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Evaluation of Transformation Expansion and Its Beneficial
Effect on Cold Crack Susceptibility Using y-Slit Crack Test

Instrumend with Strain Gauget

Fukuhisa MATSUDA *, Hiroji NAKAGAWA **  Kenji SHINOZAKI*** and Hiroshi KIHARA *#*#*

Abstract

A new technique named ‘‘the Instrumented y-Slit Crack Test” was invented in order to estimate easily the effect of
transformation expansion on the restraint stress using conventional y-slit crack test specimen utilizing strain gauges.
Moreover, the effect of transformation expansion on cold cracking susceptibility is quantitatively investigated for SM41,
SS41, HT60, HT80, HY130 and HY150 weldments by GTA and SMA weldings.

Consequently, the progress of contraction or restraint stress in the Instrumented y-Slit Crack Test can be estimated
using this technique which is enough sensitive and good reproducibility. Therefore, this technique may be substituted for
the RRC test in order to evaluate the effect of transformation expansion on cold cracking susceptibility.

For example in this study, the cracking ratio of HY150 weldment is much less than that of HT80 weldment in the
y-slit crack test, and this new technique clearly revealed that this reason is owing to the reduction of restraint stress due

to transformation expansion.

KEY WORDS:

1. Introduction

For recent several years, the authors have studied the
cause and the prevention method for high susceptibility to
cold cracking of HY-type steel including mainly HY130
and partly HY150'). These series of studies?)®) have
shown that cold cracking susceptibility in weld metal of
these HY steels is severer than in HAZ and the suscepti-
bility evaluated with the LB-TRC test generally increases
with an increase in strength level of base steel. On the
other hand, the study)>® utilizing the RRC test has also
revealed that restraint stress decreases with an increase in
strength level due to phase transformation of weld zone
from austenite to martensite. This may give a hope that
cold cracking will be practically prevented by the aid of
phase transformation in ultra high strength steels like HY-
type steel. Therefore it may be important to reveal quanti-
tatively the effect of transformation expansion on the
cold cracking susceptibility.

However, the execution of the RRC test is very dif-
ficult in operation, although not so well known. Thus it
may be very troublesome to evaluate the effect of trans-
formation expansion by means of the RRC test, when
optimum chemical composition in steel should be search-
ed for the purpose of developing a new type of high
strength steel. "

(Cold Cracking) (Transformation) (High Strength) (GTA Welding) (SMA Welding) (Restraint)

By the way, many welding fabricators in Japan have
usually used Tekken or the y-slit crack test to evaluate the
welding and preheating conditions for the purpose of
elimination of cold cracking. Judging from the shape of
the y-slit crack test specimen, the specimen has two
side restraint plates parallel to the weld line which the
authors called “Side beam™, and thus expansion and con-
traction of weld zone produce deformation of these two
side beams. This gives an idea that the evaluation of ex-
pansion and contraction including the effect of trans-
formation of weld zone may be possible in this test by
measuring the deformation of side beams.

In this study, the new technique by which the defor-
mation of side beams are evaluated utilizing strain gauges
in the y-slit crack test has been developed. Then the
authors have discussed the feasibility, applicability of this
technique, and the correspondence between this tech-
nique and the RRC test. Moreover, the effect of trans-
formation expansion on cold cracking susceptibility has
been discussed in this test. '

2. Principle of the Instrumented y-Slit Crack Test

This new technique is named “the Instrumented y-
Slit Crack Test” by the authors which is instrumented
with strain gauges on the y-slit crack test specimen, and
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the principle is shown in Fig. 1. Four strain gauges €, €,,
€3 and €, are stuck on each flank of the two side beams,
among which €; and €, are active gauges and €; and €,
are dummy gauges compensating thermal expansion of
strain gauge for the purpose of increasing measurement
accuracy. Now, supposing weld zone contracts and under-
goes tensile stress, the flank of the side beam deform like
the broken curve in Fig. 1, and thus the strain gauges
should give a compressive value. Supposing weld zone
expands and undergoes compressive stress, the flank of
the side beam should deform like the dot-dash curve,
and thus the strain gauges should give a tensile value.
Therefore it should be roughly said that contraction and
expansion of weld zone correspond to the compression
and tension of the flank of side beam.
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Fig. 1 Configuration of the Instrumented y-Slit Crack

Test specimen

Satoh et al. showed® that the contraction progress
between two reference points of a welded joint where the
weld length was very short was schematically illustrated
like curve OABCD as shown in Fig. 2 (a). In the first step
from O to A, expansion occurs a little because of thermal
expansion during welding. In the second step from A to B,
contraction occurs because of homogenizing of temper-
ature distribution toward thickness direction. In the third
step from B to C, contraction is kept nearly constant
because of limited temperature distribution inside of
reference points. In the fourth step from C to D, contrac-
tion again occurs and progresses up to an inherent value
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given by heat input etc. because of diffusion of heat out-
ward two reference points. Theoretically, when the gauge
length is shorter, curve OABCD shifts to OABC'D’. When
the expansion of transformation from austenite to mar-
tensite in weld zone is effective, curve OABCD will shift
to OABC"D”. In the RRC test, the restraint stress is
originated by applying reaction force against this contrac-
tion of weld zone. »
There are of course some differences between the
RRC test and the y-slit crack test. For example, (i) the
y-slit crack test is not so rigid as the RRC test. (ii) Heat
flow in the RRC test is generally one dimensional, but
that in the y-slit crack test is two dimensional because of
heat transfer to the restraint-welded parts. (iii) There are
enough heat sink outside the reference points giving gauge
length in the RRC test. However the restraint-welded
parts described in (ii) gives large heat sink in the y-slit
crack test.
The difference in (ii) and (iii) should give the next
effects on the strain measurement discussed in this study;
(a) the third step from B to C is not clear, (b) the fourth

s
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Fig. 2 Contraction progress between (a) two reference

points of a welded joint during and after welding
obtained by Satoh et al. and (b) strain progress on
a flank in the Instrumented y-Slit Crack Test
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step from C to D starts from earlier time, and the gradient
is steeper. Although there are such differences discussed
now, it is considered that the general tendency of the
strain progress on the flank of a side beam in the Instru-
mented y-Slit Crack Test resembles the contraction pro-
gress in Fig. 2 (a). Besides, it is guessed that the strain on
the flank of the specimen decreases with an increase in
thickness because deformation of the side beams become
difficult.

These consideration schematically gives illustration as
show in Fig. 2 (b).

3. Materials Used and Experimental Procedure

3.1 Materials used

Base metals used were mild steels SM41%) and SS41%),

and weldable heat-treated high strength steels HT60%%),
HT80**), HY130 and HY150 whose nominal ultimate
strengths were 40, 60, 80, 100 and 120 kgf/mm?, re-
spectively.

Filler wires used for automatical GTA welding were
well matched with base metals in strength levels, and
named temporally as F41, F60, F80, F(130), F(130);sn
and F(150) according to its strength level. Among them
F41, F60 and F80 were commercial filler wires and the
others were experimental ones. The diameters of them
were 1.6 mm,

Covered electrodes used were D4316%), D5816%),
D8016*), E(130)M and E(130)gy which well matched
SM41, HT60, HT80 and HY130 in strength levels, re-
spectively.

Designations, type of chemical compositions, yield
strengths and ultimate tensile strengths of materials used
were shown in Table 1.

3.2 Procedure of the Instrumented y-Slit Crack Test
The configuration of the Instrumented y-Slit Crack

Test was already shown in Fig. 1. The thickness was 15,
25 and 35 mm. It is already accepted® that the restraint
intensity Ry (kgf/mm-mm) is 70 times to the thickness
(mm). Therefore the thickness of 15, 25 and 35 mm give
the restraint intensity of 1050,1750 and 24 50kgf/mm-mm,
respectively.

The strain measured in Fig. 1 was total value of four
strain gauges. In this paper, the total strain was changed
into the strain on one flank of the specimen parallel to the
weld line using the equation as shown in Fig. 1.

Weld bead was laid in the y-groove with root gap of
2 mm by GTA or SMA welding without any treatments of
arc start and finish. The GTA and SMA welding conditions
used were welding current of 300A and 170A, arc voltage
of 14V and 25V, and welding speed of 120 mm/min
and 150 mm/min, respectively. Preheating temperature
were 50°C for GTA welding, and 50 and 75°C for SMA
welding. Any grease of filler wire was cleaned out by
acetone and covered electrodes were dried at baking
temperature of 400°C for 1hour before welding. Dif-
fusible hydrogen content was measured by means of gas
chromatograph whose measurement accuracy was 0.01 ml.
Diffusible hydrogen contents of deposited metals used
were shown in Table 2.

Table 2 Diffusible hydrogen content in deposited
metal by SMA and GTA weldings

Diffusible hydrogen

Materials content (m1/100g)

D4316 7.0
D5816 * 3.3
Covered
electrode D8016 2.2
(SMaW) E(130)M 2.2
E{130) gy 1.6
F4l 0.4
F60 0.2
Filler F(130) 0.2
wire
(GTAW) F(130) 15N 0.2
F(150) 0.2

Table 1 Designation, type of chemical compositions, yield and tensile strengths of materials used

Base metal

Covered electrode

Filler wire

Yield strength

Ultimate strength

[15,25,35 mm [4 mm dia.] {l.6 mm dia.] of base metal of base metal
thickness] (kgf /mm2) (kgf/mm?2)
SM41,SS41 D4316 F4l 22 45
HT60 D5816. F60 55 65
(0. 1Mo-V) (0.6Ni) (0.4Mo)
HT80 D8016
(1.3Ni-Cr-Mo-v) (1.7Ni-Cr-Mo) - 78 84
E(130)M F(130)
HY130 (2.7Ni-Cr-Mo) (2.5Ni~-Cr-Mo)
(5.1Ni-Cr-Mo-V) E(130) oy F(130) 15x 96 102
(8.7Ni~Cr-Mo) (15Ni-Cr-Mo)
HY150 _ F(150) 115 120

(8.6Ni-Cr-Mo-V)

(8.3Ni-Cr~Mo)

*) These designations follow JIS (Japan Industrial Standard)

**) Common name in Japan
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4. Experimental Result and Discussion
4.1 Behavior of contraction and expansion

Figures 3 (a) and (b) show the progress of strain on the
flank of side beam in different combinations of base
metals and filler wires with the cooling curve in the mid-
dle of weld bead in the thickness of 15 and 35 mm.
Plus or minus side in the ordinate indicates the compres-
sive or tensile strain,.respectively. Generally, residual
tensile strain or compressive strain corresponds to the
residual tensile stress or compressive stress in weldment,
but the compressive strain or tensile strain on the flank
corresponds to the tensile stress or compressive stress in
this test.
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Fig. 3 Progress of strain on a flank in SM41, HT80,

HY130 and HY150 weldments of both thicknesses
of 15 and 35 mm

Now, compared the progress of contraction in shorter
gauge length, namely curve OABC'D’ in Fig. 2 with that
of strain in SM41 in Fig. 3, both behaviors have a re-
semblance to each other. Namely, in Fig. 3 (a) for
example, tensile strain occurs for 20 sec after start of
welding (O-A: corresponding to the first step), and then

continuously changes to compressive strain for 10 sec

(A-B: corresponding to the second step). Then the com-
pressive strain slightly decreases for 10sec (B-C: cor-
responding to the third step) and again increases gradually
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to the final value of about 0.12% (C-D: corresponding to
the fourth step). The final value of the strain was named
the maximum strain, €.

In Fig. 3 (a), the progress of strain in HT80, HY130
and HY150 weldments are different from that in SM41,
For example, the tensile strain in HT80 approximately
agrees with that in SM41 in the range of O to A and con-
tinuously changes to the compressive strain after start of
welding. However, this compressive strain rapidly de-
creases before reaching B in SM41, then again change to
the tensile strain. This tensile strain increases for 20 sec
and again gradually decreases and changes to the com-
pressive strain. Then this compressive strain gradually
increases to the final value of about 0.08% in the time
period from 50 to 500 sec after start of welding. The pro-
gress of strain in HY130 and HY150 weldment show
similar mode to that in HT80 weldment, and €,, decreases
in the order of SM41, HT80, HY130 and HY150 weld-
ment. The mode of the progress of strain in the thickness
of 35 mm shown in Fig. 3 (b) is similar to that in the
thickness of 15 mm shown in Fig. 3 (a), though each €,
is lower in Fig.3 (b) than in Fig. 3 (a). Moreover, the
difference in €, between SM41 and HT80 weldments
is very small owing to yielding in SM41 in Fig. 3 (b).

It is noteworthy that €, decrease in the order of
SM41, HT80, HY130 and HY150 weldment. Then, the
relationship between temperature in the middle of weld
bead and the strain is shown for 35 mm thickness speci-
men in Fig. 4 for the purpose of understanding the reason
why the strains in HT80, HY130 and HY150 weldment
especially decrease in the third and fourth steps. In this
figure, the compressive strains in HT80, HY130 and
HY150 decrease and change to the tensile strains in the
temperature range approximately corresponds to the Mg
temperature in base metal and weld metal as shown in the
previous reportl) using the dilatometric technique, that is,
410 —450°C for HT80, 370 —400°C for HY130 and
300 — 310°C for HY150 weldment.
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Fig. 4 Relationship between temperature at middle point
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Judging from the above mentioned, the decrease in the
compressive strain in HT80, HY130 and HY150 weld-
ments except for SM41 weldment in the third and fourth
steps is strongly related to the expansion of transforma-
tion from austenite to martensite. It seems that trans-
formation expansion doesn’t effectively influence to
SM41, because transformation temperature is so high that
plastic deformation easily occurs in weld zone. Moreover,
the progresses of the strain on the flank in HT80, HY130
and HY150 weldments in Fig. 3 roughly correspond to
that of the restraint stress shown in Fig. 5 obtained in
the previous report!). The reason why the time when the
restraint stress rapidly increases from zero is longer in the
RRC test than the time when compressive strain rapidly
increases from zero in this study is considered to be due
to the difference in (ii) as described in section 2.

RRC test:GTA welding , Re =3000 kgf/mm.mm (gauge tength: 245 mm)
Welding ' condition : 3008, 14V, ' 120 maymin

";EE 1400
= L Finish of welging
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b. I ~ —1000 ©
v 60f Cooling curve o 1 -
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% / £
gl / svsneesol fag0 8
201 . //
/ 200
L y
. .
0 Z\ Vet L = T o
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Time after start of welding on the specimen , t (sec)

Fig. 5 Progress of the restraint stress in the RRC test of
the restraint intensity of 3000 kgf/mm-mm ob-
tained in the previous paperl)

Figure 6 shows the progress of strain in cracked weld-
ment. In this case, also acoustic emission technique was
used, and gave a information that crack surely occurred at
about at latest 10® or 10* sec in Fig. 6. Moreover, naked
eye could detect surface crack when the strain gradually
reduced in Fig. 6. Therefore these mean that the strain
was kept nearly constant even after the crack occurrence
to some extent, and then gradually decreases at the late

HT80+ F(130) ;y-slit crack test (35mmt) . GTA weldlng , without preheating
T T T T T T T T T T T T
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Fig. 6 Progress of the strain on a flank in cracked HT80
weldment
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period of the fourth step because of the remarkable crack
propagation. Therefore it is difficult by this technique to
detect the term of crack initiation. Figure 7 schematically
itlustrates the progress of strain in the case of both cracked
and crack-free weldments. It may be considered that
€, in cracked weldment is lower than €y, in crack-free
weldment. However cracking seldom affected practically
€m, because there is no difference in €, between cracked
and crack-free weldment as later shown in Fig. 13.
Consequently, measurement of the strain on the flank

" of a side beam is very available to estimate simply the

effect of transformation expansion on the contraction in
weld zone. Moreover, it seems that €, in the Instru-
mented y-Slit Crack Test is as important as the final
restraint stress in the RRC test for estimating cold crack-
ing susceptibility. Therefore, €, is mainly discussed
hereafter.

Crack-free
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N
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< =
w
S
- @ E€m
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[ )
o
= N\
) \/
o
o
—
w
o
)
At

Time after start of welding

Fig. 7 Schematic illustration of the strain progress on a
flank in crack-free and cracked weldments in prin-
ciple (€’ is actually equal to epy)

4.2 Study on the maximum strain

4.2.1 Correlation between the restraint intensity and the
maximum strain

Figure 8 shows the relationship between the restraint
intensity (Rg)and €y, , where €,, decreases with an increase
in strength level of materials used, namely in the order of
SM41, HT80, HY130 and HY150 due to the effect of
transformation expansion. Moreover, €, in each weldment
except for SM41 decreases approximately proportional to
Ry in the range about 1000 to 2500 kgf/mm-mm. As
already decribed, the reason why there is no difference
in €, between SM41 and HT80 weldment in Rg of
2450 kgf/mm-mm is considered to be due to yielding
of SM41 weldment. Each gradient of these lines approxi-
mately decreases with an increase in strength level. The
reason why increase in strength level or restraint intensity
decreases €,, was already described in section 2.



(52) Transactions of JWRI

y- Sllt crack test (15 25,35mmt),6TA weldlng

weldlng condltlon

T
Mark | Materiall
3008, 14V, 120mv/min
without preneating O | Stal
® | ssit
& | T80
o | HY130
o & [_aviso
0.12f e s,m/tu,ssunm 1
0.10} \ ‘
| _WTBOHE130) |
0.08f \/

0.06 \ \é

HY130+F(130) o

Maximum strain on flank, €p

0.04f 0\
L @\g
0.02f HY150+F(150)
O 2 1 1 1 1
0 1000 2000 3000

Restraint intensity, Rg (=70t)  (kgf/mm.mm)

Fig. 8 Relationship between the restraint intensity and
the maximum strain on a flank

4.2.2 Correlation between transformation expansion and
the maximum strain

As already shown, the transformation expansion in-
fluences €,,. The authors have shown in the previous
paper!) that the relief of the restraint stress is owing to the
transformation expansion of weld zone including weld
metal and HAZ.

The relationship between the transformation expan-
sion of weld zone (8;) measured in the previous paper!)
and €, is shown in Fig. 9, where €, in the thickness of
15 and 25 mm except for 35 mm decrease approximately
linearly up to HY130 weldment and then drastically with
the increase in &;. Also in the case of 35 mm thickness,
generally decreasing tendency is observed except for an
abnormal result for SM41 and SS41 which is attributed to
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Fig. 9 Relationship between transformation expansion of
weld zone and the maximum strain on a flank
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yielding of weld zone as already mentioned. It is note-
worthy that the correlations in the case of 15 and 25 mm
thickness in Fig. 9 well resemble the correlation between
§; and the final restraint stress in the RRC test of the
previous report!). The reason why these correlations is not
linear but very steep from HY130 to HY150 is considered
to be the low transformation temperature of HY150 as
already discussed in the previous report.

4.3 Correlation between the maximum strain and the
final restraint stress in the RRC test

The authors think that the RRC test is very instruc-
tive for understanding the reducing effect of the restraint
stress due to transformation expansion, but is experi-
mentally a little troublesome in operation. Therefore,
it is very useful for the welding fabricators to know
simply the effect of transformation expansion on the
restraint stress by substituting the Instrumented y-Slit
Crack Test for the RRC test. For this purpose, it is neces-
sary to correlate €, with the final restraint stress in the
RRC test ((OM)RRC)'

Then, the relationship between Rg and (0. )rrc in the
previous reportl) was related to that between Ry and €,
in Fig. 8. Figure 10 shows the relationship between
(0«)rrc and €, in the restraint intensities of 1050,
1750 and 2450kgf/mm-mm. It is interesting that (0w )rRrC
increases approximately proportional to €, under each
restraint intensity independently of materials used.
Therefore, the ratio of (0w)rrc and. €p, namely
(0= )rRRrC/€Em is approximately decided by the restraint
intensity independently of materials as shown in Fig. 11.
Consequently, (0. )rrc can be practically estimated by
measurement of €, in the Instrumented y-Slit Crack Test

y-slit crack test & RRC test, GTA welding

— T T T T T 7T T
Welding condition:
300A, 14V, 120mm/min

O : HTBO+F(130)
A 3 HY130+F(130)
O : HY1504F(150)

oo
o
T

(O)rre (Kaf/mm?)

2450 kgf/mm.mm

1050 kgf/mm.mm

!
0O 002 004 006 008 010 012

Maximum strain on flank, €p(%)

Final restraint stress in RRC test,

Fig. 10 Relationship between the maximum strain on a
flank and the final restraint stress in the RRC test
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Fig. 11 Relationship between the restraint intensity and

the value of (0w)RRC/€m

under the same restraint intensity. For example, sup-
posing the restraint intensity is 2000 kgf/mm-mm and €,
measured is 0.04% in the Instrumented y-Slit Crack Test,
(0)RRC/€En gives about 7.7X 10% according to Fig. 11.
Therefore, (0. )rrc is estimated to 31 kgf/mm?.

4.4 Effect of combination bf base metal and weld metal
on the maximum strain

Since the value of transformation expansions and trans-
formation temperatures of base metal and weld metal are
respectively different from each other, it is important to
know the total effect of the combination of base metal
and weld metal on €.

Figures 12 (a) and (b) show €, in different combina-
tion of base metal of 35 mm thickness and welding rods
by GTA and SMA weldings, respectively. In Fig. 12 (a) of
GTA welding, €, generally decreases with an increase in
strength level or alloying element of base metal or filler
wire, namely in the order of HT60, HT80, HY130 and
HY150 steels except for SM41 steel independently of pre-
heating temperature. Similarly in Fig. 12 (b) of SMA
welding, €, generally decreases in the same tendency.
These results mean that both base metal and welding rod
contribute the reducing of €,,, namely the reducing of the
final restraint stress in the y-slit crack test.

4.5 Effect of transformation expansion on cold cracking
susceptibility

Figures 13 (a) and (b) show €, hardness of weld
metal and HAZ, and cracking ratio (C,) in SM41, HT60,
HT80, HY130 and HY150 weldments by GTA and SMA
weldings using welding rods well matching base metal,
respectively. As shown in previous reportsa), the lower
critical stresses of HY130 and HY150 with the TRC test
and the LB-TRC test are lower than that of HT60 or HT80
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y-slit crack test (35mmt) ; GTA welding
Welding condition : 3004, 14V,120m/min

Preneating
temperature (°c)|
R.T
50

o

<

]
NO

7 T

, En (D)
e o o
g g2 =8
]

o
o
W

Maximum stroin on flank

o
9
—0

[Ft1ter wive] Fa2 TFas0 | Fe F80_ | Faso | Faso [Fusons] Feo | F3or T Fewsor FFesons] Fsm [ Faso
[Base metal SMal HT60 HT80 HY130 - HY150

(a) GTA welding

g

y-slit crack test (35mmt) ; SMA welding
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Fig. 12 Effect of combination of base metal and weld
metal on the maximum strain on a flank

weldment, so it is reasonable to expect that the cracking
ratios of both HY130 and HY150 weldments are higher
than that of HT60 or HT80 weldment. However in
Fig. 13 (a) of GTA welding, the cracking ratios of HY'130,
HY150 and SM41 weldments are much lower than those of
HT60 and HT80 weldments independently of preheating
temperature. Especially, cracking ratio of HY150 weld-
ment is zero even without preheating. Lower cracking
ratio in SM41 weldment may be owing to lower hardness
of weld metal. On the other hand, since hardness of weld
zone and diffusible hydrogen contents shown in’paren-
theses of materials except for SM41 weldment is almost
constant, lower cracking ratio in HY130 or HY150 weld-
ment may be owing to the lower restraint stress which
corresponds to the lower €y,. In Fig. 13 (b) of SMA weld-
ing, cracking ratios of SM41, HT60, HT80 and HY150
weldment in without preheating are about 85 to 95%, but
that of HY150 weldment is about 10%. Moreover, crack-
ing ratio of HY150 weldment is zero with preheating
temperature of 50°C, and then those of HY130 and HT60
weldments except for SM41 are zero with preheating
temperature of 75°C, but that of HT80 and SM41 weld-
ments are about 100 and 40%, respectively. Higher
susceptibility to cold cracking in this SM41 weldment is
owing to higher diffusible hydrogen content in this case.
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y-slit crack test (35mmt),GTA welding

Welding condition: 300A,14V,120mm/min
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y-slit crock test (35mmt), SMA welding

Welding condition: 170A,25V, 150mm/min
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Fig. 13 Effect of transformation expansion on cold crack ing susceptibility

( ): Diffusible hydrogen content (ml/100g)
[H] :Crack initiated in HAZ

[W] :Crack initiated in weld metal

em: Maximum strain on a flank

: Vickers hardness number

C,: Area fraction of fractured surface
Tp: Preheating temperature

On the other hand, the reason why cold cracking ratios of
HY130 and HY150 are lower than that of HT80 weld-
ment may be owing to the reducing of restraint stress as
the same reason in Fig. 13 (a). Thus lower cracking sus-
ceptibility in HY130 and HY150 weldments are strongly
affected by reducing the restraint stress due to trans-
formation expansion.

Consequently, this study revealed that the evaluation
of cold cracking susceptibility by the TRC test and
perhaps by the Implant test in which constant load is
applied is too severe for such steel as HY130 and HY150
because of their low restraint stress due to much effect of
transformation expansion. Similarly, cold cracking para-
meter such as Pwﬁ) concept is not available for such steel
as-HY130 or HY150, because the parameter of the effect
of transformation expansion is not included in Py,. As the
future subject, it is necessary to establish a cold cracking
parameter which includes not only the effects of harden-
ability, diffusible hydrogen content and restraint intensity
but also the effect of transformation expansion.

5. Conclusion

A new technique named the Instrumented y-Slit Crack
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Test was invented in order to estimate easily the effect of
transformation expansion on the restraint stress using
convensional y-slit crack test specimen, and was also
applied to evaluate the cracking ratio. Consequently, the
effect of transformation expansion on cold cracking
susceptibility studied in such steels as SM41, SS41, HT60,
HT80, HY130 and HY150 by GTA and SMA weldings.
Main conclusions obtained are as follows;

(1) In the Instrumented y-Slit Crack Test, strain gauges
are stuck on the flanks parallel to the weld line of the
y-slit crack test specimen, and the progress of strain
during and after welding is monitored. This teéhnique
is enough sensitive and gives good reproducibility.

The behavior of strain progress by this technique
resembles that of the restraint stress in the RRC test.
Therefore, the effect of transformation expansion on
the strain is clearly seen as the effect of transforma-
tion expansion on the restraint stress in the RRC test.
Since the execution of the RRC test is generally a
little difficult in operation, this technique can be sub-
stituted for the RRC test because this technique is very
easy and useful to evaluate quantitatively the effect of
transformation expansion on cold cracking suscep-
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Evaluation of Transformation Expansion and Its Effect on Cold Crack Subceptibility

tibility. For example, the cracking ratio of HY150
weldment is much less than that of HT80 in the y-
slit crack test, and this new technique clearly revealed
that this reason is owing to the reduction of restraint
stress due to transformation expansion.

Judging from the above, the completion of crack-
free weldment may be practically obtainable in higher
strength steels as HY-type steel using transformation
expansion.
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