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Description

Steel plate having excellent resistance to fatigue crack growth and its manufacturing

method

Technical Field

The present invention relates to an steel plate having excellent resistance to fatigue
crack growth and a method for manufacturing same, the steel plate being a fatigue crack
growth-resistant steel plate having a yield strength of > 385 MPa, a tensile strength of
520-630 MPa, a Charpy impact energy (single value) at -40°C of > 80 J, and an excellent
weldability (da/dN < 3.0 x 10°® under the conditions of AK = 8 MPa-m" 2.

Background Art

As well known, low-carbon (high-strength) low-alloy steel is one of the most
important engineering structure materials and is widely used in petroleum and natural gas
pipelines, offshore platforms, shipbuilding, bridge structures, boilers and pressure vessels,
building structures, the automobile industry, railway transportations and machinery
manufacturing. The performance of the low-carbon (high strength) low-alloy steel depends
on its chemical composition and the process system in the manufacturing process, wherein
the strength, toughness and weldability are the most important properties of the low-carbon
(high strength) low-alloy steel, and it is eventually determined by the microstructure
condition of finished steel. With the continuous progressive development of science and
technology, higher requirements are raised in the strength-toughness and weldability of
steel, that is, the overall mechanical properties and the usability of the steel plate are
improved while maintaining a lower manufacturing cost so as to reduce the amount of steel
for saving costs, reduce the body weight of a steel component, and provide stability and a
safety. A research climax to develop a new generation of high-performance steel materials
is raised currently worldwide, wherein by way of alloy combination designing, innovative
controlled rolling/TMCP technology and a heat treatment process to obtain a better
microstructure matching, such that a steel plate is endowed with more excellent
strength-toughness, strength-plasticity matching, resistance to seawater corrosion, more
excellent weldability and fatigue resistance; Since the above-mentioned technology is used

in the steel plate of the invention, a fatigue crack growth-resistant thick steel plate having
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strength-toughness and strength-plasticity matching and excellent weldability is developed
at a low cost.

The microstructures of the existing thick steel plates with a yield strength of > 415
MPa mainly include ferrite + pearlite, or ferrite + pearlite (including metamorphic pearlite)
+ a small amount of bainite; the production processes include normalization, normalizing
rolling, thermomechanical rolling and TMCP; the strength, (ultra-) low-temperature
toughness, weldability, hot and cold processing characteristics of the steels are all
relatively excellent, and the steel plates are widely suitable in building structures, bridge
structures, hull structures, offshore platforms and other large heavy steel structures (The
Firth (1986) international Symposium and Exhibit on Offshore Mechanics and Arctic
Engineering, 1986, Tokyo, Japan, 354; “Steel plates for offshore platform structures used
in ice sea areas” (in Japanese), Research on Iron and Steel, 1984, no. 314, 19-43; and US
Patent 4629505, WO 01/59167 A1); however, the steel plates do not relate to the fatigue
crack growth-resistance.

Thick steel plates FCA with excellent weldability, fatigue crack growth-resistance
and a yield strength grade of 355 MPa successfully developed by Japan Sumitomo Metal
(such as “fatigue crack growth-inhibiting steel plate™ disclosed in Japanese Patent
Application Laid-Open No. 3298544; “thick steel plates with excellent fatigue crack
growth-inhibiting properties” disclosed in Japanese Laid-Open Patent Application No.
10-60575) have achieved good practical results and bulk supply; however, the steel plate

development does not relate to thickness steel plates of a higher strength grade.

Summary of the Invention

An object of the present invention is to provide a steel plate having excellent
resistance to fatigue crack growth and a method for manufacturing same, the steel plate
being a fatigue crack growth-resistant steel plate having a yield strength of > 385 MPa, a
tensile strength of 520-630 MPa, a Charpy impact energy (single value) at -40°C of > 80 J,
and excellent weldability (da/dN < 3.0 x 10" under the conditions of AK = 8 MPa-m'?),
the microstructure of the finished steel plate being a duplex-phase structure of ferrite +
uniformly and dispersedly distributed bainite and having an average grain size of 10 um or
less. The obtained characteristics of high strength, high toughness, excellent weldability
and fatigue crack growth-resistance are particularly applicable to hull structures, offshore

platforms, bridge structures, building structures, marine wind tower structures, marine
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machineries and the like in ice sea areas, and can achieve low-cost, stable bulk industrial
productions.

Fatigue crack growth-resistant steel plates are one of the most difficult kinds among
thick plate products, and the reason is that this kind of steel plate not only requires
ultra-low C, low carbon equivalent Ceq, high strength and excellent low temperature
toughness, but also shall have excellent fatigue resistance characteristics, especially the
steel plate can resist fatigue and crack growth, achieving fatigue crack bending and
passivation, improving the fatigue resistance properties of the steel plate, which thus
requires a certain quantity, a hardness ratio (bainite/ferrite) and uniformly distributed
bainite; how to achieve the two-phase structure of bainite + ferrite (F + B) and control the
quantity, hardness, morphology and distribution of bainite so as to achieve a balance
between ultra-low C and low carbon equivalent Ceq and the properties of high strength,
excellent low temperature toughness and excellent fatigue crack growth-resistance is one
of the greatest difficulties for the product of the present invention and is also a key core
technology; Therefore, in terms of key technical route, composition and process designing,
the invention integrates key factors affecting the strength, the low temperature toughness,
the weldability, especially the fatigue crack growth-resistance and other characteristics of a
steel plate, and successfully avoids the technical blockade in patents of the Sumitomo
Corporation, wherein a TMCP process is optimized starting with alloy composition
designing, by creatively using ultra-low carbon C - high Si - medium Mn - Nb-based low
alloy steel as a basis, wherein [%C] x [%Si] is controlled between 0.022 and 0.042, {([%C]
+ 3.33[%Nb]) x [%Si]} * Vcooling rate/ T cooling-stopping 1S controlled between 1.15 x 10* and 2.2
x 107, and a Ca treatment is carried out, with the Ca/S ratio controlled between 1.0 and 3.0
and (%Ca) x (%S)**® < 1.0x107, so that the microstructure of the finished steel plate is a
duplex-phase structure of ferrite + uniformly and dispersedly distributed bainite and has an
average grain size of 10 pm or less.

In order to achieve the above-mentioned object, the technical solution of the present
invention is:

A steel plate having excellent resistance to fatigue crack growth, the components of
the steel plate in weight percentage being: 0.040-0.070% of C, 0.40-0.70% of Si,
1.30-1.60% of Mn, P <0.013%, S <0.003%, Cu < 0.30%, Ni <0.30%, Mo < 0.10%,
0.008-0.018% of Ti, 0.015-0.030% of Nb, N < 0.0040%, 0.0010-0.0040% of Ca, and the

balance being Fe and inevitable inclusions; with the contents of the foregoing elements
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having to meet all the following relationships:

[%C] x [%Si] is controlled at 0.022 to 0.042; and A) the medium temperature phase
transition temperature zone is expanded, and the formation of ferrite + bainite complex
phase structure is promoted; B) slab segregation in the solidification process is controlled
to ensure the intrinsic quality “three properties” (integrity, homogeneity and purity) of the
steel plate; and C) carbide precipitation in the phase transition process from austenite to
ferrite is inhibited and two-phase separation phase transition of ferrite + bainite (F + B) is
promoted, so as to form a duplex-phase structure of ferrite + bainite; wherein all the above
three points can improve the fatigue crack growth-inhibiting capability. (wherein upon
calculation, [%C] and [%Si] represent a direct substitution with numerical values, for
example, if 0.04 is taken for C and 0.70 is taken for Si, then [%C] x [%Si] = 0.04 x 0.70 =
0.028, hereinafter inclusive)

{([%C] + 3.33[%Nb]) x [%Si]} X Vcooling rate/ Tcooling-stopping 1S controlled in a range of
1.15x10* t0 2.2x10°3 , wherein Vi ooiing rate 15 the average rate of accelerated cooling in a
controlled rolling and controlled cooling process (TMCP), in unit K/s; Tcooling-stopping iS the
cooling-stopping temperature of accelerated cooling in the controlled rolling and controlled
cooling process (TMCP), in unit K; with the TMCP process ensured, a two-phase structure
of bainite + ferrite (F + B) is formed; more importantly, the quantity, size, morphology and
hardness of bainite all satisfy the fatigue crack growth-inhibiting characteristics:

A) when a fatigue crack grows to bainite, bending and turning occur, forcing the
consumption of more energy in the fatigue crack growth process, thereby improving the
fatigue crack growth-inhibiting capability; and

B) when the fatigue crack grows to bainite, dislocations in a crack tip plastic zone
reacts with dislocations in the bainite (cancellation and recombination of dislocations),
reducing the intensity factor of the fatigue crack tip stress field, promoting the passivation
of the fatigue crack tip and suppressing the further growth of the fatigue crack.

A Ca treatment is carried out, with the Ca/S ratio controlled between 1.0 and 3.0 and
Ca x S < 1.0 x 10°: Ca(0,S) particles are uniformly and finely distributed in the steel,
the grain size of the steel plate is refined, the fatigue crack growth-resistance property of
the steel plate is improved, and the austenite grain growth in a welding heat affected zone
is inhibited, improving the weldability of the steel plate, while ensuring that the sulphide is
spheroidized and the effects of the inclusions on low temperature toughness and

weldability is minimized.
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In the composition system design of the steel plate of the present invention,

As an important alloy element in steel, C plays an important role in improving the
strength of the steel plate and promoting the formation of a second phase bainite, so that
the steel necessarily contains a certain quantity of C; however, when the C content in the
steel is too high, an internal segregation in the steel plate is deteriorated (especially in the
case of a high Si content), and the low temperature toughness and the weldability of the
steel plate are reduced, which is adverse to the control of the hardness, morphology,
quantity and distribution of the second phase bainite, and the weldability, low temperature
toughness and fatigue crack-growth resistance properties of the steel plate are deteriorated
seriously; therefore, a suitable content of C is controlled in a range of 0.040% to 0.070%.

Not only does Si improve the strength of the steel plate, but also more importantly, Si
expands the medium temperature phase transition zone, inhibits the precipitation of
carbides, facilitates the formation of the two-phase of ferrite + bainite (F + B), facilitates
the control of the quantity, morphology, hardness and distribution of bainite, and thus Si is
an indispensable alloy element for the fatigue crack growth resistant steel plates; however,
when the Si content of the steel is too high, the segregation, low temperature toughness and
weldability of the steel plate will be deteriorated seriously; therefore, a suitable content of
Si is controlled in a range of 0.40% to 0.70%.

In addition to improving the strength of the steel plate, Mn as the most important
alloy element in steel further has an effect of expanding the austenite phase zone, lowering
the Ar; point temperature and refining bainite grain groups in the TMCP steel plate,
thereby improving the low temperature toughness of the steel plate, facilitating the
formation of bainite; however, Mn segregation is prone to occur during the solidification of
molten steel; especially when the Mn content is higher, which not only can cause a difficult
in casting operations, but also easily results in a conjugate segregation phenomenon with C,
P, S and other elements, and especially when the C content in steel is higher, the
segregation and loosening in the central part of the cast slab are aggravated, and severe
segregation in the central area of the cast slab easily causes the formation of abnormal
structures in the subsequent rolling, heat treatment and welding processes, leading to the
deterioration of the low temperature toughness of the steel plate, the occurrence of cracks
in welded joints and a low fatigue crack growth resistance capability; therefore, a suitable
content of Mn is 1.30% to 1.60%.

P as a harmful inclusion in steel has a great damage impact on the low temperature
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impact toughness, elongation, weldability and fatigue crack growth resistance properties of
steel, and is theoretically required to be as low as possible; however, considering the
steelmaking operability and the steelmaking cost, the P content is controlled at < 0.013%.

S as a harmful inclusion (mainly as long strip-like sulphides) in steel has a great
damage impact on the low temperature toughness and fatigue crack growth resistance
properties; more importantly, S is bonded to Mn in steel to form MnS inclusions, and in the
hot rolling process, the plasticity of MnS allows MnS to extend in the rolling direction to
form MnS inclusion belts in the rolling direction, which seriously damages the low
temperature impact toughness, the fatigue crack growth resistance property, the elongation,
the Z-direction properties and the weldability of the steel plate; furthermore, S is also the
main element for the production of hot brittleness in the hot rolling process and is
theoretically required to be as low as possible; however, considering the steelmaking
operability, the steelmaking cost and the principle of a smooth material flow, the S content
is controlled at < 0.0030%.

In the present invention, according to the thickness of the steel plate, Cu, Ni and Mo
in suitable amounts, i.e., <0.30% Cu, < 0.30% Ni and < 0.10% Mo, can be added, to
facilitate the formation of bainite in the TMCP process, and the quantity, morphology,
distribution condition and hardness of bainite are controlled so as to improve the strength,
low temperature toughness and fatigue crack growth-resistance properties.

The affinity between Ti and N is very great; when Ti is added in a small amount, N is
bonded preferentially to Ti to produce dispersedly distributed TiN particles, suppressing
the excessive growth of austenite grains in the slab heating and hot rolling processes,
improving the low temperature toughness of the steel plate; more importantly, the grain
growth in a heat affected zone (a region far from a fusion line) in the great heat input
welding process is suppressed to a certain extent, improving the toughness in the heat
affected zone; there is little effect when the content of Ti added is too little (0.008%); when
the content of Ti added exceeds 0.018%, a further increase in the Ti content in steel has
little effect in both refining grains of the steel plate and improving the effect of the
weldability of the steel plate, and even when Ti/N is too great, the addition of Ti is adverse
to the grain refinement in the steel plate and even deteriorates the weldability of the steel
plate; therefore, a suitable content of Ti is in a range of 0.008% to 0.018%.

The purpose of adding a trace amount of element Nb into the steel is to carry out

non-recrystallization controlled rolling, promote the formation of bainite, refine the
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microstructure of the steel plate, improve the strength and toughness of the TMCP steel
plate, and improve the fatigue crack growth resistance property of the steel plate; when the
addition amount of Nb is less than 0.015%, the controlled rolling effect cannot effectively
work; besides, the capacity in the formation of bainite in the TMCP steel plate is smaller,
and the phase transition strengthening ability is also deficient; and when the addition
amount of Nb exceeds 0.030%, the weldability of the steel plate is seriously damaged;
therefore, the content of Nb is controlled between 0.015% and 0.030%.

The control range of N corresponds to the control range of Ti, and in order to improve
the grain refinement effect for the steel plate and improve the weldability of the steel plate,
Ti/N is optimally between 1.5 and 3.5. When the content of N is too low and the content of
Ti is too high, the TiN particles generated is in a small number and a large size, which
cannot have an effect of improving the weldability and grain refinement of the steel, and
on the contrary is harmful to the weldability and grain refinement of the steel plate;
however, when the content of N is too high, the content of free [N] in the steel increases,
and especially under conditions of high input energy welding, the content of free [N] in the
heat affected zone (HAZ) increases sharply, which seriously damages the low temperature
toughness of HAZ and deteriorates the weldability of the steel; moreover, when the N
content is higher, cracks in the slab surface are serious, leading to slab scrapping in severe
cases. Therefore, the N content is controlled at < 0.0040%.

The steel is subjected to a Ca treatment, which on one hand can further purify the
molten steel, and on the other hand can perform denaturating treatment on sulphides in the
steel, making same become non-deformable, stable and fine spherical sulphides, inhibiting
the hot brittleness of S, improving the low temperature toughness of the steel plate,
improving the fatigue crack growth resistance property, elongation and Z-direction
properties of the steel plate, and improving the anisotropism of toughness of the steel plate.
The addition amount of Ca depends on the content of S in the steel, wherein when the
addition amount of Ca is too low, the treatment effect will not be significant; and when the
addition amount of Ca is too high, the formed Ca(O,S) is oversized and the brittleness is
also increased, and can become a starting point of a fractural crack, not only reducing the
low temperature toughness and elongation of the steel plate, but also reducing the steel
purity, polluting the molten steel, and deteriorating the fatigue crack growth resistance
property of the steel plate; therefore, a suitable content of Ca is in a range of 0.0010% to
0.0040%.
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The method for manufacturing excellent fatigue crack growth-resistance steel plate of
the present invention is characterized by comprising the following steps:

1)  Smelting and casting

Smelting and casting are carried out according to the components in claim 1 to form a
slab;

2)  Slab heating: the heating temperature is controlled between 1050°C and
1130°C;

3) Rolling: the overall compression ratio of the steel plate, i.e., slab
thickness/finished steel plate thickness, is > 4.0;

the first stage is normal rolling;

the second stage is carried out using non-recrystallization controlled rolling, with a
starting rolling temperature being controlled at 780-840°C, a rolling pass reduction rate
being > 7%, an accumulated reduction rate being > 60% and a finishing rolling temperature
being 760-800°C; and

4) Cooling

after the completion of the controlled rolling, the steel plate is subjected to
accelerated cooling, with a starting cooling temperature of the steel plate being 750-790°C,
a cooling rate being > 6°C/s and a cooling-stopping temperature being 400-600°C; and
subsequently the steel plate is air-cooled to 350°C + 25°C naturally, followed by a slow
cooling process in which the steel plate is maintained at a temperature for at least 24 hours
at which the temperature of the surface of the steel plate is greater than or equal to 300°C.

In the manufacturing method of the present invention:

According to the content ranges of C, Mn, Nb and Ti in the steel composition, the
heating temperature of the slab is controlled between 1050°C and 1130°C, so that austenite
grains in the slab do not grow abnormally while ensuring the complete solid solution of Nb
in the steel into austenite in the slab heating process.

The overall compression ratio (slab thickness/finished steel plate thickness) of the
steel plate is > 4.0, ensuring that the rolling deformation occurs even in the core of the steel
plate to improve the microstructure and properties of the central part of the steel plate.

The first stage is normal rolling, wherein continuous, ceaseless rolling is carried out
within the rolling capability of a rolling mill, ensuring that recrystallization occurs to the
deformed steel slab, refining the austenite grains, while maximumly increasing the rolling

line production capacity.
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the second stage is carried out using non-recrystallization controlled rolling, wherein
according to the content range of element Nb in the above-mentioned steel, the starting
rolling temperature is controlled at 780-840°C, the rolling pass reduction rate is > 7%, the
accumulated reduction rate is > 60% and the finishing rolling temperature is 760-800°C, in
order to control the effect of the non-recrystallization controlled rolling.

The present invention has the following beneficial effects:

The steel plate of the present invention is obtained by a simple component
combination design in conjunction with the TMCP manufacturing process, which not only
produces a fatigue crack growth-resistant TMCP steel plate with an excellent overall
performance at a low cost, but also substantially shortens the steel plate manufacturing
cycle, creating a tremendous value for enterprises, achieving green and environmentally
friendly manufacturing process. The high-performance and the high added value of the
steel plate are concentrated in that the steel plate has a high strength and an excellent low
temperature toughness and weldability, and especially that the steel plate has an excellent
fatigue crack growth resistance capability, achieving a low alloying cost and a low cost in
manufacturing procedures, and successfully solving a problem in the fatigue crack growth
resistance of large heavy steel structures, thus ensuring the safety and reliability of the steel
structures in the process of a long-term service; and a good weldability saves the cost of
manufacturing a steel component for a user, reduces the difficulty of component making,
and shortens the time of manufacture of the steel component for the user, creating a great
value for the user, and therefore such a steel plate product with both a high added value and

a green environmentally friendly property.

Brief Description of the Drawings
Figure 1 is the microstructure (1/4 thickness) of Example 3 of the steel plate of the

present invention.

Detailed Description of Embodiments

The present invention is further illustrated below in conjunction with examples and
drawings.

The components of the steel examples of the present invention are shown in Table 1,
and Tables 2 and 3 relate to the process for manufacturing the steel examples of the present

invention. Table 4 shows the properties of the steel plates of the present invention.
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As can be seen from Table 4 and Figure 1, the fatigue crack growth-resistant steel
plate of the present invention has a yield strength of > 385 MPa, a tensile strength of
520-630 MPa, a Charpy impact energy (single value) at -40°C of > 80 J, and an excellent
weldability (da/dN < 3.0 x 10" under the conditions of AK = 8 MPa-m" %), the
microstructure of the finished steel plate being a duplex-phase structure of ferrite +
uniformly and dispersedly distributed bainite and having an average grain size of 10 um or
less.

The steel plate of the present invention is obtained by a simple component
combination design in conjunction with the TMCP manufacturing process, which not only
produces a fatigue crack growth-resistant steel plate (FCA) with an excellent overall
performance at a low cost, but also substantially shortens the steel plate manufacturing
cycle, creating a tremendous value for enterprises, achieving green and environmentally
friendly manufacturing process. The high-performance and the high added value of the
steel plate are concentrated in that the steel plate has a high strength and an excellent low
temperature toughness and weldability, and especially that the steel plate has an excellent
fatigue crack growth resistance capability, achieving a low alloying cost and a low cost in
manufacturing procedures, and successfully solving a problem in the fatigue crack growth
resistance of large heavy steel structures, thus ensuring the safety and reliability of the steel
structures in the process of a long-term service; and a good weldability saves the cost of
manufacturing a steel component for a user, reduces the difficulty of component making,
and shortens the time of manufacture of the steel component for the user, creating a great
value for the user, and therefore such a steel plate product with both a high added value and
a green environmentally friendly property.

The steel plate of the present invention is mainly used for hull structures, offshore
platforms, sea-crossing bridges, marine wind tower structures, harbour machineries and
other large heavy steel structures, and can achieve low-cost, stable bulk industrial
productions.

With the development of the national economy in China and the requirements of
building a conservation-oriented harmonious society, the marine development has been
placed on the agenda, and at present, the marine engineering construction and its related
equipment manufacturing industries in China are in the ascendant, so a critical material for
the marine engineering construction and its related equipment manufacturing industries -

the fatigue crack growth-resistant steel plate has a bright market prospect.

10
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Claims

1. Asteel plate having excellent resistance to fatigue crack growth, the

components of the steel plate in weight percentage being:

C: 0.040-0.070%,

Si: 0.40-0.70%,

Mn: 1.30-1.60%,

P <0.013%,

S <0.003%,

Cu: <0.30%,

Ni: <0.30%,

Mo: <0.10%,

Ti: 0.008-0.018%,

Nb: 0.015-0.030%,

N: <0.0040%,

Ca: 0.0010-0.0040%,

and the balance being Fe and inevitable inclusions; with the contents of the
foregoing elements having to meet all the following relationships:

[%C] x [%Si] is controlled in a range of from 0.022 to 0.042;

{([%%C] + 3.33[%NDb]) % [%Si]} X Veooling rate/ T cooling-stopping 1S controlled in a
range of 1.15 x 10 to 2.2 x 107, wherein

Vooling rate 1S an average rate of accelerated cooling in a controlled rolling and
controlled cooling process, in unit K/s, and

Teooling-stopping 1S @ stopping temperature of accelerated cooling in a controlled
rolling and controlled cooling process, in unit K;

and a Ca treatment is carried out, with the Ca/S ratio being controlled between

1.0 and 3.0 and Ca x S°® < 1.0 x 10>,

2. The steel plate having excellent resistance to fatigue crack growth of claim 1,
characterized in that the microstructure of said steel plate is a duplex-phase structure of
ferrite + uniformly and dispersedly distributed bainite and has an average grain size of 10

um or less.
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3. The steel plate having excellent resistance to fatigue crack growth of claim 1,
characterized in that said steel plate has a yield strength of > 385 MPa, a tensile strength of
520-630 MPa, a single value of Charpy impact energy at -40°C of > 80 J, and da/dN < 3.0
x 10" under the conditions of AK = 8 MPa-m'>.

4. Amethod for manufacturing the steel plate having excellent resistance to fatigue
crack growth of claim 1, 2 or 3, characterized by comprising the following steps:
1)  Smelting and casting
Smelting and casting according to the components described in claim 1 to
form a slab;
2)  Slab heating: heating at a heating temperature between 1050°C and
1130°C;
3)  Rolling: the overall compression ratio of the steel plate, i.e., slab
thickness/finished steel plate thickness, > 4.0;
the first stage is a normal rolling;
the second stage is carried out using non-recrystallization controlled
rolling, with a starting rolling temperature being controlled at 780-840°C, a rolling pass
reduction rate being > 7%, an accumulated reduction rate being > 60% and a finishing
rolling temperature being 760-800°C; and
4) Cooling
subjecting to accelerated cooling after completion of the controlled rolling,
with a starting cooling temperature of the steel plate being 750-790°C, a cooling rate being
> 6°C/s and a cooling-stopping temperature being 400-600°C; and then allowing the steel
plate to be air-cooled to 350°C + 25°C naturally, followed by a slow cooling process in
which the steel plate is maintained at a temperature for at least 24 hours at which the

temperature of the surface of the steel plate is greater than or equal to 300°C.

5. The method for manufacturing the steel plate having excellent resistance to
fatigue crack growth of claim 4, characterized in that the microstructure of the steel plate
obtained by the manufacturing method is a duplex-phase structure of ferrite + uniformly

and dispersedly distributed bainite and has an average grain size of 10 um or less.

6.  The method for manufacturing the steel plate having excellent resistance to
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fatigue crack growth of claim 4, characterized in that the steel plate obtained by the
manufacturing method has a yield strength of > 385 MPa, a tensile strength of 520-630
MPa, a Charpy impact energy (single value) at -40°C of > 80 J, and da/dN <3.0 x 10°®
under the conditions of AK = 8 MPa-m"?.
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