
DESCRIPTION Title of Invention WELD METAL EXCElLLENT IN HYDROGEN
EMBRITTLEMENT RESISTANCE Technical Field [0001]      The present
invention relates to weld metals for use in welded structures, which
are less susceptible to hydrogen embrittlement. Background Art [0002]
Welding of high-tensile steels should be performed under strict
control of a preheating/interpass temperature so as to prevent cold
cracking of weld beads (weld metals), thus causing reduction in
operation efficiency. Steels for use in welded structures have had
higher and higher strengths, and weld metals should have higher
strengths. Typically, high-tensile steels of HT780 class having a
high tensile strength on the order of 780 MIPa have been used. [0003]
Such increase in strength may tend to cause reduction in cold
cracking resistance. To avoid this, weld metals should have better
cold cracking resistance. In particular, gas-shielded arc welding
using a flux-cored wire is employed because of exhibiting excellent
weldability, and a weld metal formed by this welding technique should
surely have satisfactory cold cracking resistance. [00041       The
cold cracking is probably caused by segregation of diffusible
hydrogen at a grain boundary to reduce the grain boundary strength
(hereinafter this phenomenon is also called as "hydrogen
embiittlemenf Accordingly, an improvement in cold cracking resistance
may significantly depend on reduction in diffusible hydrogen. [0005]
The improvement in cold cracking resistance of a weld metal requires
reduction in susceptibility to hydrogen embiittlement of the weld
metal, and various techniques have been proposed from this viewpoint.
[0006]       Typically, PTL 1 discloses a technique of dispersing a
molybdenum carbide (carbide containing Mo) in a weld metal so as to
prevent cold cracking, because such molybdenum carbide can
satisfactorily trap hydrogen. This technique, however, is  not
applicable to regular welding of steels, because it requires a
special welding technique in which steels are butted to each other,
and submerged arc welding is performed from the inner wall, so as to
disperse the molybdenum carbide. [00071      PTL 2 proposes a
technique of controlling the cooling time during welding operation so
as to prevent cold cracking. This technique, however,
disadvantageously requires strict operation control according to its
chemical composition and suffers from a high work load. [00081
PTL 3 proposes a technique of allowing a weld metal to have a
retained austenite fraction of 1% or more so as to prevent cold
cracking, because the retained austenite will trap diffusible
hydrogen. This technique, however, presupposes double one layer seam
welding and. is not applicable to regular welding of steels. [0009]
PTL 4 proposes a technique of reducing the amount of diffusible
hydrogen and suitably controlling the strength and chemical
composition of a weld metal so as to improve cold cracking resistance
of the weld metal. Even this technique, however, is applicable to
limited areas in actual welding operations, because a strength at
satisfactory level obtained according to this technique is affected
by the chemical composition. [0010]      Such proposed techniques are
each intended to improve cold cracking resistance, but there more
essentially needs improvement in hydrogen embrittlement resistance of
a weld metal, because the amount of hydrogen in the weld metal can be
increased by various factors in actual welding operations. [0011]
High-tensile steels of HT780 class have been more and more applied to
weld metals for use in offshore structures. These weld metals require



[00341 [N: more than 0% and less than or equal to 0.015%]
Nitrogen (N) element is inevitably contaminated and is effective for
allowing the weld metal to have higher strengths. However, nitrogen,
if contained in an excessively high content, may cause the weld metal
to have higher hydrogen embrittlement susceptibility due to
excessively high strengths. To avoid these, nickel may be contained
in a content of 0.015% or less, preferably 0.010% or less, and more
preferably 0.006% or less. It is industrially difficult to allow the
weld metal to have a nitrogen content of 0%. [0035] [0: 0.030% to
0.10%]       Oxygen (0) element forms oxides causing intragranular
transformation, allows the structure to be finer, and thereby
contributes to high-density dispersion of retained austenite
particles. To exhibit such effects, oxygen may be contained in a
content of 0.030% or more, preferably 0.035% or more, and more
preferably 0.040% or more. However, oxygen, if contained in an
excessively high content of more than 0.10%, may form silicon oxides
to reduce solute silicon, and may fail to ensure a sufficient amount
of retained austenite. Oxygen may be contained in a content of
preferably 0.080% or less and more preferably 0.060% or less. [0036]
The weld metal according to the present invention may contain
elements as above and further contain iron and inevitable impurities.
The inevitable impurities may be elements (e.g., P and 5) that are
brought into the weld metal typically from raw materials,
construction materials, and manufacturing facilities. Such
impurities, however, generally segregate at grain boundaries, thereby
lower grain boundary strengths, and accelerate cold cracking. To
avoid these, phosphorus (P) and sulfur (S) contents are preferably
controlled to more than 0% and less than or equal to 0.02% and more
than 0% and less than or equal to 0.025%, respectively. [0037]
The weld metal according to the present invention preferably further
contains one or more additional elements such as (a) at least one
element selected from the group consisting of Cr in a content of more
than 0% and less than or equal to 2.0%, V in a content of more than
0% and less than or equal to 0.60%, Nb in a content of more than 0%
and less than or equal to 0.15%, and Cu in a content of more than 0%
and  less than or equal to 1.0%; (b) at least one element selected
from the group consisting of Al in a content of more than 0% and less
than or equal to 0.020% and Zr in a content of more than 0% and less
than or equal to 0.10%; and (c) B in a content of more than 0% and
less than or equal to 0.0050%. The weld metal may have a better
property according to the type of an element to be contained. These
elements may be contained in amounts as follows. [0038] [At least one
element selected from the group consisting of Cr in a content of more
than 0% and less than or equal to 2.0%, V in a content of more than
0% and less than or equal to 0.60%, Nb in a content of more than 0%
and less than or equal to 0.15%, and Cu in a content of more than 0%
and less than or equal to 1.0%]       Chromium (Cr), vanadium (V),
niobium (Nb), and copper (Cu) elements contribute to better strengths
of the weld metal. However, these elements, if contained in
excessively high contents, may cause the weld metal to have higher
hydrogen embrittlement susceptibility due to excessively high
strengths. To avoid these, the elements may be controlled so that the
Cr content is preferably 2.0% or less, more preferably 1.5% or less,
and furthermore preferably 1.0% or less; the V content is preferably
0.60% or less, more preferably 0.50% or less, and furthermore
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Pieparationi      A SM490A steel sheet was processed to have a groove
geometry illustrated in Fig. 1, subjected to gas-shielded arc welding
under welding conditions as follows, and yielded each of weld metals.
[0054] Welding Conditions Shielding Gas: Gas mixture containing 20%
of CO2 and 80% of Ar in volume percent Current, Voltage, and Welding
Speed: 270 A, 29 V, and 3.0 to 4.5 ram/second Heat Input Conditions:
(A) 1.74 kJ/mm (270 A, 29 V, and 4.5 mm/second) (B) 2.37 ki/mm (270
A, 29 V, and 33 ram/second) (C) 2.61 kJ/mm (270 A, 29 V, and 30
mm/second) Preheating-interpass Temperature: 105C to 150C Buildup
Procedure: 3 layers, 13 passes [0055]      A round bar specimen
having a diameter of 5 mm was sampled from the final pass in each of
the prepared weld metals at a position illustrated in Fig. 2
(corresponding to an as welded zone) and subjected to a thermal cycle
simulating a reheating cycle. How the temperature varies depending on
the time in the thermal cycle simulating a reheating cycle is
illustrated in Fig. 3. The chemical compositions of the prepared weld
metals, used welding materials, and heat input conditions are
indicated in Tables 3 and 4 below. Contents of elements indicated by
the symbol "<" in Tables 3 and 4 are of impurity levels (or less than
impurity levels). [0056] [Table 3]   rnaterial**  1eI otoosl
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F-1           [00581        Tensile test specimens and specimens for
absorbed hydrogen content measurement (absorbed hydrogen content
measurement specimens) were sampled from the specimens after heat
treatment. Shapes of the tensile test specimens and the absorbed
hydrogen content measurement specimens are illustrated in Figs. 4 and
5, respectively. Hydrogen emblittlement susceptibility was evaluated
using these specimens by a method below. [0059] [Hydrogen
Emblittlement Susceptibility Evaluation] Such hydrogen charging
conditions as to give diffusible hydrogen in an amount of 1.5 to 3.0
ppm were selected using the prepared absorbed hydrogen content
measurement specimens. Charging conditions employed are as follows.
[0060]      Aqueous Solution: (0.5-mol/L or 2.5-radfla H2SO4)+(1-g/L
KSCN), (30-g/L NaC1)+(1-g/L ICSCN) Current Density: 0.1 A/c1m2, 1.0
A/dm2, or 5.0 Akini2 Charging Time: 24 hours [0061]      The amount
of diffusible hydrogen was determined as an amount of hydrogen that
is desorbed upon temperature rise up to 300C at a rate of temperature
rise of 12C/minute using a thermal desorption spectrometer including
a quadrupole mass spectrometer (supplied by NEC ANELVA CORPORATION
(now Canon ANELVA Corporation)). [0062] Each tensile test specimen
was charged with hydrogen under the conditions and subjected to
galvanization by a procedure as follows so as to prevent hydrogen
escaping.      Aqueous Solution: (350-g/L ZnSO4.7H20)-E(20.6-g/L
H2SO4(97%D+(60-g/L Na2SO4) Galvanizing Bath Temperature: 60C Current
Density: 50 Aklm2 Galvanization lime: 3 min [0063]      Each specimen
was subjected to a test according to slow strain rate -technique
(SSRT) at a crosshead speed of 5.0x 10-3 ram per minute (strain rate:
6.94x 10-6 per second). When a non-hydrogen-charged control had an
elongation at break of Eo, and a hydrogen-charged specimen had an
elongation at break of Eh, a specimen  having a hydrogen
embrittlement susceptibility index S (0/0) as specified by Expression
(5) of less than 60% was evaluated as having satisfactory hydrogen
embrittlement resistance, where Expression (5) is expressed as
follows: S=(1-Eh/Ux100 N(5) [0064] [Tensile Strength Evaluation]
A 20-degree V groove was formed in a SM490A steel sheet having a
thickness of 20 mm, and welding was performed under welding
conditions as follows using each of the welding materials given in
Tables 1 and 2 to give a weld metal, from which a tensile test
specimen according to Japanese Industrial Standard (JIS) Z2202 was
sampled and subjected to a tensile test. A specimen having a tensile
strength of more than 7801VITa was evaluated as acceptable. Welding
Conditions Shielding Gas: Gas mixture of 20% of CO2 and 80% of Ar in
volume percent Current, Voltage, and Welding Speed: 270 A, 29 V, and
4.5 mm/second Heat Input: 1.74 Minim Preheating-interpass
Temperature: 105C to 150C Buildup Procedure: 8 layers, 17 passes
[0065]       The number density of oxide particles each containing 20
percent by mass or more of Ti and having an equivalent circle
diameter of 015 to LO pm, and the number density and total volume
fraction of retained austenite particles were measured by methods as
follows. [0066] [Measurement of Number Density of Oxide Particles]
A round bar specimen having a diameter of 5 mm was sampled from the
final pass of each weld metal for SSRT test prepared in the 'Weld
Metal Preparation", a cross-section of which was polished to a
mirror-smooth state, and images were taken in two fields of view at a
1000-fold magnification with an optical microscope. The images were
analyzed by an image analysis software ("Image-Pro Plus" supplied by



6 4136 4.6 10890 35 832 6 2533 5.2 4643 45 879 7 3377 4.8 11396 30
866 8 4390 5.5 11903 30 871 9 3883 6.9 4052 35 952 10 4896 5.0 12240
15 873 11 4052 4.2 11903 35 855 12 5994 5.0 13338 10 895 13 4136 4.8
11734 20 812 14 4305 4.7 12240 30 879 15 2701 5.5 4812 45 910 16 4727
5.1 11227 25 815 17 4559 5.3 10130 20 887 18 2617 4.9 8779 30 878 19
5234 4.6 13844 20 829 20 2870 5.2 4559 45 891 21 2786 4.6 6500 25 784
22 4136 4.7 12072 30 920 23 3292 4.7 11227 35 923 24 2533 



5.3 4305 50 912 25 3799 4.6 11903 35 826 26 2701 4.9 4643 45 953 27
3208 4.7 10046 35 882 28 2955 5.2 4643 40 799 29 4052 4.8 12156 30
859  [0071] [Table 6]   Test number Retained austenite Number density
y (number per square millimeter) of oxide particles  drogen
embrittlement susceptibility (%) Tensile strength (MPa)  Number
density (number per square millimeter) Volume fraction (%)    30 2786
3.8 12578 70 804 31 1351 7.0 3039 65 1128 32 2701 3.6 8864 80 845 33
1520 3.8 3208 95 806 34 2955 6.7 4812 90 1062 35 675 3.9 4305 70 773
36 2701 3.7 12747 65 771 37 2870 3.7 11903 80 822 38 2786 3.8 14182
75 811 39 2870 



3.9 11227 80 818 40 2701 3.5 15617 70 833 41 1520 31 15111 85 768 42
4643 6.9 11650 85 1002 43 1351 3.5 17052 95 995 44 3546 4.7 11481 90
988 45 3630 4.6 11818 90 1151 46 4136 4.8 13591 90 1173 47 929 3.8
3208 95 1058 48 4221 4.8 11818 30 748 49 4305 4.6 12072 80 1032 50
1520 5.2 3799 65 829 51 4896 4.6 15617 70 984 52 3799 4.8 11227 85
1065 53 4390 4.8 12325 80 969 54 4981 5.4 11143 85 988  [0072]
The results indicate as follows, where numbers (Nos.) refer to test
numbers given in Tables Ste 6. Nos. 1 to 29 (Tables 3 and 5) were
samples satisfying conditions specified in the present invention, had
chemical compositions and number density and total volume fraction of
retained austenite particles as suitably controlled, and gave weld
metals having high strengths and satisfactory hydrogen embrittlement
resistance. Among them, samples having a number density of oxide
particles of 5000 per square millimeter or more (Nos. 2 to 5, 7, 8,
10th 14, 16 to 19, 21. to 23, 25, 27, and 29) gave weld metals having
extremely low hydrogen embrittlement susceptibility.  [0073]      In
contrast, Nos. 30 to 54 were samples not satisfying one or more of
the conditions specified in the present invention and. deteriorated
in at least one of tensile strength and hydrogen embrittlement
resistance. [0074]      No. 30 was a sample undergone welding under
an unsuitable heat input condition, had a low total volume fraction
of retained austenite particles and suffered from high hydrogen
embrittlement susceptibility (poor hydrogen embiittlement
resistance). No. 31 was a sample of weld metal having an excessively
high Si content, had an excessively high tensile strength, and
suffered from high hydrogen embrittlement susceptibility. No. 32 had
a low total volume fraction of retained austenite particles (due to
insufficient Si content in the welding material) and suffered from
high hydrogen embrittlement susceptibility. [0075] No. 33 was a
sample of weld metal having an insufficient Ti content, had a low
number density of retained austenite particles and high hydrogen
embrittlement susceptibility. No. 34 was a sample of weld metal
having an excessively high Ti content and had high hydrogen
embrittlement susceptibility due to an excessively high tensile
strength. No. 35 was a sample of weld metal having an insufficient Mn
content, had a low tensile strength and a low total volume fraction
of retained austenite particles (due to an insufficient Al content in
the welding material), and suffered from high hydrogen embrittlement
susceptibility. [0076] No. 36 was a sample of weld metal having an
insufficient Ni content, had a low tensile strength and a low total
volume fraction of retained austenit,e particles (due to an
insufficient Zr content in the welding material), and suffered from
high hydrogen embrittlement susceptibility. No. 37 had a low total
volume fraction of retained austenite particles (due to an
insufficient Mg content in the welding material) and suffered from
high hydrogen embrittlement susceptibility. [00771 No. 38 had a low
total volume fraction of retained austenite particles (due to an
insufficient metal Si content in the welding material) and suffered
from high hydrogen embrittlement susceptibility. No. 39 had a low
total volume fraction of retained austenite particles (due to an
excessively high Si02 content in the welding material) and suffered
from high hydrogen embrittlement susceptibility. [0078] 



No. 40 had a low total volume fraction of retained austenite
particles (clue to an insufficient A value of the welding material)
and suffered from high hydrogen embittlement susceptibility. No. 41
was a sample of weld metal having an insufficient carbon content, had
a low tensile strength, had a low number density and a low total
volume fraction of retained austenite particles, and suffered from
high hydrogen embrittlement susceptibility. No. 42 was a sample of
weld metal having an excessively high carbon content and suffered
from high hydrogen embrittlement susceptibility due to an excessively
high tensile strength. [00791       No. 43 was a sample of weld metal
having an insufficient Si content (total Si content) and having an
excessively high Mn content, had an excessively high tensile
strength, a low number density and a low total volume fraction of
retained austenith particles, and suffered from high hydrogen
embrittlement susceptibility. No. 44 was a sample of weld metal
having an excessively high Ni content and suffered from high hydrogen
embritdement susceptibility due to an excessively high tensile
strength. [0080]       No. 45 was a sample of weld metal having an
excessively high vanadium content and suffered from high hydrogen
embrittlement susceptibility due to an excessively high tensile
strength. No. 46 was a sample of weld metal having an excessively
high Nb content and suffered from high hydrogen embrittlement
susceptibility due to an excessively high tensile strength. No. 47
was a sample of weld metal having excessively high N, 0, and Zr
contents and suffered from high hydrogen embrittlement susceptibility
due to an excessively high tensile strength. [00811       No. 48 was
a sample of weld metal having an insufficient Mo content and had a
low tensile strength. No. 49 was a sample of weld metal having an
excessively high Mo content and suffered from high hydrogen
embiittlement susceptibility due to an excessively high tensile
strength. [0082]       No. 50 was a sample of weld metal having an
insufficient oxygen content and an excessively high Al content, had a
low number density of retained austenite particles, and suffered from
high hydrogen embiittlement susceptibility. No. 51 was a sample of
weld metal having an excessively high Ti content and suffered from
high hydrogen embrittlement susceptibility due to an excessively high
tensile strength.  [00831      No. 52 was a sample of weld metal
having an excessively high Cr content and suffered from high hydrogen
embiittlement susceptibility due to an excessively high tensile
strength. No. 53 was a sample of weld metal having an excessively
high Cu content and suffered from high hydrogen embrittlement
susceptibility due to an excessively high tensile strength. No. 54
was a sample of weld metal having an excessively high boron content
and suffered from high hydrogen embiittlement susceptibility due to
an excessively high tensile strength. [00841 [EXPERIMENTAL EXAMPLE
Weld metals were prepared by the procedure of Experimental Example 1
using flux-cored wires (welding materials) having a wire diameter of
12 mm and. a flux filling rate of 13.5% and having chemical
compositions given in Table 7 below (among them, Nos. 2, 4, 15, 16,
21, and 24 are as in Table 1) while employing the heat input
condition A. Properties (tensile strength and hydrogen embrittlement
susceptibility) of the weld metals were evaluated. Elements indicated
by "-" in Table 7 were not added (not contained). [00851 [Table 71
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09-0  I Lilt  I wo   0  I oral orol I 80.01 rol L0.0  I  or o. I o vo
1 Boo  I oro  I ort  I On  I 08.0  I on  I 60.0  Welding material
number z  II  91.  It I tz    I 0  1       [00861       A round bar
specimens was sampled from the final pass in each of the prepared
weld metals at a position illustrated in Fig. 2 (corresponding to an
unaffected zone) by the procedure of Experimental Example 1 and
subjected to a thermal cycle simulating a reheating cycle (Fig. 3).
Chemical compositions of the prepared weld metals as well as the used
welding materials and heat input conditions are indicated in Table 8
as follows Contents of elements indicated by the symbol "<" in Table
8 are of impurity levels (or less than impurity levels). [00871
[Table 81   a value I rg  I wz  I WC  Ire1 IFE1 I I Et  Irt7 I 9.
017  IL'E  t.t> I ot  I6'E  I cs Chemical composition (in mass
percent) of welding material**  Ism 8000-0>  80000>  moo o>  8000.0>1
8000.0>1 <0.0008 l0000t>  18000-0>  l0000-o>  18000'0>  I800110>
'moot>  12000-0>  18000.0>                     I tot>  1.00>  100>
L0.0 L0'0>  HA>   1110>1 IWO>  [ o-o>  I tot>  I to>  I tot>  I tot>
tuo> I tot> I 
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Iv  I v   cc Welding material , number I I t 91 91 F13 1,3  CO  ci
0 H  Test Number  rio-1 L9 89 69 09 tg 39 9 .frg 29 99 711 og I L69 I
[00881         The prepared weld metals were examined on hydrogen
embrittlement susceptibility, tensile strength, number density and
volume fraction of retained austenite, and number density of oxide
particles through measurements by the procedure of Experimental
Example 1, and examined on low-temperature toughness through
measurement by a method as follows. [0089] [Measurement of
Low-temperature Toughness] A Charpy impact test specimen (JIS Z 3111
No. 4 test V-notched specimen) was sampled vertically to the weld
line direction from a central part in the thickness direction of each
weld metal prepared for tensile strength measurement, and an impact
energy absorption at -40C vE-40 of the specimen was measured by the
procedure prescribed in J1S Z 2242. A sample having an average of
three measurements of more than 85 J was evaluated as having
satisfactory low-temperature toughness. [0090] Results of these
measurements (hydrogen embrittlement susceptibility, tensile
strength, number density and volume fraction of retained aust,enite,
number density of oxide particles, and low-temperature toughness) are
indicated in Table 9 as follows [0091] [Table 9] Test number Retained
austenite Number density (number per square millimeter) of oxide
particles Hydrogen embriftlement susceptibility (%) Tensile strength
(MPa) vE-40 (J)  Number density (number per square millimeter) Volume
fraction (%)     55 4305 4.6 12072 25 815 81 56 4052 43 11650 30 799
79 57 2701 5.5 4812 45 910 55 58 4727 5.1 11227 25 815 83 59 2786 4.6
6500 25 784 75 60 2533 53 4305 50 



912 49 61 4305 5.4 11650 10 787 88 62 3546 4.7 12831 25 793 92 63
3799 4.8 11059 25 822 97 64 3377 4.8 11734 35 821 98 65 3377 4.6
10805 40 826 99 66 2870 5.0 4981 45 816 86 67 4052 5.2 11481 10 803
88 68 3714 4.9 10637 20 785 103 69 4474 55 13338 10 811 100  [0092]
The results indicate as follows, where numbers (Nos.) refer to test
numbers given in Tables 8 and 9. No. 55 had a Ni content out of the
preferred range (1.0% to 2.0%); No. 56 had a Ni content out of the
preferred range and had an a value of less than 3.2; No. 57 had Si
and Ni contents both out of the preferred ranges; and No. 60 had a Si
content out of the pieferred range (0.10% to 0.5%). Each of these
samples had insufficient low-temperature toughness. Nos. 58 and 59
had an a value as specified by Expression (1) of less than 3.2 and
suffered from insufficient low-temperature toughness. [00931       In
contrast, Nos. 61 to 69 had chemical compositions and number density
and total volume fraction of retained austenite particles as suitably
controlled, thereby had high strengths, and exhibited excellent
hydrogen embittlement resistance. In addition, they had Si and Ni
contents within the preferred ranges and had an a value as specified
by Expression (1) of 3.2 or more, and exhibited satisfactory
low-temperature toughness. [00941       While the present invention
has been desciibed in detail with reference to preferred embodiments
thereof with a certain degree of particularity, it will be understood
by those skilled in the art that various changes and modifications
are possible without departing from the spirit and scope of the
invention.       The present application is based on Japanese Patent
Application No. 2011-021153 filed on February 2, 2011 and Japanese
Patent Application No. 2011-184117 filed on August 25, 2011, the
entire contents of which are incorporated. herein by reference.
Industrial Applicability [00951       Weld metals according to
embodiments of the present invention are usable in various welded
structures and are applicable to offshore structures.  CLAIMS [Claim
1]      A weld metal having excellent hydrogen embritdement
resistance and formed by gas-shielded arc welding using a flux-cored
wire,       the weld metal comprising: C in a content of 0.02% to
0.12%; Si in a content of 0.10% to 2.0%; Mn in a content of 0.90% to
2.5%; Ni in a content of 0.20% to 3.5%; Mo in a content of 0.05% to
1.5%; Ti in a content of 0.040% to 0.150%; N in a content of more
than 0% and less than or equal to 0.015%; and 0 in a content of
0.030% to 0.10%, in mass percent, wherein: the weld metal further
comprises iron and inevitable impurities; retained austenite
particles are present in a number density of 2500 per square
millimeter or more; the retained austenite particles are present in a
total volume fraction of 4.0% or more based on the total volume of
entire structures of the weld metal. [Claim 2] The weld metal of
claim 1, wherein the weld metal has a Si content of 0.10% to 0.5% and
a Ni content of 1.0% to 2.0% and has an a value as specified by
Expression (1) of 3.2 or more, Expression (1) expressed as follows: a
value=[Mni-F[Ni]+(2x [Mo])+(16x [Tip-(12x [O])(1)       where [Mn],
[Ni], [Mo], [Ti], and [0] are contents (in mass percent) of Mn, Ni,
Mo, Ti, and 0, respectively. [Claim 3]       The weld metal of one of
claims land 2, wherein oxide particles each containing 20 percent by
mass or more of Ti and having an equivalent circle diameter of 0.15
to 1 0 pm are present in a number density of 5000 per square
millimeter or more. [Claim 4]       The weld metal of any one of
claims 1 to 3, further comprising at least one element selected from


