed their

srtional standard in J1c testing. In Nov. 1980 China published the national
standard GB2038~80 for the determination of ductile fracture toughness
alue J1C by the J-integral techniques. Then, in Oct. 1981, a standard
JSME 5001-1981,

‘thod of test for elastic-plastic fracture toughness ch,

» issued by the Japanese SME.And at about the same time, an American

standard test for Jic’ ASTM E813-81, was issued by ASTM. As a result,

¢+ have had now some comparatively effective methods for determining the

iuctile fracture toughness value ch.

However, all the standards for J1C testing mentioned above are the

hods for determining ch at room temperature only. Experiments have
proved that, at low temperature, if we estimate the ductile fracture
toughness value ch of some structure steel, in complete accordance with
fhese standards, we cannot get any satisfactory test results. Morever,
ccime researchers using these standards to determine the J value at low

lc
temperatures, cannot even get a correct relationship between the J and

lc
e}
remperature t C. Thus, it requires further work to study how to determine
the ch value, by using a J-R curve at low temperatures.
From April 1980 to March 1982, our research group made a series of
@xperiments on nearly 300 specimens of structure steel 15MnVN and 16Mn,
o o o o
to estimate their J, at low temperatures (-10 C, -46 C, -80 C, -113 C,
o O'LC (o] o] o [e] o o -
140 C in 19815 15 C, -10 C, -20 C, ~30 C, ~40 C, ~60 C, -80 C, from 1981
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to 18982). At first, we estimated their ch values following the American
standard ASTM EB13-81 and the Chinese standard GB2038-80, we cannot get

any satisfactory results. The relationship between theirp ch and tempera-
tures t C yas abnormal, that is, the ductile fracture toughness ch does
not decrease with the decrease of temperatures. The ch at «11300, ~140 C,
when was converted to ch, was not equal to the ch directly determined
according to the standard ASTM E399-71, by using large scale specimens.
Through these experiments, we found that there are some special features
in the pProcedures for determining ch at low temperatures by using J-in-
tegral R-curve. We made further studies in order to find the right way

of determining J at low temperatures meeting the needs of these special

le
Features. Now we present the methods which we used in our research work.

1. THE SELECTION OF VALID DATA AND THE REGRESSION
OF J INTEGRAL R CURVE

In the American standard ASTM E813-81, only these data points are
valid that fall within the minimum and maximum crack extension lines, if
their B ang szS(JQ/qy). The rules for selecting valid points for J-R
CUrves are suitable only for the room Ttemperature, Following these rules,
Wwe may eliminate the data points in the blunting process, to avoid thein
mixing up with the valid data of the crack extension process.

For the structure steel 15MnVN,L-T orientation at room temperature,
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Dé=§l(%‘% RBSE sase8

-55:1-‘3‘ 7‘4’)!? L’,jpe
T B0 ar

IR bme aﬁ‘éﬂ&ﬂﬁﬁ!ﬂ

) 5@1‘1#2 {'13’7; ) \\\,\ e
£ 4;7—<

{um crack

28
3 @kven siay (g
o7
L XY e/ Eree fand-
" L2
g 05 ] _ <ssn Liref N SKetch Ja Curv@
o.4 min craci,
. L8 mm offset T ) / | extension| line
a3 7y {; /’MX i f:;;:f ! l/i/ 3 4‘1 Line “ﬁ?"’”‘s‘i weth
02 x Eimenated m// e ) f/ ‘ dath selacted accordirg
g)o.i . T Fo sfandard.
¥ Adpomey V| a
2 &ifo2 aé L8 Ll 16 20 44 o 203 ai 02 83
k) Crack exfemsion Aqcmmy Crack exfensisn aa A2 Gnm)
Fig. 1 Schematic of the method Fig. 2 Forezone data regression J-R

used to determine vdlid J points line fits in with the handsketch

(standard ASTM E813-81). J-R curve.
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tiie data points of the crack blunting process.

tha two materials, A

in reality,

i ﬂwo) which corresponds to the intersection of the J-R curve and

Liunting line is about 0.05--0.06mm, according to the standard ASTM

‘. Then the Aa of the intersection point of the minimum extension

and the J-R curve, may be equal to Aa=AaO+O,15 mm=0.20~-0.21mm .
fiowing the Japanese standard JSME 5001~1981, Aa=AaO+O.10mm=0.15«~0.16mm;

A +0.03mm=0.08--0.09mm the Chinese standard GB 2038-80. Therefore, to

inate the data points on the left of the minimun extension line is

Lo

sitable, since the Aa corresponding to the full crack initiation point

Poom temperature, is only about 0.13mm.The data points thus removed are

But at low temperatures,
erack will begin to tear ( or to be more exact,to be completely initiated)

at room temperature. As for steel 15MnVN, L~T orientation at

iy than
& o
is merely 0.03mm, 16Mn L-T, Aa =0.038mm; at -80 C for both of

ﬁd”“, Aa*
a*=0.025fV0.03mm. Now as much as the data points
whose Aa<AaO+O.15mm) are eliminated, the data points of the stable crack
repagation process will be removed, Apparently, it is not suitable at all.
it eliminates the available data points of such a part on the
‘-l curve (regression line), which is just necessary for determining the
value. From our research work we found that according to the American

‘tandard, a linear regression J-R line equation ( J=a+BAa) with a much

fargera and a lower B value might result. Using such a J-R curve to estima-~

-ch of a given material will result in a higher Jih value. It is clear

accordance with the standard ( ASTM E813-81),
one ( Aa=0,03w~

that the J-R line regressed in
feviates more from the hand-sketch J-R curve in the forez
10> €ven with the blunting

1c> @8 (ch)Q' In reality

©.30mm). With such a J-R line to determine J
iine, we always get a higher toughness value J

1), is the actual ch value ( as in Fig.?2).

Kbl
It is evident that the regression J-R line with the forezone data

(4a=0.03--0.30mm) will better coincide with the hand-sketch J-R curve in

its forepart. Using such a regression J~R line, on its forepart we can

¢asily estimate the real ch of a material. Since at different low tem-

%
atures, the crack extension of Ffull crack initiation Aa ( as shown in

ig.3) will decrease with the temperature decreasing.Thus for different
region selection is slight-

temperatures, the method of valid data points'

{y different (For more details, see Reference [613.Briefly these rules

are as follow:
1. The selection of valid data points for J-R line regression at room
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temperature has to be done completely according to the Chinese
standard GB 2038-80.

2. At ~10°Cﬁv ~-QOOC, all the data points whose Aa correspond to
05 OSﬁVG S0mm should be adopted as valid points for regression.

3. At 30 C and below, forezone data ( Aa=0. 03 ~0,30mm) should be
taken as valid data for regression, and this part of the J-R
line should be used as the main part of the J-R curve for estima-
ting ch.

II. USING Aa* INSTEAD OF THE INTERSECTION POINT OF

THE BLUNTING LINE AND THE J-R LINE

The equations of the blunting line J= QUyAa[ 1 (c =3 (o RN )) or
J=1. 5(0 +oy Jda ectare all the approximate empirical equatlons at room
temperature, being invalid at low temperatures. In general, crack exten-
sion AaO correspending to the intersection point of the blunting line and
the J-R curve, is about 0. OSI’O 06mm, whereas at low temperatures, for
the steel 15MnVN, the Aa' (Aa <Aa always) is merely 0.04mm at -40 C.
Therefore, we have to find another method to determine the Aa correspon-
dlng to the crack full initiation (e.i. Aa "), the Aao can never be used as
Aa  to determlne J1 with the J-R line. For this reason, in order to de-
termine the Aa more accurately, we used ultrasonic techniques and refa-
tigue method to monitor the crack initiation, and measured the stretch
zone width (SZW) and Aa microscopically, (some pieces were analysed by
scanning electron microscope (SEM), thus making it possible to measure
the SZW and Aa* more accurately), Then, with these Aa* we determined the
corresponding J1 values we needed on the J-R lines. The relationships

%
between Aa and t C for stucture steel 15MnVN and 16Mn are shown in Fig.3.

III. USING-Aa TO DETERMINE THE J,, VALUE WITH

THE J-R REGRESSION LINE

By using the procedure described in paragraph 1, we can get the J-R
regression line at low temperatures., Then plot a vertical line from the
Aa* on the Aa axis of the JQ vs Aa curve, this vertical line intersects
with the J-R line; and then the value JQ of the intersection point gives

the required Jlr value (if other criteria for validation of J as J, are

Q 1c
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Pinally, with the same procedure, the ch

the two steels 15MnVN in L-T and L-S orientations) and 16Mn (L-t, L-S),
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Fig.h ch vs temp. t C of 15Mn

(56mm steel plate).

all fulfilled.)}.

With the procedure described above,

we determined the relation curve
between the toughness value J‘
3.C
and tests temperatures, as shown

in Fig.4. In this test, the duc-

tile fracture toughness value

o] (5]
J1c at ~113 C, ~140 ¢, when it is

converted to ch, agress with the

K1c directly determined with the
large scale specimens according

to the standard ASTM E399-74 or

¥YB977-78 (Chinese standard)

within the engineering error.

‘e J, value that we get are very close to the test results which are

tiermined by the Iron and Steel Research Institute, using another methode

o]
vs t C ( at low temperatures of

tith a plate thickness of 32mm, were determined, as shown in Fig.5. All

‘hese results can be valid within the engineering error.
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