NSC- D875 VWELDED JO NT HAVI NG EXCELLENT FATI GUE STRENGTH
BACKGROUND OF THE I NVENTION 5 1. Field of the Invention

This invention relates to a wel ded joint having an excel | eISG-R3Hue
strength which is mainly used for wel ded” structures such as ships,

of fshore structures, bri dges, building nmachines, and so forth. Mre
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ferrite mcro-structure capabl e of retarding a propagation speed of a
fatigue crack in a wel d heat affected zone (hereinafter abbreviated
as the 15 "HAZ") of a welded joint. 2. Description of the
Rel ated Art BACKGROMYDt BE THEeINYENBJIONdi ngs have becone greater,
a reductiongin the weight @&eghrggtghglIg@gﬁ@ggnhas - becone an

I nportant subject in recent years, and the 20 strength of steels used
for such structures has be®Big inventppghgelakgsnhitghér weddes dadnt g
this object. an BQWBYREntSikAEEgael eaéeh§thema_t:adli>é RAN18d used For

wel ded joint _during use in ships, offshore structures, bridqgs,
bui | di ng machi ne¥elgdrd §grP8FPﬁ?SCBHE6eP§nﬁi%ﬁ?es°§5§ Ofg Structures,

bridges, building machines, and so forth. More

10 particularly, the present invention relates to a welded
joint having an improved fatigue strength by increasing
the area ratio of a ferrite'micro—structure capable of

retarding a propagation speed of a fatigue crack in a
weld heat affected zone (hereinafter abbreviated as the
15 "HAZ") of a welded joint.
2. Description of the Related Art
As the sizes of buildings have become greater,
a reduction in the weight of structural members has
become an important subject in recent years, and the
20 strength of steels used for such structures has become
higher and higher for accomplishing this object.
However, since a load is repeatedly applied to the welded
joint during use in ships, offshore structures, bridges,
building machines, and so forth, counter-measures must be
25 taken to prevent fatigue destruction in such structures.
It is at the welded joint portion that this fatigue
‘destruction is most likely to dévelop. Therefore, an
improvement in the fatigue strength of the welded joint

o

has been required.
30 Intensive studies have been made to this date

on the factors deciding the fatigue strength of the
welded joint and an improvehéﬁf of the fatigue strength.
However, most of the proposals include an improvement by
additional execution after welding such as grinding by a
35 grinder, shaping the end portion of the weld bead final
layer by heating and refusing, shot peening to generate
compressive stress at the weld end portion (Japanese



25 taken to prevent fatigue destruction in such structures. It is
at. the wel ded joint portion that this fatigue destruction i s nost
likely to devel op. Therefore, an i nprovenent in the fatigue strength
of the wel ded joint has been required. 236- | nt ensi ve
studi es have been nmade to this date on the factors deciding the
fatigue strength _of the wel ded j.qi nt .and an |nprovenent of

t he
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at the weld end pasbi eel(l)kpewasén the art.
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No. 1- 30185%) and so fort he re ress by
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A net hod which 'EBanEﬁén‘i:QeoEaEhgugtéfeieﬂgEQrQEl WJ.thouTth%s‘i%bdap% QFic
even in the as-wel ded state by nmeans of onponent s _of the stee
mat eri al wit hout ®¥8FR§LIANspECPPSE heat- tr@?E@ﬁPFoﬁfSFergﬂdﬁégtaFreatnent

after wel ding asdescribefesbbirBeHagba¥sohBsenl popesadpr oposed.

10 In order to make the formation of clean
polygonal ferrite advantageous by an addition of Si, to
strengthen the steel by an addition of B and to improve
hardenability to thereby obtain an excellent elongation
flange property, fatigue characteristics and resistance

15 weldability, Japanese Unexamined Patent Publication
(Kokai) No. 3-264645 discloses a high strength steel
sheet having excellent elongation flange property, etc.,
which contains 0.01 to 0.2% of C, 0.6 to 2.5% of Mn, 0.02
to 1.5% of Si and 0.0005 to 0.1% of B.

20 Japanese Examined Patent Publication (Kokoku)
No. 3-56301 discloses a ultra-low carbon steel sheet
having excellent spot weldability which contains not
greater than 0.006% of C, not greater than 0.5% of Mn,.
not greater than 0.05% of A2 and 0.001 to 0.100% of at

{ 25 least one of Ti and/or Nb, in total, with the proviso
that nitrides and sulfides are not calculated, so as to
advantageously improve the joint fatigue strength of the
spot welded portion by elaborating the steel components,
especially by an addition of B, and the pfoportion of un-

30 recrystallized structure in the steel.

Japanese Unexamined Patent Publication (Kokai)
No. 6-207245 discloses a mﬁiii—iayered steel plate having
excellent fatigue characteristics by means of an addition
of Ni to a steel material surface layer to generate a

35 residual stress of compression at a weld end portion so
as to increase the time until the occurrence of a fatigue

crack, and wherein the addition amount of Ni is at least



10 . ~In order to nmake the formation of clean pol ygona
ferrite advantageous by an addition of Si, to strengt hen the steel
by an addition of B and to inprove hardenabil ity to thereby obtain
an excellent el ongation fl ange propér?yr fatigue characteristics and
resi stance 15 wel dabi lity, Japanese Unexam ned Patent Publication

Kokai ) No. 3-264645 di scl hi gh st th el h havi
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0.2%of C, 0.6 tbo2hS¥uefabbs 6f0fhe steeltplat&§%oll BeiagdnotO@@eater0. 1%
of B. 20 than 2§§5$?$25F5¥ﬂféﬂﬁgs§?tent Publ i cati on ( Kokoku)

No. 3-56301 discloses w'carbon steel sheet . having excel | ent
spot wel dability which confapasesetUnexamigedaPatenhafubldgetion CKokatl)

greater than 0.586,0f §Mipg707 diBCio8b83heEtihePuPaP5deab1Ahgyihgand 0. 001
to 0.100% of at 25 | east one_of Ti _and/or Nb, in total, with thg provi so

that nitrides an8XSaiieaksvatd peinkafatigre chagagtersstics, and
advant ageously iwglayRgtMEtheiNthépéfgrs whi€NOtbnohihbe0.001 topot owel ded

' by el ab h : i gl .
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deformation, and reduces the residual stress of the weld
end portion functioning as a mean stress by eliminating

15 HAZ hardening through the reduction of Ceq.

Among these prior art references, Japanese
Unexamined Patent Publication (Kokai) No. 59-110490 and
Japanese Unexamined Patent Publication (Kokai)

No. 1-301823 require a specific execution after welding,

20 and cannot improve the fatigue strength in the as-welded
state. The method using the heat-treatment after welding
is not preferable, either, because the number of the
process steps increases and execution of welding becomes
complicated. Further, its effect is limited.

25 The thin steel sheet described in Japanese
Unexamined Patent Publication (Kokai) No. 3-264645
relates to a base material of steel sheet which is mainly
directed to wheels and discs of automobiles. Since this
steel sheet 1is entirely different in application, the

30 thickness and the method of use from the steel plate used
for ship—building, offshore structures, etc., to which
the present invention is diiéétéd, the observation
described in this reference cannot be applied as such to
‘the thick steel plate. Further, since this reference

35 does not at all describe the welded joint, the influences
on the fatigue strength of the welded joint are not at
all examined. Further, it is not clear whether or not



-3- . 3% inside the region spaced apart by at least 0.2 mm from
bath surfaces of the steel plate and being not greater t han 25% of

t he thickness. Japanese Unexam ned Patent Publication
(Kokai) 5 No. 6-228707 discloses a strocttural steel having

excellent weld joint fatigue characteristics, and a wel di ng met hod
t herefor, which contains 0.001 to 0.01% of C, 0.005 to 0.05%of S
and 0.5 to 2% of thg RRAYHIVRAgIgrrite miggg-strystugPeatd@icthd® 0.2. This
reference invent irepot@edlymBkasatinbloOLm the Basdnaetadi, Stk Riehicdaticd time
proximty BR wel d end portion by using fine precipitation of Cu
whi | e reduci ng Cﬁget grevent concentration of plastic def or mati on,
and reduces the residual strhessteéltbshewel disclosededd paphinesecf Examineidng
as a mean %ireSSpQ¥eR£'Bk£%REQg-&§ (Kok@%ugagg?” Dgsghﬁogg?akgg LSAYGL! on
of Ceq. nong fiese prror art refefences;, Japanese
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execution after wel ding, 20 .and cannot 1nprove the fatigue strength in
the as-wel ded SPOts¥ald PYREiGBt hoBPRE elEhBIhést OPPeafnEhe &PFéFtance
wel di ng | SwBDHiNg EhetBHUE, wRidhet laRgs atbe wBBdnpobeioff ofha steel

Erocess sLgps inc%eg es gnd exegut}gnbofefgég£g8 beco Se coggligated.
urther, its ef f8eFets"PYRT tREYESD_rE OY e PAFNCBPEEF 8heod8F9
described in Japeumesent to fliwexamroegh PehenveRdbporaionnw{Kbkai & Bbhort
31264645 time. In contrast, the welding method of the welded
l joint as the object of the present invention is mainly a
welding method used for welding steel plates having a
15 large thickness. Therefore, these welding methods are
different from each other not only in the welding
residual stress but also in the welding conditions such
as the shape of the electrodes, the existence of a
welding material, and so forth. Because the factors
20 governing the fatigue strength are different between spot
welding of a thin sheet and welding of a thick steel
plate, the observation of spot welding cannot be applied
as such to the welding method of a thick steel plate.
The steel plate described in Japanese
25 Unexamined Patent Publication (Kokai) No. 6-207245 has
the same application because it is a structural steel.
However, since this reference limits to a Ni-containing
multi-layered steel, the fatigue strength cannot be
improved in the ordinary single-layered steel. It is not
30 obvious from this reference whether or not the fatique
strength of the welded joint can be improved.
The invention disclosed in Japanese Unexamined
Patent Publication (Kokai) No. 6-228707 does not describe
the HAZ structure of the weld joint, and the relation
35 between the micro-structure and the fatigue strength is
not clear, either. Therefore, this reference invention

is different from the present invention. Further, the C



relates to a base material of steel sheet which is mainly directed to

wheel s and discs of autonobiles. Since this steel sheet is entirely
different in application, the 30 t hi ckness and the method of use from
the steel plate used for ship-buildimg? of fshore structures, etc., to
whi ch the present invention is directed, the observation

described in this reference cannot be_ appl.ied as .such to the thick
steel plate. Fur @f&Ltign,amoupts ands thenSd §%dlt1@6'e§"}?6‘tntatarzﬁ 12y &R e

the wel ded j oi nt ast Wt kideatesethan 0.00% thed hati gueatierengisdh @. A
&ﬁg?ﬁgrjgin;o?re nspecttlvely a En%éa%hgegefggggg%rlnbgdﬁio%p%sgeﬂilqh}y
pol ygonal ferrit eeqguiressthecaddétinhi off Cs, it is defdetredity foont aiheed i n
t he base al r t he HAZ The st eel
sheet dlsgﬁ%sed P%eggﬂgnghgggigon ed 5 Pat ent Publication (Kokoku) No.
3-56301 relates to th§UMMARY OEpBHEWENWENSBLONon of a ultra-low carbon steel

sheet, and _ C0“&%”E53565059e89n6E0£héhﬁr@ééﬂﬂe§ﬁv€h%ﬁbhb% m%?gqldéhe
spot wel d portion. ROt wel d I's_one of the_resistance
met hods whi ch cl @nfi€1eRe ﬂ@FBth?YFBE 8n éxg?ééFnEOfatlSH@eFtHﬁﬁthp#@s§@re

by el ectrodes, aag-walaed 8th8&UBy increasing the area ratio of a ferrite

10 micro-structure, which can retard the propagation speed
of a fatigue crack, in the HAZ of a welded joint, without
employing means for improving the fatigue strength by
executing an additional welding work to reduce a stress
concentration after welding.

15 The principle of the present invention for
accomplishing the object describe above can be summarized
as follows.

(1) The fatigue strength of the welded joint is
improved by increasing an area ratio of a ferrite micro-

20 structure capable of retarding a propagation speed of a
fatigue crack in the HAZ of a welded joint.

(2) The fatigue strength of the welded joint is
improved by increasing the area ratio of the ferrite
micro-structure in the HAZ of the welded joint by

{_. 25 limiting the chemical compositions of a steel plate and
. its carbon equivalent.

(3) The fatigue strength of the welded joint is
improved by inéréasing the area ratio of the ferrite
micro-structure in the HAZ of the welded joint by having

30 a fine HAZ micro—structure.by adding a suitable amount of
Ti and N. '

The present invenfidn'improves the fatigue
strength of the welded joint by the effect of the
item (1), and can attain a higher fatigue strength by

35 further combining the above item (2) or (3).

In other words, the gist of the present

invention resides in the following points.



current to flow through the weld portion within a short time. In
contrast, the welding nmethod of the wel ded joint as the object of
the present inventionis mainly a - wel di ng nmet hod used for wel ding
steel plates having a 15 | ar ge t hi ckness. ® Therefore, these wel di ng
met hods are different fromeach other not only in the welding

residual stress but also iEche wel di ng conditjions such as the shape
of the el ectrodes, the exi ®enck ¥elded joinfehavipananerraPllgnt Satiguen.

Because the factors 20 overning the fatigue strength_are different
bet ween spot S rﬁ%@ﬁ?nﬁﬂﬁFaﬁg?ﬁ?ﬁeghéﬁtEg%ﬁ ﬂé?d?ﬁ AoFa5IPhPEK st eel
pl ate, the obserfatrbbeohispotsehcinge cannat héat appfeetied zoneagHBAGhofO
t he wel di ng neth of i ck.stee e h pl ate
described in Japgﬁ%s%?g%ég g%hééaﬁ%ngégéhggn%oF%%?%&a??%nt?%oéai%gﬁé.
6- 207245 has comphiseanet apprstaenenobetdbetnite; saamarrensital ateel .
However, since thig {efergnseal fddigudP AudbakPPd 3hiPY-structpbli-1ayered
steel, the fatidue strength cannot be - inmproved in the ordinary
single-layered steel. It i@ notA3@ldedbjdobus Havimghes extellbent fnbigese
or not the fatigue strength of the meldeddgoint can be i nproved.
The invention disttength iacdempiimngcdievan ten U, whikdit dist pRgigluicest bon
(Kokai) No. 6-228707 does not describe . . the HAZ struc%ure of the weld
joint, and the r&fHR9 oh el BHARGPIIRIMRG 0-17 rERYITF LaRPTFENF &Y gue
strength ng weighitcl ear, either. Therefore, this reference invention
is different fromthe present iénuygiégg J3"5'¥§4 the C
:' Si: 0.06 to 2.0%, '
Mn: 0.2 to 1.5%,
P: not greater than 0.05%,
‘15 _ ' S: not greater than 0.05%,
AZ: 0.001 to 0.08%,
N: 0.002 to 0.015%, and
the balance of Fe and unavoidable
impurities;
20 and having a carbon equivalent (Ceq) of
not greater than 0.275:
Ceq = C + Mn/6 + (Cu + Ni)/15 + (Cr + Mo + V)/5
+ Nb/3.

® A welded joint having an excellent fatigue

25 strength according to the item @, which is produced by

using a steel plate further containing, in terms of
percent by weight:
Ti: 0.003 to 0.05%.

® A welded joint having an excellent fatigue

30 strength according to the item ), which is produced by a

steel plate having a value Ti/N is 2.0 to 3.4.

® A welded joint having an excellent fatigue

strength according to one of the items @ to @, which is



-5- . addi tion anmount and the Si addition anount are as snall

as not greater than 0.01% and not greater than 0.05% respectively.
Since the reference invention essentially requires the addition of
Cu, it is different fromthe 5 present =i Avent i on. _ SUMVARY
OF THE | NVENTI ON It is an object of the present invention to
provi de a welded joint having an ixc IIeng fahigue strength in an
as-wel ded state BYOPAHEPEab¥YnysStRE ar &85°P4t Po2bP HUFEPPEt EOp§aLning, 1n

m cro-structure, teltinehofapereeatdbiyheeghpagati baaspeede of theoffod lbstingue
crack, in the HAZ of a_welded joint, w thout ~ enpl oyi ng neans for

| mprovi ng the fapﬁg Srgfrength by executing an additional wel ding
work to reduce a stress Conceft tatpoh-BFter wel ding. 15 The
principle of the present inventgon fgry o 2, ggcconplishing the object
descri be above can be summari ze as tol| ows. (1) The
fatigue strength of the wel ded $6fnt0;85 to 1.9%proved by increasing an
area ratio of a ferrite mcro- ¥8: ostpuedbuiepgppable of retarding a
propagati on speed of a fatigue crack ip ige HAZ of a wel ded joint.
(2) The fatigue strength of theViel %el07ofAtVi 0%, and; yyroved by

I ncreasing the area ratio of thgpfergi0@5 to 0.08€ro-structure in the HAZ

of the welded joint by 25 limting the chenical conpositions of a steel
pl ate and 10 its Carbon@%qui%aw ed joint having an excellent fatigue

strength according to one of the items @ to ®, which is

produced by using a steel plate further containing, in

terms of percent by weight:
Ca: 0.0005 to 0.010%, and

15 REM: 0.0050 to 0.050%.

BRIEF DESCRIPTION OF THE DRAWINGS _

Fig. 1(A) is a diagram showing the relation between
displacement of a crack opening and the change of load in
a HAZ bainite steel.

20 Fig. 1(B) is a diagram showing the relation between
displacement of a crack opening and the change of load in
a HAZ ferrite steel.

Fig. 2 is a diagram showing the relation between a

ferrite micro-structure area ratio of a HAZ of a welded
25 joint and the 2,000,000 times fatiqgue strength of a T-
type fillet-welded joint.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The technical concept of the present invention and
the reasons for limitation will be described in detail in

30 the following items (1) and (2).

(1) First of all, the reason why the micro-
structure in a HAZ of a welded joint is limited will be
described.

The inventors of the present invention have
35 examined the importance of the HAZ for improving the

fatigue strength of a welded joint.



(3) The fatigue strength of the welded joint is I nproved by

increasing the area ratio of the ferrite m cro-structure in the HAZ
of the wel ded joint by having 30 a fine HAZ m cro-structure by adding a
sui tabl e anount of Ti and N. -8 - The present invention

| nproves the fatigue strength of the welded joint by the effect of

t he item (1), and can att her fatigye stren th b

further combining the abov&SPe %i?&) E?g g?tlgue dstruction Pﬁ Btﬂﬁ}ded

words, the gist strideupsesetirs in m¢@we®aseﬂ aesadesldadt heihel powthgn
points. .

[err] A wel deaa‘f%ﬁ’%tah%%?‘ﬁc"%a%x%%?‘?%%tC?n‘f’entrgtl"n 18 fRGFRAL
characteri zed i wehdtpereien cdevaid obHfa awelding defecteanilcsoratchesuir in

a heat affgcted 5%414%)51@& a fatu_s&@ é’ﬂé’fdoé@ﬁf’é 18 HaRP 2RsL9 #POR0

and t he bal ance conprlses at | east one of a alnltet a martensite, a
pear]ite and a.r%ﬁﬁcﬁﬁﬁ ag stheni RUnAaFH-RetYReR 2 base metal having aery]

A wel ded j oi nt hesddg ﬁk@@&idrﬁfﬁnﬁﬁéﬁw and a weBdIeagald, apeopaiages o
the item[err], lnSng éhé”éﬁ’ (Leﬁlpropagates to the base metal and

finally results in destruction which spoils the functions
10 of the structure.

Therefore, the present inventors have examined
the proportion of occurrence-propagation life of the
fatigue crack in the HAZ to total destruction life.

Three kinds of joints, that is, a T-type fillet-welded
15 joint, a cruciform fillet-welded joint and a boxing
welded joint, that are widely used for structures, were
used. When a strain gauge was bonded at a position
spaced apart inward by 5 to 10 mm from the boundary,
between the base metal and the weld metal, to the base
20 metal (depending on the kind of the joint) and the strain
value in the repeated load was measured, the number of
repetitions at the point when the strain value dropped by
5% from the strain value at the start of the test was
_ substantially coincident with the number of repetitions
{ 25 of the distal end of the fatigue crack which passed
through the HAZ and reached the base metal. Therefore,
this number of repetitions was defined as the "occurrence
propagation life" in the HAZ. As a result of the fatigue
test of the weld joints, the proportion of the occurrence
30 propagation life of the fatigue crack in the HAZ to the
total life resulting finally in destruction was about 70%
in the T-type fillet-welded jOlnt, about 80% in the
cruciform fillet-welded joint and about 40% in the boxing
welded joint.
35 The test described above clarified that the
occurrence life of the fatigue crack to the total fatigue

life occupied a considerable proportion to the total



using.a steel plate containing, in terns of percent by 10 wei ght :

C. 0.015 to 0.15% Si: 0.06 to 2.0%

Mi: 0.2 to 1.5% P: not greater than 0.05% 15

S: not greater than 0.05% -3 = Alerr]: 0.001 to O. 08@6
N: 0.002 to 0.015% and t he bal ance of Fe and

unavoi dabl e | ppurities; 2 nd_havi ng .a _carbo
equi val ent (qu)fBFQQue Hl%Sf gggﬁ?th?hﬁﬁa5327§?rte% propaga W?' ¢ + the
M/ 6 + (Cu + N )bther hénds Ibs+r¥ptbiction was extremely Mi/fZicult. In

[err] A wel de L.nt _h n C 2 t
e v ding o | degrhgl % aiab%é ﬁﬁésﬁéﬁg&e g&gau‘ath Bf tgéngega%t@eel
plate further coooanhungherﬁfoeﬁnslbf15 bellpﬁedeﬁﬁf§9tWEEgﬁﬂther to make

Ti: 0.003 to 0.08% gccurrence o théefé£1 ueACYEEQegnJQhBtHﬂ@VHEQfQGult
excel | ent fatlgue 8 strength accor tothe itemJ[err ch

produced by a ©r tosrgbprg| aﬁemhabl ag B°§§{LhéeTFPRI P§°2asa%é°§ 2t the
[err] A vel dedai @bk Ba¥tRIiANLRECRAY €8 chakh@Hethe fatigheeaghbk

according to one of the items [err] to [err], which is
Next, the inventors of the present invention
10 have examined the micro-structure of the HAZ in
connection with the fatigue strength, and have acquired
the following important observation.
Generally, the HAZ structure of steel plates
used for ships, offshore buildings, bridges and building
15 machines mainly comprises a bainite micro-structure in
the case of a tensile strength in the order of 400 to
580 MPa, and a bainite micro-structure or a martensite
structure when the tensile strength exceeds 580 MPa.
Depending on the components of the steel plate and its
20 heat-treatment, the pearlite micro-structure and the
residual austenite micro-structure are contained in some
cases in addition to these micro-structures. The HAZ
micro-structure is not much affected by the base metal
structure but is rather determined by the chemical
(" 25 compositions of the steel plate and the cooling rate at
the time of welding. Therefore, even in the case of mild
steels for welding micro-structures of a 400 MPa class
(for example, 0.14%C-0.2%Si-0.9%Mn) that are used
ordinarily, the carbon equivalent as an index of
30 hardenability is high undef the ordinary welding
condition of not higher than 50 KJ/cm, so that the HAZ
hardly comprises a ferrite micro-structure as the main
structure.
The inventors of the present invention believe
35 it necessary to examine the fatigque crack propagation
speed in the HAZ of the respective micro-structure in

order to examine the fatigue strength of the welded



-7- . produced by using a steel plate further containing, in

terns of percent by weight, at |east one of the follow ng menbers:
Cu: 0.1to 2.0% 5 Ni: 0,1 to 2.0%

Cr: 0.05 to 1.0% MT 8902 to 1.0%

V: 0.005 to 0.10% and Nb: 0.005 to 0.08% 10

[err] A welded.%oi@t havi n 221 exgsllent fati Ue ¢ the mf%f3y¥¥£1ctu s
according to one 8 the e FéPF] 5 ﬂgF}F? PcR5 S proéhce&x%y
using a steel plandefruthkesamentignamig, condition widhestoftheerdgdniuances
REM 0. 0050 to 8fofEpemic factBrsOsfiioakna aliRk RRActREratian \ o

Fig. 1(A) is a dFegEiAriRBRi-ng rReidvpit F6ReBSt ABENSO fortdsphsc MFREFETS a

crack openifig angniBRt6R3NHEVES cbfdlctBd the cRabRZpkaibRighe ishetlest?®y
Fig. 1(B) is a dia ran1shﬁmnng the relation between dlsplaienent of a
crack opening anHStRE &R3 &es rulatad; HAZ testpieces. As a simulated

heat cycle for welding, the highest heating temperature
was set to 1,400°C and the cooling time from 800 to 500°C
was set to 1 to 161 seconds. The ferrite micro-

10 structure, the bainite structure and the martensite
micro-structure were reproduced by the differences of the
chemical components and the cooling speed. Each
testpiece was a 3-point bending crack propagation test-
piece having a size of 20 x 10 x 100 mm and having a

15 6 mm-long sharp notch; and a stress ratio was 0.1. Crack
opening displacement was measured by a clip gauge, and
the crack length was calculated by a compliance method.

As a result of the crack propagation test, it
was found out that propagation life of the fatigue crack

20 when the HAZ was ferrite structure was improved by at
least two times the fatigue crack when the HAZ was the
bainite micro-structure and the martensite micro-
structure. When the stress expansion coefficient range
and the crack propagation speed were examined, the |

{ : 25 difference due to the difference of the micro-structures
could not be observed when the crack length was already
long and the stress expansion coefficient range was high,
but when the crack length was still small and the stress
expansion coefficient range was low, the difference due

30 to the micro-structure appeared. When the area ratio of
the ferrite micro-structure in the HAZ was high, the
crack propagation speed drobbéd remarkably.

Further, Fig. 1(A) and Fig. 1(B) show the
result of the détailed observation of the crack opening

35 displacement and the change of the load in a HAZ bainite
steel having a ferrite micro-structure area ratio in the
HAZ of 2% and in an 88% HAZ ferrite steel. When the



\

a HAZ ferrite steqills Fig. 2 is a diagramshow ng the relatlon

bet ween a h iiiﬁﬁRaﬂmmture area ratio of '&'}"W

joint and the 2, OO i gue strength of a T}
fillet-wel ded jO|n SCRI PTI ON &F -THE P rERR§EPE§ COHVENES

The techni cal concept of the pr sent i nvention and the reasons for
limtation wll be des&rlbedfl %all n 30 t he fﬁP ng_ itens (1) .and
(2). PIPPRILPP a RETE ﬁsﬂhcﬁﬂysFﬁBC EPoPeTane cfure

in a HAZ of a wekdmdrkabie csabknbpedlmglWabeobservedescmhbederm "crack

of the bAz or i RBeRHy FRed REEELE AR Li2 phefSARhAR, hy PR the" e

of the HAZ for rovi ol n
- 8- distal endepél the fheigaeignecuesxcaeﬁson yﬁeédwebded and
structure GeCUT SuhBolBebs CRESLaL eYELASHILA! AL PAE WARimum 10aB3V0LRE 2

structural stress_conCentration, no portion _devol d of

a wel di ng defectcbﬂﬂe§cP3?€ﬁ%sthﬂ minimuy kpad} plat%OmHaFaﬁPﬁuyléha@Kher
occurs in nmany casefolsefuctures, t ke H¥opsrt hénbeENdas yobetvean a base

metal having a strengthening of the ferrite micro-structure is smaller,
and this structure is extremely mild and easily undergoes
10 plastic deformation. Therefore, the crack opening is
believed to easily occur. When this crack opening
occurs, the propagation of the fatigue crack does not
occur when the distal end of the fatigue'crack is closed,
and the stress range effective for'the propagation of the
15 fatigue crack decreases. In consequencé, propagation
life in the HAZ is believed to becomé longer when the HAZ
. comprises the ferrite micro-structure.
On the basis of the technical concept described
above, the present invention improves the fatigue
20 strength of the welded joint by'increasing the area ratio
of the ferrite micro-structure capable of retarding the
propagation speed of the fatigue crack in the HAZ of the
welded joint.
However, grain boundary ferrite occurring with
{ 25 an area ratio of less than 20% in the grain boundary of
the bainite micro-structure cannot improve the fatigue
strength even when the propagation is retarded because
the fatigue crack easily occurs from the grain boundary
ferrite, though it is included into the category of the
30 ferrite micro-structure. When the area ratio of the
ferrite micro-structure of the HAZ is less than 20%, the
improvement of the fatigue éfrehgth cannot be expected
even when closure of the fatigue crack occurs because
this closure is extremely small.
35 In order to improve the fatlgue strength of the
welded joint, therefore, it is necessary to secure at

least 20% of the area ratio of the ferrite micro-



| ocal stress concentration and a weld netal, propagates I nsi de the

HAZ, then propagates to the base netal and finally results in
destruction which spoils the functions 10 of the structure.

Therefore, the present inventors have exan ned - t he proportion of
occurrence- propagati on Iife of the fatigue crack in the HAZ to total
destruction life ree, kinds of joints, that is, ,a T-type .
fillet-wel ded 155truF5PﬁF 13 EPﬁcﬁkérn1Wb?PePhﬁeF688 ESitAP Sﬁdt§9b§ﬁﬁﬁjte

wel ded joint, thaicaceswrdetyrases &orlsasuckogresn uﬁeeHAz, thesed oc\dhes a

strain gauge was Qogggglgﬁ g%ggswﬁen?%%lgégg ?5g g%%hgn ngé , 2n tO 10

mm from t he boun
t he base 20 neealidypdipanstagiba mherk+nﬂr0¢tnheSJ5rﬁtroandlnbd stﬂaln

value in the repﬁ@%@ﬂefoégaﬂ?i fﬁéf&&gdt%éhfaefaaér ?Lengt kRBeLirkiONs at

the point when the strain va strain value
at the start of ¥abipe’f Ghe ferrlt%ummﬁ*arwt%enend‘éh? HAEhifhe nunber

of repetitions 215refe9$b1pea€“ﬁé&éteml%Ofaﬁ&leli‘;@thﬁgsrcmﬂtwohqhepagsed
t hrough the HAZ ang%reached the base netal. Therefore, hi s "nunber of

repetitions was ned as the "occurrence propagati on Ilfe" in the
HAZ. As a result of the faﬂé:gy,e the ard#£Sta®iotlde ¥RéOmjerdtstriibeure is

proportionof th ccurrenc atl Ilfe of the fati rack in
Phe tiaz £80%he  Sefiigd sl he balnd Aoty L ifine, ach: BALHAS about
70% i n t hejdintypen fsudleta werdesk jad o cdotdiBOehe weéhé metal, the

cruciformfill etﬂﬁlm%ﬁ rﬁasa@gnéa@acﬁ.m g:ps/ fﬁﬁ%etlpé)xécggl?%e? ?ﬁfkggg by

joint. 35 test SCribet ove larT f
occurrence |ife @t qQifeldal imjrragaenne + anhequting dtheuproportionfef

occupi ed a consigginbl R ARFId1Urd Ad he A @ln extending from a
15 position of about 50 pm from the weld metal towards the
HAZ to the boundary line between the HAZ and the base
metal by a point counting method. '
(2) Next, the reasons for the limitation of the
chemical components of the steel plate used for the
20 welded joint and the carbon equivalent will be described.
First, each element limited as the basic
chemical composition of the steel plate will be
explained.
Carbon (C) is the element which improves the
f 25 strength of the base metal, and a large amount of C is
preferably added to improve the strength of the base
metal. When C is added in an amount exceeding 0.15%,
however, hardenability becomes so high that the ferrite
micro-structure in the HAZ cannot be obtained, and
30 . weldability and toughness of the weld portion drop.
Therefore, the upper limit of C is set to 0.15%. When
the C content is less than b;OiS%, the strength of the
base metal as the structural steel cannot be secured
easily. Therefore, the lower limit of C is set to
35 0.015%.
Silicon (Si) is the element necessary for

deoxidation at the time of steel making. When added in a



-9- . fatigue life. Once the crack started propagating, on the

other hand, its restriction was extrenely difficult. In order to

| mprove t he fatigue strength of the wel ded joint, therefore, it is
bel i eved effective either to nake 5 t he btcurrence of the fatigue crack
in the HAZ difficult or to retard as nuch as p055|ble t he
propagation of the. crack i.n_the n th tigue

table amoungue51 r or evgn.x g
crack : occﬁP% R%Qf ERE FRAYeRPSFE*0 Yiﬁg 6 esent
i nvention 10 bavetémam n&fl the Slcconsenucnaréees thenHBZ 06k, the

connect i on Wi th LOSKLALEGHR SEEERE! BroBRlal LRp2E a8 stepl hERsLEL! oW g

| nportant observ structure~of
steel plates Thegsédreer thai pevenf Linbteidubeli hgsD . BpRdgeSiang Bdiskbding

15 machisnes ”PéPkYtéOEE£h§€§o§ Qﬁéﬂéh@ HhSVQSSBBHCEHhéa&Hed in thie case
of a tensile strength_in the order of MPa, and a bainite

m cro-structure B?r%uﬁﬁr?EnEF?ecarbon %ﬂ?bﬁ?h?@tmhewhﬁﬁeaggﬁglF& &frength

exceeds 580 MPa.amount &EPLOJdi&EgsOND!He, CORPLOELDLS, osltbeosieeb phate and
earlite mcro Stl‘ ctur

Légiggal aggﬁéh}%g9%$€P%fsigﬁfgﬁ?bn%rgh%oﬁf%?nﬁﬁ ny ggngﬂe %err&ﬁgteFﬁo'
addition to thesstmcturstincthe cdaz The t€ same carbon-sguircbiienti.s Waén
much af fegihed by, 5863 PATCa Bl unt exceeding 2.0%, on the other hand, Si
merely increases hardenability and the toughness drops.
Therefore, the upper limit is set to 2.0%.
Manganese (Mn) is the element which increases
the base metal strength without greatly lowerihg the
15 toughness. If the Mn content is less than 0.2%, a
sufficient base metal strength cannot be obtained, and S
brittleness is likely to occur. Therefore, the lower
limit is set to 0.2%. If the Mn content exceeds 1.5%, on
the other hand, hardenability becomes so high that the
20 ferrite structure cannot be obtained in the HAZ, the
toughness of the weld portion drops, and weldability as
well as ductility are deteriorated. Therefore, the upper
limit is set to 1.5%.
The P (phosphorus) content is preferably as
{ 25 small as possible. When added in an amount exceeding
0.05%, P undergoes segregation in the grain boundary of
the base metal and invites grain boundary brittleness.
Therefore, the upper limit is set to 0.05%.
The S (sulphur) content is preferably as small
30 as possible. When added in an amount exceeding 0.05%, A
type inclusions become remarkable, spoil the toughness of
the base metal and the weld'porfion, and lower ductility
in the direction of the thickness of the steel plate.
Therefore, the upper limit is set to 0.05%.
35 Alumirium (AL) is used as a deoxidation element.
When other elements are used as the deoxidation elements,

the lower limit is set to 0.001% because AL is generally



structure but is rather determ ned by the chem cal 25 conposi tions of

the steel plate and the cooling rate at the tinme of welding.
Therefore, even in the case of mld steels for welding
mcro-structures of a 400 MPa cl ass tfb% exanpl e,

0. 14%C- 0. 2%&5i - 0. 9%vh) that are used - ordinarily, the carbon equival ent

as an index of 30 hardenabi lity is high under th rdinary_wel di )
condi ti on of not %D&ﬁé‘rne%h&ﬁ‘ 55 RFPURL &3 efatleafd oi. &ﬁﬁ”ﬂlaﬁf{]‘%d in
conprises a ferriane amound- ekiceedinhg @s 0Blke MTarge quantdftriecs wfe AL oxides
The inventors of # i_nvention believ o It e to

exam ne the fati Sh‘geé‘ﬁécﬁ%%ﬁsoﬁ%a?f%%ﬁ‘ed &nd g%&%%lioﬁrat eer{ﬁ%z%%%%neess of
respective microtdter welldr pomtion. Tbedefore,eissi nppere lfiatiitgus s9tertdt h
of the wel ded 0.08%. - 10 - joint.
To exam ne the influences of the mcro-structures under_ the sane
dynami ¢ condition without NA&ErpaenuéNdeds contaippdgafadedsitadt-G0L %@ als

a stress concent fiﬁtbh(iﬂit in theogtbkgi entthedekBsbduaheSibaes _a.riehi&o dom h,
the present 5 | inven or?) Bgve conducted the crack g;log%%atlon t est, by
e

usi ng smal | si nuf-§t 8§*HAS Btece¥hepsconipifnfdt &8 UREa EXGFE% Fhr
wel di ng, the hi ghestisReabhnghteopatakhye N underydesseblid sodQ@fien i@ and

the COOIiQg)tinetkgogbgggtganQOEg&é g the toughness. Therefore, its
upper limit is set to 0.015%. Further N causes the
interaction with Ti, which will be described next.
Titanium.(Ti) promotes the formation of the
ferrite micro-structure in the HAZ micro—structure, Ti
15 nitrides restrict coarsening of the HAZ structure, lower
hardenability because the crystal grains become finer.
When the proportion of addition of Ti and N, that is, the
Ti/N value, is less than 2.0, N becomes excessive,
undergoes solid solution in ferrite and lowers the
20 toughness. When the Ti/N value exceedé 3.4, the
formation of the Ti nitrides gets into saturation, and
the toughness drops due to Ti carbides. Therefore, the
Ti/N ratio is preferably within the range of 2.0 to 3.4.
When the addition amount of AZ is small, Ti and N serve
( 25 as the deoxidation elements, and the resulting Ti oxides
function as the formation nucleus of inter-granular
ferrite in the HAZ and improve the area ratio of the
ferrite micro-structure. The lower limit of Ti, which
provides a remarkable effect of forming the ferrite
30 micro-structure is set to 0.003%. When added in an
amount exceeding 0.05%, Ti produces a large amount of
precipitates and lowers the ioﬁghness. Therefore, the
upper limit is set to 0.05%.
The Ti oxides and the Ti nitrides may include
35 Ti,0,, TiN, TiO, (T4i, AZ)J%, Ti (O, N),, etc., but in oxrder

to promote the formation of the ferrite micro-structure



was set to 1 to 161 seconds. The ferrite mcro- 10 structure, the
bainite structure and the martensite m cro-structure were reproduced
by the differences of the chem cal components and the cooling speed.
Each test pi ece was a 3-point bendi ng drack propagation test-

pi ece having a size of 20 x 10 X 100 nm and having a 15 6 mm | ong sharp

notch, and a stre at was n C t vvas
nmeasured by a cl? g E;g Zanﬁt ls Pr%f’er’é‘?%c%%h‘g? glg%éf%%l gg‘:dd]
conpl i ance net hohaving a grain size Asfaoresubwom pheaxd atke pnophgat ocﬁn

test, it foun t pag y,onll the fat rack 20
when t he HAZ \/va\é\81 err?%lt&eifs ruc?@r § %%1135/191{1 f% l'(tf‘wo times
the fatigue cracitispense HElIHAka\mi;dirir@ T1203 atbaa rﬂ'iéNrnT@tDOs@fué'sQrEOaﬂM

the martengite ngfo-+ne b%sété*&? aals t stress expansi on
coefficient range he crack propagation speed were exanined, the

25 difference due to t HORPEY ef@hcehadt thre of £9k sOf LETRFRELING thecoyl d
not be observed whed hdea L ket tmﬂ@sn@éf&@y the fatDfge ageréhAgtRt PSS

expansi on coefficie e, was fhe crack | epgth was
still small and ﬁ%%l‘it?‘g)s tion St%’b‘ﬁ%’oe‘?}?‘?‘tﬁe}én’tt R TRE E‘gﬁ“ t he
di fference due 3hrbides ! heHdWwerar StHHis L@fiefempemr&cbt b%easbtmm@deanlasso

e ferrjite mcro-str cturel t eHAZ
pr opagat i éﬁ speetd UrBHPEY et K a5 ¥, % %hﬁ §
and Fig. 1(B) steweadibing 2.0%edld tmdfl tiess et aiin al:he)trslahmifmlabiomhe

crack 0peni ng 3oyl Pl ARETENy ANl ANANOGIY Iffed ORI dndoper

bainite st ee avin rrite mecr ure area rat|0|
HAZ of 2% and i rlian.t88%% W&nﬁ rdete tst dbl1% aner? t0fe respectively.

Ni (nickel) not only improves the base metal

15 strength but also drastically improves the toughness.
The lower limit of the amount of addition providing such
effects is set to 0.1%, and the upper limit is 2.0%
because the effects get into saturation even when Ni is
added in a greater amount. _

20 Chromium (Cr) improves both the base metal
strength and the toughness, and reinforces the HAZ micro-
structure by forming its carbides and nitrides. It also
improves the fatigue strength. To obtain these effects,
at least 0.05% of Cr must be added. Even when Cr is

L 25 added in an amount exceeding 1.0%, the effects get into
saturation, and weldability is spoiled, on the contrary.
Therefore, the lower and upper limits are set to 0.05%
and 1.0%, respectively.
. Molybdenum (Mo) improves not only the base

30 metal strength but also the toughness, and exhibits the
similar functions as those of Cr in that it forms the
carbides and the nitrides. The lower limit value as the
amount providing such effects is set to 0.02% and the
upper limit as the amount at which the effects get into

35 saturation is set to 1.0%.

Vanadium (V) forms carbides and provides the



proportion of the ferrite mcro-structure becane high, a remar kabl e
crack cl osure was observed. The term "crack cl osure used herein
means t he phenonenon in which the distal end of the fatigue crack
exceeds a yield point and 5 under goes plifstic deformation at the
maxi nrum | oad, and cl oses before the mninmumload. |n conparison

w th ot her I cro-structures, the p ortion_of dislocatiqgn ..
st rengt heni ng ofeFE%CFﬁr?%témﬁ¥8Ybn§tFU€té?§el@egﬁﬁlFEFengg angaﬁﬁfﬂﬂFQg
structure is extteheepyroitlleand BAsthy undengeﬂs 13 lespl abtahc 0d@DSRRAL i ON.

Therefore, the ofAgkeCLORULES bfe noc rohELLekfd | orfasLix accun, Yga his

crack cl osure fhe ue &r oes not
occur when the dlsmat Eﬁds©t thOf@@5@ue Whenkvlsschdéed in an amgpgtt he

stress range ef fecling; fQ7 0! s Pr&l?agﬁé'c%‘nﬁ’fa{'?e ﬁérdenéan GAg SEaEKe

decreases. | n consequente, propagation beli eved
to become | ongeriihepegoresisgo high t%@ﬁp?h%e%r?%erﬁﬁ%?l?é ﬁh€r89§FFE€ture

On the basis of hherdestricelrs 0EEPbasiesCr itRdrefore, BROVEppéhelphesent

i nvention inproves. the, fat| ue. 8 strength of the wel ded jOInt by

i ncreasing the éY%%P?ai?oﬁe of%%he ferrite mcro-structure capabl e of
retarding the pr opagadt tum sqaer b tihe ébémgnie whbck hasthkeHAZ of

the 10 effect of improving the base metal strength. When a TMCP
process is applied at the time of the manufacture of the
steel plate, Nb restricts recrystallization during
rolling. Therefore, at least 0.005% of Nb must be added.
If the Nb content is too great, however, the toughness of

15 the weld portion drops. Therefore, the upper limit of Nb
is set to 0.08%.

Calcium (Ca) has the effects of fixing sulfides
as the generation source of the fatigue crack and
improving ductility. Such effects cannot be expected if

20 the amount of addition is not greatér than 0.0005%, and
if the amount exceeds 0.010%, the toughness drops.
Therefore, the lower and upper limits are set to 0.0005%
and 0.010%, respectively.

Rare earth metals (REM) have the same function

25 as those of Ca in fixing the sulfides as the generation
source of the fatigue crack and improving ductility. In
the HAZ, the REM (O, S) functions as the formation

nucleus of inter-granular transformation and promotes the

A,

formation of the ferrite micro-structure. Preferably,
30 REM (O, S) having a grain size of 0.1 to 3 um and the
number of grains of 10 to 100 grains/mm’ is finely
dispersed. Any elements are believed to exhibit similar
effects so long as they are the rare earth metals (REM),
and La and Ce are typical examples. 1In order to obtain
35 the effect of the addition of the REM, at least 0.0050%

in total must be added, and when they are added in an



wel ded. j oi nt. However, grain boundary ferrite occurring

wth 25 an area ratio of less than 20%in the grain boundary of

the bainite mcro-structure cannot inprove the fatigue strength even
when the propagation is retarded because ~ 17 the fatigue crack easily
occurs fromthe grain boundary ferrite, though it is included into

the category of the 3 ferrite ucture. Wien the area rati.o_of
t he (rri ¢ BB etEPRRLNFe0oPSDRe LAS PLERGLS BRkn B89 SRRUFaLion
i mprovenent of taeadfati §senstr eaghbmtaabot Preexfeceedthe loweveandhepper

closure of the fat] rac ceur S =hhis extrenely
el 35 TLkBE SEECHoRCER 3. DERFNTEn 0. pabl trStpRA I TR 1S
wel ded joint, therefore, iFurshﬁecetharyeaeosecﬁ@e bhe limitpbascn odutbe

the area ratio OéaiﬂgnfggﬁéﬁglﬁhEFME the steel plate used for the welded

- 12 - structur rea ratio of the ferrite
m cro-structure ieint véhitbeoegphainedHAZ, there occurs no probl em

even when bainite, nartensghén @E@r&ééflﬁﬁds eed atrﬁﬁédﬂﬂheaﬁﬁtﬁélaﬂng
micro-structures, are cont ai ned i

h t abl t
strength, the artd © sam?atFBeo¥e%%El?%r??Y%g%?§?€es%?%g¥%$%§'ﬁ fﬁﬁgﬁﬁgue

IS and the compositions of the steel plate can be expressed

10 by using the formula of the carbon equivalent proposed by
the IIW. The formula of the carbon equivalent (Ceq) and
the effect of Nb considering to increase a hardenability
is given by the following formula:

Ceq = C + Mn/6 + (Cu + Ni)/15 + (Cr + Mo + V)/5

15 + Nb/3.

' When the carbon equivalent exceeds 0.275 as in the
conventional steel plates, the HAZ micro-structure is the
bainite micro-structure or the martensite micro-
structure. Therefore, it is difficult to obtain the

20 ferrite micro-structure. To increase the area ratio of
the ferrite micro-structure of the HAZ, therefore, the
carbon equivalent must be first set to not greater than
0.275. )

To obtain a higher fatigue strength by
{ : 25 increasing the area ratio of the ferrite micro-structure
of the HAZ, the carbon equivalent is preferably not
greater than 0.25. If the carbon equivalent is less than
0.10, on the other hand, the sufficient base metal
strength cannot be obtained, and the carbon equivalent of
30 at least 0.10 is preferred.

The present invention improves the fatigue
strength of the welded joint by increasing the area ratio
of the ferrite micro-structure in the HAZ of the weld
joint on the basis of the technical concept described’

35 above. Here, the steel plate used for the welded joint
is preferably the steel plate stipulated as above, but
when the portion at which the fatigue damage becomes the



preferably at |east 60% and its upper limt value is _ 100%
Here, the area ratio of the mcro-structure is 10 defined as the val ue
obtai ned by cutting each wel ded joint in such a nmanner as to contain
the weld netal, the HAZ and the base Ifetal, observing the polished
surface by an opti cal m'croscope and counting the proportion of
each mcro-structure. in ar pn_ext end froma 15 ositign_of about
50 [err]m from tRECHESTH ‘Iﬁ;\tgg"%%‘é\%rjdé ?chu gance P} the ?ﬁ@pﬁoaﬁdﬁf‘ﬁ li ne
bet ween the HAZ mﬂdédhEJdDBB‘E or the rmtt:aéssbylaaqboa:Mdrbuumn'gheresbeell
(2) Next, ther f. i h e I nts
of the st cel pl iotactt TRiLFred JApate Map bf \Sop) 1o FFTERER, (HQTRONE
equi val ent wi I I Vﬂel@bsrﬁ igxppsed to the fatlgu¢:| damageach el errent limted
as the basic cheni cafhéo%mﬁﬂ thwﬁgnéﬂfhsié?e[%af)iﬁé@léﬂﬂi/ befective
on (C 1Is

expl ai ned. he el enen roves_the 25
strength of the fREethRtigldethd Aty RFf dhrityrRg @ jwhich t ?)r%’r?%?lébl y

added to i nprovaaﬁé}elrﬁ/rcenﬁfh@fbémlhaﬁe is likeéB} ato Hewr @hs addelein

an anount exceedl

oefe har denabi | i ty, be é(l)rres SO hkgghl,
that the ferrité™®© reﬁﬁ‘%“r%l ss[*ﬁf&%r IGPIRRE TP Ahot” b DT AT R Eh
30 wel dabi | i t'ly-taypia tﬂ]ﬂgﬂﬁ‘lﬁ&&a]@ied hjeo wed ,d bm'rtdam alrsp. improve Tiles ef or e,

t he -upper [ mt 0.15%, .\When C Sont ent | s | ess than
0. 015% t tr ef(r)lag ll% ot § engQCh fl atélerré‘feaﬁd sst ru r}hr a s]? eel cannot
be secured crausi form 'Iﬂlérlea‘mmelddde Jooimdy, |tIhH tbcvflrfg ivee lded t po Bt ,

0. 015% he butt Wl {63 REERSpd 2
deoxi dati on at tthee tlIune (%‘ lsteeljgsir%} tR{)\I‘I’en a (fm P ing
occurs.

On the other hand, the present invention is

15 particularly effective for gas shield arc welding such as
arc welding (MIG) using an inert gas, arc welding (MAG)
using a mixed gas, tungsten arc welding (TIG), etc., but
the present invention can improve the fatigue strength
even in arc welding with covered electrode or shielded

20 metal arc welding (SMAW), submerged arc welding (SAW) and
further in welded joints using small to medium heat input
of 1 to 5 KJ/mm used ordinarily for welding heat input to
large heat input of up to about 20 KJ/mm provided that
the crack opening occurs.

¢ 25 Example 1
Hereinafter, examples of the present invention will
be described.
Fatigue tests were carried out so as to examine the
. relation between the area ratio of the ferrite micro-

30 structure of the HAZ of the welded joint and the fatigue
strength. Nineteen kinds of steels, in total, were
melted by using a 50 Kg vacuum melting furnace. Since it
was expected that the carbon equivalent was low and the
strength of the base metal was insufficient, hot rolling

35 of the cast slabs was carried out by controlled rolling
and controlled cooling. In other words, after each slab

was heated at 1,100°C for 60 minutes, it was rough rolled



- 13 -. suitable anount, Si reinforces the matrix by solid

solution. If the Si content is less than 0.06% the deoxi dati on
effect drops at the time of steel naking. Therefore, the lower limt
I-s set to 0.06% Si is also a 5 ferrite ¥¥drmation el enment and is not
contained in the fornula of the carbon equi val ent. Wen added in an

amount of at | east 6% OVIdeS t he

ef fect of
i ncreasing the aﬁ@&orgtﬁge héc BFF?t ﬁ?@r&lmes the &injsh, @%%%tlua HAZ
at the sane car bthieyneeal eand mheﬂopoln taddeémperaMuaeouﬂbwexmeedmn@n—

2.0% on the otheécg9gga+§éF8Fé on pPﬁg%upHSEc%eas slga;g %afE%é and %he

t oughness drops
Manganese ( Mn) |slahewebeﬁenu5hhhoh rodiledsés the platkethds&ngsisalof 6 to

strength wig hout s67 AL ! ¥nkOUE" LB BE A8 rolSUARNGES: £ihishBE MingoBuaTe

is less than O |C|ent ase netal strength candot
obt ai ned, and S Was conpgpirrenadsd @@Wnlkél9090C0é§drwa$héP€F6?é CPﬁéeﬂomer

limt is set to Qigfoakt ﬁberbﬁmcﬁéﬁ QkaﬁﬁﬁéedsTﬂeﬁqbeQBh testpibBe QhBer
hand, hardenablllt¥ beco S S t the 20 errite_structure. cannot

‘be obtained in tRelERGEeEpean th tXﬁﬁﬁﬂe%ErSFsthEhﬁeFﬁnﬁb}?l SHTEREHE, 2BAd
wel dabi | i ty as the toehl a$oﬂq§t1dmtufatnedsaeélﬁéﬁ&@dwe'ﬂaemeéeﬁeedt he
upper lln]t A feﬁle 1 represents the chemical components of each
of the steels produced, its carbon equivalent and
mechanical properties.
Three kinds of welded joints, that is, the T-type
fillet-welded joint, the cruciform fillet-welded joint
15 and the boxing welded joint, were produced by using each
of these steels. The same steel plate as the base metal
was used as a rib plate used for welding, and each
welding was conducted in one pass. The welding method
was MAG welding using a CO, gas, and all of a coated
20 electrode, a solid wire and a flux-cored wire could be
used as the welding material. However, this example used
a flux-cored wire for a 50 Kg steel. After welding, a
testpiece for observing the micro-structure of the weld
_ portion was cut out, and the ferrite micro-structure of
{ 25 the HAZ and its area ratio were determined by the point
counting method.
The fatigue test was carried out at room temperature
in the atmosphere, and at a stress ratio of 0.1 by a
three-point bending in the case of the T-type fillet-
30 welded joint and at a stress ratio of 0 in the case of
the cruciform fillet-welded joint and the boxing welded

joint.
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Is set-to 0.002% When contained in an anount exceeding 0.015% on

the contrary, N undergoes solid solution in 10 the ferrite and | owers

t he toughness. Therefore, its upper-limt is set to 0.015% Further
N causes the interaction with Ti, whizh will be described next.
Titanium (Ti) pronotes the formation of the ferrite m cro-structure

in the HAZ m cro- struct Ti, 15 nitri oar.se of the
HAZ structure, |ower able ﬂa?HBWﬁbFPFtﬁyﬂgeiﬁsg tﬁ &?F&Ip F&gﬁsuﬁg e

finer. VWEﬂhéhEhpéhnéSEIOﬂhéfaﬁddltaﬁﬂoobthhéndeertbamlbip-the

Ti/N value, is |ess an 2.0, nmes, exgcessive s solid
solution in ferr? ﬁuggar?oﬁgrgh%hggg thé ﬁﬁgﬁﬁe§§?a ﬁﬁgﬁot%g gg%N val ue
exceeds 3.4, theba1n1tefmanaenemtefpehelIteﬁtésideslgeUStennbesaugraPion,
and he toUbREpa dt OPendU i ofaf 08819208585 AEE, ah®the  Ti/N
ratio is p?@feraﬁ?g F ?n tEe rgﬁage Og 8Hé %%4. 5 thn theeaddition
amount of Alerr]fa lgﬁﬁlﬁtrqngéhd N serve 25 as the deoxidation

el enents, and the respiging dhoR¥i €88 relatibHNBELHBeASthBCateaMBALDB of
nucl eus of i nter-granul ar ferrite in the HAZ and i rove the area

ratio of the  tRefERFFiEePirEosttaRetinee ?ﬁetP%mE% | #R¥'t of Ti, which
provides a renarkppoe, edd ecines for1gng $beehgthibe BRe T-typeofsiligeture

is set to . 003% %%ﬁﬁn adggd in an amount exceedi ng 0.05% Ti
produces &Yl arge”% 1ot precipitates and | owers the toughness.
Therefore, the TipejointiNoi slské 40 Ex&bPde of the present The Ti

oxi des and the Tin\ xSliJ[cS’ﬁSﬁ%V %f'f‘&'x]erf’é? mJﬁ%Ei&@ﬂéﬁ PN réPc?o &P

Aferr])[err]derT
the formation ofaft hkedsk r20% 1 cehe siA%ict JPke joints Nos. 2 to 4 are

Examples of the present invention whose ferrite micro-

15 structure area ratio of the HAZ is at least 20% and whose
carbon equivalent is not greater than 0.275. When the
carbon equivalent became lower, the ferrite micro-
structure area ratio increased, and the fatigue strength
of the welded joints increased, too. The joints Nos. 17

20 and 18 are Comparative Examples whose ferrite micro-
structure area ratio was lower and whose carbon
equivalent was greater than those stipulated by the
present invention, and the fatigue strength of these
welded joints was lower than that of Examples 1 to 4 of

{ 25 the present invention.
The joints Nos. 5 to 16 are Examples of the present
invention to which at least one of Cu, Ni, Cr, Mo, V, Nb,
Ti, Ca and REM is added besides the basic components.
- Each of these Examples kept a high fatigue strength. The

30 base metal strength was improved in the joints Nos. 5 to
11 and the ferrite micro-structure area ratio of the HAZ
was improved due to fining of TiN or TiO in the joints
Nos. 12 to 14.

On the other hand, the joints Nos. 19 and 20 are

35 Comparative Examples to which these elements were added,

but their ferrite micro-structure area ratio of the HAZ

was low, and their carbon equivalent was greater than



- 15 -. of the HAZ, it is preferred to finely disperse

Ti[err]derr] having a grain size of 0.1 to 3.0 [err]mand the
nunber of grains of 5 x 10[err] to 1 x 10[err] grains/mierr] or to
finely di sperse TiN by adding Ti[ertr]43err] at a Ti/Nratio of 2.0
to 3.4 5 into the base other than the HAZ Copper (Cu)
has the effect of_ inproyi ng thg . base netal strength, ?‘Eﬁ | Nar oves
the fatigue strehBeh pyipulatedgin; ghePheseRtsLPERGLACR ng T G%€ does
not form sarbhgen. oFlovkyes, wehiisdefjbentscannot betobkaiimpdowveldess 10

its amount is at leasf 0, 1% d en. added,_jn an.appunt exceedi_ ng
2 004 Qu will result PR £ 2@??5???%% 5 chd 01378 Rbs. 2. eof g HO
Therefore, the |ehéch|cmcibodnuppklet-weldihgnwvasofatuiadeosst ang G.nl%h&nd
2.0% respectively; - () I YORLY ali KB’ G%ES chhe jRase.
netal 15 %Cstre%’tlﬁt%ulf’o%[ s%tld?%s%?cg#f%mll%&o%gg%ﬁe tquéh ess. © * The
lower linit of t@etanbl@tfatigerlistoengtbyveli Baesvehded Jjolipfpefrylfsbeet

to 0.1% and thejyuppsvedivhénithd A% rite abesapseibherethectiazgehsi Righ.
saturation even when N is._, added in a grgater amount . go_ h
Chromi um (Cr) i nproveRCHRTHRFLY hakle tae arelded JoipkRgPAtifgYing the
toughness, and reomdDtLes dhechddprésswt invent bbhuctdpeebgntednesg its

car bi des dnitrides.. It als i nproves the fatigye, strengt To

obt ai n thgrsae effe]'!&’f%‘f‘ples St aét)h? e%‘%?s%r‘.r%SJeﬂ‘b?nﬁo%sfnb a’a@aeg.?'ﬁbr&ﬁ when

Cr is 25 addefexrmni e raioroHs Exosadiagpdedat he ehéegtslgesti B0&, and
all of these welded joints accomplished the excellent
fatigue strength in the as-welded state.



saturation, and weldability is spoiled, on the contrary. Ther ef or e,

the Tower and upper limts are set to 0.05% and 1.0% respectively.
Mol ybdenum (Mb) inproves not only the base 30 metal strength but al so
the toughness, and exhibits the si mi1 &3 functions as those of Cr in
that it forms the carbides and the nitrides. The lower limt value as
t he anount providing such effects is et to 0.02% and the upper
linit as the amount at which the ef fet®Rgef into 35 saturation is set
to. 1. 0% Vanadium (\) forns carbides and provides the

- 16 - |[Joint| Steeflf e*é’ﬂ$efof i Ao ngtihefblitle metdalintt ricifgian nid Remarhipng
the part iNBres.%;jangiré VAt enftiEtiEg s han d. 03585 s e 8else effects
are not |remarka@bl . | Ther ef or ¢; thre—-ower limt i|s set to 0.005%
Whien V ils added in an anount | F5rriteay¢@EfIng d. 10% on |t he contfrary,

T r\bct&s?n ;tr.;sugt%xfe ;
hardenabi ity of the ¢ (gmy | e 3 gh that the afpgq rjatio of the
ferrite fret-p—strtucttHre—decteases—Hherefore—tHe—tpper—io uipt
value ig set {to 0.10% 93 N; -pbi Lm,E_NS.%)eI 4 thg,el ergﬁ
has the |10 effect of 1nproving the|base netjal strength. V\heanae&{
procegs |>2app|1§u L LT§ Ll*b ubltnc HuH%sdbLUIC pr—t1e 248 .

3 c 15 85 15 u 243 "
4 D 15 73 27 . 231 "
5 E 15 61 39 " 238 "
6 F 15 75 25 " 232 "
7 G 15 65 35 " 225 "
8 H 15 62 38 " 227 "
9 I 15 81 19 " 240 "
10 J 15 87 13 " 242 "
11 K 15 91 9 . 241 "
12 L 15 49 51 " 222 "
13 M 15 60 40 " 230 "
14 M2 15 70 30 " 236 "
15 N 15 38 62 " 221 "
16 0 15 25 75 " 216 "
" Comparative
17 P 15 6 94 188 example
18 Q 15 7 93 " 191 "
19 R 15 5 95 " 192 "
20 S 15 16 84 " 193 "
Example of
21 A 6 65 35 Cruciform 216 the present
invention
22 B 6 93 7 . 218 "
" Comparative
23 P 6 6 94 174 example
. Example of
24 A 30 61 39. . Boxing 103 the present
_ invention
25 B 30 87 13 " 105 "
" Comparative
26 P 30 4 96 85 example




steel,plate, No restricts recrystallization during rolling.

Theréfore, at |east 0.005% of Nb nust be added. If the Nb content is
too great, however, the toughness of 15 the wel d portion drops.
Therefore, the upper limt of Nb is—sét to 0.08%

Cal cium (Ca) has the effects of fixing sul fides as the generation

source of the fatigue ¢crack and rovin ti)it Such effects
cannot be expected if io ared, s STR‘ "? Cﬂ#cl?%l% SRS %95{.53%

0. 0005% and i f the peatiniteieanitudl Gi¥berd e tmlghnestsruk bpses
Therefore, the | ower ,@d’ld upper limts ar ¢ ett t.0. q95° & d 0.010%
¢ St e Aumer SEne

respectively.

function 25 as those ofregetitifdxialy ﬁﬁm:tslne‘ i s thel Yenke it t omes .
source of ghe fati gu%\§&%§%)€]ﬂ%d TR NG Q}éFéa! ] tyl:hel bresent Lo Ne
REM (O S) functions as the fornmation el dus I nter-granular |
transfornation aMFERTIRR dha Rrea ratla‘oororﬁat‘m?n f@frl%JFF@ fekGrqgstructure

m cro-structure.cdpa51y aﬁ )bet%ﬂ:dlngREMe( o?agféét\i'd}g ega'cﬁlcﬂf St e ﬁtﬂgdeto
3 [err]mand the nber of, ra| of 10Q eglls({ng?[err S
finely di géded EHPQ9C QQﬁlﬂg@e@ eﬂse
effects so Iong fase td}ﬁ)psa,rQthﬂa;exdr%r et&&rctﬂmmt alb‘scl(d@@é,, bUlldlrﬁ_‘.ﬂd La and
Ce are typjica Ies order o aobtain.35 t.he ffe t he

addi tion io)¢ the 1nGS §a§t 0 °(§0%’8‘V Ccomp]f'r?ht S és]tecn ch?ecP refrpt

when they are addowntiosn limits the chemical components of the steel
plate and its carbon equivalent and can therefore improve
the fatigue strength of the welded joint. Therefore,
when the welded joint of the present invention is
15 employed, reliability to the fatigue destruction of the
' welded structures can be remarkably improved. The
technical significance of the welded joint of the present

invention having such effects is extremely remarkable.



- 17 - amount exceeding 0.050% the effects get into saturation
and-it is not economcal. Therefore, the | ower and upper Iim'ts are

?g;SE)(I’)ISOf S?S?GH"mmIImm [JlﬁmeCt ey car Bén —equi val r?EHI%\SHEEueHss @@L\

plate used for theSwelddd $ * jOInt will be explain REPLACED

When the cooling speed at the tine of weldi ng[ I s the sane, the

rel ati on between the HAZ mcro-structure S and the conpositions of the
steel plate can be expresskdwdDded pqlmslngviﬂg anrexteldénth€acaghen

equi val ent prOpO%ﬁge£¥¥ C?ha¥é{f? 1 W Th tﬁgguég greéhga€§rbogeﬁa %¥?%

(Ceq) and f consi deri O I nCrease a
is given by the m¢rovshgue¢iowre|n a heat affected gepge —o€ th&hwéldedCu +

Ni)/15 + (G + Moind){® dfom 20 to 100%, andbirRe balancwg&u%ffséérgﬁe

equi val ent exceeds 0.275 as_in the conventional steel at es
m cro-structure +82§heone of Ebaki’&FﬁTPé'-?n & Jragtenrs Lk of E’%‘ér F¢oPBt @
m cro-- St riesd ideal T&\ﬁgteézoi@ nicrts-¢iFideutd. to obtain the 20

ferrite mcro-structue. | ase the area ratio of the ferrite
m cro-structure of tﬁ% ?‘Féf oY ﬁbavmg an FATERF vER BRI Sust be
first set to notstgrezsgtdr aduﬁrdlng td).céhim 1, which is prodwcebtlsy using
hi gher fatjgue str t-h 5 i_ncr.easi n the area.ratio of the ferrite
M ororstraliure s ST SN cond MLSRE M Ut e R ot e Pihbe
greater than 0.25. If the carbdr edquiOddl et 0.sl9%ss than 0.10, on the

other hand, the sufficient basg;m®tgy g¢ o 2std%ength cannot be obtai ned,
ahd the carbon equival ent of
Mn: 0.2 to 1.5%,

P: not greater than 0.05%,
15 S: not greater than 0.05%,
) A2: 0.001 to 0.08%,
N: 0.002 to 0.015%, and
the balance of Fe and unavoidable

impurities; and having a carbon equivalent (Ceq) of not

20 greater than 0.275:
Ceq = C + Mn/6 + (Cu + Ni)/15 + (Cr + Mo + V)/5
+ Nb/3.
3. A welded jbint having an excellent fatigue

strength according to claim 2, which is produced by using
f 25 a steel plate further containing, in terms of percent by
weight:
Ti: 0.003 to 0.05%.

4. A welded joint having an excellent fatigue

strength according to claim 3, which is produced by a
30 steel plate having a value Ti/N is 2.0 to 3.4.

5. A welded joint having an excellent fatigue
strength according to one of claims 2 to 4, which is
produced by using a steel plaﬁe further containing, in
terms of percent by weight, at least one of the following

35 members:
Cu: 0.1 to 2.0%,

Ni: 0.1 to 2.0%, This Sheet Has Been Replaced

LT




30 .at least 0.10 is preferred. The present invention
i npr-oves the fatigue strength of the welded joint by |ncreaS|ng t he
area ratio of the ferrite mcro-structure i . .

joint on the basis of the technical concept déscr
the steel plate used for the wel ded joint : i S
pl ate stipul ated as above, but when the portlon at mhlch the fatigue

damage becomes t he Cr: 0.05 to 1. - 18 -

probl emis obvious in advance fmmnltmeoshanelqm%ghe wel ded joint or
the stress |oad condition, the sfeel sti pul ated above may be
applied to only the side %ahighopé §?p§sg&%Vo fatigue damage. 5
The present invention is partictibarl Q.805e¢tbi 0e 08%. for the wel ded

joints of tde type i r]6Wh' CR %ﬁd%ﬁwgﬁént hag&glgegkwng/x%le ﬁ'e@& Q%Q:a u%ur I s

likely to occur due to the ress o conpres on as in
the case of the strength. aggerfiingetonengedf silptimsbidt tead amddchngsove the

10 fatigue stpeaahheii%yt hglwal degtleeunbia%echuée%hmecontamﬁl cisform

fillet-welded joiLnt, bOX|ng join he butt wel dédj oi nt,
etc., in mhlch CFEEWSOB nPRgeent Y UE&HPE On the ot her
hand, the present invention is Ca: 0.0005 to 0.010%, and

10 _ REM: 0.0050 to 0.050%.

* c L M S *

This Sheet Has Been Replaced

AT




15 particularly effective for gas shield arc welding such as arc

meldlng (M@ using an inert gas, arc welding (MAG using a m xed
gas, tungsten arc welding (TIG, etc., but t he present invention can
inprove the fatigue strength even in afc wel ding with covered

el ectrode or shielded 20 netal arc wel di ng (SN%MV subner ged arc wel di ng

(SAW and furth I Q m )
of 1 to 5 KJ/ nm used otdrrar+ty—tor—wertrig nea Pt e heat

i nput of up to about 20 KJ/nntprOV|ded that the crack openlng occurs.
25 Exanmple 1 Herei nafter, exanples of the present

i nvention wll be descri bed. Fatigue tests were carried
out so as to exam ne the rélati on between the area ratio of the
ferrite maogo- 30 structure of the HAZ of the welded joint and the
fatigue strength. N neteen kinds of steels, in total, were

mel ted by using a 50 Kg vacuum rABSEBRALTE QI HE 5 (IOIYRE was expect ed
that the carbon equivalent was Iom1and t he strength of the base netal
was i nsufficient, hotAroI 8 g dhe cas %Iabs was carried_out by
control led rolling PTR{%8 ﬁPPoFPgﬂ 881 Fndat LAY RtAChotBs2 HffeltSeach
sl ab was heattdiated, 1aﬁﬁearfﬁtigneG@tﬂengthsofihnmas-wemgbdrgbhﬁd

- 19 - 10 can be improved, by limiting an area ratio of a ferrite
micro-structure in the HAZ of the welded joint to 20 to
100% and the balance to one of a bainite, a martensite, a
pearlite and a residual austenite micro-structure, or
limiting a carbon equivalent of a steel plate used for

15 the welded joint to not greater than 0.275.



into a sheet thickness three tinmes the finish sheet t hi ckness, and a
drop in the tenperature, down to an un- recrystallization point, was
awai ted. Thereafter, each slab was finish hot-rolled to the plate

t hickness of 6 to 5 30 mMm and as soon as hot rolling was finished, the
pl ate was control -cool ed down to 500[err]C and was further cooled
wth air to roomtenperature. Then, eacg/(estplece was col | ect ed,

and the yield stress, the tensile strengtl? and t he total eIongation
of the base netal were neasured. 10 Table 1 represents the chem cal
conmponents of each of the sFEE raﬁxgeg}-its car bon equi val ent and
mechani cal properties. h Z%fki wel ded joints, that is, -
the T-type fillet-welded joint, The cruciformfillet-welded joint 15
and the boxing wel ded j oi nt HA&H&AINHJ&US&HEby usi ng each of these
steels. The sane steelaekﬁte as the base neta was used as a rib
plate used for wel ding, each wel di ng S c@®nducted in one pass.
The wel di ng net hod was MAG wel di ng usin rr] gas, and all of a
‘coated 20 el ect rede olid wire and a f i
used as the meldlngmnaagﬁpal. However, thi sed a flux-cored
wire for a 50 Kg stBel. Aftler wel ding, 5t iﬁeg for observing the
m cro-structure ofcghe %ﬁbl porti was E S Eggthe ferrite
mcro-structure of & 20Qfie HAZ and jfs area erm ned by the
poi nt countlng nethod 6/’ The fa carried out at
roomtenperature in the at here, and at a S ress ratio of 0.1 by a
t hr ee- poi nt bendi ng i nJ@{case the T-type fillet{ 30 wel ded j oi nt
and at a stress ratio of 0O}in e case of
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- the cr'uciformfillet-.wel ded joint and the boxing wel ded joint.
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2210 Tabl e 2 shows the ey
he t hi ckness, theparea—ratto—of—tim f. :ff._
m RERLAGEGENT ReEET =
L\ e% r?ﬂe%iaée%/ pgartTtertesi dupl | aust %_ht' BRithtE EReet S 2 Detlohtlsdrii g7 the
ded}] ‘i’j ti%(? 7t he _
wee

“Steel pl ates used, -
structure in thé:

reI tion the area ratio of the ferrite
2,000,000-ti mes fatigue strength of
the T- type flllet- melded join The joint No. 1 is an
Exanpl e of the DFEbEHL |nvent|on having a ferrite C tr ur
area ratio of  propoatipsasf Lbe fﬁthéel—Mcr‘PHétFBFﬁP§eKb§ %[ (;H'?hdre%

Exanpl es of the E&ﬁa&@ﬁaﬂl@ve%bnncm@aeef QkEi bbsereed. 1The termuciaraskarea
ratio of the HAZ is at Ieast (e[FRY; | ot
gd gere;gapssﬁse&&evg %ﬁER%ﬂoﬁ Eh Wik 6%41

greater than O. 2 PO SR ecane | Qwer,
ferrite mcro- dxstadtEmdtoﬁetaeeﬁatague cnec&a9é§eeéﬁdatﬂéeﬂ9tFﬁ&ét and

strength ¢ o laequels d%@.ab‘é'xet aeEBEfnseieﬁ altO@heThaxjimunt dodds. ahd 20

and 18 are Cbnparatlve Ex errite mcr u k
ratio was | ower Sﬁﬁsﬁﬁo§§%nng5He m‘“‘mEﬁuhQEFentIﬂa§°mPg§ %%Bt%%% H%S%%

stipul ated by thﬁlcro-stpmesem25unuhatpunpoamdomheffd@ﬁé9§a§ﬂpéngth of
these ME|dQQrEWd¥H§d@%§ Eﬁwﬁhﬁt?é?r&gétmﬁErEKQEEheﬁuietQs4sﬁEL¥ér,

the present inventio i aLe Exa | es of
t he present anﬂnﬁéﬁﬁlGﬁrﬂstﬂﬁﬁchsanF68§F18h@l ﬁPs SEFO%RD,

Ti, Ca andREM i pragdad HeFodratiba.basheregorpencithe. crack opaclingf ishese
Exanples kept a Eeqq;ugﬂ %“eeEEQEQQEchEhe When this crack opening
occurs, the propagation of the fatigue crack does not
occur when the distal end of the fatigue crack is closed,
and the stress range effective for the propagation of the
15 fatigue crack decreases. 1In consequence, propagation
life in the HAZ is believed to become longer when the HAZ
comprises the ferrite micro-structure.
On the basis of the technical concept described
above, the present invention improves the fatigue
20 strength of the welded joint by increasing the area ratio
of the ferrite micro-structure capable of retarding.the
propagation speed of the fatigue crack in the HAZ of:'the
welded joint.
However, grain boundary ferrite occurring with.
25 an area ratio of less than 20% in the grain boundary of
the bainite micro-structure cannot improve the fatigue
strength even when the propagation is retarded because
the fatigue crack easily occurs from the grain boundary
ferrite, though it is included into the category of the
30 ferrite micro-structure. When the area ratio of the
ferrite micro-structure of the HAZ is less than 20%, the
improvement of the fatigue Etrehgth cannot be expected
even when closure of the fatigue crack occurs because
this closure is extremely small. .
35 In order to improve the fatigue strength of the
welded joint, therefore, it is necessary to secure at
least 20% of the area ratio of the ferrite micro-



qu?nthejomts Nos. 5 to 11 and

30 .‘.base netal str T‘Vﬁs‘ r
tIELi4#++Te’ﬁTET6¢§?$ G b P8 %HE Trty%BErﬁw i mproved due to

f
f|n|n 1'£¢eﬂ)|nt e joints On the
ot hEs m ﬁa nts s9 SLBARTEF20 {arle 8»5—————&1@1:39@-:-@4—:4 Fxanpl es to

whi C added, ut t heiksti@htd tdebt G 93 Mdreal LI
ar ea

““ﬂMﬁ?TTTY;:fEﬂthelr Tar bonm equi var ent was
greater t han 11 - - 22 - t hat

stipulated in the prese"’t"'T"ﬁT/entlon The fatigue strength of these
wel ded | of nt s” Culghdpl e dMHY Fhrrica micro-dikddeud igcdwnchigh, the

j oi nts Nos.

crucitormfilleg- \Mﬂﬂfiﬁﬁ _éfgéled
out and in the zpmarkaplf SIAEK 2P SUG 0 o asH eRFRTIEDoX ng Was
carried OUtloseef atsaveze&teriengtdansf tHe predrdmtegan nirs Woidhl ke

i nproved when thﬁé@é\%l%ﬁ agfe% atfl I@%% é@@éeé}.{sg@ dx.eld point and

Accordingly, 0|n S sa tlon of the
present i rﬁ/ent i sndezgres auastis dﬂfomawﬁ’esﬂtﬁ “!ari%i“ﬁ*“eslé’rﬂd'i ARt i on”

in Table 2), theilgses E@fdﬁé e:ua HiQrishin Al . armn donipar dwm atitleasthe®y -
? 2’? | gue st ?lalng'? ]Icﬁ“‘ii‘t‘?q"?‘%s'ﬁ%&%‘lé cféd saa%%% l If°h£d°é 1 SN
strengthening of the ferrite micro-structure is smaller,
and this structure is extremely mild and easily undergoes
10  plastic deformation. Therefore, the crack closure is
believed to easily occur. When this crack closure
occurs, the propagation of the fatigue crack does not
occur when the distal end of the fatigue crack is closed,
and the stress range effective for the propagation of the
1s fatigue crack decreases. In consequence, propagation
| life in the HAZ is believed to become longer when the HAZ
- comprises the ferrite micro-structure.
On the basis of the technical concept described
above, the present invention improves the fatigue
20 strength of the welded joint by increasing the area ratic
of the ferrite micro-structure capable of retarding .the
propagation speed of the fatigue crack in the HAZ of:’the
welded joint. |
However, grain boundary ferrite occurring with.
25 - 'an area ratioc of less than 20% in the gra;n boundary of
the bainite micro-structure cannot improve the fat;gub
strength even when the propagation is retarded because
the fatigue crack easily occurs from the grain boundary
ferrite, though it is included into the category of the
30 ferrite micro-structure. When the area ratio of the
ferrite micro-structure of the HAZ is less than 20%, the
merovemenc of the fatigue strenqth cannot be expected

~ even when closure of the fatigue crack occurs because
this closure is extremely small. ' |
35 In order to'imp:ove the fatigue strength of cthe
welded joint, therefore, it is necessary to secure at
least 20% of the area ratio of the ferrite micro-
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Exanmpl e of 21 A - 6 CLAIMSS “ Fudiférm 216
t he present ' ) :
I nvention 22 B 6 93 7 " 218
" 23| P . A welddd joint hawihg an excellent fatiyie
exanpl e
Exanpl e of Zﬁtrengtg which %% produced Q%_u51ng a gﬁfel pl ﬁ§6X|ng
103 t he pceseatining, in terms of percent by weight:
I nvention 25 B 30 87 13 105 -
26 P 30 4 96 85
Conpar at i ve €: 0.015 to 0.15%,
exanpl e si: 0.06 to 2.0%,

Mn: 0.2 to 1.5%,

P: not greater than 0.05%,
S: not greater than 0.05%,
Al 0.001 to 0.08%,

N: 0.002 to 0.015%, and

‘the balance of Fe and unavoidable
impurities; and having a carbon.equivalent (Ceq) of not
greater than 0.275:

Ceq = C + Mn/6 + (Cu + Ni)/15 + (Cr + Mo + V)/5 + Nb/3.

(whereby an area [ratio] of a ferrite micro-structure in a
heat affected zone of the welded joint is from 20 to 100% of
the area of the heat affected zone, and the balance comprises

. at least one of a bainfte, a martensite, a pearlite and a
residual austenite micro-structure.--)

2. A welded joint having an excellent fatigue
strength according to claim 2, which is produced by using a
steel plate further containing, in terms of pgrcent_by
- weight:

Ti: 0.003 to 0.05%.

3. A welded joint having an excellent fétigue

This Sheet Has Been R,

T



- 24 - *3: area ratio as the sumof bainite/martensite/
pearlite/residual austenite m cr o-structures *4: fatigue
strength at which ke uuuu repetition of fracture
reaches 2, 000, 000 |t REBA ‘EM éHEET As descri bed above in detail, the
present invention I ncreases |t he area Sabswtudé shieet tergiApril 1999

m cro-structure oy FPAPRe1999 netlardi ng THe propagatrion speed. of the
fatigue crack | n-connection wilt h_tfae_HAZ of the weld joint used

for. ships, offshorj lst+wetures; Dri dges, building 10 machi nes, etc., or
to acconplish thisjobject, the presgnt invention limts the chem cal

conponents of . the eelr .. and on, e d SRy
therefore ir’rﬁf‘ﬁ?ﬁggg acc?ﬁ%"?%t?%u% M e gt"fﬁh%f t'te R %dﬁﬁj Jt&yﬁ% 1
Therefore, platewhamingeavwedlbieel Tithtinf2 thetpreglent invention is 15
enpl oyed, reliability'to the fatigue destruction of the wel ded

structures can be renarkabl t echni flcance of
the wel ded joint of thé~pre§ ‘ﬁ?nﬂ 3°*r’h‘%/§?ﬁ‘f’d}$ %.W%ﬁ’e%
extrenely resarkagth. according to one of claims 2 to 4, which _lfﬁjlmiadusl:teei
sheet - 3 Nhﬁ§hu§998 a steel plate further containing, in terms of

percent by weight, at least one of the following members:

Cu: 0.1 to 2.0%,

Ni: 0.1 to 2.0%,

Cr: 0.05 to 1.0%,

Mo: 0.02 to. 1.0%,

V: 0.005 to 0.10%, and
Nb: 0.005 to 0.08%.

5. A welded joint having an excellent fatigue
strength according to one of claims 2 to 5, which is préduced
by using a steel plate further containing, in terms of
percent by weight:

Ca 0.0005 to 0.010%, and
REM: 0.0050 to 0.050%.

-

LU



-J25 - CLAIMS - 1. Awelded joint having an

m cro- structurg®
i nput of 1.0 to 5.0 o0 100% and the bal ance conprises at

| east one of a bainité, WE t ,\a pearlite and a residual austenite
m cro-structure, an riﬁe e aV|ng a \car bon égyostuidbiestshe€eq) 2deddtober BP9
the foll owi ng equati han 10k 275 Ceqg =C+ M1/6 + (Cu
+ N)/15 + (O + M 2. A welded joint having
an excel l ept fafj ng to.cla h L0 d y
using a stgel atg8 U Fecon a?%? bgelﬂ fﬁ?nﬁ 5PC@gF§en?§SR qgg 4

Ti: 0.003 to 0.72®arkable crack closure was obserVed The term crack

closure used herein means the phenomenon in which the

of not.

distal end of the fatigue crack exceeds a yield point and
S undergoes plastic deformation at the maximum load, and
closes before the minimum load. In comparison with other
micro-structures, the proportion of dislocation
strengthening of-the ferrite micro-structure is smaller,
and this structure is extremely mild and easily undergoes
10 plastic deformation. Therefore, ‘the crack closure LS
believed to easily occur. When this crack closure
occurs, the propagation of the fatigue crack does not
occur when the distal end of the fatigue crack is closed,
- and the stress range effective for the propagation of the
1s - fatigue crack decreases. In consequence, propagation
life in the HAZ is believed to become longer when the HAZ
comprises the ferrite micro-structure.
On the basis of the technical concept described
above, the present invention improves the fatigue
20 ~strength of the welded joint by increasing the area ratio
of the. ferrite micro~structure capable of retarding .the
propagation speed of the fatigue crack in the HAZ of.the
welded joxnt.
However, grain boundary ferrite occurring with .
25 - 'an area ratio of less than 20% in the grain boundary of
the bainite micro-structure cannaot improve the fatiguzs
Strength even when the propagation is retarded because
the fatigue crack easily occurs from the grain boundary
ferrite, though it is included into the category of the
30 ferrite micro-structure. When the area ratio of the
ferrite micro-structure of the HAZ is less than 20%, the
improvement aof the fatigue étrehgch cannot be expected
even when closure of the fatique crack occurs because
this closure is extremely small.
35 " In order to improve the fatigue strength of the
welded joinc, ;herefore, it Ls necessary to secure at
leasc 20% gf the area ratio of the ferrite micro-

43 4 F\|—o
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3. A wel ded joint having an excellent fatigue -26 -
strength accordlng to claim3, which is produced by a steel plate having a
value Ti/Nis 2:r0"to 3.4. . vet-dedj oi nt having an excel | ent
fatigue strength according to omgffs ' 014, which is produced by
using a steel plate further con alnlqngAﬁ ER or s of percent by wei ght, at

| east one of the foll owi ng nenbé#s o)
Ni: 0.1 to 2.0% 9 O 05 to f}l}:ﬁ}:ltuteo'f)eeg 2t7 Oq%,;_g%e%,;%?g to

1. 0%
0. 08%

.10% and Nb: 0.005 to .
- 25 -

/Q CLAIMS

1. A welded joint having an excellent fatigue strethh
characterized in that an area ratio of a ferrite micro-
structure in a heat affected zone of the welded joint with
heat input of 1.0 to 5.0 kJ/mm is from 20 to 100%, and the
balance comprises at least one of a bainite, a martensite, a

pearlite and a residual austenite micro-structure.

Ceq = C + Mn/6 + (Cu + Ni)/15 + (Cr + Mo + V)/5 + Nb/3

2. A welded joint having an excellent fatigue
strength according to claim 2, which is produced by using a
steel plate further containing, in terﬁs of perxcent by
welight:

Ti: 0.003 to 0.05%.

3. A welded joint having an excellent fatigue

* c L M s *
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5.. A wel-ded joint havi ng an excellent fatigue strength according to one of

clainms 2 to-5, which is produced by using a steel plate further containing,

in ternms of percent by weight: 0.0005 to % d
REM 0. 0050 tfo fepPROYIENT SHEET Subst|tute s eet - %arc %0080
07 MAR 2300

N

CLATNS

1. A welded joint having an excellent fatigue ‘*renqth
characterized in that an area ratio of a ferrite micro-
structure in a heat affected zone of the welded joint with
heat put of 1.0 5.0 kJ/mm is from 20 to 100%, and the
balance comprises at least one of a bainite, a martensite, a
pearlite and a residual austenite micro-structure, and further

having a carbon equivalent (Ceq) deflned by the following equation of not
greater than 0 275

Ceq = C + Mn/6 + (Cu + Ni)/1l5 + (Cr + Mo + V)/S + Nb/3

2. A welded joint having an excellent fatigue

strength according to claim 2, which is produced by using a
steel plate further containing, in terms of percent by
welight:

Ti: 0.003 to 0.05%.

3. A welded joint having an excellent fatigue

\2 lso



