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Description

Technical Field

[0001] This invention concerns weathering resistant steel materials and, it relates to a flow rust reducing weather-
ing resistant steel materials capable of effectively reducing occurrence of flow rust in relatively less salty circumstances
such as mountain districts, rural districts and industrial districts, as well as steel materials excellent in earthquake proof-
ness and coast weathering resistance applicable as steel structures such as bridges used in salty circumstances such
as coast districts. The weathering resistance referred to in the invention means weathering resistance in a case of use
in atmospheric air of coast districts.

Background Art
1) Less salty circumstance

[0002] Weathering resistant steels with improved weathering resistance in atmospheric air with addition of alloying
elements such as P, Cu, Cr and Ni in the steels have been used generally for structures such as bridges. The weather-
ing resistant steels form, in several years, rust referred to as stable rust less permeating oxygen and water causing cor-
rosion and suppress subsequent corrosion. Accordingly, the weathering resistant steels require no coating of anti-rust
paints and they are highly corrosion resistant material which can be used in a so-called naked state.

[0003] However, since as long as several years are required till the stable rust is formed during which flow rust
occurs in the weathering resistant steels, they involve problems of deteriorating scenes and causing environmental con-
tamination.

[0004] In view of the problems described above, Japanese Patent Laid-Open No. 136557/1994, for example, pro-
poses a surface treating method for steel materials of coating an aqueous solution of chromium sulfate or an aqueous
solution of copper sulfate and further applying organic resin coating after drying the water content. Further, Japanese
Patent Laid-Open No. 13158/1996 proposes a surface treating method of steel materials of coating an aqueous solution
containing aluminum ions and further forming an organic resin film after drying of the water content.

[0005] However, in the techniques described in Japanese Patent Laid-Open No. 136557/1994 and Japanese Pat-
ent Laid-Open No. 13158/1996, while stable rust is grown in a short period of time, they still leave problems such that
steps are complicated and the surface treating agents used are expensive, and development of weathering resistant
steel materials not requiring surface treatment have been demanded.

[0006] In view of the above, for coping with such a demand, the invention intends to provide flow rust reducing
weathering resistant steel materials capable of reducing occurrence of flow rust in the course of forming stable rust in
weathering resistant steels used in a naked state.

2) Salty circumstance such as coast districts

[0007] Steel structures such as bridge girders are generally applied with corrosion preventive means such as coat-
ing since their service life is long. However, the coating films are degraded to gradually reduce the corrosion preventive
effect by chalking due to UV-rays, or expansion of rust by the corrosion under coating films. Accordingly, re-coating has
been obliged on every certain periods. However, shortening of coating operators and increase in the personal expense
in recent years makes the re-coating operation difficult. In view of the situations, weathering resistant steels requiring
no coating of anti-rust paints and usable in a naked state have been applied more and more in steel structures.
[0008] The weathering resistant steels are those steel materials with addition of P, Cu, Ni and Cr in which stable
rusts as protective films are formed in several years on the surface of steels in an atmospheric circumstance. Since the
stable rust suppresses further development of corrosion, corrosion of the steel materials can be minimized. Accordingly,
most of them are used with no coating.

[0009] However, in salty circumstances such as coast districts, no stable salt is formed after lapse of several years
even in weathering resistant steels and steel materials are attacked violently.

[0010] In recent years, application guideline for weathering resistant steels have been issued from Minister of Con-
struction (Joint Research Report Regarding Application of Weather Resistant Steel Material to Bridges (XX), March
1993, published from Civil Engineering Institute of Minister of Construction, KOZAI CLUB Co. and Nippon Kyoryo Ken-
setsu Kyokai), in which it is specified that existent weathering resistant steels (JIS G 3114: weathering resistant hot
rolled steel materials for welding structure) can not be used with no coating in the district where atmospheric salt con-
tent is 0.05 mg/dmzlday or more, that is, in coast districts.

[0011] Accordingly, in salty circumstances such as coast districts, countermeasure has been adopted by applying
coating such as of phthalic acid resin, chlorinated rubber or tar epoxy resin to ordinary steel materials. However, since
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bridges constructed in coast districts near the estuaries are often long and large and the corrosion is violent because
of the use in the coast districts, the re-coating operation is extremely difficult and, accordingly, there is a strong demand
for the steel materials that can be used with no coating.

[0012] Regarding this Japanese Patent Laid-Open No. 136557/1994, for example, leaves problems as described
above.

[0013] Further, Japanese Patent No. 2572447, Japanese Patent Laid-Open NO. 51668/1993 and Japanese Patent
Laid-Open No. 134587/1996 propose methods of improving the coast weathering resistance by adding a great amount
of alloying elements such as P, Cu, Ni and Mo to steel materials.

[0014] However, referring to the bridge, the corrosive circumstance for steel materials are not always identical
depending on the places to be used. Considering, for example, four main beam bridge, while outside of the beams are
exposed to rainfall, water of condensation and sunshine, inside of the beam are exposed only to water of condensation
but not suffer from rainfall. Generally, in a clean circumstance with no atmospheric salt content, it is said that the extent
of corrosion is less in the inside of the beams when compared between the inside and the outside of the beams. On the
other hand, in the circumstance with high atmospheric salt content, it is said that the extent of corrosion is rather greater
in the inside of the beam than the outside of the beam. This reversal phenomenon occurs at a certain content of the
atmospheric salt content as a boundary but the content can not be specified.

[0015] However, since outer beams, main beams and webs are exposed to two circumstances (with or without
exposure to rainfalls) simultaneously (rear face and surface of plates), it is necessary for the steel materials to be used
in steel structures such as bridges to maintain high weathering resistance in both of the circumstances.

[0016] However, in the existent techniques, evaluation was applied only under one circumstance (with rainfall or
without rainfall), and development for steel materials having excellent coast weathering resistance simultaneously
under two circumstances has been demanded.

3) Earthquake proofness

[0017] On the other hand, the structural steel materials of this type utilized, for example, in bridge beams, have
been demanded to have an absorption energy of 47J or more at -5°C in a Chalpy impact test in the rolling direction (L
direction) and a cross direction (C direction) to the rolling direction of the steel materials in view of the safety. However,
it has been found that high stresses may possibly exert in the direction of the plate thickness of the material to be used
(Z direction) depending on the structure and the portions of the structures in large scale earthquakes such as Hanshin-
Awaji disaster, so that it has been demanded for the steel materials for use in structures to improve the toughness in
the direction of the plate thickness (Z direction) including the weld heat affect zone in order to further increase the earth-
quake proofness of steel materials after the Hanshin-Awaiji disaster.

[0018] From the view points (1) - (3) above, the invention intends to provide a steel material capable of forming sta-
ble rust with good protective performance in relatively less salty districts and salty circumstance such as coast districts,
regardless of rainfalls, excellent in weather proofness and excellent in earthquake proofness with improved toughness
in the direction of Z also including the weld heat affective zone.

Disclosure of the Invention
1) Flow rust reducing weathering resistant steel material

[0019] The present inventors have made an earnest study for the thickness capable of reducing flow rust in weath-
ering resistant steels and, as a result, have found that a weathering resistant steel material capable of outstandingly
reducing the amount of flow rust by adding B and, further, by controlling the content of B and the content of one or more
of P, Cu, Ni, Cr and Mo based on a certain relationship to each other.

[0020] The invention has been achieved on the basis of this finding and the feature resides in a flow rust reducing
weathering resistant steel material having a composition containing, on the weight % basis,

C: from 0.001% to 0.050%, Si: 0.60% or less, Mn: from 0.50% to 3.00%, S: 0.01% or less, Al: 0.10% or less and B: from
0.0003% to 0.0050% and, further, one or more of elements selected from P: from 0.005% to 0.15%, Cu; from 0.1% to
2.0%, Ni: from 0.1% to 6.0%, Cr: from 0.005% to 1.0% and Mo: from 0.005% to 1.0%, and satisfying the following equa-
tion (1):

(20P + 3Cu + 3Ni + 6Cr + Mo)/(1-0.2(10000B) 0.4) >18 (1)
in which P, Cu, Ni, Cr, Mo, B: content for each element (wt%)), and the balance of Fe and inevitable impurities.

[0021] Further, in this invention, one or more of elements selected from Nb: from 0.005% to 0.20%, Ti: from 0.005%
to 0.20%, V: from 0.005% to 0.20%, on the weight % basis, may be contained in addition to the composition described
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above.

[0022] Further, in the invention, one or more of elements selected from Ca: 0.02% or less and REM: 0.02% or less
may be contained, on the weight % basis, in addition to the composition described above.

2) Coast weathering resistant steel material

[0023] The present inventors have made an earnest study for improving the coast weathering resistance and, as a
result, have obtained a knowledge that Cr degrade the weathering resistance in circumstance containing much salt.
Further, the present inventors have found that steel materials of excellent weathering resistance even in salty circum-
stances such as coast districts can be obtained by controlling the content of B and the content of one or more of P, Cu,
Ni and Mo in relation the atmospheric salt content.

3) Compatibility with earthquake proofness

[0024] Further, the inventors have found that the sum of inclusions, particularly, the amount of A series and B series
inclusions gives a significant effect on the toughness in the Z direction and the toughness in the Z direction can be
improved remarkably by restricting the sum (dA + dB) value for the A series inclusion amount and the B series inclusion
amount according to JIS G 0555 to 0.030% or less.

[0025] At first, the result of experiment conductive by the present inventors regarding the relation between the
toughness in the Z direction and the amount of inclusions is to be explained.

[0026] Steels were prepared by melting while variously changing the forms and the amount of inclusions into steel
plates of 60 mm thickness by hot rolling. Test pieces for microscopic observation and test pieces for Chalpy impact
shock in the Z direction (JIS No. 4 test specimen) were sampled from the steel plates, and the form and the amount of
inclusions and the toughness in the Z direction (adsorption energy) were measured.

[0027] Fig. 1 shows a relation between the sum (dA + dB) value of the A type inclusions and the amount of B type
inclusions according to JIS G 0555 and the Chalpy absorption energy (yE.s) in the Z direction at -5°C. In the Chalpy
impact test, ten specimens were used for each of the steel plates. Mean values and the minimum values for ten speci-
mens are plotted respectively in the drawing.

[0028] As shown in Fig. 1, when the (dA + dB) value is 0.030% or less, absorption energy of 47J or more at -5°C
and high toughness in the Z direction are shown including minimum values. On the other hand when the (dA + dB) value
exceeds 0.30%, low values appear for the minimum value and also the mean value decreases below 47J.

[0029] Fig. 2 shows a relation between the dC value for the amount of C type inclusions according to JIS G 0555
and the Chalpy absorption energy in the Z direction at -5°C (yE_s). In Fig. 2, the relation between the dC value and \E.
5 is shown for the steel plates having the (dA + dB) value within range from 0.021% to 0.028%, which show high tough-
ness in the Z direction.

[0030] It was not recognized from Fig. 2 that the dC value for the amount of C type inclusions give particular effect
on the toughness in the Z direction.
[0031] In view of the above, the inventors have obtained the knowledge that control of the sum (dA + dB) value for

the A type inclusions and the B type inclusions is important for improving the toughness in the direction of the plate
thickness. Particularly, it has been found that the toughness in the direction of the plate thickness is improved remark-
ably by defining the (dA + dB) value to 0.030% or less.

[0032] Fig. 1 and Fig. 2 show the knowledge obtained from the coast weathering resistant steel materials and sim-
ilar results have also been obtained for the flow rust reducing weathering resistant steel materials (Fig. 3 and Fig. 4).
[0033] This invention has been accomplished based on the findings described above.

Brief Explanation for the Drawings
[0034]

Fig. 1 is a graph showing a relation between the toughness in the Z direction and the sum for the amounts of A type
inclusions and B type inclusions in coast weathering resistant steel materials.

dC = 0% - 0.020%
QO : mean value, @ : minimum value

Fig. 2 is a graph showing a relation between he toughness in the Z direction and the amount of C type inclusions
in coast weathering resistant steel materials.
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dA + dB = 0.020% - 0.028%

QO : mean value, ® : minimum value

Fig. 3 is graph showing a relation between the toughness in the Z direction and the sum for the amounts of A type
inclusions and B type inclusions weathering resistant steel materials for less salty circumstance.

dC < 0.020%
QO : mean value, ® : minimum value

Fig. 4 is a graph showing a relation between the toughness in the Z direction and the amount of C type inclusions
in weathering resistant steel materials for less salty circumstance.

dA +dB =0.020% - 0.028%
QO : mean value, ® : minimum value

Fig. 5 is a graph showing a relation between the amount of flow rust and the A value (value in the left side of the
formula (1)) weathering resistant steel materials for less salty circumstance.

Best Mode for Practicing the Invention

[0035] At first, reasons for defining the ingredients in the steel materials according to the invention are to be
explained.

1) C: from 0.001% to 0.050%

[0036] C is an element for increasing the strength and a content of 0.001% or more is necessary in order to obtain
a desired strength but the toughness is degraded when it is contained by a great amount of exceeding 0.050%, so that
it is defined as from 0.001% to 0.050% in the invention.

[0037] Preferably, it is from 0.005% to 0.030%. Further preferably, it is from 0.005% to 0.025%.

2) Si: 0.60% or less

[0038] Siis an element acting as a deoxidizer and increasing the strength of the steel but, since the toughness and
the weldability are degraded if it is contained by a greater amount, it is defined to 0.60% or less. Preferably, it is from
0.15% to 0.50%.

3) Mn: from 0.50% to 3.00%

[0039] Mn is an element greatly contributing to the increase of the strength and the toughness of the steel and it is
necessary to be contained by 0.50% or more in order to ensure the desired strength in the invention. However, when it
is contained by a greater amount exceeding 3.00%, it gives an undesired effect on the toughness and the weldability,
so that it is defined within a range from 0.50% to 3.00%. Preferably, it is 0.50% to 1.80%.

4) S: 0.01% or less

[0040] Since S degrades the weathering resistance and further degrades the weldability and the toughness, it is
defined to 0.01% or less.

[0041] Particularly, since it increases the amount of A type inclusions and, particularly, lowers the toughness in the
direction of the plate thickness and degrades the weathering resistance, it is defined as 0.005% or less and, it is pref-
erably 0.003% or less with a view point of the toughness.

5) Al: 0.10% or less

[0042] Al acts as a deoxidizer but since it gives an undesired effect on the weldability when contained in excess of
0.10%, the upper limit is defined to 0.10%.
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[0043] Further, Al is added as a deoxidizer but, when it is contained in excess of 0.10%, the B type inclusions
increase to lower the toughness in the direction of the plate thickness due to the formation of alumina clusters. Accord-
ingly, Al is defined to 0.10% or less and it is preferably, 0.05% or less with a view point of the toughness.

6) B: from 0.0003% to 0.0050%

[0044] B is an element for improving the hardenability and also improving the weathering resistance and is an
important element in the invention. Such an effect is recognized by the content of 0.0003% or more but no correspond-
ing effect to the content can be expected even if it is contained in excess of 0.0050%. Accordingly, B is defined within a
range from 0.0003% to 0.0050%. Preferably, it is within a range from 0.0003% to 0.0030%.

[0045] While the details for the mechanism in which B improves the weathering resistance are not apparent, they
are generally considered as below.

[0046] Generally, for reducing flow rust, it is necessary to form rust from the matrix in an early stage and, further
make the rust dense. The purpose of densification is to improve the corrosion preventive effect by the rust layer and to
improve the adhesion of the rust layer to the matrix. Adhesion of rust grains to the matrix is considered to be attributable
to the anchoring effect. Accordingly, as the rust grains are more dense, the anchoring effect is greater. By the way, the
rust grains formed from iron by anodic dissolution due to rainfall and water of condensation are grown with water and
densified as pH value increases. In view of the above, it is considered that B increases pH in the water immersed rust
layer to promote the densification of the rust grains.

7) P: from 0.005% to 0.15%

[0047] P is an element for promoting the anodic dissolution of the matrix in the early stage of corrosion and making
the rust grains more dense and it is preferably incorporated positively in this invention. Such an effect is not recognized
when the P content is less than 0.005%. However, when it exceeds 0.15%, the effect of improving the weathering resist-
ance is saturated and, further, the weldability is degraded. Accordingly, it is preferred to define P within a range from
0.005% to 0.15%. Preferably it is from 0.010% to 0.120%.

8) Cu: from 0.1% to 2.0%

[0048] Cu has an effect like P. That is, this is an element for promoting the anodic dissolution of the matrix in the
early stage of corrosion and making the rust grains more dense. However, the effect is insignificant if the Cu content is
less than 0.1% and, on the other hand, if it exceeds 2.0%, it hinders hot workability, the effect of improving the weath-
ering resistance is saturated to result in economical disadvantage. Therefore, the content of Cu is preferably within a
range from 0.1% to 2.0%. It is preferably within a range from 0.1% to 1.5%.

9) Ni: from 0.1% to 6.0%

[0049] Ni densifies the rust grains to improve the weathering resistance but the effect is insignificant if it is less than
0.1%. On the other hand, even if it is incorporated in excess of 6.0%, the effect is saturated and the effect corresponding
to the content can not be recognized to result in economical disadvantage. Therefore, Ni is preferably within a range
from 0.1% to 6.0%. With a view point of the weathering resistance, a range from 0.1% to 3.5% is desirable.

10) Cr: from 0.005% to 1.0%

[0050] Cris an element for improving the weathering resistance as far as less salty circumstance is concerned. The
effect is insufficient at the content of less than 0.005%. On the other hand, even if it is contained in excess of 1.0%, the
effect of improving the weathering resistance is saturated to result in economical disadvantage. Therefore, the Cr con-
tent is suitably within a range from 0.005% to 1.0%.

[0051] As described in the disclosure of the invention, since Cr degrades the weathering resistance in a salty cir-
cumstance it is not positively added.

11) Mo: from 0.005% to 1.0%

[0052] Mo improves the weathering resistance and, further, increases the strength but the effect is insufficient at
the content less than 0.005%. On the other hand, even when it is contained in excess of 1.0%, the effect is saturated
and no corresponding effect to the content is recognized, to result in economical disadvantage. Accordingly, Mo is pref-
erably within a range from 0.005% to 1.0%. With a view point of the toughness, it is preferably within a range from
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0.005% to 0.5%.

12) Ingredient defining formula (1)
[1] Relatively less salty circumstance

[0053] In the invention, the foregoing effects can be provided by selecting one or more of five elements of P, Cu, Ni,
Cr and Mo and incorporating them respectively within the ranges described above. However, the content for each of the
five elements has to be controlled in relation with B so as to satisfy the following equation (1):

(20P + 3Cu + 3Ni + 6Cr + Mo)/(1-0.2(10000B) *%)

> 18 (1)
(where P, Cu, Ni, Cr, Mo, B: content for each element (wt%)). This can outstandingly reduce the amount of flow rust
formed.

[0054] For example, Fig. 5 is a graph for the result obtained by an atmospheric exposure test for weathering resist-
ant steel plates having various compositions for one year in rural districts, taking the value in the leftside of the equation
(1) (referred to as A value) on the abscissa and the amount of flow rust (Fe2+) from the test specimens on the ordinate.
As can be seen from the graph, the amount of flow rust is drastically reduced by defining the A value to 18 or more.

[2] Salty circumstance such as coast district

[0055] In the invention, the P content and the content of one or more of P, Cu, Ni and Mo are controlled, in relation
with the atmospheric salt content, so as to satisfy the following equation (1);

(11P + 4.0Cu 4 3.1Ni + 2.6Mo)/(1-0.1(10000B) ) > 1 + 13X 1)

(where P, Cu, Ni, Cr, Mo, B: content for each element (wt%), X: atmospheric salt content (mg/dm?/day)).

[0056] The weathering resistance in coast districts with high atmospheric salt content is improved remarkably by
controlling the content for B and the content for one or more of P, Cu, Ni and Mo so as to satisfy the equation (1). Fur-
ther, steel materials coping with corrosive circumstance (atmospheric salt content X) are obtained by controlling the
content for B. P, Cu, Ni and Mo in accordance with the atmospheric salt content X, which can prevent incorporation of
unnecessary alloying elements to provide economical advantage.

[0057] In a case where the left side in the equation (1):

A= (11P + 4.0Cu + 3.1Ni + 2.6Mo)/(1-0.1(100008) >*°)
is smaller than the right side in the equation (1):
B=1+13X,

that is, A < B, the corrosion resistant degrading effect by the atmospheric salt content is greater than the corrosion
resistance improving effect by the alloying elements. In order to improve the weathering resistance by overcoming the
corrosion resistance degrading effect by the atmospheric salt content, it is necessary to control the content for B, P, Cu,
Ni and Mo so as to satisfy A < B. In this invention, when there is an element not added among the alloying elements in
the equation (1), it is assumed that the quotient of the elements is calculated as 0. X is defined as an atmospheric salt
content measured according to JIS Z 2381 gauge method.

13) One or more of elements selected from Nb: from 0.005% to 0.20%, Ti: from 0.005% to 0.20% and V: from 0.005%
to 0.20%.

[0058] Nb, V and Ti are elements increasing the strength of steel and one or more of them can be added as
required. For any of Nb, V and Ti, the effect is recognized by the incorporation of 0.005% or more but the effect is sat-
urated even when it is contained in excess of 0.20% respectively. Accordingly, it is desirable that each of Nb, V and Ti
is from 0.005% to 0.20%.

14) One or more selected from Ca: 0.02% or less, REM : 0.02% or less.

[0059] REM and Ca have an effect of improving the weldability and can be added as required. The effect is recog-
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nized by the addition of 0.0005% or more for any of REM and Ca but the upper limit is defined as 0.02% since addition
of a greater amount degrades the cleanliness of the steel material.

15) Other balance Fe and inevitable impurities
[1] Relatively less salty circumstance

[0060] In addition, the steel material according to this invention comprises the balance Fe and inevitable impurities.
As the inevitable impurities, L: 0.010% or less and O: 0.010% or less are allowable.

[2] Salty circumstance such as coast districts

[0061] In the same manner, as the inevitable impurities, Cr: 0.1% or less, N: 0.010% or less and O: 0.010% or less
are allowable. Cr is added to weathering resistant steels marketed at present as an element for improving the corrosion
resistance. However, this is a case in a less salty circumstances and in those districts with high atmospheric salt con-
tent, particularly, in coast districts, the element rather deteriorates the weathering resistance and, accordingly, this is
not positively added in this invention but it is allowable up to 0.1% as inevitable impurities.

16) (dA + dB) value: 0.030% or less

[0062] In the invention, in addition to the definition for the chemical ingredients described above, the sum (dA + dB)
value for the amount of A type inclusions and the amount of B type inclusion according to JIS G 0555 is defined as
0.030% or less considering the earthquake proofness and with a view point of ensuring the toughness in the Z direction
(absorption energy in a Chalpy impact test) of 47J or more at -5°C.

[0063] In this case, the A type impurities are plastically deformed by processing and B type impurities comprise
granular inclusions arranged discontinuously grouped in the processing direction. In addition, C type impurities (inclu-
sions dispersing irregularly with no plastic deformation) can be mentioned as one of classes.

[0064] The toughness in the Z direction is improved remarkably by defining the (dA + dB) value to 0.030% or less.
It is considered that the A type or B type inclusions have sensitive effect on the toughness in the Z direction as stress
concentration sources. It is considered that decrease in the amount of the A type or B type inclusions (dA + dB)
decreases the stress concentration sources, and, particularly, reduces the (dA + dB) value to 0.030% to thereby
decrease the size of the inclusions, so that the toughness in the Z direction is improved remarkably. Further, the corro-
sion resistance is also improved by reducing the (dA + dB) value. This is considered that local corrosion resulting from
the matrix and the inclusion boundary is suppressed by the decrease in the amount of the impurities.

17) Manufacturing method

[0065] A manufacturing method of steel materials according to the invention is to be explained.

[0066] The steel melting according to the invention is prepared by welding with a ordinary known melting method
such as a converter method or an electric furnace method and prepared into steel materials by continuous casting
method or casting method. Further, in the melting step, a vacuum degasing refining may be practiced. Then, the steel
materials are after being heated in a heating furnace or the like and rolled to a desired shape by hot rolling or directly
not by way of heating. Further, the steel materials according to this invention includes, for example, steel plates, steel
sheets, bar steels and profiled steels.

Example 1

[0067] Steels of chemical ingredient shown in Table 1 were melted in a converter furnace and prepared into slabs
by a continuous casting process and the slabs were heated and then hot rolled into steel plates of 25 mm thickness x
2500 mm width. Tensile property or characteristics and impact shock characteristics of the steel plates were investi-
gated. Further, for the weldability, reproducing heat cycles corresponding to 1 mm weld heat affect zone at input heat
of 100 kJ/cm were applied to determine the absorption energy \E_5 at -5°C of the Chalpy impact test.

[0068] The result is shown in Table 2. Further, corrosion test specimens of 5 mm x 50 mm x 100 mm were sampled
from the steel plates. The specimens were shot blasted and then served for atmosphere exposure test. In the atmos-
phere exposure test, a rural district at an atmospheric salt content of 0.02 mg/dmzlday was selected and each of the
test specimens was placed being directed to a south direction and at an angle of 30° relative to the ground surface and
exposed for one year. Simultaneously, flow rust from the specimens was received in a plastic tank to measure the
amount of the flow rust (Fe+2). After the exposure test, a rust layer formed on the surface of the matrix was removed
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and the weight reduction of the test specimens was measured, which was converted into the reduction of plate thick-
ness. The result is shown in Table 2.

[0069] Examples of the invention (steel types Nos. 1 to 11) are excellent both in the toughness and the weldability.
On the other hand, comparative examples (steel type: Nos. 12 - 21) and an existent example (steel type: No. 22) have
comparable characteristics with those in the examples of this invention excepting that they were degraded in those in
which the content for S, Cu and P are out of the upper limit for the range of the invention (steel type: Nos. 13, 17, 18).

[0070] The amount of flow rust in the examples of this invention (steel type: Nos. 1 - 11) is as less as 29 ug/cm3 to
67 ug/cm3, which is remarkably lowered compared with 420 ug/cm2 of the existent example (steel type No. 22) with no
addition of B and with lower A value, and the reduction of the plate thickness is 8 um to 23 um in the example of the
invention, which is smaller compared with 38 um in the existent example, so that it can be seen that the steel material
according to the invention has excellent weathering resistance.

[0071] On the other hand, the amount of flow rust in the comparative examples (steel type: Nos. 12 - 16, 20, 21) out
of the range of the invention is increased as 300 ug/cm2 to 390 ptg/cm2 compared with the examples of this invention.
The amount of the flow rust is large in each of cases, that is, in No. 12 since the P content and the A value are exces-
sively low, in No. 13 since the S content is excessively high and the A value is excessively low, in No. 14 since the Cu
content and the A value are excessively low, in No. 15 since the B content and the A value are excessively low and in
Nos. 20, 21 since the A value is excessively low. Further, the comparative example with excessively high P content
(steel type: No. 17) and the comparative example with excessively high Cu content (steel type: No. 18) are comparable
with the examples of the invention in view of the weathering resistance (amount of flow rust, reduction of plate thick-
ness) but the toughness and the weldability are degraded. The comparative example of excessively high Ni content
(steel type No. 19) is comparable with the examples of this intention in view of the weathering resistance, the toughness
and the weldability but the elongation is poor since the strength is excessively high.

Example 2

[0072] Steels of chemical ingredients shown in Table 3 (Table 3-1 and Table 3-2) were melted in a converter furnace
and prepared into slabs by the continuous custing process. The slabs were heated and then hot rolled to steel plates
of 25 mm thickness x 2500 mm width. Further, for a portion of the steels, H-steels of 800 x 400 x 16 x 36 size were also
manufactured by hot rolling in addition to the steel plates.

[0073] For the steel plates and the H steels, tensile characteristics and the impact characteristics were investigated.
[0074] Further, the test specimens were sampled at the positions in the L direction and the Z direction at the central
portion of the plate thickness (1/2t part) for the steel plates, and in the L direction and the Z direction at the central part
of the plate thickness of a flange 1/4 part (1/2t part) for the H steels. The Chalpy impact test pieces for the direction of
the plate thickness (Z direction) were sampled such that steel plates were pressure welded to the surface and the rear
face of steel plates to increase the plate thickness up to 55 mm and the notch part was at 1/2t part. The pressure weld-
ing was applied under the condition considering so as not to change the tissue and the nature for the 1/2t part.

[0075] Further, for test specimens (in the Z direction) applied with reproducing heat cycles corresponding to 1 mm
weld heat affect zone at input heat of 100 kd/cm, absorption energy in the Chalpy impact test -\ E_5 was determined to
evaluate the weldability.

[0076] Further, corrosion test pieces each of 5 mm x 50 mm x 100 mm were sampled from the steel plates and H
steels, shot blasted and served to an atmosphere exposure test to evaluate the weathering resistance. In the atmos-
phere exposure test, a rural district at an atmospheric salt content of 0.01 mg/dm2/day was selected and each of the
test specimens was placed being directed to a south direction and at an angle of 30° relative to the ground surface and
exposed for one year. Simultaneously, the amount of the flow rust (Fe2+) from the specimens was measured. After the
exposure test, a rust layer formed on the surface of the matrix was removed and the weight reduction of the test spec-
imens was measured, which was converted into the reduction of weight thickness.

[0077] The test results are shown in Table 4 (Table 4-1 and Table 4-2).

[0078] Examples of the invention (steel materials Nos. 1 to 17) have high toughness of \/E_5: 61J or more including
also the toughness in the Z direction. Further, the examples of this invention are excellent in the weathering resistance
evaluated based on the reduction of the plate thickness and the amount of flow rust. The amount of the flow rust in the
examples of this invention (steel material No. 1 to steel material No. 17) is as small as 25 ug/cm2 to 68 ug/cmz, which
was remarkably decreased compared with 420 ug/cm2 for the amount of the flow rust in the existent example (steel
material No. 26), and it can be seen that the steel materials according to this invention have excellent weathering resist-
ance.

[0079] On the other hand, in the comparative examples out of the range of the this invention (steel materials : Nos.
18 - 26), characteristics in one of the toughness in the Z direction, the HAZ toughness (weldability) and the weathering
resistance are low and they are not suitable to structural steel materials.
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Example 3

[0080] Steels of the chemical ingredients shown in Table 5 were melted in a converter furnace and prepared into
slabs by the continuous casting process. The slabs were heated and then hot rolled into steel plates each of 25 mm
thickness x 2500 mm width, and H steels each of 800 x 400 x 16 x 36 size.

[0081] For the steel plates and the H steels, the amount of inclusions, tensile characteristics and the impact char-
acteristics were investigated according JIS G 0555. The test specimens were sampled at a position for a central part of
the plate thickness (1/2t part) (L direction) in the steel plates and for a flange 1/4B part (1/2t part) (L direction) in the H
steels.

[0082] Further, Chalpy impact test in the direction of the plate thickness (Z direction) was also applied. The Chalpy
impact test pieces for the direction of the plate thickness (Z direction) were sampled such that steel plates were pres-
sure welded to the surface and the rear face of steel plates to increase the plate thickness up to 55 mm and the notch
part was at 1/2t part. The pressure welding was applied under the condition considering so as not to change the tissue
and the nature for the 1/2t part.

[0083] Further, for the test specimens (Z direction) applied with reproducing heat cycles corresponding to 1 mm
weld heat affect zone at input heat of 100 kJ/cm, the absorption energy \E_5 at -5°C of the Chalpy impact test was deter-
mined to evaluate weldability.

[0084] Further, the amount of inclusions was investigated to determine the (dA + dB) according to JIS G 0555.
[0085] Corrosion test pieces each of 5 mm x 50 mm x 100 mm were sampled from the steel plates and the H steels,
shot blasted and then served to an atmospheric exposure test to evaluate the weathering resistance.

[0086] In the atmosphere exposure test, a rural district at an atmospheric salt content of 0.8 mg/dmzlday measured
by JIS Z 2381 gauze method was selected and each of the test specimens was placed with the matrix surface being
directed to a south direction under the condition free from rainfall and exposed for one year. After the end of the expo-
sure test, a rust layer formed by exposure was removed and the reduction of the plate thickness was measured based
on the reduction of weight.

[0087] The result is shown in Table 6.

[0088] The reduction of plate thickness in the examples of the invention is from 6 um to 32 um, which is remarkably
smaller than the reduction of plate thickness (143 um) of comparative example (marketed weathering resistant steel,
steel material No. 19) showing excellent coast weathering resistance. The toughness in the Z direction in the examples
of this invention shows excellent earthquake proofness as \/E_g of 59J or more.

[0089] Any of the examples of the invention shows excellent earthquake proofless including the weld portion having
vE.5 at the weld heat affect zone of 169 J or more. Further, the yield ratio was as low as 76% in the examples of this
invention, which are excellent in the earthquake proofness.

[0090] On the other hand, all of the comparative examples out of the range of the invention show remarkable reduc-
tion of plate thickness, lowering of the coast weathering resistance or deterioration of the toughness in the Z reduction.
[0091] In the steel No. 11, No. 13, No. 14, No. 15, No. 17, the reduction of plate thickness is larger compared with
the reduction of plate thickness and the weathering resistance is degraded.

[0092] The reduction of plate thickness of steel No. 12 is comparable with that of the examples of this invention, but
the value (dA + dB) for the amount of inclusions is as high as 0.074% and the toughness in the Z direction is as low as
vE_5 : 10J to lower the earthquake proofness

[0093] Further, the reduction of the plate thickness of the steel No. 16 with high P content is comparable with the
examples of this invention and the coast weathering resistance is excellent, but the toughness in the Z direction is as
low as E_g : 33J to lower the earthquake proofness and, further the toughness in the HAZ zone is as low as \/E_5: 31J
to lower the weldability.

[0094] Further, in the steel No. 18 out of the range of this invention with respect to Ni, the reduction of plate thick-
ness is small but the strength is excessively high as TS: 926 MPa.

Example 4

[0095] Steels of chemical ingredients show in Table 7 were melted in a converter furnace and prepared in the slabs
by the continuous casting process, the slabs were heated and then hot rolled into steel plates of 25 mm thickness x
2500 mm width, and into H steels of 800 x 400 x 16 x 36 size.

[0096] For the steel plates and the H steels, the amount of inclusions, tensile characteristics and the Chalpy impact
characteristics were investigated according to JIS G 0555.

[0097] The test specimens were sampled at a position for a central part of the plate thickness (1/2t part) (C direc-
tion) in the steel plates and for a flange 1/4B part (1/2t part) (L direction) in the H steels.

[0098] Further, Chalpy impact test in the direction of the plate thickness (Z direction) was also applied. The Chalpy
impact test pieces for the direction of the plate thickness (Z direction) were sampled such that steel plates were pres-
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sure welded to the surface and the rear face of steel plates to increase the plate thickness up to 55 mm and the notch
part was at 1/2t part. The pressure welding was applied under the condition considering so as not to change the tissue
and the nature for the 1/2t part.

[0099] Further, for the test specimens (Z direction) applied with reproducing heat cycles corresponding to 1 mm
weld heat affect zone at input heat of 100 kJ/cm, the absorption energy \E_5 at -5°C of the Chalpy impact test was deter-
mined to evaluate weldability.

[0100] Further, the amount of inclusions was investigated to determine the (dA + dB) according to JIS G 0555.
[0101] Further, corrosion test pieces each of 5 mm x 50 mm x 100 mm were sampled from the steel plates and the
H steels, shot blasted and then served to an atmospheric exposure test to evaluate the weathering resistance.

[0102] In the atmosphere exposure test, a rural district at an atmospheric salt content of 0.45 mg/dmzlday meas-
ured by JIS Z 2381 gauze method was selected and each of the test specimens was placed with the matrix surface
being upward horizontally under the condition free from rainfall and exposed for one year. After the end of the exposure
test, a rust layer formed by exposure was removed and the reduction of the plate thickness was measured based on the
reduction of weight.

[0103] The result is shown in Table 8.

[0104] The reduction of plate thickness in the examples of this invention is from 14 um to 40 um, which is remark-
ably smaller than the reduction of plate thickness (105 um) of comparative example (marketed weathering resistant
steel, steel material Nos. 2 to 16) showing excellent coast weathering resistance. The toughness in the Z direction in
the examples of the invention shows excellent earthquake proofness as yE_5 of 70J or more.

[0105] Any of the examples of this invention shows excellent earthquake proofless including the weld portion hav-
ing yvE_5 at the weld heat affect zone of 292 J or more. Further, the yield ratio was as low as 80% in the examples of this
invention, which are excellent in the earthquake proofness.

[0106] On the other hand, all of the comparative examples out of the range of the invention show remarkable reduc-
tion of plate thickness, lowering of the coast weathering resistance or deterioration of the toughness in the Z reduction.
deteriorates the toughness in the Z direction.

[0107] Steel materials Nos. 2-11, Nos. 2-13, Nos. 2-14, Nos. 2-15 of comparative examples show more reduction
of plate thickness and deterioration in the weathering resistance compared with examples of the invention since control
for the content of alloys is insufficient and the A value is out of range of this invention and the corrosion resistant dete-
rioration due to the atmospheric salt content is predominant.

[0108] In steel material Nos. 2-12 of the comparative example, the reduction of plate thickness shows substantially
the same value as that of the invented steels but since the amount of inclusions is more and the (dA + dB) value is
higher than 0.030%, the toughness in the Z directions is lowered to result in a problem in view of the earthquake proof-
ness.

[0109] As described above, the steel material according to this invention is a steel material excellent in weathering
resistance for coast districts with high atmospheric salt content (coast weathering resistance) and further excellent in
the toughness in the Z direction also including the weld portion and excellent in earthquake proofness, which can be
seen suitable as the steel materials for use in steel structures.

Industrial Applicability

[0110] According to the invention, weathering resistant steel materials excellent in the earthquake proofness and
reduced flow rust can be provided. When the steel materials are used for structural materials such as bridge beams,
the coating, surface treatment or the like can be saved to give an expectation for the economical effect of reducing the
maintenance cost to provide an outstandingly excellent industrial effect.

[0111] Further, steel materials capable of forming stable rust with good protective performance, excellent in the
coast weathering resistance and excellent earthquake proofness also including the weld heat affect zone can be man-
ufactured at inexpensively. The steel materials according to the invention can save the painting or surface treatment
even in salty circumstances such as coast districts, which can also expect an economical effect of saving the mainte-
nance cost and also can provide a remarkable industrial effect.

11



(0{900001) 20— 1) /(ON +1D 9+ INE+ND € + d 0) =SNBAY

EP 1 094 126 A1

sio] cco| sz [0
80000 240 | SE0 | $200 )
60000 0,0 | SZ0| €200 €0
51000 %91 120 Z200 )
S2000 00 6200 Y0 g
030 | o[ ze0 | Z00 0
81000 | 200 | 100 | 20| #00 0£0
81000 | 050 | ovD| 00| 180D 620
61000 | S¥0| I¥0| I€0| 1600 050
61000 | 0S0| O¥0| 2£0| 6200 1£0
81000 [ 250 190 050 %000 =0
21000 | 2v0 | 0T | 020] 600 €0
81000 | 090| 10Z| 020] 6200 £ 6
21000 | oD | 002 | 120] 0600 Z0 8
81000 | 0/0] S0 | 20| 0e00 €60 L I
81000 | 990 | 90| 280| 00 €20 9 pany
62000 | 090 l0L| 950] 800 050 S
2000 | S50 090 10| £€00 620 ¥ :
) €000 | syo| 050 tz0| Ze00 €50 3
€2000 | OV0| 810 | 680 200 Z0 z
81000 | 090 | SLO| OZ0| 1600 1£0 i
A ] DI N|®O]| N
( [Zn-Te)

10

15

20

25

30

35
40
45

I oigel

50

12

55



EP 1 094 126 A1

oydurexe LasKg

3 (733 05 08€ e 05 g9 z
v 068 08g e 3 %Y 2y 12
8¢ 08€ 028 J=3 3 Iy yiv 74
g ¥ gie ove (72 S8 1 6}
Sl 0L ol [ 73 299 96V 8l
edwme 1 ) S (2 Iz %9 89y m
. eARREdwoy [ 08¢ Zee 08¢ 3 ) Yey ol
1e SE SoT 3 ¥ 055 ey Si
6e 00€ S5¢ 08¢ © £05 LIy ¥l
62 0S€ a3 08 [ S ey €l
o3 8ve 8¢ 06E 3 v oey Z
z 09 ez 08¢ & ) 09y i
0L 9 962 £6E 13 ) 195 o}
vl s 53 288 13 o9 LS 6
i 1y 562 oGe 73 09 2\S 8
8 o 80E 3 0f .S 99Y )
Pyicrypind (] IS 60¢ o6 3 T seb 9
ol & 73 13 62 Gi9 cev S
8 I3 052 65€ 73 019 06¥ 2
6l (2 05C (=3 6 965 oo} 3
12 g5 02 8lg 72 ) Siy Z
€2 19 €97 /e 74 alS oY b
(um) o) (3] ) (%) (ea) ()
Ssewjons (o) 180U G3A SN uogebuog | pBuessepsue) | wyluanspeiA | ON
yewey eyed jo uognpey | mogounowy [ AEGEpRM | SSaBro) Apadaxd epsue ) odA|

10

15

20

25

30

35

40

45

cekel

50

55

13



EP 1 094 126 A1

imssswous:ﬁ&?i?&«i&iﬁ.«

050 | 610 m.a G200 | 05000 | #1100 | 0L | ov0 [ OLLD | M
oty 80000 | 260 | I£9 Y200 | 02000 | 8900 | €'} | SE0 | €00 | A
ol 020N | 60000 | 150 | 010 [ 020 | €200 | 82000 | 0200 [ 6L [ 90 [ LLOO | N
162 . " | szo00 {080 | - ~ {2000 | 81000 [ 02Z0 | 651 [ 950 [ 9200 | L
cie $2000 | 060 | 920 | €9°0 | 2800 | S2000 | 0200 | S0’k [ 920 [ 200 | S
€02 02000 | S¥0 | S¥'0 | 050 | 6200 | 09000 | ¥900 | SE4 | 820 | G200 | o
0 81000 | 100 | — - | 1800 | 02000 | 6000 | 901 | 620 | #100 | O
99l 81000 | 9¥0 | 620 | 560 | 1800 | S2000 | €000 | 20 | 060 | 9100 | d
Vo 61000 [ 030 | 910 | 020 [ 62000 | 82000 | G000 | €0°L | 1€0 [ 8100 | O
992 ZHO'0AN | £6000 | 9€°0 | 260 | 250 [ s00°0 | 20000 | Ze00 [ 161 [ 1€0 [ 12001 N
08l OLO'0L ‘SE0°0:IN ‘S1'00W | Z100°0 | 290 | ¥9°0 | Z9'0 | S000 | 20000 | €200 | 22} | 210 | 8200 | W
V& Z00'0L ‘L PO'0XIN | 81000 | /80 | 1€0 | 50 | 000 | S0000 | G100 | 280 | S20 | 8100 | 17
ez 20000 'S20'01L | 81000 | 250 | 10} | 05'0 | #0000 | 22000 | ¥200 | 00°L | 220 | 9100 | M
0'le ¥e00aN | 2000 [ 2o | 1oe | ~ | 6200 | 60000 | 0100 | €80 | se0 | 600 | ¢
e 91000 | 090 | 10Z | ~ | 6200 | 62000 | 9200 | 280 | se0 | 2000 | |
'S 02000 | L0 | 002 | ~ | 0c00 | 81000 | 0100 | 080 | ze0 | 9000 | H
%4 LLOOUL | 810000 | 00 | S0'b | — | 1000 | 80000 | 2600 | S0L [ €50 [ €100 | ©
oY : 81000 | S90 | €01 | — | +200 | 82000 | €900 | 601 | ev0 | 6000 | 4
zee 0000 | S0 | 0L | — | 2200 | S1000 | 6400 | 90} | 00 | 8100 | 3
L6l SO0'0W=R '2LO'GYLL ‘620N | 8100'0 | 960 | 90 | 20 | 1000 | 06000 | 2800 | Q€L | 20 | GO0 | Q
1’02 S00A | 02000 | 950 | ev0 | 20 | 0200 | 12000 | 1800 | 0L | S1'0 | 0200 | D
902 ¥1'0:0N | 02000 | 290 | 910 | S9°0 | 000 | 22000 | €900 | 224 .| ¥20 | 0200 | &
g8l 81000 | 060 | G40 | 020 | 1800 | 82000 | S800 | S€} | OE0 | 2200 | V

sey0 d DI NmWm| W S d [wsn s o) ON
eNeAY (%) UogIsOdLLICO fEBeYD) jedals

10
15
20

25

30

35

40

45

geeL

50

55

14



EP 1 094 126 A1

adurne
reE 0s @ 0 905 o 8 02y 800 000 | BT | M -4
i (3 S0l 8 0bL g Z 1900 0000 | 100 | A T
082 8l [ 7] 0o 2 6 600 0000 | 600 | 0 (3
53 ¥4 602 800 oor 1€ =3 €200 0000 | €200 | 1 €
eduee oL % 80 8i9 23 ® ) 6200 0000 | 6200 | 5 | z
eARBIW) 82 [ [ [0 b ®2 ) 800 0000 | 6b00 | o 1z
68 B w2y 2 188 Il 002 8200 0000 | 800 | O | ®
152 /8 yiy ] (22 0 [ 600 0000 | 60 | d | 6l
08 % oo o) ey 4 I8 200 0000 | 8200 | O [N
% 201 £8E 25 -2 Z 3 2000 0000 | 2000 | N Il
02 002 3 895 yiy ) 3 ZL00 2000 | S000 | W ol
80C 5l o0 6ig o € 0€ 8000 €000 | 9000 | 7 Si
8z 08 [0 €S | Uy q 1S 0v00 1200 | 6100 | ¥
ez 89 o ) = il 3 Z00 7100 | 000 f £l
We 19 168 [ e Gl = 1200 0000 | /200 i Z
00e 88 80F vis £y -3 8y £200 0000 €200 H g 13
o— - %l 668 ) B0 gl 09- G200 9100 | 6000 esH o
Ppicrpant =2 ol 2y =5 ey m 5 6100 ZI00 | 2000 | © 8
1% 8 63c 3] oy F7d [ 8200 0000 | 8200 | 4 8
iz 2l o0F 6t sev -4 £ [ 0000 | G100 | 3 L
74 ) 3 %S I il 7] 8900 00 | S0 | d epd 9
- 08 e £ Lip iz 9 <200 0000 | S200 BeBH )
<2 oL 3 o 32 4 9 €200 0000 | €200 | D 2
573 18 8¢ ) sy Iz ) 8200 0000 | 800 | & P €
= ) 6z 905 =¥ z 09 1200 0000 | ZZ00 PeBH z
G2 oL 8 ?”ws oS ﬁmq 89 6200 000 | 6200 | V [ epd !
© Ly} Y] St 8A SOBADILY (s28d)
yewey 2 ugemz | vopemp | yfuess | e apd Buny o | o | (om ON
A =0 = e in) § PO | jouopnpey | jopnowy | (Op+apwwp) | OP | SPewp | ON BUeRN
Raemem seauoL e aougEeal DelgeoM UOErpuLJO RINOURY ediy | peg

10

15

20

30

35

40

45

YeuBL

50

55

15



EP 1 094 126 A1

ABprUp/BWl 80 = SUSIUO S JUSASOURY X XEL + | =ONBAE (,,

Go8.00001) 10— 1)/ONOZ+INL'E+ND 0P +d L1)=ONEAY(,
il 02 oo | - 610 | 960 | Se00 | 09000 | #100 | 904 | o0 | OI1O [
Vil zie 91000 | S50 | 050 | 200 | 20000 | OMOD | £90 | 250 | Z000 8l
¥ii gel TO000 | o9 | 0o | 1ev0 [ Z2oo0 | 00k0 | kel | eco | veoo I
Vil g9l ¥2000 | 0S5l [ 201 | 0e00 | g2000 | G020 | 86h | %0 | Se00 9l
viL | g8 02000 | 190 | 080 | Z200 | %2000 | 900 | B/0 | S0 | G100 | eAd a
Vil gEl 8I000 [ ecl | GTy | 8200 | #2000 | 8600 | 85k | IS0 | 9600 [
Vil G200_| 00Z | €00 | 1600 | S2000 | /800 | izb | €50 | o200 gl
vl v BI000 | €0Z | 0 | 0000 | OB00 | €800 | 80% | 160 | 0200 )
1433 ) 81000 | 00Z | 100 [ 8200 [ o000 | 0s00 | @zt | &Z0 | Si00 il
Vil ot SYOORIN | 02000 | 00% | OE0 | 0S00 | 82000 | 9900 | ¥0b | 020 | G00 | PeeH [
viy &rl 0200 | 282 | %0 | o0 | 20000 | €600 | €0b | 20 | 9000 | o, ]
Vil IS} 2200 | 00% | 060 | €000 | 22000 | 2900 | 00 | o¥0 | Zi00 8
¥il 62t ZWOU | 21000 | 202 | 290 | 1000 | J0OOD | 8400 | OFL | #%0 | 4100 | BaBH 1
Vil sy 12000 | €12 | 890 | 0600 | 92000 | 000 | &L | &0 | 900 | ead 9
Vil [ 81000 | @2 | 80 | 00 { zz000 | ¥800 | O0L | 160 | 0200 | PesH g
Y1l Zel $O0OVERS LOOGLL'GE00NN | 12000 | €23 | 90% | 000 | #1000 | 2240 | IS | %0 | €200 p—p y
V1) 62t ISOOA | 81000 | Z5) | 10b | ZZ00 | 80000 | OLk0 | £vh | 00 | Z500 3
Yil FATA SIOON | 02000 | 981 [ 953 | 1600 | 91000 | /900 | 804 | 850 | 8000 | PeeH 3
Vil £l 12000 | @i | o'} | 8200 | 92000 | /80O | SZb | 820 | 1200 | oed dwz
RN oo 8 [ NP ¥V | s d M| B9 | et | meeu
9] uoeodiLIno EoRelD s
- §

10

15

20

25

30

35

40

45

50

55

16



:

EP 1 094 126 A1

] 4 08t 605 GoE et 6l
8l o [ 978 ¥89 9l 8l
M ) 882 7 o) & J1}
1e 3 gc1 £/ cBy ) ol
8 [ 06 S e ) oBd Sl
[ [ ooz 9 [ =g v
[V ) 3 665 wy o5 €l
o [ 062 ) agy 8e z
773 ) 08 65 £2v ) m
808 £ 908 [ 059 16y I PeBH i
€l fd) gie oL o) 88y [ o 6
See =) 162 7] €90 Loy 9 8
=3 oel 962 L o ooy = PesH L
8 [ i3 el 159 vy < oBd 9
652 W £62 6L 89 £BY ¥ PesH S
601 621 I3 o 199 oy -3 .y
8Ll oLl 73 [ v18 Wy = £
[~ 18 60 7 89 _ 96V ol PasH Fd
8 09 iz Awsw 189 88y 61 ampd i
AR A AR N

ol | ybuags | LBuess | ssewprpepx oL | memn
2H uopap7 | Lopap PSR | emusl | pen | Jouopnpey _ sy
ApcepPM ssaixpnoy Amrdaxiepeuey g?ﬂum&; (96M0ENEL JO JNOWN

10

15
20
25
30

35
40
45

17

-

50
55



EP 1 094 126 A1

18

10

69 174 soo0| -~ [ si0 [ seo [ se00 | 05000 [ #1100 | SOL | Ov0 | OLLO 9z
69 0 10000 | 80'L | 2v0 | S200 | S2000 | S900 | OFh | €0 | S00 54
69 Tt SL000 | 200 | G0 | €500 | 22000 | 1900 | 81 | €60 | 8100 (753
69 &% 02000 | SO | 200 | 0500 | 22000 | S800 | 2¥L | 910 | S0 (%
69 gL 81000 | 00 | 150 | £000 8/00 | StL | 060 | 1200 | @M %3
69 89 02000 | 960 | I¥0 | 9200 | 62000 | GO0 | 8¥i | SZ0 | GIlOD Y4
69 #1000 | #3000 | €51 | 080 | 2000 | 06000 | O100 | 20t | 820 | 8200 oz
69 €8 20000 | 10Z | 0Z0 | 0E00 | S2000 | 9600 | 880 | IS0 | 2200 6T
69 98 11000 | 281 | 020 | 9600 | 06000 | 0500 | 00% | S20 | 0200 8T
69 ; OZ00L. | 1000 | ObL | €¥0 [ 1000 | S0000 | ¥S00 | JZL | €20 | L0 | WesH | J¢
69 02000 | €0°) | SV0 | 2500 | 02000 | 1500 | €64 | 060 | 0200 | emed 9T
69 81000 | ¥’} | 290 | 6200 | SK000 | G900 | 9€L | OE0 | ZI0D | ®eBH | o¢
89 g ZYOOOERS 'BLO0LL 100N | 12000 | ££0 | 990 | 8000 | 80000 | 200 | OFF | 00 | 0200 — e
69 _S1 Z200A | 02000 | 020 | 090 | 1600 | S2000 | 0200 | OVL | Z20 | 2200 &2
69 08 ZOoN | 51000 | 1£0 | 850 | 0000 | 06000 | SZ00 | OFF | OE0 | Zi100 | MesH | ¢e
69 7 81000 | 020 | €90 | 0E00 | £2000 | €400 | JSL | 4€0 | 2200 | oed 1Z
oA | enen 280 g |[Nn|mo| v | s d || 8| 9 | JHE
8 v ) U B pag
Legel

15
20
25
30
35
40
45
50

55



EP 1 094 126 A1

?;

) [ 08 o 905 3 <01 8100 0000 | 8900 9z
73 08 €9 I o) [ord ) IZ00 0000 | Zz00 Si¢
exchusoe 898 08 1112 8L e 07 n 1200 0000 | /200 1T
eAsMdwng 158 2 3 7] ) 62y [ 0800 0000 | 0600 [3%4
2} 8 g€ 7] 109 2oy = 1900 0000 | 7600 | emd az
98¢ =) o 18 ) b Iy 0200 0000 | 0600 1T
=3 3 (3 08 129 ) ¥l 9100 8000 | 8000 012
ey 08 29¢ 8l 219 8Ly % 8200 0000 | 8200 et
6ee b 3 7] 619 vivy 3 0200 0000 | 0900 8<
=33 osh e u £65 2 oy 6100 Gl00 | $000 | PeBH 1T
uogaA 188 28 59 7 65 oSy o 00 0000 | SZ00 | emd 9e
padueq 0l [ =3 U 02 Uy [~ 0200 0000 | 0200 | ®asH ¥4
£62 2l €S2 6L 800 Sy £ 9200 w0 | 000 | o, re
2 7] 6t Sl 200 oSy 8 6200 0000 | 6200 £T
£6C oL 0se M 100 %Y 3 0200 0000 | 0200 | ®eSH ze
£62 08 0% Am& . %%e A.w.m.”_v %® 1200 0000 | /200 | emd 12
.%w\, ow, ow‘, A SL SA @ L ooevewp | o0 | @ o
yewey o | yhwes | youag | ssewprpoEd okl | myemiy
2H Wpepz | Wpap] | PEA | @SBl | PR | Jouopnpey oIS
Apcepem seeuPnoy Ayadoxi eysue Biﬁﬂaie; (3uosrpu o anowy

10

15

20

25

30

35
40

45

geqeL

50

55

19



10

15

20

25

30

35

40

45

50

55

EP 1 094 126 A1

Claims

A weathering resistant steel material having a composition containing, on the weight % basis,

C: from 0.001% to 0.050%, Si: 0.60% or less, Mn: from 0.50% to 3.00%, S: 0.01% or less, Al: 0.10% or less and B:
from 0.0003% to 0.0050% and, further, one or more of elements selected from P: from 0.005% to 0.15%, Cu; from
0.1% to 2.0%, Ni: from 0.1% to 6.0%, Cr: from 0.005% to 1.0% and Mo: from 0.005% to 1.0%, and satisfying the
following equation (1):

(20P + 3Cu + 3Ni + 6Cr + Mo)/(1-0.2(10000B) °*) > 18 1)
in which P, Cu, Ni, Cr, Mo, B: content for each element (wt%), and the balance of Fe and inevitable impurities.

A weathering resistant steel material in which the total sum (dA + dB) value for the amount of A type inclusions and
the amount of B type inclusions according to JIS G 0555 is 0.030% or less.

A weathering resistant steel material as defined in claim 1 or 2, wherein one or more of elements selected from Nb:
0.005% to 0.20%, Ti: 0.005% to 0.20% and V: 0.005% to 0.20% on the weight % basis is contained in addition to
the composition.

A weathering resistant steel material as defined in claim 1, 2 or 3, in which one or more of elements selected from
the group consisting of Ca: 0.02% or less, REM: 0.02% or less is contained in addition to the composition.

A weathering resistant steel material having a composition containing, on the weight % basis,

C: from 0.001% to 0.030%, Si: 0.60% or less,
Mn: from 0.50% to 3.00%, S: 0.005% or less,
Al: 0.10% or less, B: from 0.0003% to 0.0050%

and, further, one or more of elements selected from P: from 0.005% to 0.5%, Cu: from 0.1% to 1.5%, Ni: from 0.1%
to 6.0% and Mo: from 0.005% to 0.5%, and satisfying the following equation (1):

0.35
)

(11P + 4.0Cu + 3.1Ni + 2.6Mo)/(1-0.1(10000B) **°) > 1+13X (1)

in which P, Cu, Ni, Mo, B: content for each element (wt%), and X: atmospheric salt content (mg/dmzlday) and the
balance of Fe and inevitable impurities.

A weathering resistant steel material as defined in claim 5, wherein one or more of elements selected from Nb: from
0.005% to 0.20%, Ti: from 0.005% to 0.20% and V: from 0.005% to 0.20% is contained on the weight % basis in
addition to the composition described above.

A weathering resistant steel material as defined in claim 5 or 6, wherein REM: 0.02% or less is contained on the
weight % basis in addition to the composition described above.

A weathering resistant steel material as defined in any one of claims 1 to 7, wherein the steel material is thick steel
plate.

A weathering resistant steel material as defined in any one of claims 1 to 7, wherein the steel material is an H type
steel.
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