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Description

Background of the Invention

1. Technical Field

[0001] This invention relates to the manufacture of a high strength steel weld having a tensile strength (TS) of at least
750 MPa along with improved low temperature toughness and improved resistance to cold cracking. The welding method
according to the present invention is suitable for use in high strength steel structures such as welded steel pipes for
pipelines and other uses, offshore structures, pressure vessels, tanks, and ship hulls.

2. Related Art

[0002] In a pipeline for transporting natural gas, crude oil, or similar material over long distances, if the operating
pressure is increased, the transport efficiency of the pipeline is improved and transport costs are decreased. In order
to increase the operating pressure, it is necessary to either increase the wall thickness of the pipe forming the pipeline
or increase the strength of the material of which the pipe is formed. However, if the wall thickness of the pipe is increased,
the efficiency of field (on-site) welding decreases, and it may become necessary to strengthen the foundation supporting
the pipeline due to the increased weight of the pipe.
[0003] For this reason, there is an increasing need for higher strength welded steel pipe. In recent years, X80 grade
welded steel pipe having a yield strength (YS) of at least 551 MPa and a tensile strength (TS) of at least 620 MPa has
been standardized by the American Petroleum Institute (API) and has been put to actual use.
[0004] Furthermore, in recent years, high strength welded steel pipe superior to X80 grade is being developed based
on the manufacturing technology for X80 grade welded steel pipe using a high strength steel having a tensile strength
of 950 MPa or higher along with improved low temperature toughness and field weldability.
[0005] With such high strength welded steel pipe, it is important to not only guarantee the desired properties of the
steel pipe base metal and the weld, but to also prevent cold cracking in the weld metal or the weld. In general, the
strength of weld metal in a steel weld must be higher than the strength of the base metal. Accordingly, as the strength
of a steel pipe base metal increases, it is necessary for the strength of a weld metal to also increase. Normally, the
strength of a steel pipe base metal can be easily increased by adjusting the working conditions for hot rolling (by using
controlled rolling and accelerated cooling). The strength of a weld metal is determined by its chemical composition and
the cooling speed following welding. Thus, when the welding conditions are fixed (such as when the thickness of a steel
plate being welded is fixed), the strength of the weld metal is thought to be nearly entirely determined by the amount of
alloying elements.
[0006] Therefore, in order to increase the strength of a weld metal, it is necessary to include a large amount of alloying
elements which are effective for increasing the strength of steel. However, if a weld metal contains a large amount of
alloying elements, an increased amount of hydrogen is taken up into the weld metal during welding, thereby significantly
increasing the susceptibility of the weld metal to cold cracking.
[0007] In order to improve the resistance to cold cracking of a weld metal, U.S. Patent No. 6,188,037 proposes to
reduce susceptibility to hydrogen cracking by increasing the amount of oxygen in a weld metal. However, due to the
increased amount of oxygen in the weld metal, not only does the toughness of the weld metal decrease, but it also
becomes easy for defects such as slag inclusions and pinholes to occur in the weld metal, leading to a decrease in weld
quality.
[0008] Japanese Patent No. 2,555,400 proposes a consumable nozzle electroslag welding method in which a weld
metal having a prescribed chemical composition is formed and it is cooled by accelerated cooling at a cooling rate of
0.3 - 5 ˚C/sec to a temperature of 500 ˚C or below. In the examples of that patent, the temperature at the completion of
cooling is in the range of 500 - 300 ˚C. In that method, the welding techniques which can be employed are restricted,
and hence it cannot be applied to steel pipe, for example. In addition, the subject of that patent is a low strength steel,
and it does not disclose a method of preventing cold cracking in a high strength steel, which is the subject of the present
invention.

Summary of the Invention

[0009] The present invention provides the manufacture of a high strength steel weld having a high tensile strength of
at least 750 MPa and improved low temperature toughness and resistance to cold cracking in, for example, a high
strength steel pipe which is manufactured by the submerged arc welding method and which has a high tensile strength
of at least 750 MPa. The welding method can form the desired weld in a reliable manner.
[0010] According to one aspect, the present invention relates to welding a base metal steel (such as a steel plate
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forming a steel pipe) which has a high strength, for example, a tensile strength (TS) of at least 750 MPa and excellent
resistance to cold cracking. A steel weld produced according to the present invention has a weld metal consisting of, in
mass %

and a remainder of Fe and unavoidable impurities, the amounts of impurities being P: at most 0.03%, S: at most 0.03%,
N: at most 0.01%, Ca: at most 0.005%, Mg: at most 0.005 %,
and the value of Pcm (the weld crack susceptibility composition) of the weld metal given by the following Equation (3)
(in which the symbol of each element appearing in the equation indicates the content of the element in mass %) being
in the range of 0.23 - 0.35%. In addition, the time T until the weld metal is cooled to 100˚C after welding satisfies the
following Equation (1):

wherein

HD [ml/100 g]: amount of hydrogen in the weld metal immediately after welding.

[0011] The process of the invention may provide a welded steel structure, such as a steel pipe (namely, a welded
steel pipe), an offshore structure, a pressure vessel, a tank, or a ship hull having the above-described weld.
[0012] The condition that the time T after welding until the weld metal is cooled to 100˚C satisfies the above Equation
(1) is attainable using a means such as preheating before welding or post-heating or heat insulation after welding, for
example.
[0013] Cu, Ni, Cr, Mo, V, and Nb are optional elements in the weld metal. One or more of these elements can be
included in the weld metal in the above-described amounts for the purpose of increasing strength and/or toughness.
[0014] The term "weld" as used herein means a weld zone of steel which encompasses the weld metal and the heat
affected zone (HAZ) surrounding the weld metal, which are formed by welding. The term "weld metal" means the portion
of a weld which melts during welding and then solidifies.
[0015] The weld metal of the weld is formed from a molten welding rod or wire in which the metal components of a
flux and of the base metal are dissolved. Accordingly, the above-described elements in the weld metal primarily come
from the welding rod or wire, but part of them may be introduced from the base metal or the flux. In the present invention,
it is sufficient for the chemical composition of the weld metal formed after welding to be in the above-described range
and for the value ofPcm to satisfy the above-described Equation (3).

Brief Description of the Drawing

[0016] The attached figure is a graph showing the relationship between Pcm, which affects cold cracking, and the
cooling time T.

Detailed Explanation of the Invention

[0017] The present inventors found that by limiting the content of alloying elements in a weld metal to a suitable range
and by adjusting the cooling time after welding so as to correlate with the chemical composition or the amount of hydrogen

C: 0.01 - 0.15%, Si: 0.02 - 0.6%, Mn: 0.6 - 3.0%,
Al: 0.004 - 0.08%, Ti: 0.003 - 0.03%, B: at most 0.005%,
Cu: 0 - 1.2%, Ni: 0 - 3%, Cr: 0 - 1.2%,
Mo: 0 - 2%, V: 0 - 0.05%, Nb: 0 - 0.05%,
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in the weld metal, a weld metal having a tensile strength of at least 750 MPa and excellent resistance to cold cracking
can be formed in a stable manner by the submerged arc welding method.
[0018] Specifically, first, in order to obtain a suitably high strength for a weld metal, the content of each element in
the weld metal is restricted as described below, and the value of Pcm (mass %) is in the range of from 0.23% to 0.35%.
This is in order to achieve a balance of the desired strength and toughness for the weld metal without adversely affecting
low temperature toughness. However, by this means alone, it is not possible to prevent cold cracking.
[0019] In order to prevent cold cracking, it is effective to lower the hydrogen content in a weld metal. The present
inventors found that if the cooling time required to cool down a weld metal to 100 ˚C after welding is longer than a certain
limit, it is possible to promote dehydrogenation of the weld metal sufficiently to prevent cold cracking. It is believed that
since hydrogen can diffuse adequately in a temperature region of 100 ˚C or above, a prolonged length of time until a
weld metal is cooled to 100 ˚C from the high temperature immediately after welding is important in order for dehydro-
genation of the weld metal to promote sufficiently.
[0020] Cold cracking in a weld metal increase as the hydrogen content in the weld metal and the value of Pcm increase,
and the cooling time required to prevent cold cracking is within the range expressed by Equation (1). Namely, if the
amount of hydrogen HD [ml/100 g] in the weld metal and the value of Pcm increase, the cooling time T to cool a weld
metal to 100 ˚C after welding should be increased, based on Equations (1) and (2).

[0021] Next, the content of each element in the weld metal will be described. In the following explanation, % as used
with respect to the chemical composition and Pcm means mass %.

C: 0.01 - 0.15%

[0022] In order to guarantee the strength of a weld metal, the carbon (C) content is at least 0.01%. However, excessive
C leads to an increase in the amount of precipitated carbides and coarsening of the carbides, thereby deteriorating the
toughness of the weld metal. For this reason, the upper limit on the C content is 0.15%. In order to further improve
toughness, the C content is preferably at most 0.1% and more preferably at most 0.08%.

Si: 0.02 - 0.6%

[0023] Silicon (Si) increases the strength of a weld metal and has a deoxidizing effect. In order to obtain these effects,
the amount of Si in the weld metal is at least 0.02%. However, addition of too much Si causes a decrease in the toughness
of the weld metal and produces a deterioration in resistance to crack susceptibility, and the upper limit on the amount
of Si is 0.6%. Preferably the Si content is 0.1 - 0.2%.

Mn: 0.6 - 3.0%

[0024] Manganese (Mn) also increases the strength of a weld metal and has a deoxidizing effect. In order to obtain
these effects, the lower limit on the Mn content is 0.6%. However, if the Mn content exceeds 3.0%, it causes a decrease
in the toughness of the weld metal and deteriorates the resistance to crack susceptibility, and hence the upper limit on
the Mn content is 3.0%. In order to further improve toughness and resistance to cracks, the Mn content is at most 2.5%
and preferably at most 1.7%.
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Al: 0.004 - 0.08%

[0025] Aluminum (Al) is important as a deoxidizer. In order for Al to exhibit a deoxidizing effect, the lower limit on the
Al content is 0.004%. On the other hand, an excessive amount of Al causes the formation of coarse inclusions, and
therefore the upper limit on the Al content is 0.08%. The Al content is preferably 0.01 - 0.04%.

Ti: 0.003 - 0.03%

[0026] Titanium (Ti) is important as a deoxidizer, and it also serves to prevent a minute amount of B from bonding
with N, thereby assuring the hardenability attained by B, which is effective for increasing the strength of a weld metal.
In order to obtain these effects, the lower limit on the Ti content is 0.003%. An excessive amount of Ti causes precipitation
of TiC, which results in a significant deterioration in the toughness of the weld metal. For this reason, the upper limit on
the Ti content is 0.03%. The Ti content is preferably 0.01 - 0.02%.

B: at most 0.005%

[0027] In very small amounts, boron (B) markedly increases hardenability of a weld metal and contributes to an
increase in the strength thereof. Therefore, B is preferably included in an amount of at least 0.002%. However, addition
of B in an excessive amount leads to a deterioration in resistance to cold cracking, and hence the upper limit on the B
content is 0.005%. In order to assure an even better resistance to weld cracks, the B content is preferably at most
0.004% and more preferably at most 0.003%.

Cu: 0 - 1.2%

[0028] Copper (Cu) need not be contained in a weld metal, but Cu contributes to an increase in strength by the
precipitation effect, so it may be added when a higher strength is desired. However, if the Cu content exceeds 1.2%,
weld cracks can easily occur. Thus, when Cu is added, the Cu content is at most 1.2%. In order to further improve
resistance to cold cracking, the Cu content is at most 0.8% and preferably at most 0.6%.

Ni: 0 - 3%

[0029] Nickel (Ni) need not be contained in a weld metal, but Ni has a large effect on increasing toughness, so it may
be added when a higher toughness is desired. However, if the Ni content exceeds 3%, the molten metal formed by
welding tends to have poor flowability and thereby form weld defects. Therefore, when Ni is added, the Ni content is at
most 3% and preferably at most 2.5%.

Cr: 0 - 1.2%

[0030] Chromium (Cr) need not be contained in a weld metal, but Cr is effective for increasing hardenability, so it may
be included when a higher strength is desired for the weld metal. However, if the Cr content exceeds 1.2%, it tends to
cause cold cracking. Thus, when it is added, the Cr content is at most 1.2%. Preferably the Cr content is at most 1.0%.

Mo: 0 - 2%

[0031] Molybdenum (Mo) need not be contained in a weld metal, but Mo increases hardenability and produces pre-
cipitation hardening. Thus, since Mo is effective for increasing strength, it may be added when a higher strength weld
metal is desired. However, if the Mo content exceeds 2%, it becomes easy for cold cracking to occur. Therefore, when
Mo is added, its content is at most 2% and preferably at most 1%.

V: 0 - 0.05%

[0032] Vanadium (V) need not be contained in a weld metal, but V produces precipitation hardening and it is thus
effective for increasing strength. Therefore, V may be added when a higher strength weld metal is desired. However, if
the V content exceeds 0.05%, it becomes easy for cold cracking to occur, so when V is added, its content is at most
0.05% and preferably at most 0.03%.
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Nb: 0 - 0.05%

[0033] Niobium (Nb) need not be contained in a weld metal, but Nb produces precipitation hardening and is effective
for increasing strength, so it may be added when a higher strength weld metal is desired. However, if the Nb content
exceeds 0.05%, it becomes easy for cold cracking to occur. Thus, when Nb is added, its content is at most 0.05% and
preferably at most 0.03%.

Pcm: 0.23 - 0.35%

[0034] In order to ensure that a weld metal has a suitably high strength and toughness and to prevent cold cracking,
in addition to restricting the content of each element in the weld metal within the above-described range, it is important
to adjust the weld crack susceptibility composition Pcm (= C + Si/30 + Mn/20 + Cu/20 + Ni/60 + Cr/20 + Mo/15 + V/10
+ 5B). If the value of Pcm is less than 0.23%, the strength of the weld metal becomes low. If it is greater than 0.35%,
the toughness of the weld metal is not sufficient to prevent cold cracking. Thus, the value of Pcm is in the range of 0.23
- 0.35% and preferably in the range of 0.25 - 0.30%.

Impurity Elements

[0035] The amount of unavoidable impurities such as P, S, and N is preferably as small as possible, but the effects
of the present invention are not significantly impaired if the content of these elements in the weld metal is P: at most
0.03%, S: at most 0.03%, N: at most 0.01%, and Ca or Mg: at most 0.005%. The content of impurity elements is preferably
P: at most 0.01%, S: at most 0.01%, N: at most 0.006%, and Ca or Mg: at most 0.002%.

Cooling Time

[0036] In order to prevent cold cracking in a weld metal, it is insufficient to merely limit the content of each element in
the weld metal and Pcm in the manner described above. In the present invention, the time T for cooling the weld metal
to 100 ˚C after welding is adjusted so as to be in the range given by the following Equation (1).

[0037] In order to prevent cold cracking, it is necessary to reduce the amount of hydrogen in a weld metal which is a
cause of the formation of cracks. As a measure to decrease the amount of hydrogen in a weld metal, it is conceivable
to (a) increase the degree of dehydrogenation (amount of hydrogen removal) after welding, or (b) reduce the entry of
hydrogen during welding. In the submerged arc welding method, the flux used for welding tends to absorb moisture and
thus pick up hydrogen which enters a weld metal. Therefore, with the object of achieving measure (b), it is usual to use
a desiccated flux to perform welding. However, there is a limit to the reduction in the amount of hydrogen by this method
alone, and cold cracking cannot be completely prevented.
[0038] In the present invention, in order to achieve the above measure (a) or increase the degree of dehydrogenation
after welding, the cooling time after welding is regulated. In the temperature region above 100 ˚C, since hydrogen can
diffuse at a high speed, it is possible to promote dehydrogenation adequately. In the present invention, by making
sufficiently long the period of time over which the temperature of the weld metal lowers from the high temperature region
immediately after welding to 100 ˚C, sufficient dehydrogenation takes place after welding to prevent cold cracking.
[0039] Cold cracking occurs more easily as the amount of certain elements in the weld metal increases or as the value
of Pcm increases, and as the amount of hydrogen (HD) in the weld metal increases. Accordingly, the more Pcm and/or
HD increase, it is necessary to have a longer cooling time (T) in order to prevent the formation of cracks. The present
inventors found that a proper cooling time T can be prescribed as a function of Pcm and HD and obtained the above-
described Equation (1).
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[0040] The cooling time (T) can be adjusted by preheating of the welding site prior to welding or by post-heating or
heat insulation after welding, but as long as the cooling time prescribed by the above-described Equation (1) can be
guaranteed, other means of adjusting the cooling time may be employed. If the cooling time of the weld material in a
temperature region of 100 ˚C or above is shorter than the range given by Equation (1), the occurrence of cold cracking
cannot be prevented, but if the cooling time is in the range of Equation (1), cold cracking can be prevented.
[0041] Thus, in accordance with the present invention, (a) by controlling the composition of the weld metal as described
above, (b) by having a value of Pcm which is in the range of 0.23 - 0.35%, and (c) by prolonging the cooling time T of
the weld metal to 100 ˚C after welding depending on the value of Pcm and the amount of hydrogen in the weld metal
(HD), it is possible to form a steel weld having a weld metal with a tensile strength (TS) of at least 750 MPa and in some
cases 1000 MPa or higher along with improved excellent low temperature toughness and without cold cracking. In
addition, there is no occurrence of weld defects such as slag inclusions or pin holes as encountered in a conventional
method in which the amount of oxygen in a weld metal is increased. It is also possible to prevent the occurrence of weld
defects due to a deviation of the composition of the weld metal from the desired range caused by oxidation, thereby
making it possible to form a weld of good quality in a stable manner.
[0042] The welding method of the present invention is suitable for use with the submerged arc method. When performing
welding according to the present invention, the compositions of the welding wire or rod and the flux which are to be used
are determined taking into consideration the composition of the steel to be welded and the welding conditions, so that
the chemical composition and the value of Pcm of the weld metal of the weld which is formed by welding are within the
above-described ranges. In addition, a welding test is carried out with these materials under various conditions to
measure the amount of hydrogen in the weld metal immediately after welding, and the cooling time (T) up to 100 ˚C
necessary to prevent cold cracking is determined. Thereafter, a suitable preheating and/or post-heating or heat insulation
means to obtain the determined cooling time is adopted.

Examples

[0043] The following examples are included merely to illustrate the present invention by taking the case in which the
present invention is applied to a welded steel pipe for a pipeline or similar structure.
[0044] Welded steel pipe having a wall thickness of from 12 mm to 24 mm [outer diameter: from 500 mm (20 inches)
to 1500 mm (60 inches)] was manufactured using UOE steel pipe manufacturing equipment from steel strip having
various chemical compositions obtained by continuous casting and hot rolling. Welding was carried out by the submerged
arc welding (SAW) method using various fluxes and welding wires. The time for the weld metal to cool to 100 ˚C after
welding was measured by measuring the temperature of the weld metal using a non-contacting type thermometer. The
cooling time T was adjusted by preheating prior to welding or by heat insulating after preheating.
[0045] The amount of hydrogen in the weld metal immediately after welding (HD: ml/100 g) was measured by an
experiment using the same flux as used for pipe manufacture in accordance with JIS Z3118. For the examples of the
present invention, the results were all at most 4 ml/100 g. The amount of hydrogen in the weld metal somewhat varies
according to the weld conditions, but if it is at most 4 ml/100 g, the susceptibility to cold cracking is low, and it is possible
to prevent cold cracking by the present invention.
[0046] The chemical composition of the weld metal was analyzed in accordance with API 5L using a sample taken
from the weld metal. The results of analysis are shown in Tables 1 and 2 along with the value of Pcm (weld crack
susceptibility composition) calculated from the above-described Equation (3).
[0047] From the value of Pcm and value of the above-described HD (amount of hydrogen in the weld metal), a weld
crack susceptibility index Pw was calculated from the above-described Equation (2). In addition, from the obtained value
of Pw, the lower limit on the cooling time prescribed by Equation (1), i.e. the cooling time T calculated by T = exp(7.0 3

Pw + 4.66) was calculated. This lower limit is shown in Table 1 as the necessary cooling time Ta along with the measured
cooling time T to 100 ˚C.
[0048] The tensile strength (TS) of the weld metal was measured in accordance with AWS.D.1.1 using a test bar
having a diameter of 6 mm taken from the weld metal. The low temperature toughness of the weld metal [the Charpy
impact absorption energy at -20 ˚C (Charpy vE-20)] was measured in accordance with API 5L. Weld defects such as
cold cracking were evaluated by ultrasonic reflectscopic test (URT) of the weld 48 hours after welding. These results
are also shown in Tables 1 and 2. In the tables, with respect to the results of cold cracking, s indicates that no cold
cracks were found, and 3 indicates that cold cracking occurred.
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[0049] In order to obtain a weld having high strength and toughness and improved resistance to cold cracking, desired
target mechanical properties of the weld are a tensile strength (TS) of at least 750 MPa and a Charpy impact value vE-
20 of at least 100 J.
[0050] In the tables, for Nos. 1 - 5, Pcm was less than the lower limit (0.23) according to the present invention, and
the strength of the weld metal was less than the target value of 750 MPa.
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[0051] Nos. 6 - 17 had a cooling time T from after welding until 100˚C which was shorter than the necessary cooling
time Ta, and cold cracking occurred.
[0052] Even if the cooling time is sufficiently long, if the composition of a weld metal is not suitable, the performance
of the weld metal cannot be guaranteed. The C content was too low for No. 19, the Mn content was too low for No. 23,
and the B content was too low for No. 33, so Pcm was smaller than the lower limit, and the tensile strength of the weld
metal became low.
[0053] On the other hand, the C content for No. 18, the Mn content for No. 22, the Cr content for No. 26, the Mo content
for No. 27, the V content for No. 28, the Nb content for No. 29, and the B content for No. 32 were too high, so the low
temperature toughness (the Charpy impact value) and the resistance to cold cracking of the weld metal deteriorated.
[0054] No. 20 contained too much Si, No. 30 contained too much Ti, No. 31 contained too little Ti, and No. 35 contained
too little Al, so the low temperature toughness of the weld metal decreased.
[0055] For No. 21, Si was too small, and defects occurred due to insufficient deoxidation. No. 24 contained too much
Cu, and hot cracking occurred. No. 25 contained too much Ni, and defects occurred due to the formation of beads having
uneven shapes. No. 34 contained too much Al, and defects occurred due to slag inclusions, thereby causing problems
in weld quality.
[0056] In contrast, in Nos. 36 - 46 according to the present invention, (a) the composition of the weld metal was suitable,
(b) Pcm was in the range of 0.23 - 0.35%, and (c) the cooling time T from after welding to cool to 100˚C was longer than
the necessary cooling time Ta. As a result, it was possible to form a weld having a weld metal with a high tensile strength
(TS ≥ 750 MPa) and a high low temperature toughness (a Charpy impact value vE-20 ≥ 100 J) and with no cold cracks at all.
[0057] As can be seen from Table 2, according to the present invention, by adjusting the chemical composition of the
weld metal, the tensile strength thereof can be made to exceed 1100 MPa, so the weld metal is suitable for welding of
steel pipe having a very high tensile strength of 950 MPa or higher.
[0058] The attached figure shows the presence or absence of cold cracking as functions of the value of Pcm and the
cooling time T for Nos. 1 - 17 and 36 - 46. It can be seen from this figure that cold cracking can be prevented by making
the cooling time

[0059] In a conventional method of increasing the oxygen content in a weld metal (described in U.S. Patent No.
6,188,037), since the oxygen content in the weld metal becomes high, not only is the toughness of the weld decreased,
but it becomes easy for defects such as slag inclusions and pin holes to occur in the weld metal. In contrast, in the
present invention, such defects do not occur since cold cracking is prevented by prolonging the cooling time. In addition,
there is no occurrence of defects due to an excess amount or shortage of elements in the weld metal as found in Nos.
21, 24, 25, and 34, and a deterioration in weld quality can be prevented.
[0060] In the above description, an example in which the present invention is applied to a welded steel pipe was
described, but the present invention can of course also be applied to a weld of other high strength steel structures such
as offshore structures, pressure vessels, tanks, and ship hulls.

Claims

1. A welding method for steel, wherein immediately after welding the amount of hydrogen in the weld metal (HD [ml/
100g]) is determined in accordance with JIS Z3118 and wherein the time T until the weld metal is cooled to 100˚C
after welding satisfies the following Equation (1), and wherein welding is performed to form a weld metal consisting
of, in mass %,

the remainder of the weld metal consisting essentially of Fe and unavoidable impurities, said impurities comprising

C: 0.01 to 0.15% Si: 0.02 to 0.6% Mn:0.6 to 3.0%
Al: 0.004 to 0.08% Ti: 0.003 to 0.03% B: at most 0.005%
Cu: 0 to 1.2% Ni: 0 to 3% Cr: 0 to 1.2%
Mo: 0 to 2% V: 0 to 0.05% Nb: 0 to 0.05%

P: at most 0.03% S: at most 0.03% N: at most 0.01%
Ca: at most 0.005% Mg: at most 0.005%
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wherein the value of Pcm of the weld metal expressed by the following Equation (3) (in which the symbol of each
element appearing in the equation indicates the content of the element in mass %) is in the range of from 0.23% to
0.35%;

where

HD [ml/100 g]: amount of hydrogen in the weld metal immediately after welding.

2. A welding method according to claim 1, wherein the weld metal formed contains at least one of

3. A welding method according to claim 1 or 2, wherein the weld metal formed contains 0.0002 to 0.005% of B.

4. A welding method according to any one of claims 1 to 3, wherein the weld formed has a tensile strength of 750 MPa
or greater.

5. A welding method according to any one of the preceding claims, which method comprises producing a welded steel
structure.

6. A welding method according to claim 5, wherein the welded steel structure is selected from a steel pipe, an offshore
structure, a pressure vessel, a tank, and a ship hull.

7. A welding method according to any one of claims 1 to 3, wherein the welding is performed by the submerged arc
method.

Patentansprüche

1. Schweißverfahren für Stahl, wobei unmittelbar nach dem Schweißen die Menge an Wasserstoff in dem Schweißgut
(HD [ml/100 g]) gemäß JIS Z3118 bestimmt wird, und wobei die Zeit T, bis das Schweißgut nach dem Schweißen
auf 100 ˚C abgekühlt ist, der nachstehenden Gleichung (1) genügt, und wobei das Schwei-ßen so durchgeführt
wird, dass ein Schweißgut entsteht, das aus folgendem, angegeben in Massen-%, besteht

wobei der Rest des Schweißguts im Wesentlichen aus Fe und unvermeidbaren Verunreinigungen besteht, wobei
die Verunreinigungen folgendes umfassen:

Cu: at most 1.2% Ni: at most 3% Cr: at most 1.2%
Mo: at most 2% V: at most 0.05% and Nb: at most 0.05%.

C: 0,01 bis 0,15 % Si: 0,02 bis 0,6 % Mn: 0,6 bis 3,0 %
Al: 0,004 bis 0,08 % Ti: 0,003 bis 0,03 % B: höchstens 0,005 %
Cu: 0 bis 1,2 % Ni: 0 bis 3 % Cr: 0 bis 1,2 %
Mo: 0 bis 2 % V: 0 bis 0,05 % Nb: 0 bis 0,05 %
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wobei der Wert von Pcm des Schweißguts, der durch die nachstehende Gleichung (3) ausgedrückt wird (in der das
Symbol jedes Elements, das in der Gleichung erscheint, den Gehalt des Elements in Massen-% anzeigt), im Bereich
von 0,23 % bis 0,35 % liegt;

wobei

HD [ml/100g]: Menge an Wasserstoff in dem Schweißgut unmittelbar nach dem Schweißen.

2. Schweißverfahren nach Anspruch 1, wobei das gebildete Schweißgut wenigstens eines von folgendem enthält:

3. Schweißverfahren nach Anspruch 1 oder 2, wobei das gebildete Schweißgut 0,0002 bis 0,005 % B enthält.

4. Schweißverfahren nach einem der Ansprüche 1 bis 3, wobei die gebildete Schweißstelle eine Zugfestigkeit von 750
MPa oder mehr aufweist.

5. Schweißverfahren nach einem der vorangehenden Ansprüche, welches Verfahren das Herstellen einer
geschweißten Stahlstruktur umfasst.

6. Schweißverfahren nach Anspruch 5, wobei die geschweißte Stahlstruktur aus einem Stahlrohr, einer küstennahen
Struktur, einem Druckgefäß, einem Tank und einem Schiffsrumpf ausgewählt ist.

7. Schweißverfahren nach einem der Ansprüche 1 bis 3, wobei das Schweißen mittels des Unterpulverschweißver-
fahrens durchgeführt wird.

Revendications

1. Procédé de soudage pour l’acier, dans lequel immédiatement après le soudage, la quantité d’hydrogène dans le
métal soudé (HD [mL/100 g]) est déterminée selon la norme JIS Z3118 et dans lequel la durée T jusqu’à ce que le
métal soudé se refroidisse à 100 ˚C après le soudage satisfait l’équation (1) suivante, et dans lequel le soudage
est réalisé pour former un métal soudé constitué de, en % en masse,

P: höchstens 0,03 % S: höchstens 0,03 % N: höchstens 0,01 %
Ca: höchstens 0,005 % Mg: höchstens 0,005 %

Cu: höchstens 1,2 % Ni: höchstens 3 % Cr: höchstens 1,2 %
Mo: höchstens 2 % V: höchstens 0,05 % und Nb: höchstens 0,05 %.
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le reste du métal soudé étant constitué essentiellement de Fe et d’impuretés inévitables, lesdites impuretés com-
prenant

dans lequel la valeur de Pcm du métal soudé exprimée par l’équation (3) suivante (dans laquelle le symbole de
chaque élément apparaissant dans l’équation indique la teneur de l’élément en % en masse) est dans la plage de
0,23 % à 0,35 % ;

où

HD [mL/100 mg] : quantité d’hydrogène dans le métal soudé immédiatement après le soudage.

2. Procédé de soudage selon la revendication 1, dans lequel le métal soudé formé contient au moins l’un des éléments
parmi

3. Procédé de soudage selon la revendication 1 ou 2, dans lequel le métal soudé formé contient 0,0002 à 0,005 % de B.

4. Procédé de soudage selon l’une quelconque des revendications 1 à 3, dans lequel le métal soudé formé présente
une résistance à la traction de 750 MPa ou plus.

5. Procédé de soudage selon l’une quelconque des revendications précédentes, lequel procédé comprend la produc-
tion d’une structure en acier soudé.

6. Procédé de soudage selon la revendication 5, dans lequel la structure en acier soudé est choisie parmi une conduite
en acier, une installation au large des côtes, une cuve de pression, un réservoir et une coque de navire.

7. Procédé de soudage selon l’une quelconque des revendications 1 à 3, dans lequel le soudage est réalisé par le
procédé sous flux électroconducteur.

C : 0,01 à 0,15 % Si : 0,02 à 0,6 % Mn : 0,6 à 3,0 %
Al : 0,004 à 0,08 % Ti : 0,003 à 0,03 % B : au plus 0,005 %
Cu : 0 à 1,2 % Ni : 0 à 3 % Cr : 0 à 1,2 %
Mo : 0 à 2 % V : 0 à 0,05 % Nb : 0 à 0,05 %

P : au plus 0,03 % S : au plus 0,03 % N : au plus 0,01 %
Ca : au plus 0,005 % Mg : au plus 0,005 %

Cu : au plus 1,2 % Ni : au plus 3 % Cr : au plus 1,2 %
Mo : au plus 2 % V : au plus 0,05 % et Nb : au plus 0,05 %.
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